
 
 

 

  
 

 

Southland climate change impact 
assessment 

 

Prepared for Environment Southland, Invercargill City Council, Southland 
District Council and Gore District Council 

August 2018 

 
  

  



 
 
 

© All rights reserved. This publication may not be reproduced or copied in any form without the permission of 
ǘƘŜ ŎƻǇȅǊƛƎƘǘ ƻǿƴŜǊόǎύΦ {ǳŎƘ ǇŜǊƳƛǎǎƛƻƴ ƛǎ ƻƴƭȅ ǘƻ ōŜ ƎƛǾŜƴ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǘŜǊƳǎ ƻŦ ǘƘŜ ŎƭƛŜƴǘΩǎ ŎƻƴǘǊŀŎǘ 
with NIWA. This copyright extends to all forms of copying and any storage of material in any kind of 
information retrieval system. 

Whilst NIWA has used all reasonable endeavours to ensure that the information contained in this document is 
accurate, NIWA does not give any express or implied warranty as to the completeness of the information 
contained herein, or that it will be suitable for any purpose(s) other than those specifically contemplated 
during the Project or agreed by NIWA and the Client. 

 

Prepared by: 
C. Zammit 
P. Pearce 
B. Mullan 
A. Sood 
D. Collins 
S. Stephens 
J.M. Woolley 
R. Bell 
S. Wadhwa 
 
For any information regarding this report please contact: 
Christian Zammit 
Hydrologist 
Hydrological Processes 
 
+64 3-343-7879 
christian.zammit@niwa.co.nz 
 

National Institute of Water & Atmospheric Research Ltd 

PO Box 8602 

Riccarton 

Christchurch 8011 

 

Phone +64 3 348 8987 

 

NIWA CLIENT REPORT No: 2018120CH 
Report date:   August 2018  
NIWA Project:   ENS18504 
 
 

Quality Assurance Statement 

 

Reviewed by: Roddy Henderson 

 

Formatting checked by:  Fenella Falconer 

 
Approved for release by: 

Dr Sam Dean, Chief Scientist for 
Climate 



 

Southland climate change impact assessment  

 

Contents 
 

Executive summary ............................................................................................................. 9 

1 Introduction ............................................................................................................ 14 

2 Introduction to climate change and natural variability .............................................. 17 

2.1 Global climate change: The physical science basis. ................................................ 17 

2.2 Impacts, adaptation and vulnerability (IPCC Working Group II) ............................. 20 

2.3 Mitigation of climate change (IPCC Working Group III) .......................................... 22 

2.4 New Zealand climate change .................................................................................. 22 

2.5 Natural factors causing fluctuation in climate patterns over New Zealand ........... 23 

2.6 Natural variability versus anthropogenic impacts .................................................. 28 

3 Methodology ........................................................................................................... 30 

3.1 Atmospheric modelling ........................................................................................... 30 

3.2 Hydrological modelling ........................................................................................... 30 

3.3 Sea-level rise, change in extreme storm-tide and coastal risk exposure ............... 31 

3.4 Climate change impact assessment ........................................................................ 34 

4 Present-day and future climate of Southland ............................................................ 37 

5 Temperature ........................................................................................................... 38 

5.1 Mean temperature ................................................................................................. 38 

5.2 Minimum temperature ........................................................................................... 43 

5.3 Hot days and frosts ................................................................................................. 48 

5.4 Heatwaves .............................................................................................................. 52 

6 Rainfall .................................................................................................................... 57 

6.1 Total rainfall ............................................................................................................ 57 

6.2 Wet days (>1 mm) ................................................................................................... 63 

6.3 Heavy rain days (> 50 mm) ..................................................................................... 65 

6.4 Maximum 1-day rainfall (Rx1day) ........................................................................... 67 

6.5 Maximum 5-day rainfall (Rx5day) ........................................................................... 69 

6.6 Rainfall intensity and wet day thresholds............................................................... 71 

6.7 Dry days (< 1 mm) ................................................................................................... 77 

6.8 Potential evapotranspiration deficit ....................................................................... 79 



 

 Southland climate change impact assessment  

 

7 Sea-level rise and changes in tides and storm-tide levels ........................................... 84 

7.1 Datums .................................................................................................................... 84 

7.2 Impacts of sea-level rise ......................................................................................... 85 

7.3 Historic trend in SLR focused on Southland and Otago .......................................... 86 

7.4 Projections for New Zealand sea-level rise. ............................................................ 89 

7.5 Tides and the effect of rising sea level ................................................................... 91 

7.6 Storm-tide elevations and effect of SLR ................................................................. 94 

7.7 Generic impacts of climate change on coastal erosion .......................................... 97 

7.8 Coastal risk exposure to storm-tide flooding and SLR ............................................ 98 

8 Hydrological impacts of climate change .................................................................. 101 

8.1 Low flow ................................................................................................................ 101 

8.2 Mean annual and seasonal discharge ................................................................... 102 

8.3 Mean annual flood ................................................................................................ 108 

8.4 Water supply reliability ......................................................................................... 109 

9 Climate change impact by industry sector ............................................................... 110 

9.1 Council infrastructure ........................................................................................... 110 

9.2 Agriculture ............................................................................................................ 110 

9.3 Fishing and aquaculture ........................................................................................ 113 

9.4 Forestry ................................................................................................................. 114 

9.5 Tourism ................................................................................................................. 114 

10 Summary ............................................................................................................... 115 

11 Glossary of abbreviations and terms ...................................................................... 118 

12 References ............................................................................................................. 130 

Appendix A Downscaling methodology ............................................................. 137 

 

Tables 

Table 1-1: Main features of change projections per administrative region by the end of 
century. 11 

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. 53 

Table 6-1: Average number of wet days per year, for 14 Southland locations. 73 

Table 6-2: Average number of days per year with rainfall greater than 10 mm, for 14 
Southland locations. 74 



 

Southland climate change impact assessment  

 

Table 6-3: Average number of days per year with rainfall greater than 25 mm, for 14 
Southland locations. 74 

Table 6-4: Average number of days per year with rainfall greater than 50 mm, for 14 
Southland locations. 75 

Table 6-5: Average annual maximum 1-day rainfall (Rx1day, measured in mm), for 14 
Southland locations. 76 

Table 6-6: Average annual maximum 5-day rainfall (Rx5day, measured in mm), for 14 
Southland locations. 76 

Table 6-7: Average rainfall intensity (in mm), for 14 Southland locations. 77 

Table 7-1: Approximate years, from possible earliest to latest, when specific sea-level rise 
increments (metres above 1986ς2005 baseline) could be reached for various 
projection scenarios of SLR for the wider New Zealand region. 90 

Table 7-2: Average values of contributors to the joint 2% and 1% Annual Exceedance 
Probability (50- and 100-year Average Recurrence Interval - ARI) values of total 
still water level at Stead Street stopbank (New River Estuary) for the present-
day situation. 96 

Table 7-3: Provisional results from counts of buildings and replacement costs (2011) and 
roads (combining all types) exposed to a 1% AEP storm-tide level + 0.4 m 
increments in SLR for areas of Southland where LiDAR DEM was available. 100 

 
 

Figures 

Figure 1-1: Map of the Southland region. 15 

Figure 1-2: Bias-adjusted SSTs, averaged over the RCM domain, for 6 CMIP5 global climate 
models over the historical period (1960-2005), and the future period (2006-
2120). 16 

Figure 2-1: Schematic showing how small shifts in average temperature result in large 
changes in extreme temperatures. 18 

Figure 2-2: CMIP5 multi-model simulated time series from 1950-2100 for change in global 
annual mean surface temperature relative to 1986-2005. 19 

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. 24 

Figure 2-4: Average summer percentage of normal rainfall during El Niño (left) and La Niña 
(right) in New Zealand. 25 

Figure 2-5: SST anomaly spatial pattern (Empirical Orthogonal Function, or EOF) associated 
with the positive phase of the Interdecadal Pacific Oscillation. 26 

Figure 2-6: Pattern of the pressure variations associated with the positive (left) and 
negative (right) phases of the SAM. 27 

Figure 2-7: New Zealand Temperature - historical record and an illustrative schematic 
projection illustrating future year-to-year variability. 29 

Figure 3-1: Locations of the three tide gauges used in this report. 33 

Figure 5-1: Modelled annual and seasonal mean temperature for Southland (1986-2005).
 38 

Figure 5-2: Projected annual and seasonal daily mean temperature changes at 2040 (2031-
2050 average) for RCP4.5. 40 



 

 Southland climate change impact assessment  

 

Figure 5-3: Projected annual and seasonal daily mean temperature changes at 2090 (2081-
2100 average) for RCP4.5. 41 

Figure 5-4: Projected annual and seasonal daily mean temperature changes at 2040 (2031-
2050 average) for RCP8.5. 42 

Figure 5-5: Projected annual and seasonal daily mean temperature changes at 2090 (2081-
2100 average) for RCP8.5. 43 

Figure 5-6: Modelled annual and seasonal mean minimum temperature for Southland 
(1986-2005). 44 

Figure 5-7: Projected annual and seasonal mean minimum temperature changes at 2040 
(2031-2050 average) for RCP4.5. 45 

Figure 5-8: Projected annual and seasonal mean minimum temperature changes at 2090 
(2081-2100 average) for RCP4.5. 46 

Figure 5-9: Projected annual and seasonal mean minimum temperature changes at 2040 
(2031-2050 average) for RCP8.5. 47 

Figure 5-10: Projected annual and seasonal mean minimum temperature changes at 2090 
(2081-2100 average) for RCP8.5. 48 

Figure 5-11: Modelled average annual number of hot days in Southland (Tmax >25°C), 
1986-2005. 49 

Figure 5-12: Modelled average annual number of cold nights (frosts) in Southland (Tmin 
<0°C), 1986-2005. 50 

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. 51 

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. 52 

Figure 5-15: Average number of heatwave days per year for Lumsden, plotted as a function 
of the length of the heatwave in days. 54 

Figure 5-16: Modelled average annual number of heatwave days in Southland (Tmax 
>25°C), 1986-2005. 55 

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. 56 

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 
ŜŀǎǘύΥ CƛƻǊŘƭŀƴŘΣ ²ŀƛŀǳΣ !ǇŀǊƛƳŀΣ nǊŜǘƛΣ aŀǘņǳǊŀΦ 58 

Figure 6-2: Projected annual and seasonal rainfall changes (in %) at 2040 (2031-2050 
average) for RCP4.5. 60 

Figure 6-3: Projected annual and seasonal rainfall changes (in %) at 2090 (2081-2100 
average) for RCP4.5. 61 

Figure 6-4: Projected annual and seasonal rainfall changes (in %) at 2040 (2031-2050 
average) for RCP8.5. 62 

Figure 6-5: Projected annual and seasonal rainfall changes (in %) at 2090 (2081-2100 
average) for RCP8.5. 63 

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. 
/ŀǘŎƘƳŜƴǘǎ ŀǊŜ όǿŜǎǘ ǘƻ ŜŀǎǘύΥ CƛƻǊŘƭŀƴŘΣ ²ŀƛŀǳΣ !ǇŀǊƛƳŀΣ nǊŜǘƛΣ aŀǘņǳǊŀΦ 64 



 

Southland climate change impact assessment  

 

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). 65 

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. 
/ŀǘŎƘƳŜƴǘǎ ŀǊŜ όǿŜǎǘ ǘƻ ŜŀǎǘύΥ CƛƻǊŘƭŀƴŘΣ ²ŀƛŀǳΣ !ǇŀǊƛƳŀΣ nǊŜǘƛΣ aŀǘņǳǊŀΦ 66 

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). 67 

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 
όǿŜǎǘ ǘƻ ŜŀǎǘύΥ CƛƻǊŘƭŀƴŘΣ ²ŀƛŀǳΣ !ǇŀǊƛƳŀΣ nǊŜǘƛΣ aŀǘņǳǊŀΦ 68 

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). 69 

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 
όǿŜǎǘ ǘƻ ŜŀǎǘύΥ CƛƻǊŘƭŀƴŘΣ ²ŀƛŀǳΣ !ǇŀǊƛƳŀΣ nǊŜǘƛΣ aŀǘņǳra. 70 

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). 71 

Figure 6-14: Map of the Southland region. 72 

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. 
/ŀǘŎƘƳŜƴǘǎ ŀǊŜ όǿŜǎǘ ǘƻ ŜŀǎǘύΥ CƛƻǊŘƭŀƴŘΣ ²ŀƛŀǳΣ !ǇŀǊƛƳŀΣ nǊŜǘƛΣ aŀǘņǳǊŀΦ 78 

Figure 6-16: Projected annual dry day changes (days where rain <1mm; in number of days) 
at 2090 (2081-2100 average) for RCP8.5. 79 

Figure 6-17: Modelled annual average Potential Evapotranspiration Deficit (PED) 
accumulation (mm) for Southland (1986-2005). 80 

Figure 6-18: Modelled annual average probability of Potential Evapotranspiration Deficit 
(PED) exceeding 200 mm of accumulation for Southland (1986-2005). 81 

Figure 6-19: Projected changes in Potential Evapotranspiration Deficit (PED, in mm 
accumulation over the July-WǳƴŜ ΨƘȅŘǊƻƭƻƎƛŎ ȅŜŀǊΩύ ŦƻǊ {ƻǳǘƘƭŀƴŘΣ ŦƻǊ w/tпΦр 
(left panels) and RCP8.5 (right panels), at 2040 (2031-2050) and 2090 (2081-
2100). 82 

Figure 6-20: Projected changes in the probability of annual Potential Evapotranspiration 
Deficit (PED) exceeding 200 mm for Southland, for RCP4.5 (left panels) and 
RCP8.5 (right panels), at 2040 (2031-2050) and 2090 (2081-2100). 83 

Figure 7-1: Annual MSL at the Port of Bluff. The modern digital record covers the period 
1999-2017. The origin of BVD-55 was set using tide data from 1918-1934 
(discontinuous archive records). 87 

Figure 7-2: Change in annual MSL for Dunedin Wharf and Lyttelton from 1900ς2017, 
annotated with recent annual MSL from Port of Bluff and Dog Island. The near-
term projections for NZ-based SLR for RCP2.6 and RCP8.5 are plotted to 2030 
(MfE 2017). 88 

Figure 7-3: Relative SLR rates up to and including 2015 (excluding Whangarei), determined 
from longer sea-level gauge records at the four main ports and shorter records 
from the other sites. 88 



 

 Southland climate change impact assessment  

 

Figure 7-4: Map of regional trend in SLR from 1993 to 1 July 2018 based on satellite 
altimetry missions. 89 

Figure 7-5: Four scenarios of New Zealand-wide regional SLR projections for use with this 
guidance, with extensions to 2150 based on Kopp et al. (2014)ςK14. 91 

Figure 7-6: High-tide exceedance curve for all predicted high tides at Bluff (excluding 
effects of weather, climate and SLR). 93 

Figure 7-7: Components that contribute to storm-tide and wave overtopping. 94 

Figure 7-8: Seasonal cycle in monthly sea level at the Port of Bluff averaged over the 
period 2000-2017. 95 

Figure 7-9: Coastal erosion of the Papatotara Coast Road along Te Waewae Bay (2007). 97 

Figure 7-10: New Zealand coastal sensitivity index for future coastal erosion from climate 
change. 98 

Figure 7-11: Coverage of LiDAR elevation surveys in Southland used for the NIWA Deep 
South Science Challenge project on national coastal risk exposure. 99 

Figure 8-1: Percent changes in multi-model median Q95% across Southland for mid (top) 
and end of century (bottom). 102 

Figure 8-2: Percent changes in multi-model median of the mean discharge across 
Southland for mid (top) and late-century (bottom). 103 

Figure 8-3: Percent changes in multi-model median of the mean spring discharge across 
Southland for mid (top) and late-century (bottom). 104 

Figure 8-4: Percent changes in multi-model median of the mean summer discharge across 
Southland for mid (top) and late-century (bottom). 105 

Figure 8-5: Percent changes in multi-model median of the mean autumn discharge across 
Southland for mid (top) and late-century (bottom). 106 

Figure 8-6: Percent changes in multi-model median of the mean winter discharge across 
Southland for mid (top) and late-century (bottom). 107 

Figure 8-7: Percent changes in multi-model median of MAF across Southland for mid (top) 
and end of century (bottom). 108 

Figure 8-8: Absolute changes in multi-model median of supply reliability across Southland 
for mid (top) and end of century (bottom). 109 

Figure 9-1: Change in climate suitability from 2015 to 2090 for 17 different fruit fly 
species. 112 

 
 

Figure A-1: Schematic showing dynamical downscaling method used in this report. 138 

 
 
 
 



 

Southland climate change impact assessment  9 

 

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). 
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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/


 

Southland climate change impact assessment  19 

 

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
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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


 

28 Southland climate change impact assessment 

 

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. 




























































































































































































































