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Executive Summary 
 

(1) This report investigates nine essential climate and two socioeconomic variables for the Waikato Region, 

using historical and CMIP6 GCM SSP2-4.5 and SSP5-8.5 scenario data. Trends in average seasonal and 

annual mean, maximum and minimum temperature are explored. Patterns in average seasonal and 

annual precipitation, runoff, wind speed, daily extreme precipitation, daily extreme wind speed, and 

annual potential evapotranspiration deficit are also analysed. And in terms of socio-economic variables, 

historical water take statistics are examined.  

(2) Historical annual mean temperature changes indicate a warming trend in the Waikato region. The 

average annual mean temperature of the Waikato Region is expected to rise over the examined time 

slices of 2050, 2070 and 2090, increasing 3.2°C in 2090 applying the SSP5-8.5 50th percentile scenario 

compared to the baseline (2005 is the central year of 1985-2014 set in the IPCC AR6 report). Seasonally, 

the average temperature of the summer months is predicted to increase more rapidly than other 

seasons.  

(3) Under both scenarios, the maximum temperature of the Waikato Region, relative to the baseline, is 

shown to increase out to 2090. Again, the data suggests that the summer months (DJF) will experience 

the most significant temperature rise, with 3.4°C increase by 2090 under SSP5-8.5. The greatest 

temperature increases occur in southeast districts (such as ¢ŀǳǇǁ), decreasing towards the northwest 

corner.  

(4) The minimum temperature analysis predicts an annual increase across both SSP2-4.5 (1.53°C) and SSP5-

8.5 (3.06°C) scenarios by 2090. Seasonally, the summer months show the greatest increase in 

temperatures, followed by autumn. As with the maximum temperature analysis, the changes in 

minimum temperature are most noticeable in the south-eastern corner of the region and lowest in the 

north, including the Coromandel and Waikato districts.  

(5) Based on the precipitation data from 1972 to 2020, the annual mean precipitation in the Waikato 

region shows a declining linear trend, at around 20 mm per decade. The interannual variabilities need 

to be considered, especially in recent years, as precipitation has experienced historical lows in parts of 

the Waikato region. The annual mean? Precipitation of the Waikato Region could continue the 

historical trends under both scenarios out to 2090. However, these changes are predicted to be 

relatively minor (0.5% reduction). While autumn and spring months exhibit a declining trend, the 

summer and winter months show a small increase in precipitation (X%). The districts with the most 

significant predicted increase in precipitation are around the southern edges of the region, notably the 

Waitomo and ¢ŀǳǇǁ Districts. In the northeast, predictions suggest a decline in precipitation in the 

Hauraki, Coromandel and Waikato Districts, at least for later analysis periods.  

(6) Annual runoff is expected to decline in 2050 and gradually increase to 2090 under SSP2-4.5. For the 

SSP5-8.5 scenario, runoff is likely to increase out to 2090. Concerning the seasons for both scenarios, 

runoff most distinctly declines in the spring months. Generally, the north-western region is expected to 

receive the greatest increase in runoff, while the eastern edge may experience minor changes. 

Interestingly, the baseline runoff map displays an irregularly high runoff value over Hamilton City. This 

elevation is likely the result of the anthropogenic effect of a densely populated district and associated 

impervious areas, on the runoff.  

(7) The historical annual mean wind speed in the Waikato region is 3.23 m/sec, it is 11.62 km/hr, and the 

seasonal variations are not significant. Higher wind speeds occur in Coromandel and West Coast areas. 

Based on the VCSN data 1997 to 2020, the average wind speed shows a weak decreasing trend, 
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0.093m/sec (0.335 kph) per decade. The average annual wind speed of the Waikato Region decreases 

across both scenarios into 2090, compared to the baseline. Seasonally, while the wind speed declines 

for the summer and autumn months, it could increase slightly over the winter and spring months for 

both SSP scenarios. The districts predicted to experience the most significant increases in wind speed 

are primarily the Waitomo and ¢ŀǳǇǁ Districts.  

(8) The historical daily extreme precipitation data is obtained from HIRDSv4. Average Return Intervals (ARI) 

of 10-, 20-, 50-, 100-, and 250-year data was analysed for the historical period. The highest extreme 

precipitation occurs in the Coromandel area, where events can reach more than 600mm for a 1 in 250-

year return event. The areal average of 100-year return daily extreme precipitation is 197 mm. Daily 

extreme precipitation is predicted to increase out to 2090 across all ARIs and for both SSP scenarios for 

the Waikato Region. The rate of change increases over time between 2050, 2070, and 2090. The most 

extreme precipitation intensity tends to occur in the Coromandel District.  

(9) Station specific analysis was applied for the 31 stations which have relatively long records of hourly 

wind speed data.  Extreme wind speed generally increases out to 2090 across most districts of the 

Waikato region. Some of the districts which may experience the greatest increase in extreme wind 

speed include Waitomo and ¢ŀǳǇǁ districts which could increase by 4.9% in 2090, compared to their 

baseline. It should be noted that South Waikato does not have adequate data for the extreme wind 

speed analysis.   

(10)  PED increases into 2090 for both SSP2-4.5 and SSP5-8.5 scenarios. As expected, the probability of the 

PED exceeds 200 mm is far greater than that exceeding 400 mm. Districts with the highest probability 

with a PED larger than 200 mm and 400 mm include the Hauraki and Waikato districts. 

(11)  Based on data provided by WRC, almost 600 million m3 of water is taken per annum under consent in 

the Waikato region. Of this volume, 479 million m3 comes from surface water, and 119 million m3 from 

groundwater. Across the whole region, municipal supply is the largest proportion, taking more than 310 

million m3 or 51% of the total volume. In contrast, industrial activities consume just less than a quarter 

of the volume. Despite only utilising 7% of the total volume of water, stock water takes required almost 

2500 consents, whereas municipal supply takes only resulted in 196 consents. While surface water take 

was also predominantly utilised by town supply activities, groundwater was predominantly used for 

industrial activities (35%).  

(12)  The economic index analysis for the Waikato Region suggests that the modified employment count 

(MEC) is likely to increase into 2090 for industrial, Ψtown supplyΩ ŀƴŘ ǘƘŜ ΨƻǘƘŜǊΩ ǎŜŎǘƻǊǎΦ CǳǊǘƘŜǊƳƻǊŜΣ 

while agriculture experienced a decline in MEC between 2018 and 2020 of 1.2%, it is likely to recover by 

2030 and continues to increase by more than 10% by 2060. The value-added statistics demonstrate the 

same trends as the MECs. 

(13) Finally, from a population of about 475,600 in 2018, the Waikato Region grew by 3.56% in 2020. The 

population will likely grow by more than 20% by 2040 and more than 35% in 2060, relative to the 

baseline. More details regarding water supply and demand trends and projections can be found in the 

accompanying ά/ƭƛƳŀǘŜ /ƘŀƴƎŜ LƳǇŀŎǘǎ ƻƴ ²ŀǘŜǊ wesources and Water Demand Trends in the Waikato 

Region Report. 

(14) The water availability and demand issues across the Waikato region was investigated using historical 

and CMIP6 GCM scenario data. In addition, statistical results of potential changes in precipitation and 

PET were analysed for the integrated water management zones and aquifers as identified by WRC.  
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(15) Historical variability and changes in the trend of precipitation were analysed over the Waikato region. 

Recent low precipitation years have raised general awareness of water supply and demand issues. 

However, there is no clear signal of annual precipitation decrease at the historical decadal scale. 

(16) Precipitation changes in CMIP6 model data have indicated a median model annual ensemble signal of 

less than a possible 1.0 % decrease in annual precipitation. However, sub-annually the median model 

ensemble signaled a potential 5.0 % decrease over the spring and summer seasons by 2090. This signal 

was not in CMIP5 GCM ensemble median ensemble projections. Notably, the intermodal variability 

range across the ensemble of 45 CMIP6 models, in reference to the CMIP5 models, depicts greater 

decreases and increases, and underscores the uncertainties across the projections. 

(17) Notably, historical PET has increased significantly at approximately 100 mm over recent decades across 

Ƴŀƴȅ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ŀǳǘƘƻǊƛǘies. Under the modelled scenarios, the continued increase in 

temperature under CMIP6 modeling could increase PET, from 4% to 5% under SSP2-4.5 2050, and up to 

12 to 15% under SSP5-8.5 in 2090 in ensemble median. However, the median increase may be 

conservative, given observed PET increases of about 10% over the last few decades.  

(18) Historical runoff data were investigated using NOAA reanalysis data. Runoff changes show a similar yet 

stronger decreasing signal in the spring and summer seasons. Therefore, the future runoff is projected 

to decrease in both SSP scenarios applied. The decrease of precipitation and runoff and the increase of 

PET will likely lead to a reduction in surface water and groundwater resources, plus lead to drier soil 

conditions, especially during late spring and summer, particularly for the northern part of the Waikato 

region. 

(19) Historical surface water variabilities were investigated using streamflow data from 29 gauges across the 

Waikato region. Q5 low flow, defined as the threshold of allocable surface water, was calculated for 

each decade. In recent decades many of the stations have shown a decline in Q5 flow. Thus, the 

allocable surface water resources are diminishing.  

(20) The allocable amount of surface water has been either fully or over-allocated in several catchments. A 

total of 53% of surface water has been allocated across the Waikato region. At the same time, 6% of 

the groundwater of the mapped reserves of the Waikato region is allocated.    

(21) DǊƻǳƴŘǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ǿŀǎ ƛƴǾŜǎǘƛƎŀǘŜŘ ǳǎƛƴƎ ну ŀǉǳƛŦŜǊ ŀǊŜŀǎΦ ¢ƘŜ ²w/Ωǎ ŘƻŎǳƳŜƴǘŜŘ ǇǊecipitation 

recharge fraction approaches were applied. Thus, groundwater recharge represents a relatively small 

proportion of the annual mean precipitation.  

(22) Future water demand was projected for population and economic activities applying the WISE (2018 

baseline) projections. By 2050 the medium projection of regional population could increase by 28.5% 

(with a modelled range of between 13.3% and 43.8%) and 35.5% (between 14.4% and 56.77%) in 2060. 

These changes are in part driven by higher population increases in Hamilton City and the Waikato 

District rather than evenly across the other Districts.  

(23) The increase in population and economic activities, barring technological changes, will likely increase 

the region-wide demand for water. With water demand in proportion to population, all the allocable 

surface water could be allocated between 2050 and 2060 under the high population projection.     

(24)  Currently, low stream flows occur widely in March and April. For example, the lower Waikato River is 

on average only 50% of the high flow that has been historically reached in August. The seasonal 

variabilities of streamflow are already resulting in noticeable water allocation tensions. Under both 

modelled climate change scenarios, stream flows during the drier spring and summer seasons are 

projected to decrease due to increasing temperatures and evapotranspiration and the concomitant 

potential for a decrease in annual and more pronounced seasonal precipitation.   
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(25) In order to provide the best and cross-validated climate change information for the WRC decision-

making process, a comparison of the latest CLIMsystems projections (CMIP5 and CMIP6) and the MfE 

2018 projections (CMIP5) for the Waikato region, plus wildfire risk, which is a newly identified risk for 

Waikato region.   

(26) The CMIP6 mean temperature projections for 2090 are very close to the MfE 2018 report. On the other 

hand, the CMIP5 mean temperature results based on GCMs results are slightly lower than the MfE 

report due to their model selection and dynamical downscaling. Mean temperature change projection 

in model selection is varied; however, the envelope of the scenarios and intermodal variability is larger. 

(27) The MfE 2018 report examined monthly precipitation with all the available GCMs. Therefore, the GCM 

numbers are different for each RCP. The CLIMsystems Waikato region report applied a pattern scaling 

approach using all the available GCMs, percentage change per degree of global temperature change, to 

obtain consistent climate change signals. Although the MfE 2018 seasonal and annual precipitation 

changes are very close to the Waikato regional report, all the reports have less than 5% percent annual 

precipitation and a decrease signal in spring, with substantial model uncertainties. Hamilton (Ruakura) 

and Taupo are separately presented for consistency with the MfE 2018 report. Taupo has a stronger 

annual precipitation signal than Hamilton. 

(28) MfE applied the unified extreme precipitation change factors for New Zealand using RCM data. WRC 

2022 applied all the available GCMs, for the Waikato region only. However, MfE 2018 and WRC 2022 

have consistent results; with the increase of ARI (average recurrence intervals), the change factor will 

increase; with the increase of duration, from hours to days, the change factor decreases. Therefore, 

due to the differences in model data and selection, the CMIP5 extreme precipitation projections for 

Waikato are consistently smaller than the MfE projections. 

(29) Hot days and cold nights were not analysed in the original WRC 2022 report. Therefore, the same 

periods of historical data were applied for the comparison. As a result, the CMIP6 SSP5-8.5 results 

predict more hot days and fewer cold nights.  

(30) There are national PED projection maps and descriptions in the MfE 2018 report but no dedicated 

numbers for the Waikato region. WRC 2022 provided a different analysis, with exact numbers of the 

region. WRC 2022 reported the change in probability (percentage) of annual PED>200mm and 

PED>400mm, while MfE 2018 reported the increase of PED in millimetres. The MfE 2018 and WRC 2022 

reports have a consistent change trend based on the maps and descriptions. Both reports identified an 

increasing trend of PED in the Waikato region. 

(31) The MfE 2018 report applied the 99th percentile daily mean wind speed, and the WRC report applied 

daily maximum wind speed and extreme value analysis. The WRC 2022 report found a weak, increasing 

signal (75th percentile) of extreme wind speed with a wide uncertainty envelope. This analysis provided 

historical observation data and 5 to 90th percentile confidence intervals. The MfE 2018 report provides 

a map displaying the weak increase to decrease trend. 

(32) There is no specific analysis for mean wind speed analysis in the MfE 2018 report. However, the WRC 

2022 report indicated a slight decrease in mean wind speed. 

(33) Wildfire is a risk recently identified in the wildfire output in the MfE 2018 and WRC 2022 reports. The 

wildfire risk is increasing based on the KBDI fire danger index. The moderate risk category will be 

widespread in 2090, and the high-risk category will be extended to Waipa, Hauraki, and Coromandel.  

(34) The comparison results conclude that the differences between CLIMsystems WRC reports are 

consistent with the MfE 2018 report, provided the same climate change signal with minimal 

differences,  which falls in the uncertain envelopes and will not complicate the decision-making 

process. Furthermore, the WRC 2022 report provides detailed district-level analysis and numbers, 

allowing actionable planning.  
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1: Background ς IŜǊŜΩǎ ²Ƙȅ ς The Climate Action Roadmap 
 

The Waikato region is already experiencing the effects of our changing climate. The 

changes present risks to our economy, our people, our property and our environment. 

Drought and extreme storm events are increasingly affecting the primary sector, upon 

which the Waikato economy depends. 

Dairying and agricultural biotechnology are key drivers of our regional economy, with 

aquaculture, forestry and horticulture also important. The changes that affect primary 

production will impact on the city and towns that have grown around these industries. 

Town and country need each other. There is a clear interdependency between the 

primary sector and those working in manufacturing, retail, transport, research, and 

professional and trade services. 

Many communities are already feeling the effect of water restrictions on their business 

and domestic use, and many will face increased fire risk. Low water flows during times of 

drought impact the ability to generate power through our hydro schemes and the health 

of our river ecosystems. 

More frequent and increasingly extreme storms, increased rainfall events and rising tides 

will test our coastal communities, infrastructure, roads, rail and communications 

networks. Our native animals and plants will become increasingly vulnerable, particularly 

if rates of change are faster than they can adapt. 

Collectively, we need to adapt to these changes so we can continue to thrive economically 

and socially. But more importantly, we need to tackle the root cause of the problem ς we 

need to reduce our greenhouse gas emissions. ²ŜΩǊŜ ŀƭƭ ƛƴ ǘƘƛǎ ǘƻƎŜǘƘŜǊ ς he waka eke 

noa. 

This project addresses the need for science-based knowledge to support decision making for operationalising 

the Roadmap. This first phase of analysis provides an update on the previous two climate impact assessment 

reports commissioned by WRC (CMIP3 (not published); and CMIP5 by Wang, M. et al. 2015) through the 

application of the latest IPCC model data known as CMIP6 (Coupled Model Intercomparison Project). 
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2: An Overview of Our Approach 
 

Working with raw CMIP6 GCM data, the project focused on the generation of climate outputs broadly 

comparable with previous reports. Given the volume of data and best practice approaches, the results have 

been broken down into individual reports in four categories as described in Table 1 (Regional, District, 

Catchment, and Special Reports).  

Table 1: List of individual reports in support of the objectives of the project 

Regional District/City Water Management 

Areas 

Special 

Waikato Regional Report Hamilton City Central Waikato Tongariro Power Scheme 

Waikato regional water 

supply and demand 

report 

Hauraki Coromandel Summary of Tables 

 Matamata-Piako Lake ¢ŀǳǇǁ  

 Otorohanga Lower Waikato  

 Rotorua Tongariro  

 South Waikato Upper Waikato  

 ¢ŀǳǇǁ Waihou-Piako  

 Thames-Coromandel Waipa  

 Waikato West Coast  

 Waipa   

 Waitomo   

 

Figures 1 shows the information flows needed to undertake a regional climate change assessment in the 

Waikato region. CLIMsystems has applied the latest CMIP6 data (see a list of general circulation models in 

Appendix 1), and two SSPs (Shared Socioeconomic Pathways) to generate climate change scenarios in 

conjunction with other modelling approaches and a range of data sourced from National bodies such as NIWA 

and Waikato Regional Council and private industry. The data types and methods are detailed in Appendix 2.   

Figure 2 depicts how previous analysis using CMIP5 data and RCPs 4.5 and 8.5 has been linked with the shared 

socioeconomic pathway scenarios currently being applied under CMIP6 (Lee, et al. 2021). To maintain general 

comparability from previous analysis, SPPs 2-4.5 and 5-8.5 were applied in the current analysis. 
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Figure 1: Information and knowledge flows for a regional climate change assessment 
 in the Waikato region 

 

 

Figure 2: Overview of CMIP6 shared socioeconomic pathways (SSPs) compared with CMIP5 representative 
concentration pathways (RCPs) (Rojeli et al. 2018) 
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Figure 3 includes a summary of the variables addressed in the project. It reflects the updating of many of the 

variables addressed in the CMIP3 and CMIP5 reports produced for WRC. As there has been an expressed need to 

focus more clearly on water supply and demand issues across the entire Waikato region, the previous stream 

flow variable found in the two early reports has been expanded considerably to provide insights across the 

region as to potential changes in drought, runoff and surface and groundwater demand. Given the limited 

budget and time for delivering this third report, a high-level supply and demand analysis underpins further work 

on allocation and other water resources such as groundwater and rainwater catchment. As these additional 

parameters include considerable human dimensions that are influenced by regulatory considerations, historical 

practice (on the allocation of water take permits, for example), technological change/innovation and 

behavioural change (water metering), these, and undoubtedly other issues will need to be considered in 

subsequent analyses.  

 

Figure 3: CMIP6 analysis undertaken for the Waikato region 
 

The projectΩs primary aim was to undertake a regional assessment of the impacts of climate change in the 

Waikato region applying the most recently available CMIP6 climate model data. The assessment indicates where 

the impacts warrant further research and response in terms of adaptation to climate change in relation to 

regional resource management and projects future change scenarios over short (2050), medium (2070) and long 

(2090) timeframes.  

3: Overview of the Sixth Assessment Report 
The Sixth Assessment Report (AR6) of the United Nations (UN) Intergovernmental Panel on Climate Change 

(IPCC) had its first planning meeting in 2013. This led to the publishing in 2016 of an overview of the design and 

organisational structure. This progressed in 2018 to the endorsement of 23 Model Intercomparison Projects 

(MIPs) involving 33 modeling groups in 16 countries. Four primary reports are scheduled for release:  

¶ AR6 Climate Change 2021: The Physical Science Basis (released in August 2021) 

¶ AR6 Climate Change 2022: Impacts, Adaptation and Vulnerability (scheduled for release February 2022) 

¶ AR6 Climate Change 2022: Mitigation of Climate Change (scheduled for release March 2022) 

¶ AR6 Synthesis Report: Climate Change 2022 (scheduled for release September 2022) 
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After its 1990 release, the FAR (First Assessment Report) exposed the need for international cooperation and 

spurred creation of the UN Framework Convention on Climate Change (UNFCCC), the key international treaty to 

guide greenhouse gas (GHG) reduction (referred to as climate change mitigation) and provide a framework for 

managing consequences of nonreduction (referred to as climate-change adaptation). Since 1995 regular 

assessments have been released along with a number of special scientific reports. The previous report (AR4) was 

released in 2007. The AR5 report was released in three instalments over the course of 2013 and 2014. 

These assessment reports and related updated scientific publications assist national governments in their 

communications with the UNFCCC and help them review their GHG emissions and plans for mitigation, potential 

impacts, and adaptation. 

Recently released and forthcoming AR6 reports will Ŏƻƴǘŀƛƴ ƳƻǊŜ ŜȄǘŜƴǎƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΩǎ 

socioeconomic impacts and thus its role in sustainable development.  

Differences Between AR5 and AR6 
The previous CMIP5 report on the Waikato Region applied the Representative Concentration Pathways (RCPs) 

4.5 and 8.5. The current report followed a similar approach however, the nomenclature has changed under 

CMIP6 to Share Socioeconomic Pathways (SSPs). In the current report SSP 2-4.5 and SSP5-8.5 have been applied. 

The SSPs 2-4.5 and 5-8.5 are further explained 

in the dialogue box as per the key underlying 

assumptions.  

/aLtс Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ άǊǳƴǎέ ŦǊƻƳ ŀǊƻǳƴŘ млл 
distinct climate models being produced across 
49 different modelling groups. These models 
are running several new and updated 
emission pathways that explore a much more 
comprehensive range of possible future 
outcomes than were included in CMIP5. While 
the results from 44 monthly CMIP6 models 
have been published at the time of the 
analysis undertaken for this report. In general, 
it is evident that a number of models have a 
notably higher climate sensitivity than models 
in CMIP5 (Zelinka et al. 2020). This higher 
sensitivity contributes to projections of 
greater warming this century ς around 0.4C 
warmer than similar scenarios run in CMIP5 ς 
though these warming projections may 
change as more models become available. 
Specifically, a set of scenarios were chosen to 
provide a range of distinct end-of-century 
climate change outcomes. The IPCC AR5 
featured four Representative Concentration 
Pathways (RCPs) that examined different 
possible future greenhouse gas emissions. 
These scenarios ς RCP2.6, RCP4.5, RCP6.0, 
and RCP8.5 ςhave new versions in CMIP6. 

These updated scenarios are called SSP1-2.6, SSP2-4.5, SSP4-6.0, and SSP5-8.5, each of which result in similar 
2100 radiative forcing levels as their predecessor in AR5. 

SSP2 Middle of the Road (Medium challenges to mitigation and 

adaptation) The world follows a path where social, economic, and 

technological trends do not shift markedly from historical patterns. 

Development and income growth proceed unevenly, with some 

countries making relatively good progress while others fall short of 

expectations. Global and national institutions work toward but 

make slow progress in achieving sustainable development goals. 

Environmental systems experience degradation, although there are 

some improvements and overall, the intensity of resource and 

energy use declines. Global population growth is moderate and 

levels off in the second half of the century. Income inequality 

persists or improves only slowly, and challenges to reducing 

vulnerability to societal and environmental changes remain. 

SSP5 Fossil-fuelled Development ς Taking the Highway (High 

challenges to mitigation, low challenges to adaptation). This world 

places increasing faith in competitive markets, innovation, and 

participatory societies to produce rapid technological progress and 

development of human capital as the path to sustainable 

development. Global markets are increasingly integrated. There are 

also strong investments in health, education, and institutions to 

enhance human and social capital. At the same time, the push for 

economic and social development is coupled with the exploitation of 

abundant fossil fuel resources and the adoption of resource and 

energy-intensive lifestyles around the world. All these factors lead 

to rapid growth of the global economy, while global population 

peaks and declines in the 21stcentury. Local environmental 

problems like air pollution are successfully managed. There is faith 

in the ability to effectively manage social and ecological systems, 

including by geo-engineering if necessary. 

 

https://wcrp-cmip.github.io/CMIP6_CVs/docs/CMIP6_institution_id.html
https://www.carbonbrief.org/explainer-how-scientists-estimate-climate-sensitivity
https://www.skepticalscience.com/rcp.php
https://www.skepticalscience.com/rcp.php
https://link.springer.com/article/10.1007/s10584-011-0152-3
https://link.springer.com/article/10.1007/s10584-011-0151-4
https://link.springer.com/article/10.1007/s10584-011-0150-5
https://link.springer.com/article/10.1007/s10584-011-0149-y
https://www.carbonbrief.org/qa-how-do-climate-models-work#inout
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Several new scenarios are also being used for CMIP6 to give scientists a wider selection of futures to simulate. 
These scenarios are included in the chart below (figure 4), shows the radiative forcing levels to 2100. The new 
scenarios that can be applied for risk and vulnerability assessments are limited to the following five in contrast 
to the eight shown the SSP figure above: SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5. 

As with CMIP5 there are a range of models available for application with CMIP6 depending on the variable being 
applied. This is important when applying methods for variables such as wind and for extreme analysis for rainfall 
that require sub-monthly data. Historically, such as with CMIP3 only monthly rainfall patterns were available. 
With CMIP4 daily patterns were released, leading to a revolution in extreme event analysis. It became apparent 
that extreme daily rainfall could increase in intensity with climate change while monthly and annual rainfall 
could decrease. CMIP5 models were run for 6 and 3 hourly rainfall, which permitted higher temporal resolution 
analysis and led to even greater evidence that short-term extreme rainfall events could increase in intensity 
while monthly and annual rainfall could vary little over time or decrease.  

 

Figure 4: IPCC AR6 global mean surface air temperature changes (relative to 1996-2014) for different scenarios 

Summary of the methodologies 

To produce the baseline and future climate projections for the Waikato region several important considerations 

need to be made, as they relate to assessing the impacts, risks, and adaptation to climate change (Jones, 2010; 

and Benestad, 2002, Li and Ye, 2011): 

¶ The spatial scale at which climate information is provided, to assess risks and appropriate adaptation 

actions; 

¶ There is a need for regionalised projections of climate change; 

¶ Local climates may exhibit gradual trends and non-linear changes in response to global warming, usually 

not resolved in General Circulation Models (GCMs). 

The climate change scenarios produced in this Assessment are based on CMIP6 General Circulation Model (GCM) 

outputs.  
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For monthly precipitation, temperature, solar radiation, wind speed, extreme precipitation, pattern scaling 

approach was applied. For all the available CMIP6 GCM monthly outputs for these variables were processed to 

produce climate patterns for global coverage (0.5°*0.5°) (see Appendix 1 for a full description of this method), 

and then regridded to 500m resolution for the Waikato region.  

Pattern scaling has a higher degree of confidence for temperature-related impacts, while less confidence for 

precipitation-related impacts of climate change can be expected. This is because attributes of climate variability 

and anthropogenic change are often unresolved due to large variability in precipitation patterns. As a result, 

systems affected by multiple variables including extreme climatic variables (for instance, agricultural cropping 

systems, livestock production systems and natural ecosystems), usually face higher uncertainty with respect to 

climate change related impacts. 

For runoff and extreme wind speed which are not suitable for the application of the pattern scaling approach, a 

change factor approach was applied, which is to directly derive the change factors for the original GCM outputs 

between historical simulation and scenario simulation. Therefore, the change factors may be not linearly 

according the global temperature change and scenarios.   

Ensembles of up to 45 GCMs were used to generate the future scenarios, by providing the range of ensemble 

member values per variable. The spatial scenarios and statistics produced are presented using ensemble 

statistics, that is, the Low (5th percentile), Median (50th percentile), and High (95th percentile) values of the 

ensemble. For different variables, according to the availability of GCM data, the ensemble members are 

different. Details of the GCMs used for producing the future scenarios of specific variables are provided in 

Appendix 1.  

The following steps were undertaken to produce the results contained in this Assessment (and further details of 

the steps are provided in Appendix 1): 

¶ Temperature and precipitation patterns were normalised, using the global mean temperature change of 

the corresponding period and GCM; and  

¶ Spatial and statistical analyses were undertaken based on the ensemble results, for:  

¶ The historical period (1972-2020, from Virtual Climate Station Network (VCSN) daily data with 0.05-

degree spatial resolution; climate grid data with 500m spatial resolution; HIRDSv4 extreme precipitation 

data; meteorological station wind speed data.  All the historical data we obtained from NIWA 

¶ and three future time periods: 2050, 2070 and 2090 under SSP2-4.5 and SSP5-8.5. 

The global mean temperature change for the selected year and scenario were list below (5th and 95th percentile 
of the projections is in the brackets) 

 SSP1-19 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

2050 0.80 (0.30, 1.50) 1.00 (0.60, 1.60) 1.30 (0.80, 1.90) 1.40 (0.90, 2.30) 1.70 (1.20, 2.50) 

2070 0.73 (0.23, 1.59) 1.14 (0.67, 1.87) 1.78 (1.16, 2.47) 2.21 (1.43, 3.48) 2.78 (1.99, 3.94) 

2090 0.70 (0.20, 1.50) 1.20 (0.60, 2.00) 2.00 (1.40, 3.00) 3.10 (2.20, 4.70) 4.00 (2.70, 5.70) 

In this project a range of CMIP6 model data has been applied with various numbers of models available. It is 
noted that not all model groups produce all the variable outputs made available for public use. The range of 
models applied are itemised in Appendix 1. 
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Figure 5: The Waikato region and territorial authorities included in this project.
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4: Average Seasonal and Annual Mean Temperature 
 

The historical areal average of annual mean temperature for Waikato region (1973-2020) is 12.9°C, with 17.2°C 

during summer months (DJF), and 8.5°C during winter months (JJA) (Table 2). Over the period 1973-2020, annual 

mean temperature has shown an increasing linear trend of 0.12°C per decade (Fig. 4). May, June, and July show 

the strongest warming trends.  

 

  

 Figure 6: Waikato Region, Annual and Monthly Mean Temperature Historical (Celsius). 
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The average seasonal and annual mean temperature of the Waikato Region is expected to rise until 2090, 

relative to the baseline The annual mean temperature for SSP2-4.5 is expected to increase by more than 1.6°C 

by 2090. Seasonally, the average mean temperature for SSP2-4.5 most noticeably rises over the summer months 

of December, January and February by 1.1°C in 2050 and 1.7°C in 2090. The SSP5-8.5 results are more extreme, 

with the average annual mean temperature expected to be 2.2°C warmer in 2070 and 3.1°C in 2090. The 

seasonal shifts for SSP5-8.5 also suggest warmer mean temperature during the summer months with a rise from 

1.4°C higher in 2050 to 3.4°C higher in 2090. 

The maps of historical and future mean temperature distribution and change, as shown in figure 6-8. The annual 

mean temperature of in Waikato, Hauraki, and Matamata-Piako districts are higher than other districts, because 

of their low elevation and latitude, while southern districts have lower annual mean temperature, especial in the 

¢ŀǳǇǁ District. The annual mean temperature changes in the future for different districts would not range very 

much from 1.3-1.4°C in SSP2-4.5 2050, and 2.1-2.2°C in SSP5-8.5 2070. The Waikato region is relatively small, 

comparing to the large grid cells of GCMs and it is reasonable that the Waikato region is in the same climate 

type.  

The whisker figure 9 shows the inter-model variabilities and the uncertainties, which also shows in the table 2. 

such under SSP5-8.5. the 50th percentile of mean temperature increase of 3.1°C with 2.3°C in 5th percentile and 

4.8°C for 95th percentiles. The 25th and 75th of the ensemble percentiles are also displayed.  Even given the large 

uncertainties ranges, the temperature projections are clearly increasing even in the 5th percentile of the 

ensemble. 

Table 2: Waikato Region, Average Seasonal and Annual Mean Temperature Baseline (Celsius) and Changes 

(Celsius) - 50th Percentile (Brackets 5th and 95th Percentile). 

Season Year SSP2-4.5 SSP5-8.5 

DJF Baseline 17.22 17.22 

DJF 2050 1.09 (0.84, 1.50) 1.43 (1.10, 1.97) 

DJF 2070 1.49 (1.15, 2.06) 2.33 (1.79, 3.22) 

DJF 2090 1.68 (1.29, 2.31) 3.36 (2.58, 4.63) 

MAM Baseline 13.55 13.55 

MAM 2050 1.06 (0.78, 1.44) 1.39 (1.02, 1.89) 

MAM 2070 1.45 (1.07, 1.98) 2.26 (1.67, 3.08) 

MAM 2090 1.63 (1.20, 2.22) 3.26 (2.40, 4.44) 

JJA Baseline 8.50 8.50 

JJA 2050 0.96 (0.73, 1.34) 1.26 (0.96, 1.75) 

JJA 2070 1.32 (1.00, 1.83) 2.06 (1.57, 2.86) 

JJA 2090 1.49 (1.13, 2.06) 2.97 (2.25, 4.12) 

SON Baseline 12.17 12.17 

SON 2050 0.92 (0.69, 1.28) 1.21 (0.90, 1.67) 

SON 2070 1.27 (0.94, 1.75) 1.97 (1.47, 2.74) 

SON 2090 1.42 (1.06, 1.97) 2.84 (2.11, 3.93) 

ANN Baseline 12.86 12.86 

ANN 2050 1.01 (0.76, 1.39) 1.32 (0.99, 1.82) 



 

18 | P a g e 
 

ANN 2070 1.38 (1.04, 1.91) 2.16 (1.62, 2.97) 

ANN 2090 1.55 (1.17, 2.14) 3.11 (2.34, 4.28) 
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Figure 7: Waikato Region Average Seasonal and Annual Mean Temperature Baseline (1972-2020) (Celsius) and Changes (Celsius) 
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Figure 8: Waikato Region Average Seasonal and Annual Mean Temperature Changes (Celsius).  

Note: The fine colour categories of the map were based on calculated values, they are not indications of the significant variations. This note applies to 

other spatial maps in this report.  
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Figure 9: Waikato Region Average Seasonal and Annual Mean Temperature Changes (Celsius) 
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Figure 10: Waikato Region Average Seasonal and Annual Mean Temperature Changes (Celsius) for Scenario 

SSP2-4.5 (10a) and SSP5-8.5 (10b)

10a 

10b 
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5: Average Seasonal and Annual Maximum Temperature 
 

The areal average of annual maximum temperature for Waikato region is 17.6°C, with 22.9°C during summer 

months (DJF), and 12.7°C during winter months (JJA), The historical average annual mean temperature is 

showing an increasing trend as shown in Figure 10a, the linear trend is 0.13°C per decade, with cooler months 

(May-Aug) showing the strongest warming trends (Fig. 10b)..  

The average seasonal and annual maximum temperature of the Waikato Region is expected to rise until 2090, 

relative to the baseline The annual maximum temperature for SSP2-4.5 is expected to increase by more than 

1.5°C by 2090. Seasonally, the average maximum temperature for SSP2-4.5 most noticeably rises over the 

summer months of December, January, and February by 1.1°C in 2050 and 1.7°C in 2090. The SSP5-8.5 results 

are more extreme, with the average annual maximum temperature expected to be more than 2°C warmer in 

2070 and 3°C in 2090. The seasonal shifts for SSP5-8.5 also suggest warmer maximum temperature summer 

months with a rise from 1.5°C higher in 2050 to 3.4°C higher in 2090. 

Table 3: Waikato Region Average Seasonal and Annual Maximum Temperature Baseline (Celsius) and Changes 

(Celsius) 

Season Year SSP2-4.5 (05Pth, 95Pth) SSP5-8.5 (05Pth, 95Pth) 

DJF Baseline 22.38 22.38 

DJF 2050 1.11 (0.84, 2.08) 1.45 (1.10, 2.72) 

DJF 2070 1.52 (1.16, 2.85) 2.37 (1.81, 4.44) 

DJF 2090 1.71 (1.30, 3.20) 3.41 (2.59, 6.39) 

MAM Baseline 18.46 18.46 

MAM 2050 1.08 (0.85, 1.73) 1.42 (1.11, 2.26) 

MAM 2070 1.48 (1.16, 2.37) 2.31 (1.82, 3.70) 

MAM 2090 1.66 (1.31, 2.66) 3.33 (2.62, 5.33) 

JJA Baseline 12.74 12.74 

JJA 2050 0.98 (0.74, 1.47) 1.28 (0.97, 1.93) 

JJA 2070 1.34 (1.01, 2.02) 2.08 (1.59, 3.15) 

JJA 2090 1.50 (1.14, 2.27) 2.99 (2.28, 4.54) 

SON Baseline 16.66 16.66 

SON 2050 0.94 (0.72, 1.70) 1.23 (0.95, 2.23) 

SON 2070 1.29 (0.99, 2.34) 2.02 (1.55, 3.65) 

SON 2090 1.45 (1.11, 2.62) 2.90 (2.23, 5.25) 

ANN Baseline 17.56 17.56 

ANN 2050 1.03 (0.79, 1.75) 1.34 (1.03, 2.28) 

ANN 2070 1.41 (1.08, 2.39) 2.20 (1.69, 3.74) 

ANN 2090 1.58 (1.21, 2.69) 3.16 (2.43, 5.37) 
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Figure 11: Waikato Region Annual (11a) and Monthly (11b) Maximum Temperature (Celsius) 

11a 

11b 
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Figure 12: Waikato Region Average Seasonal and Annual Maximum Temperature Baseline (Celsius) and Changes (Celsius) 
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Figure 13: Waikato Region Average Seasonal and Annual Maximum Temperature Changes (Celsius) 
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Figure 14: Waikato Region Average Seasonal and Annual Maximum Temperature Changes (Celsius) 
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Figure 15: Waikato Region Average Seasonal and Annual Maximum Temperature Changes (Celsius) for Scenario 

SSP2-4.5 (15a) and SSP5-8.5 (15b).

15a 

15b 
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6: Average Seasonal and Annual Minimum Temperature 
 

The areal average of annual mean temperature for Waikato region is 8.2°C, with 12.1°C during summer months 

(DJF), and 4.3°C during winter months (JJA), The historical average annual mean temperature is showing an 

increase trend (Figure 14a), with a linear trend of 0.11°C per decade. Colder months tend to show the greatest 

warming trend.  

The average seasonal and annual minimum temperature of the Waikato Region is expected to rise out to 2090 

(and beyond), relative to the baseline year of 2005. Under SSP2-4.5, the annual minimum temperature is 

expected to increase by more than 1.5°C by 2090. Seasonally, the average minimum temperature for SSP2-4.5 

most clearly rises over the summer months of December, January and February by 1.1°C in 2050 and 1.6°C in 

2090. The SSP5-8.5 results are more severe, with the average annual minimum temperature expected to be 

more than 2°C warmer in 2070 and 3°C in 2090, compared to the baseline. Furthermore, the seasonal shifts for 

SSP5-8.5 predict warmer maximum temperature summer months relative to the baseline, with a rise of 1.4°C in 

2050 and 3.3°C in 2090 (Table 3).  

 

Table 4: Waikato Region Average Seasonal and Annual Minimum Temperature Baseline (Celsius)  
and Changes (Celsius) 

Season Year SSP2-4.5 (05Pth, 95Pth) SSP5-8.5 (05Pth, 95Pth) 

DJF Baseline 12.06 12.06 

DJF 2050 1.07 (0.81, 1.53) 1.40 (1.07, 2.00) 

DJF 2070 1.46 (1.11, 2.09) 2.29 (1.74, 3.27) 

DJF 2090 1.64 (1.25, 2.35) 3.29 (2.51, 4.71) 

MAM Baseline 8.63 8.63 

MAM 2050 1.06 (0.81, 1.48) 1.39 (1.07, 1.94) 

MAM 2070 1.45 (1.12, 2.02) 2.27 (1.75, 3.17) 

MAM 2090 1.63 (1.26, 2.28) 3.26 (2.51, 4.56) 

JJA Baseline 4.26 4.26 

JJA 2050 0.95 (0.74, 1.31) 1.24 (0.96, 1.72) 

JJA 2070 1.30 (1.01, 1.80) 2.03 (1.57, 2.81) 

JJA 2090 1.46 (1.13, 2.02) 2.91 (2.26, 4.04) 

SON Baseline 7.67 7.67 

SON 2050 0.90 (0.68, 1.29) 1.18 (0.89, 1.69) 

SON 2070 1.23 (0.93, 1.77) 1.92 (1.45, 2.76) 

SON 2090 1.38 (1.05, 1.99) 2.76 (2.09, 3.98) 

ANN Baseline 8.16 8.16 

ANN 2050 0.99 (0.76, 1.40) 1.30 (1.00, 1.84) 

ANN 2070 1.36 (1.04, 1.92) 2.13 (1.63, 3.00) 

ANN 2090 1.53 (1.17, 2.16) 3.06 (2.34, 4.32) 
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Figure 16: Waikato Region Annual (16a) and Monthly (16b) Minimum Temperature (Celsius) 

16a 

16b 
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Figure 17: Waikato Region Average Seasonal and Annual Minimum Temperature Baseline (Celsius) and Changes (Celsius) 

 

 

 

 



 

32 | P a g e 
 

 

 

Figure 18: Waikato Region Average Seasonal and Annual Minimum Temperature Baseline (Celsius) and Changes (Celsius) 
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Figure 19: Waikato Region Average Seasonal and Annual Minimum Temperature Changes (Celsius)
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Figure 20: Waikato Region Average Seasonal and Annual Minimum Temperature Changes (Celsius) for Scenario 

SSP2-4.5 (20a) and SSP5-8.5 (20b)

20a 

20b 
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7: Average Seasonal and Annual Precipitation 
 

Based on the precipitation data from the baseline 1973 to 2020, the annual mean precipitation in Waikato 

region has a decreasing linear trend of 20.3 mm per decade. The interannual variabilities need to be considered, 

especially in recent years, the precipitation hit the historical low in Waikato region. The regional areal average 

annual precipitation is 1493 mm, with winter months (JJA) receiving 473 mm, and summer months (DJF) only 

297 mm as the summer dry season. 

Based on the ensemble median, the model scenario shows less than 1% decrease for annual precipitation, with 

very wide bounds from -33.9% to 40.0%. Therefore there is no clear signal detected in annual precipitation. The 

seasonal trends vary, with marginal increases in the summer and winter but more prominent declines in 

precipitation over the autumn and spring months. Under SSP2-4.5, the annual precipitation is expected to 

decline by 0.23% in 2090, relative to the baseline. The SSP5-8.5 results are more extreme, with more significant 

seasonal shifts, compared to the baseline year. For example, the spring months of September, October and 

November are expected to experience a decline in precipitation of more than 2% in 2050 and nearly 5% by 2090.   

 

Table 5: Waikato Region Average Seasonal and Annual Precipitation Baseline (mm) and Changes (%) 

Season Year SSP2-4.5 (05Pth, 95Pth) SSP5-8.5 (05Pth, 95Pth) 

DJF Baseline 297.21 297.21 

DJF 2050 0.06 (-11.89, 15.83) 0.08 (-15.54, 20.70) 

DJF 2070 0.08 (-16.27, 21.67) 0.13 (-25.42, 33.85) 

DJF 2090 0.09 (-18.28, 24.35) 0.19 (-36.57, 48.71) 

MAM Baseline 350.11 350.11 

MAM 2050 -0.24 (-10.70, 15.96) -0.31 (-13.99, 20.87) 

MAM 2070 -0.32 (-14.65, 21.85) -0.51 (-22.87, 34.13) 

MAM 2090 -0.37 (-16.45, 24.56) -0.73 (-32.91, 49.11) 

JJA Baseline 472.63 472.63 

JJA 2050 1.18 (-7.86, 11.23) 1.55 (-10.28, 14.69) 

JJA 2070 1.62 (-10.76, 15.38) 2.53 (-16.81, 24.02) 

JJA 2090 1.82 (-12.09, 17.28) 3.64 (-24.18, 34.56) 

SON Baseline 373.45 373.45 

SON 2050 -1.59 (-13.68, 8.92) -2.08 (-17.89, 11.66) 

SON 2070 -2.18 (-18.73, 12.20) -3.40 (-29.26, 19.06) 

SON 2090 -2.45 (-21.05, 13.71) -4.89 (-42.10, 27.43) 

ANN Baseline 1493.40 1493.40 

ANN 2050 -0.15 (-11.03, 12.99) -0.19 (-14.43, 16.98) 

ANN 2070 -0.20 (-15.10, 17.78) -0.31 (-23.59, 27.77) 

ANN 2090 -0.23 (-16.97, 19.98) -0.45 (-33.94, 39.95) 
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Figure 21: Waikato Region Annual (21a) and Monthly (21b) Precipitation (mm)

21a 

21b 
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Figure 22: Waikato Region Average Seasonal and Annual Precipitation Baseline (mm) 

 

 

 
























































































































































































