
 
 

 

 

Relationships between interannual 
climate modes and rainfall in the 

Wellington region 
Updated December 2024 

Prepared for Greater Wellington Regional Council 

December 2024 

 
  

  



© 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: 
Nicolas Fauchereau 
Gregor Macara 

For any information regarding this report please contact: 

Gregor Macara 
Climate Scientist 
Climate Data and Applications 
+64 4 386 0509 
gregor.macara@niwa.co.nz 
 

National Institute of Water & Atmospheric Research Ltd 

Private Bag 14901 

Kilbirnie 

Wellington 6241 

 

Phone +64 4 386 0300 

NIWA CLIENT REPORT No: 2024362WN 
Report date:   December 2024 
NIWA Project:   WRC23307 
 

Revision  Description  Date 

Version 1.0  Final version sent to client 13 December 2024 

 
 

Quality Assurance Statement 

 
Reviewed by: 

Andrew Tait, Chief Scientist ς 
Climate, Atmosphere and 

Hazards 

 

Formatting checked by:  Jess Moffat 

 
Approved for release by: Alison MacDiarmid 

 



 

Relationships between interannual climate modes and rainfall in the Wellington region  

Contents 
 

Executive summary ............................................................................................................. 7 

1 Introduction .............................................................................................................. 8 

2 Methods .................................................................................................................... 9 

2.1 Datasets .................................................................................................................... 9 

2.2 Definition of climate modes ..................................................................................... 9 

2.3 Parameters .............................................................................................................. 10 

2.4 Composites ............................................................................................................. 10 

2.5 Caveats .................................................................................................................... 13 

2.6 Observed rainfall trends ......................................................................................... 15 

3 Total Rainfall ........................................................................................................... 18 

3.1 ENSO ς positive phase (El Niño).............................................................................. 18 

3.2 ENSO ς negative phase (La Niña) ............................................................................ 21 

3.3 IOD ς positive phase ............................................................................................... 24 

3.4 IOD ς negative phase .............................................................................................. 26 

3.5 SAM ς positive phase .............................................................................................. 28 

3.6 SAM ς negative phase............................................................................................. 30 

3.7 SPSD ς positive phase ............................................................................................. 33 

3.8 SPSD ς negative phase ............................................................................................ 35 

4 Rain days ................................................................................................................. 37 

4.1 ENSO ς positive phase (El Niño).............................................................................. 37 

4.2 ENSO ς negative phase (La Niña) ............................................................................ 40 

4.3 IOD ς positive phase ............................................................................................... 43 

4.4 IOD ς negative phase .............................................................................................. 45 

4.5 SAM ς positive phase .............................................................................................. 47 

4.6 SAM ς negative phase............................................................................................. 49 

4.7 SPSD ς positive phase ............................................................................................. 51 

4.8 SPSD ς negative phase ............................................................................................ 53 

5 Heavy rain days ....................................................................................................... 55 

5.1 ENSO ς positive phase (El Niño).............................................................................. 55 

5.2 ENSO ς negative phase (La Niña) ............................................................................ 58 



 

 Relationships between interannual climate modes and rainfall in the Wellington region  

5.3 IOD ς positive phase ............................................................................................... 61 

5.4 IOD ς negative phase .............................................................................................. 63 

5.5 SAM ς positive phase .............................................................................................. 65 

5.6 SAM ς negative phase............................................................................................. 67 

5.7 SPSD ς positive phase ............................................................................................. 69 

5.8 SPSD ς negative phase ............................................................................................ 71 

6 Dry days .................................................................................................................. 73 

6.1 ENSO ς positive phase (El Niño).............................................................................. 73 

6.2 ENSO ς negative phase (La Niña) ............................................................................ 76 

6.3 IOD ς positive phase ............................................................................................... 79 

6.4 IOD ς negative phase .............................................................................................. 81 

6.5 SAM ς positive phase .............................................................................................. 83 

6.6 SAM ς negative phase............................................................................................. 85 

6.7 SPSD ς positive phase ............................................................................................. 87 

6.8 SPSD ς negative phase ............................................................................................ 89 

7 Subregional analyses and relationships with large-scale sea surface temperatures .... 91 

8 Summary ................................................................................................................. 97 

8.1 Recommendations .................................................................................................. 97 

9 Glossary of abbreviations and terms ........................................................................ 99 

10 References ............................................................................................................. 100 

 

Figures 

Figure 2-1: Monthly evolution of the Niño 3.4 (ENSO) index for select events. 12 

Figure 2-2: Monthly evolution of the IOD for select events. 12 

Figure 2-3: Correlation coefficient between Niño 3.4 and IOD (left) and SPSD (right). 13 

Figure 2-4: Seasonal time-series of the SAM index. 14 

Figure 2-5: Trends in seasonal rainfall accumulation. 15 

Figure 2-6: Trends in seasonal number of dry days. 16 

Figure 2-7: Trends in seasonal number of very wet days. 16 

Figure 2-8: Sub-regional trend in winter (JJA) rainfall. 17 

Figure 3-1: Rainfall anomalies (operational VCSN) during El Niño. 18 

Figure 3-2: Rainfall anomalies (augmented VCSN) during El Niño. 19 

Figure 3-3: Rainfall anomalies (MSWEP) during El Niño. 20 

Figure 3-4: Rainfall anomalies (operational VCSN) during La Niña. 21 

Figure 3-5: Rainfall anomalies (augmented VCSN) during La Niña. 22 



 

Relationships between interannual climate modes and rainfall in the Wellington region  

Figure 3-6: Rainfall anomalies (MSWEP) during La Niña. 23 

Figure 3-7: Rainfall anomalies (operational VCSN) during the positive phase of IOD. 24 

Figure 3-8: Rainfall anomalies (MSWEP) during the positive phase of IOD. 25 

Figure 3-9: Rainfall anomalies (operational VCSN) during the negative phase of IOD. 26 

Figure 3-10: Rainfall anomalies (MSWEP) during the negative phase of IOD. 27 

Figure 3-11: Rainfall anomalies (operational VCSN) during the positive phase of SAM. 28 

Figure 3-12: Rainfall anomalies (MSWEP) during the positive phase of SAM. 29 

Figure 3-13: Rainfall anomalies (operational VCSN) during the negative phase of SAM. 31 

Figure 3-14: Rainfall anomalies (MSWEP) during the negative phase of SAM. 32 

Figure 3-15: Rainfall anomalies (operational VCSN) during the positive phase of SPSD. 33 

Figure 3-16: Rainfall anomalies (MSWEP) during the positive phase of SPSD. 34 

Figure 3-17: Rainfall anomalies (operational VCSN) during the negative phase of SPSD. 35 

Figure 3-18: Rainfall anomalies (MSWEP) during the negative phase of SPSD. 36 

Figure 4-1: Rain day anomalies (operational VCSN) during El Niño. 37 

Figure 4-2: Rain day anomalies (augmented VCSN) during El Niño. 38 

Figure 4-3: Rain day anomalies (MSWEP) during El Niño. 39 

Figure 4-4: Rain day anomalies (operational VCSN) during La Niña. 40 

Figure 4-5: Rain day anomalies (augmented VCSN) during La Niña. 41 

Figure 4-6: Rain day anomalies (MSWEP) during La Niña. 42 

Figure 4-7: Rain day anomalies (operational VCSN) during the positive phase of IOD. 43 

Figure 4-8: Rain day anomalies (MSWEP) during the positive phase of IOD. 44 

Figure 4-9: Rain day anomalies (operational VCSN) during the negative phase of IOD. 45 

Figure 4-10: Rain day anomalies (MSWEP) during the negative phase of IOD. 46 

Figure 4-11: Rain day anomalies (operational VCSN) during the positive phase of SAM. 47 

Figure 4-12: Rain day anomalies (MSWEP) during the positive phase of SAM. 48 

Figure 4-13: Rain day anomalies (operational VCSN) during the negative phase of SAM. 49 

Figure 4-14: Rain day anomalies (MSWEP) during the negative phase of SAM. 50 

Figure 4-15: Rain day anomalies (operational VCSN) during the positive phase of SPSD. 51 

Figure 4-16: Rain day anomalies (MSWEP) during the positive phase of SPSD. 52 

Figure 4-17: Rain day anomalies (operational VCSN) during the negative phase of SPSD. 53 

Figure 4-18: Rain day anomalies (MSWEP) during the negative phase of SPSD. 54 

Figure 5-1: Heavy rain day anomalies (operational VCSN) during El Niño. 55 

Figure 5-2: Heavy rain day anomalies (augmented VCSN) during El Niño. 56 

Figure 5-3: Heavy rain day anomalies (MSWEP) during El Niño. 57 

Figure 5-4: Heavy rain day anomalies (operational VCSN) during La Niña. 58 

Figure 5-5: Heavy rain day anomalies (augmented VCSN) during La Niña. 59 

Figure 5-6: Heavy rain day anomalies (MSWEP) during La Niña. 60 

Figure 5-7: Heavy rain day anomalies (operational VCSN) during the positive  
phase of IOD. 61 

Figure 5-8: Heavy rain day anomalies (MSWEP) during the positive phase of IOD. 62 

Figure 5-9: Heavy rain day anomalies (operational VCSN) during the negative  
phase of IOD. 63 

Figure 5-10: Heavy rain day anomalies (MSWEP) during the negative phase of IOD. 64 



 

 Relationships between interannual climate modes and rainfall in the Wellington region  

Figure 5-11: Heavy rain day anomalies (operational VCSN) during the positive  
phase of SAM. 65 

Figure 5-12: Heavy rain day anomalies (MSWEP) during the positive phase of SAM. 66 

Figure 5-13: Heavy rain day anomalies (operational VCSN) during the negative  
phase of SAM. 67 

Figure 5-14: Heavy rain day anomalies (MSWEP) during the negative phase of SAM. 68 

Figure 5-15: Heavy rain day anomalies (operational VCSN) during the positive  
phase of SPSD. 69 

Figure 5-16: Heavy rain day anomalies (MSWEP) during the positive phase of SPSD. 70 

Figure 5-17: Heavy rain day anomalies (operational VCSN) during the negative  
phase of SPSD. 71 

Figure 5-18: Heavy rain day anomalies (MSWEP) during the negative phase of SPSD. 72 

Figure 6-1: Dry day anomalies (operational VCSN) during El Niño. 73 

Figure 6-2: Dry day anomalies (augmented VCSN) during El Niño. 74 

Figure 6-3: Dry day anomalies (MSWEP) during El Niño. 75 

Figure 6-4: Dry day anomalies (operational VCSN) during La Niña. 76 

Figure 6-5: Dry day anomalies (augmented VCSN) during La Niña. 77 

Figure 6-6: Dry day anomalies (MSWEP) during La Niña. 78 

Figure 6-7: Dry day anomalies (operational VCSN) during the positive phase of IOD. 79 

Figure 6-8: Dry day anomalies (MSWEP) during the positive phase of IOD. 80 

Figure 6-9: Dry day anomalies (operational VCSN) during the negative phase of IOD. 81 

Figure 6-10: Dry day anomalies (MSWEP) during the negative phase of IOD. 82 

Figure 6-11: Dry day anomalies (operational VCSN) during the positive phase of SAM. 83 

Figure 6-12: Dry day anomalies (MSWEP) during the positive phase of SAM. 84 

Figure 6-13: Dry day anomalies (operational VCSN) during the negative phase of SAM. 85 

Figure 6-14: Dry day anomalies (MSWEP) during the negative phase of SAM. 86 

Figure 6-15: Dry day anomalies (operational VCSN) during the positive phase of SPSD. 87 

Figure 6-16: Dry day anomalies (MSWEP) during the positive phase of SPSD. 88 

Figure 6-17: Dry day anomalies (operational VCSN) during the negative phase of SPSD. 89 

Figure 6-18: Dry day anomalies (MSWEP) during the negative phase of SPSD. 90 

Figure 7-1: Definition of GWRC rainfall regions on the VCSN grid (left) and  
corresponding mean seasonal cycle (3 month rainfall accumulations). 91 

Figure 7-2: Time series of seasonal (3-month sliding windows, i.e., NDJ, DJF, etc.)  
rainfall anomalies for the four Wellington subregions. 92 

Figure 7-3: Seasonal rainfall anomaly correlations between the four Greater  
Wellington subregions, over the period 1961-2024. 93 

Figure 7-4: First two EOF on rainfall seasonal anomalies (from VCSN) for the  
period 1961-2024. Standard EOF. 94 

Figure 7-5: Correlation between GWRC Region A seasonal rainfall anomalies  
and SST anomalies. 95 

Figure 7-6: Correlation between GWRC Region B seasonal rainfall anomalies  
and SST anomalies. 95 

Figure 7-7: Correlation between GWRC Region C seasonal rainfall anomalies  
and SST anomalies. 96 

Figure 7-8: Correlation between GWRC Region D seasonal rainfall anomalies  
and SST anomalies. 96 



 

Relationships between interannual climate modes and rainfall in the Wellington region  7 

Executive summary 
This study investigates the relationships between inter-annual climate modes and different indices of 

rainfall in the Wellington region. It represents an update to a similar study undertaken by NIWA for 

the Greater Wellington Regional Council in 2018, and includes additional analyses focused on the 

characteristics of rainfall variability and trends over the Greater Wellington region.  

The climate modes considered were the El Niño Southern Oscillation (ENSO), the Southern Annular 

Mode (SAM), the Indian Ocean Dipole (IOD), and the South Pacific Subtropical Dipole (SPSD). Rainfall 

indices considered were total rainfall, rain days, heavy rain days, and dry days.  

A composite analysis approach, which is suited to uncover the potential non-linear impacts of the 

above climate modes over the regional climate of the Wellington, revealed that the signals 

associated with these inter-annual climate modes are, broadly speaking, neither strong nor 

statistically significant. However, some statistically significant and relatively robust signals were 

identified for the Greater Wellington region, including: 

Á Reduced spring (SON) rainfall and fewer heavy rain days during positive phases of 

ENSO (El Niño) over the whole region. 

Á Reduced summer (DJF) rainfall for northern parts of the region during positive phases 

of the IOD. 

Á Increased winter (JJA) rainfall and more rain days for many parts of the region during 

negative phases of SAM. 

Á Increased summer (DJF) rainfall for the Wairarapa during positive phases of the SPSD. 

In addition, supplementary analyses focused on the characteristics of rainfall variability and trends 

over the Greater Wellington region revealed the following:  

Á Some negative trends in seasonal rainfall accumulations in some areas are discernible 

and super-imposed on large interannual (year to year) variability, in some limited areas 

this trend is statistically significant.  

Á The primary mode (extracted via Empirical Orthogonal Functions) of year to year 

variability is homogeneous over the region, and explains about 76% of the total 

variance, a secondary mode, explaining about 12% of the total rainfall variance, is 

characterised by rainfall anomalies of opposite sign either side of the Tararua ranges. 

For future work, NIWA suggests the findings of this study could be leveraged to improve the 

relevance ς and possibly the accuracy ς of tailored seasonal climate outlooks for the Greater 

Wellington region. Further work would also be needed to better understand how the state of the 

different climate modes investigated in this study modulate the accuracy of probabilistic forecasts for 

the region derived from the initialised ensemble seasonal forecasting prediction system (the C3S 

Multi-Model-Ensemble) that NIWA utilises to underpin its Seasonal Climate Outlook (SCO).  
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
In 2018, NIWA produced a report which examined the relationships between climate modes and 

different climate variables in the Greater Wellington region (Fauchereau et al., 2018). This report is 

an updated and extended version of that 2018 work, focusing on rainfall. The present report utilises 

the intervening years of available data, leverages additional sources of rainfall data, and provides 

supplementary analyses.  

The report focuses on the relationship between seasonally aggregated rainfall parameters and 

interannual climate modes (Sections 3 to 5), with the information primarily presented as maps. 

Descriptive text corresponding to the maps is included, but is limited to the dominant patterns only. 

The rainfall parameters selected are total rainfall, the number of rain days, the number of days 

exceeding the climatological 90th percentile of daily rainfall (ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨƘŜŀǾȅ ǊŀƛƴŦŀƭƭΩ), and the 

number of dry days. The climate modes considered are the El Niño Southern Oscillation (ENSO), the 

Southern Annular Mode (SAM), the Indian Ocean Dipole (IOD) and the South Pacific Subtropical 

Dipole (SPSD). 

In addition, statistical analyses have been conducted to shed light on rainfall trends and rainfall 

variability in the Greater Wellington region and ǘƘŜ ƭŀǘǘŜǊΩǎ relationship with large-scale sea surface 

temperature (SST) anomalies (Section 7). 
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2 aŜǘƘƻŘǎ 

2.1 Datasets 

Rainfall  

The focus of this report is on rainfall. Three datasets have been used to document rainfall variability 

over the Greater Wellington region:  

Á The ΨhǇŜǊŀǘƛƻƴŀƭΩ Virtual Climate Station Network (VCSN) at 5 km resolution. This 

version of VCSN comprises daily rainfall accumulations from January 1961 to present. 

These data are actively maintained and updated by NIWA (NIWA, 2024), and have 

been recently utilised as the source dataset for the statistical bias-correction of the 

updated downscaled climate change projections for New Zealand that NIWA has 

produced.  

Á The Ψ!ǳƎƳŜƴǘŜŘΩ ±/{b at 500 m resolution. This version of the VCSN incorporates 

rainfall data from regional councils (including Greater Wellington Regional Council). It 

comprises daily rainfall accumulations from January 1972 ς October 2021. These data 

are non-operational, with no bias-correction, and have demonstrated ring-like 

artefacts around relatively high elevation terrain (Macara et al., 2024). These data are 

not actively updated by NIWA. Due to these limitations, the Ψ!ǳƎƳŜƴǘŜŘΩ ±/{b data 

are only used for comparison with ENSO. 

Á The MSWEP 2.8.0 (Multi-Scale Weighted Ensemble Precipitation) dataset: MSWEP is a 

global, merged (i.e., integrating satellite, in-situ, and reanalysis data) dataset produced 

by the glo2ho initiative (Beck et al., 2019). MSWEP comprises daily rainfall 

accumulations from January 1979 to present. This dataset has been shown to compare 

favourably with VCSN as well as other precipitation products (see Vishwanathan et al., 

2023). 

Sea surface temperatures  

Sea Surface Temperature (SST) anomalies are used to define ENSO (via the Niño 3.4 index domain), 

the IOD, and the SPSD. SST are also considered in Section 7 (regional analyses and relationships with 

large-scale sea surface temperatures). In all cases, the SST anomalies were calculated from the 

gridded Extended Reconstructed Sea Surface Temperature (ERSST) v5 dataset (Huang et al., 2017) 

and the climatological period is 1991-2020.  

Geopotential height 

The SAM index is derived from an Empirical Orthogonal Function analysis (EOF, also known as 

Principal Component Analysis) applied to atmospheric monthly geopotential height anomalies at 850 

hPa (see Section 2.2 below). The dataset used is the National Centers for Environmental Prediction 

(NCEP) / National Center for Atmospheric Research (NCAR) reanalysis system (Kalnay et al., 1996).  

2.2 Definition of climate modes 

For all indices: 

Á The climatological period for calculation of the anomalies is 1991-2020 (formerly 1981-

2010 in the 2018 version of this report).  
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Á No detrending was applied. This methodological choice is expected to be relevant 

mostly in the case of the SAM, for which is more detailed comment is provided in 

Section 2.5 (caveats).  

Á Seasonal (summer: DJF, autumn: MAM, winter: JJA, spring: SON) anomalies are 

calculated as the average of the corresponding monthly anomalies for each index.  

For individual indices, readers are referred to Fauchereau et al. (2018) for detailed definitions. Brief 

definitions are included below: 

Á ENSO ς average SST anomalies in the central / eastern equatorial Pacific (5N-5S, 190-

240); represented by the Niño 3.4 index domain. 

Á SAM ς first PC associated with first EOF of monthly Z850 anomalies from NCEP / NCAR 

(NCEP 1) reanalysis, Southern Hemisphere (south of 20°S) weighted by cos(latitude), 

1950-2024. Note: 

ī The SAM index shows a (well-known) positive trend. 

ī This positive trend depends on the period of analysis. 

ī Composite seasons selection (based on 7 top / bottom values for each season) are 

sensitive to dataset, method of calculation, and period of analysis. 

Á IOD ς standardised (1991-2020) difference between monthly SST anomalies in the 

Eastern and Western Tropical Indian Ocean. 

Á SPSD ς standardised (1991-2020) difference between monthly SST anomalies 

northeast/southwest of New Zealand. 

2.3 Parameters 

The rainfall-related parameters included in this report are described below: 

Á Seasonal rainfall total anomalies, in percentage of normal (1991-2020), for seasons 

summer (DJF), autumn (MAM), winter (JJA) and spring (SON). 

Á Total rain days (җ 0.5 mm/day). Seasonal, anomalies (in number of days). 

Á Dry days (counterpart of total rain days, i.e., days with rainfall < 0.5 mm), seasonal, 

anomalies (in number of days). 

Á Heavy rain days: days with rainfall exceeding the climatological 90th-percentile of rain 

days. The percentiles are calculated using all days falling within the target season (e.g., 

for summer (DJF), the 90th-percentile is calculated using all days from 1 December of 

year -1 to 28(29) February of year +1). Anomalies expressed in number of days. 

2.4 Composites 

Composite samples of the positive and negative phase of each climate mode have been utilised for 

this report: 

Á Composite samples of each climate mode index are based on the seven highest/lowest 

index values (see below for further refinements). 



 

Relationships between interannual climate modes and rainfall in the Wellington region  11 

Á Climate modes impacts are non-linear over New Zealand (and the Greater Wellington 

region). The varying response of rainfall parameters to climate modes were tested for 

significance using multiple t-tests, derived using the method described in Benjamini 

and Hochberg (1995).  

Á All calculations and mapping used the Python programming language and the scientific 

python ecosystem.  

Further notes on the climate mode composites: 

ENSO, and to a lesser extent the SPSD, tend to peak during the Southern Hemisphere summer (DJF), 

while the IOD tends to peak during the Southern Hemisphere spring (SON).  

For these indices ǘƘŀǘ ŀǊŜ ǎǘǊƻƴƎƭȅ ΨǇƘŀǎŜ-ƭƻŎƪŜŘΩ ƻƴǘƻ ǘƘŜ ƳŜŀƴ ǎŜŀǎƻƴŀƭ ŎȅŎƭŜΣ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ 

seasonal composite samples can either anchored relative to the ƳƻŘŜΩǎ ǎŜŀǎƻƴŀƭ ǇŜŀƪ (summer (DJF) 

for ENSO or the SPSD, spring (SON) for the IOD), or based on the seven most extreme (e.g., highest 

for El Niño, lowest for La Niña) values recorded independently for each season.  

For the relative definition, typical evolution of ENSO values before and after the summer (DJF) peak 

would lead to selecting the winter (JJA) and spring (SON) seasons before the peak, i.e., winter (JJA) 

(year ς 1) and spring (SON) (year ς 1) and the autumn (MAM) season immediately following the peak, 

i.e., autumn (MAM) (year 0). 

Discussions between NIWA and Dr. Alex Pezza (Senior Climate Scientist, GWRC) compared the results 

for the two options, and canvased considerations regarding the interpretability and the intended use 

for this report. Following these discussions, it was agreed ǘƻ ǳǎŜ ǘƘŜ ΨƛƴŘŜǇŜƴŘŜƴǘ ǎŜŀǎƻƴǎΩ 

definitions, i.e., the composite years are defined independently for each season, based upon the 

seven highest/ lowest values recorded for each index over the period 1961-2024 (operational VCSN) 

and 1979-2024 (MSWEP). Similarly, the highest/lowest three values of ENSO were selected for the 

ΨŀǳƎƳŜƴǘŜŘΩ ±/{b assessments.  

For reference, Figure 2-1 presents the evolution of the ENSO index from six months before the 

summer (DJF) peak to six months after, based upon the highest/lowest seven values over the 1 

March 1961 ς 29 February 2024 period. Similarly, Figure 2-2 shows that the IOD tends to peak during 

the Southern Hemisphere spring (SON). 
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Figure 2-1: Monthly evolution of the Niño 3.4 (ENSO) index for select events.  

 

 

Figure 2-2: Monthly evolution of the IOD for select events.  
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2.5 Caveats 

The climate modes are not strictly independent, and several studies have highlighted the 

relationships between, for example, the IOD and ENSO (Zhang et al., 2021), and ENSO and the SPSD 

(Guan et al., 2014; Zheng and Wang, 2021).  

Positive IOD events (with warmer than normal SSTs in the western Indian Ocean and cooler than 

normal SST in the eastern Indian Ocean) tend to precede the peak of El Niño events, although this 

relationship is not robustly linear.  

Similarly, positive ENSO events (El Niño) tend to be associated with negative SPSD events, with cooler 

than normal SSTs around New Zealand, and warmer than normal SSTs to the southeast of New 

Zealand. La Niña are associated largely with an opposite pattern, which is consistent with the 

tendency for Marine Heat Waves (MHWs) to occur during La Niña events. To a large extent, the SPSD 

can be considered a regional manifestation of ENSO and part of the causal chain όƻǊ ΨǘŜƭŜŎƻƴƴŜŎǘƛƻƴΩύ 

linking the distant coupled ocean ς atmosphere anomalies taking place in the tropical Pacific during 

ENSO events, and the associated temperature and rainfall anomalies observed in New Zealand.  

Figure 2-3 presents the correlation coefficients between the time-series of ENSO, and the IOD and 

the SPSD, respectively. The results are stratified by season. Correlations significant at the 99% level 

are shown, with a False Discovery Rate correction applied (Benjamini and Hochberg, 1995).  

 

Figure 2-3: Correlation coefficient between Niño 3.4 and IOD (left) and SPSD (right).   Stars indicate 
correlations significant at the 99% level. 

The SAM is characterised by a significant positive trend over recent decades. As such, the positive 

composite samples tend to be concentrated on latest decades. For example, of the composites 

samples matching the operational VCSN dataset (1961-2024), the (top-7) positive years for DJF are 

1982, 1995, 1998, 2015, 2016, 2023 and 2024, while the (bottom-7) negative years are 1964, 1965, 

1967, 1969, 1971, 1972 and 1977. The positive SAM trend is a defining characteristic of this mode 

and is well understood to result both from anthropogenic global warming and ozone depletion. For 

this report, the SAM index has not been detrended. Therefore, the uneven distribution of positive 

and negative phases of the SAM needs to be kept in mind when interpreting the results.  
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Figure 2-4 presents the seasonal time-series of the SAM index, with the linear trend line overlaid. The 

red and blue markers highlight the top- and bottom-seven seasons selected for the composites 

respectively.  

 

Figure 2-4: Seasonal time-series of the SAM index.  

As described in Section 2.1, rainfall data from the three different datasets are available over different 

periods of time. As such, there cannot be a one-to-one correspondence between the composite 

samples selected for each rainfall dataset when selected the top / bottom values of the climate 

modes.  

One also must note that the sign of the composite anomaly between the different rainfall 

parameters might not always be consistent, especially when it comes to heavy rain days, which by 

definition (the top 10% of daily rainfall accumulations) are relatively rare.  



 

Relationships between interannual climate modes and rainfall in the Wellington region  15 

While statistical significance is indicated by stippling in the composite maps (with a 90% confidence 

level chosen) it also must be interpreted with caution. The emphasis therefore needs to be on the 

high-level interpretation of the patterns emerging from the following composite analyses. Elements 

of interpretation are provided in each of the sections (parameters + climate driver) in aid of this. 

2.6 Observed rainfall trends 

Of the three rainfall datasets used here, the operational VCSN (at 5 km resolution) is available over 

the longest period (1961-2024). During this time, some areas of the Greater Wellington region show 

small but significant trends in some rainfall parameters. Figure 2-5, Figure 2-6 and Figure 2-7 present 

the seasonal trends for rainfall accumulation, number of dry days and number very wet days (rainfall 

> 90th percentile) respectively.  

 

Figure 2-5: Trends in seasonal rainfall accumulation.  



 

16 Relationships between interannual climate modes and rainfall in the Wellington region 

 

Figure 2-6: Trends in seasonal number of dry days.  

 

Figure 2-7: Trends in seasonal number of very wet days.  
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To illustrate the magnitude of the trend in context of the interannual variability, we have calculated a 

sub-regional index (outlined in black Figure 2-8 below) and overlaid the linear trend in winter (JJA) 

rainfall accumulation. The trend is about -3.3 mm/year, which corresponds to a decrease of about 

200 mm accumulated seasonal precipitation over the 1961-2024 period, noting that this trend takes 

place in the context of large interannual (year to year) variability. 

 

Figure 2-8: Sub-regional trend in winter (JJA) rainfall.  
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3 ¢ƻǘŀƭ wŀƛƴŦŀƭƭ 

3.1 ENSO ς positive phase (El Niño) 

In this section, we compiled composite maps for seasonal rainfall anomalies (expressed in 

percentage of normal) for the positive phases of ENSO (El Niño). 

The analyses show a relatively consistent signal over the Greater Wellington region during the 

positive phases of ENSO, both for the operational VCSN (Figure 3-1) and for the augmented VCSN 

(Figure 3-2). In both cases, a dry signal is evident, especially for spring (SON) and summer (DJF) and 

for the eastern half of the Greater Wellington region (i.e., east of the Tararua ranges). Also present is 

a wet signal (albeit statistically non-significant) west of the Tararua ranges in autumn (MAM). 

The signal is embedded in a large-scale, Pacific-wide signal as evidenced by the composite anomalies 

from the MSWEP dataset (Figure 3-3): Drier than normal conditions occur in the Southwest Pacific, 

approximately from Vanuatu to French Polynesia, during positive phases of ENSO. This pattern 

therefore is relatively robust. 

3.1.1 Operational VCSN 

 

Figure 3-1: Rainfall anomalies (operational VCSN) during El Niño.   Stippling indicates areas of statistical 
ǎƛƎƴƛŦƛŎŀƴŎŜ ŀǘ Ǉ Җ лΦ10. The years indicated under each figure are those of the last month in the season (e.g., 
DJF 1973 refers to December 1972 ς February 1973). 
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3.1.2 Augmented VCSN 

 

Figure 3-2: Rainfall anomalies (augmented VCSN) during El Niño.  The legend range of 70-130% was 
selected to match the range presented for the operational VCSN maps above (Figure 3-1). 
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3.1.3 MSWEP 

 

Figure 3-3: Rainfall anomalies (MSWEP) during El Niño.  
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3.2 ENSO ς negative phase (La Niña) 

In this section, we compiled composite maps for seasonal rainfall anomalies (expressed in 

percentage of normal) for the negative phases of ENSO (La Niña). 

Notably, the composite anomalies observed during La Niña (Figure 3-4 to Figure 3-5) show that these 

events are not necessarily associated with anomalies of the opposite sign of El Niño events. This is 

especially the case during spring (SON) and summer (DJF), where significant areas of the Greater 

Wellington region show drier than normal conditions during both El Niño and La Niña events, 

although the anomalies are not necessarily significant. A small wet signal is also present in autumn 

(MAM) and winter (JJA) especially in the Wellington region, although here again the anomalies are 

not statistically significant. 

The amplitude of the anomalies is also generally smaller during La Niña than during El Niño.  

It is also consistent with a large-scale signal in the southwest Pacific that is less extant and more 

muted during La Niña than during El Niño, as evidenced by the composite anomalies in the MSWEP 

dataset (Figure 3-6). 

3.2.1 Operational VCSN 

 

Figure 3-4: Rainfall anomalies (operational VCSN) during La Niña.  
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3.2.2 Augmented VCSN 

 

Figure 3-5: Rainfall anomalies (augmented VCSN) during La Niña.  The legend range of 70-130% was 
selected to match the range presented for the operational VCSN maps above (Figure 3-4). 
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3.2.3 MSWEP 

 

Figure 3-6: Rainfall anomalies (MSWEP) during La Niña.  
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3.3 IOD ς positive phase 

As highlighted above (see Section 2.5), the IOD is not strictly independent from ENSO, with IOD 

positive phases in spring (SON) often coinciding with the development phase of positive ENSO 

events, and vice-versa.  

As expected from this relationship, positive IOD events tend to be associated with drier than normal 

conditions for the Greater Wellington region especially during spring (SON) and more so summer 

(DJF) (Figure 3-7). In winter (JJA) though, wetter than normal conditions tend to be associated with 

the positive phases of the IOD, but we note that the IOD, given its strong phase-locking onto the 

spring (SON) and the pattern of its relationship with ENSO, is not consistently expressed in winter 

(JJA).  

However, the MSWEP composites highlight the fact that large-scale coherent rainfall anomalies 

associated with the IOD are mostly restricted to spring (SON) (Figure 3-8), reflecting the strong phase 

locking of the IOD phenomenon on the seasonal cycle.  

In summary, the composite anomalies associated with the IOD positive phases largely reflect the 

relationship between the IOD and ENSO. 

3.3.1 Operational VCSN 

 

Figure 3-7: Rainfall anomalies (operational VCSN) during the positive phase of IOD.  
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3.3.2 MSWEP 

 

Figure 3-8: Rainfall anomalies (MSWEP) during the positive phase of IOD.  

  
























































































































































