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| INTRODUCTION

Weather types (WTs hereafter: e.g., [START_REF] Michelangeli | Weather regimes: recurrence and quasi stationarity[END_REF][START_REF] Cassou | North Atlantic winter climate regimes: spatial asymmetry, stationarity with time, and oceanic forcing[END_REF][START_REF] Straus | Circulation regimes: chaotic variability versus SST-forced predictability[END_REF][START_REF] Eden | Comparison of GCM-and RCM-simulated precipitation following stochastic postprocessing[END_REF] are commonly used in climate science to concisely characterize and understand regional circulation and variability. The approach consists of identifying a limited number of recurrent WTs (and/or groups of WTs into atmospheric regimes) and then using their timing and/or frequency changes to investigate processes driving regional climate patterns at daily to multidecadal scales [START_REF] Lorrey | Regional climate regime classification as a qualitative tool for interpreting multi-proxy palaeoclimate data spatial patterns: a New Zealand case study[END_REF][START_REF] Fauchereau | Recurrent daily OLR patterns in the southern Africa/southwest Indian Ocean region, implications for South African rainfall and teleconnections[END_REF][START_REF] Parsons | The use of synoptic climatology with general circulation model output over New Zealand[END_REF][START_REF] Moron | Daily weather types in February-June (1979-2016) and temperature variations in tropical North Africa[END_REF][START_REF] Pohl | From synoptic to interdecadal variability in Southern African rainfall: toward a unified view across time scales[END_REF][START_REF] Champagne | Atmospheric circulation modulates the spatial variability of temperature in the Atlantic-Arctic region[END_REF]. However, WTs commonly oversimplify the spatiotemporal variability of climate, which is continuous by nature, by discretizing it into a small number of configurations that poorly or only partly reflect the complexity of daily weather and climate. As a consequence, climate phenomena and processes that are associated with moderate variance tend to be less efficiently described by WTs. This is especially the case for lowfrequency climate variability, so that long-term changes in the state of the climate system tend to occur within the types, rather than appearing as changes in type occurrence [START_REF] Pohl | The Southern Annular Mode seen through weather regimes[END_REF][START_REF] Pohl | From synoptic to interdecadal variability in Southern African rainfall: toward a unified view across time scales[END_REF][START_REF] Champagne | Atmospheric circulation modulates the spatial variability of temperature in the Atlantic-Arctic region[END_REF]. Although many papers recognize within-type changes as significant, very few have analysed them in detail.

In order to address these limitations, and improve the WT methodology, a recent paper (Pohl et al., 2021b;P21 hereafter) introduced a set of quantitative descriptors to monitor the location (latitude, longitude) and intensity (amplitude of daily minimum or maximum geopotential height anomalies at regional scale) of atmospheric centres of action (ACAs hereafter: either atmospheric highs or lows). These descriptors are qualitatively different from one WT to another, depending on the presence of any perturbation associated with the type composite mean field. They allow for a detailed quantification of the strength of the atmospheric systems and refine the analysis of weather and climate variability occurring within each WT. P21 based their work on the 12 types developed by Kidson (2000, K2K hereafter) over the Aotearoa New Zealand (ANZ) sector. These types monitor synoptic-scale atmospheric highs or lows that develop in the mid-latitude westerlies and act to disturb them in return. Focusing on large-scale mechanisms, P21 identified significant teleconnections between the WT descriptors and the Southern Annular Mode (SAM) in the southern high latitudes, and El Niño-Southern Oscillation (ENSO) in the tropical Pacific. These modes of largescale variability, known to modulate the regional climate in the ANZ sector [START_REF] Jiang | Classification of New Zealand synoptic weather types and relation to the Southern Oscillation Index[END_REF]2013b;[START_REF] Renwick | The Southern Annular Mode and New Zealand climate[END_REF][START_REF] Ummenhofer | Interannual extremes in New Zealand precipitation linked to modes of Southern Hemisphere climate variability[END_REF][START_REF] Kidston | Hemisphericscale seasonality of the Southern Annular Mode and impacts on the climate of New Zealand[END_REF][START_REF] Ummenhofer | Causes of late twentieth-century trends in New Zealand precipitation[END_REF][START_REF] Jiang | A new objective procedure for classifying New Zealand synoptic weather types during 1958-2008[END_REF] were found to have a larger influence on ACA descriptors, that is, the WTs' intrinsic properties, than their frequencies.

P21 also concluded that studies at finer spatial scales are needed in order to assess how regional-scale atmospheric dynamics (as inferred both by WTs and variability in their associated ACAs) interact with the complex topography of ANZ (Figure 1) to modulate regional climate patterns. Interactions between topography, landsea contrast and regional atmospheric dynamics have been investigated in many previous studies, from a local to regional climate point of view (e.g., [START_REF] Salinger | New Zealand climate: the temperature record, historical data and some agricultural implications[END_REF]1980a;1980b;[START_REF] Mccauley | A study of orographic blocking and barrier wind development upstream of the Southern Alps, New Zealand[END_REF][START_REF] Sturman | Mesoscale and local climates in New Zealand[END_REF][START_REF] Sturman | A comparative review of the weather and climate of the Southern Alps of New Zealand and the European Alps[END_REF]. The marked and complex relief of ANZ has a very strong effect (e.g., [START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF] on modulating the spatial patterns of temperature (through vertical and horizontal gradients) and precipitation (through contrasted exposures and upwind/downwind effects under the dominant midlatitude westerly winds). Together with the Andes in South America, ANZ a major topographic barrier at these latitudes of the Southern Hemisphere. While these barriers are likely to perturb atmospheric fluxes, they are also under the influence of the strong westerly wind belt and the transient perturbations, embedded in the midlatitude dynamics [START_REF] Pepler | Independently assessing the representation of midlatitude cyclones in highresolution reanalyses using satellite observed winds[END_REF]2019), and represented here by the 12 types of K2K.

How these WTs modulate precipitation and temperature anomalies over ANZ has already been discussed in previous studies (K2K; [START_REF] Ackerley | Using synoptic type analysis to understand New Zealand climate during the Mid-Holocene[END_REF][START_REF] Jiang | A new objective procedure for classifying New Zealand synoptic weather types during 1958-2008[END_REF][START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF]Jiang et al., 2013a;[START_REF] Fauchereau | Extratropical impacts of the Madden-Julian oscillation over New Zealand from a weather regime perspective[END_REF][START_REF] Gibson | Projected changes in synoptic weather patterns over New Zealand examined through self-organizing maps[END_REF]. However, air temperature anomalies associated with the WTs have been only partly analysed to date, and corresponding physical mechanisms have not been established. Similarly, although relationships between regional WTs and precipitation anomalies in ANZ have previously been addressed (K2K; [START_REF] Jiang | Classification of New Zealand synoptic weather types and relation to the Southern Oscillation Index[END_REF]2013b;[START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF][START_REF] Gibson | Projected changes in synoptic weather patterns over New Zealand examined through self-organizing maps[END_REF], these studies have focused on changes in daily precipitation amounts, with limited assessment of mechanisms. Moreover, whether these WTs yield quasistationary climate anomalies, or whether the latter are modified by WT's internal characteristics, is an issue that remains to be explored. Finally, how these WTs and their corresponding main ACAs relate to daily extremes of precipitation and air temperature across ANZ remains unclear to date. The present paper aims to address these questions.

Hence, this work aims at establishing the relationships between surface climate variables in ANZ (namely, daily minimum and maximum air temperature and daily precipitation amounts) and the diversity of synoptic configurations, considering both inter-type and within-type variations. The latter is estimated by changes in the strength and location of the main ACAs associated with the WTs. Finally, we focus on daily (temperature and rainfall) extremes, in order to assess the extent to which WTs conducive to climate extremes differ synoptically from their other occurrences.

Section 2 presents the datasets used, the WT classification and the descriptors associated with their main ACAs. Section 3 focuses on temperature anomalies, as modulated by these WTs and their descriptors, and addresses associated regional-scale mechanisms. Section 4 extends these results to precipitation anomalies. Section 5 considers the case of daily extremes (of precipitation and temperature). Section 6 summarizes the main results and provides concluding remarks.

| DATA AND METHODS

| Data

Atmospheric fields used in this study are taken from the ERA5 ensemble reanalysis [START_REF] Hersbach | The ERA5 global reanalysis[END_REF]. ERA5 is the fifth generation of the atmospheric reanalysis released by the European Centre for Medium-Range Weather Forecasts. It currently covers the period 1979 onwards (with an experimental extension to 1950) and includes a 10-member ensemble to quantify uncertainties associated with the density and quality of the assimilated data (see also P21). In this work, we use the regular 0.5 × 0.5 grids of the ensemble over the period 1979-2019 for the following atmospheric variables: daily mean fields of geopotential height at 1,000 (Z1000, m) and 700 hPa (Z700, m), 2 m air temperature ( C) and specific humidity (converted to gÁkg -1 ), surface solar radiation (converted to WÁm -2 ), total water in the air column (kgÁm -2 ), vertical velocity of the wind at 850 hPa (PaÁs -1 ), and finally, the zonal (u) and meridional (v) components of the horizontal wind (mÁs -1 ) at 10 m and 700 hPa.

Daily rainfall and temperature data for ANZ come from the National Institute of Water and Atmospheric Research (NIWA) Virtual Climate Station Network (VCSN). Data coverage for the NIWA VCSN [START_REF] Tait | Generating multiyear gridded daily rainfall over New Zealand[END_REF][START_REF] Tait | Thin plate smoothing spline interpolation of daily rainfall for New Zealand using a climatological rainfall surface[END_REF]2012) is available from 1972 to the present for 13 daily climate variables on a 5 × 5 km grid covering the country. The approach to generating the NIWA VCSN uses a thin-plate smoothing spline model for spatial interpolation between in situ station data, incorporating two location variables (latitude and longitude) and a third "pattern" variable. For daily minimum (Tn) and maximum (Tx) temperature, elevation (Figure 1) was included in the model. For precipitation, a digital version of an expert-guided 1951-1980 mean annual rainfall isohyet map was used as the pattern variable as a way to represent orographic influences that arise from prevailing circulation interacting with mountainous terrain. VCSN data provide biased estimates of precipitation, especially in the most elevated parts of the country where the density of raingauges and weather stations is much reduced [START_REF] Tait | An assessment of the accuracy of interpolated daily rainfall for New Zealand[END_REF][START_REF] Mason | Comparison between meteorological data from the New Zealand National Institute of Water and Atmospheric Research (NIWA) and data from independent meteorological stations[END_REF]. VCSN estimated temperature generally shows weaker biases [START_REF] Mason | Comparison between meteorological data from the New Zealand National Institute of Water and Atmospheric Research (NIWA) and data from independent meteorological stations[END_REF]. 

| Weather type redefinition using the ERA5 ensemble

As in P21, this study uses the WT classification of K2K over the ANZ sector. The corresponding 12 WTs, originally based on 12-hourly maps of Z1000 derived from NCEP/NCAR reanalyses, are updated here using ERA5 daily ensemble fields. Two WT time distributions are therefore considered, the original WT classification based on NCEP/NCAR timing, and the redefined distribution obtained by ascribing each day of each member based on ERA5, over the period 1979-2019, to its nearest type centroid. These two type definitions are seen to differ, with roughly 35% of the days of the period not being ascribed to the same WT. However, the composite mean fields are very similar, because day swaps between types are associated with similar patterns that differ only in the location of ACAs. The latter are expected to be more precisely defined by ERA5 data due to its much higher spatial resolution. All results and conclusions discussed below can be obtained with both WT distributions. More details and a comparison between both WT timings are given in P21.

In addition to the partitioning into 12 discrete WTs, we reuse here the descriptors from P21 that monitor the location and intensity of the main ACAs associated with each type. These descriptors are derived from Z1000 daily anomalies (noted Z1000 0 ), after removing the mean annual cycle (Figure 2). This approach differs from K2K and subsequent studies (e.g., [START_REF] Ackerley | Using synoptic type analysis to understand New Zealand climate during the Mid-Holocene[END_REF][START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF][START_REF] Fauchereau | Extratropical impacts of the Madden-Julian oscillation over New Zealand from a weather regime perspective[END_REF][START_REF] Gibson | Projected changes in synoptic weather patterns over New Zealand examined through self-organizing maps[END_REF][START_REF] Cullen | The influence of weather systems in controlling mass balance in the Southern Alps of New Zealand[END_REF], among many others), who only considered raw Z1000 fields. Three groups of WTs are formed, depending on the presence or absence of regional extremes of Z1000 0 (Figure 2 and Table 1). The "Low" group has only one such extreme, consisting of a regional minimum of Z1000 0 denoting an atmospheric trough. Conversely, the "High" group only includes a regional maximum of Z1000 0 , indicative of an atmospheric ridge. The "Gradient" group has both extremes. The descriptors defined in P21 qualitatively differ from one group of WTs to another. For the "Low" group, three metrics depict the intensity of the low, corresponding to the minimum Z1000 0 value within the whole domain (Min Z 0 ), and its corresponding latitude and longitude (Lat, Lon) defining the location of the low ACA. The "High" types use the same metrics, but applied to the Z1000 0 maximum to define the high ACA. The "Gradient" types use both metrics (Table 1), with additional ones used to depict the relative position and differences between both ACAs. This provides the difference between Z1000 0 maximum and minimum (Diff Z 0 ), the latitudinal and longitudinal differences in their locations (Diff Lat , Diff Lon ), and finally the slope of the geopotential F I G U R E 2 Z1000 anomalies (m: contours) associated with the 12 KTs over the period 1979-2019. Anomalies that are not statistically significant at the 95% level are shaded white. The inner rectangle represents the domain used by [START_REF] Kidson | An analysis of New Zealand synoptic types and their use in defining weather regimes[END_REF]. H: local maximum Z1000 anomalies. L: local minimum Z1000 anomalies [Colour figure can be viewed at wileyonlinelibrary.com] height gradient, defined as Grad =Diff Z 0 = ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi Diff 2

Lat +Diff 2 Lon q . In the following, the within-type variability is studied by considering the opposite polarities of all these descriptors. To that end, we use their 20th and 80th percentiles, noting that some of the days present in these samples overlap those used to extract the opposite polarities of other descriptors (P21). In good approximation, the descriptors monitoring the zonal and meridional locations of the ACAs are only weakly related (i.e., are statistically independent) for WTs associated with one single ACA (either Low or High). For the Gradient-type WTs, all differential indices between the opposite ACAs are, logically, partly determined by the location and intensity of each ACA (P21).

Here, we analyse how these descriptors relate to finescale temperature and precipitation anomalies across ANZ, while focus was given in P21 on the relationship between the ACA descriptors and large-scale climate variability. All descriptors are quantitative and thus help address one of the main weaknesses of the WT approach, which is in discretizing naturally continuous climate variability (P21). The effect of descriptors on regional climate is assessed through composite analyses based on the opposite polarities of each descriptor. Differences are tested using Welch's t tests (an evolution of Student's t test that does not assume the variance of the two considered samples to be equal). Although all types are important to drive the local to regional climate, in the following we consider more closely two types out of the 12 identified by K2K, namely, types HSE and T (please refer to Table 1 for the long names of the types). These two types are chosen as case studies because (a) they both display strong within-type variability; (b) they both favour climate extremes over large parts of ANZ, for daily precipitation amounts for type T and daily maximum air temperature for type HSE; (c) because of (b), they are both important for climate impacts on regional societies, infrastructure and environment. Other types are discussed in Supporting Information.

| Estimation of orographic lifting

The modulation of daily precipitation amounts in ANZ by the synoptic weather patterns is hypothesized to result from the differing exposure of local terrain to regionalscale atmospheric circulation in the lower troposphere. Following [START_REF] Kyriakidis | Geostatistical mapping of precipitation from rain gauge data using atmospheric and terrain characteristics[END_REF], the associated orographic lifting W is computed here as the inner product of directional elevation gradients with the interpolated 700-hPa horizontal winds (Equation ( 1)),

W = -V :rh = -u ∂h ∂x +v ∂h ∂y , ð1Þ 
where V = u, v ð Þ is the horizontal wind vector as depicted by its zonal u and meridional v components, and ∂h=∂x and ∂h=∂y denote the local gradients of elevation along the same (longitudinal and latitudinal) directions. These T A B L E 1 Overview of the internal descriptors used for each of the 12 KTs (in rows, with their usual abbreviations and their long names after Ackerley et al., 2011 and Cullen et al., 

x x x x x x x x x x R (ridge) x x x x x x x x x x
Note: "Low" columns are for troughs, "High" columns for ridges, and "Gradient" columns for weather types showing both troughs and ridges. Internal descriptors depict the spatial coordinates (Lat, Lon) and intensities (Min Z 0 , Max Z 0 ) of centres of action, and for gradient types, their differences (Diff Lat , Diff Lon , Diff Z 0 ). Grad corresponds to the geopotential height gradient between both centres of action (see text for further details).

gradients are calculated based on the digital elevation model used in VCSN data (section 2.1) (Figure 1). As in [START_REF] Kyriakidis | Geostatistical mapping of precipitation from rain gauge data using atmospheric and terrain characteristics[END_REF], V is derived here from 700-hPa zonal and meridional components of the wind. The approach is usually used in statistical downscaling to produce fine-scale estimation of precipitation [START_REF] Kyriakidis | Geostatistical mapping of precipitation from rain gauge data using atmospheric and terrain characteristics[END_REF]. It is used here to provide an estimation of the strength of the orographic forcing resulting from terrain elevation and lower-tropospheric circulation, the latter being itself often modulated by synoptic-scale ACAs. This approach was also successfully used to separate surface and dynamical forcings under various synoptic contexts in a tropical island with complex terrain [START_REF] Morel | Regionalizing rainfall at very high resolution over La Réunion Island using a regional climate model[END_REF], including analysis of precipitation extremes [START_REF] Pohl | Regionalizing rainfall at very high resolution over La Réunion Island: a case study for tropical cyclone Ando[END_REF].

| DAILY MINIMUM AND MAXIMUM AIR TEMPERATURE ANOMALIES

| Temperature anomaly patterns

K2K proposed a simple categorization of above normal, neutral or below normal temperature associated with WT occurrences, by regrouping the latter into three regimes comprising atmospheric ridges, troughs or zonal flow (note that these three regimes or groups do not correspond to those used in section 2 and in P21 to define our ACA descriptors). Renwick (2011) used the same three groups and extended air temperature analysis to composite means of Tn and Tx, considering also austral summer and winter seasons separately. "Troughs" are associated with positive Tn and negative Tx anomalies, and therefore with a reduced diurnal temperature range (DTR).

The opposite tends to prevail for ridges, even though strong exposure effects are also found on the South Island because of the topographic barrier formed by the Southern Alps mountain range [START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF]. Here, we build on these existing findings by (a) assessing daily Tn and Tx anomalies associated with each WT, (b) interpreting within-type diversity using the ACA descriptors, and (c) analysing corresponding atmospheric circulation anomalies in the ANZ sector to assess mechanisms and processes driving temperature variability at regional and local scales. (2011) over the period 1979-2019. All 12 WTs are associated with significant temperature anomalies over most of ANZ, with departures from climatology that often exceed ±2 C. However, some WTs coincide with anomalies of weaker amplitude, on average. This is especially true for Tn (e.g., types HSE and R), with anomalies tending to be spatially coherent, with weak exposure effects. This suggests a weak topographic influence on associated mechanisms, at least at the scale of ANZ. Exposure effects are clearer for Tx, especially in the South Island between the western and eastern slopes of the Southern Alps (Figure 1). Although the general conclusions match those of K2K, it is nonetheless found that members of K2K's "trough" group (regrouping those WTs on the first row: T, SW, TNW, TSW) are each associated with quite contrasting Tn and Tx anomalies. This is even more true for K2K's "blocking" group (types HSE, HE, NE, HW, and R), in which WT differentiation tends to be stronger for Tn than Tx. [START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF] reached similar conclusions over the period 1958-2009. Finally, most types showing strong anomalies in Tn tend to show strong anomalies of the same sign in Tx, albeit with a weaker spatial coherence due to enhanced exposure contrasts. Although DTR is significantly modulated by the WTs [START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF], large-scale mechanisms (such as cold or warm advection) are also at play, which have similar effects on both Tn and Tx and act therefore to cool or warm large parts of the country.

In order to investigate within-type complexity, and its effects on temperature anomalies in ANZ, we consider here the case of type HSE (Figures 567). This choice is motivated by (a) the very strong variability in temperature anomalies associated with this type across ANZ and (b) the fact that this type was identified as conducive to near-climatology temperature conditions across ANZ, a result that will be examined further below. HSE is a "blocking" type according to K2K and a "ridge" type according to P21, which means that its Z1000 0 composite mean pattern includes only one single ACA, corresponding to a regional maximum of Z1000 0 (Table 1 andFigure 5) located south to southeast of ANZ, hence its name. Thus, three descriptors have been defined for this type, to monitor the location (Lat, Lon) and intensity of the ridge (as inferred by the positive Z1000 0 extreme in the domain, for each day of each member ascribed to this type). The statistical distribution and seasonal dependency of these descriptors are given in P21. On average, the HSE type is characterized by an atmospheric ridge located southeast of ANZ, hence its name (Figure 5). Depending on the opposite polarities of its ACA descriptors, it shows a broad variability of daily Z1000 0 patterns. The intensity of the main ACA is highly variable (from +50 to +300 m compared to the climatology), as are its latitude (35 -65 S) and longitude (the preferred location being between 160 E and 170 W, with extreme locations extending beyond these values, although only represented in a couple of occurrences: see Figure 5 and P21, their fig. 4). This large spread in the spatial coordinates of the high-pressure ACA implies that its average location southeast of ANZ is likely to change to south or east, from 1 day to another or over a sequence of days. Such variability has strong implications for atmospheric circulation in the region (see section 3.2).

Figures 6 and7, respectively, show daily minimum and maximum air temperature anomalies in ANZ associated with opposite polarities of these ACA descriptors. On average, HSE is associated with weak (but significant) negative Tn anomalies in ANZ (Figure 6, "All" panel), while Tx anomalies show strong spatial differences, with positive anomalies along the west coast of both North and South Islands, and negative Tx anomalies on their eastern sides (Figure 7, "All" panel). Such average anomalies conceal large variability within WT occurrences. Figure 6 reveals that the sign of Tn anomalies is likely to change, depending on the characteristics of the highpressure ACA associated with this type. The strongest ridge events (MaxZ+) and also the southernmost locations of the HSE ridges (LatMax-) yield negative Tn anomalies that are spatially coherent over the country. Although their pattern is quite similar to the average thermal signature of this WT, their magnitude is much stronger. The weakest ridge events and the northernmost locations of the high-pressure ACA are, by contrast, associated with significant positive Tn anomalies, especially over the southwestern parts of the South Island. The longitude of the high-pressure ACA has a weaker effect on modulating Tn, even though westernmost (LonMax-) locations tend to favour weak cold anomalies and easternmost (LonMax+) events yield weak warm anomalies. These signals are of weaker amplitude, extension and significance when compared with the effects of changing latitude and intensity of the ridges.

Figure 7 shows the corresponding results for Tx anomalies. The marked east-west contrast found on average for this WT mostly prevails for the strongest (MaxZ+), and, to a lesser extent, southernmost (LatMax-) and westernmost (LonMax-) locations of the atmospheric high. Opposite aspects of HSE (i.e., the weakest, northernmost or easternmost occurrence of the ridge) tend to favour uniformly positive Tx anomalies over ANZ, except for localized regions in the eastern part of the North Island.

A few other WTs of K2K also present marked intratype variability. For the WTs associated with the largest mean temperature anomalies, the properties of ACAs mostly modulate the amplitude and, secondarily, the spatial extension of temperature anomalies across ANZ (not shown). This is the case for both "warm" types (TNW, W, HE, and NE) and "cold" types (SW and HW). Types T and TSW show weaker within-type diversity, thereby suggesting that these WTs lead to more consistent temperature anomalies. The remaining types H, HNW, and R show large internal variability, exhibiting strong similarities with the case of type HSE discussed above. Temperature anomalies associated with these WTs are shown in Figures S6-S11. These results imply that the mere analysis of WT occurrence is not sufficient to explain air temperature variability over ANZ, hence the need to consider within-type diversity by analysing their associated ACAs.

| Mechanisms

While K2K's 12 WTs have a more spatially uniform influence on Tn (Figure 3) than the spatially contrasting anomalies of Tx (Figure 4), Tn and Tx anomalies generally tend to be of a similar sign. This denotes large-scale mechanisms influencing air temperature in a similar way across ANZ, thereby suggesting a strong influence of meridional advection of heat (having comparable effects on Tn and Tx: e.g., Pohl et al., 2021a). More local processes, such as those associated with radiative exchanges [START_REF] Ummenhofer | Interannual extremes in New Zealand precipitation linked to modes of Southern Hemisphere climate variability[END_REF][START_REF] Bony | Clouds, circulation and climate sensitivity[END_REF], are primarily modulated by cloud cover (having generally opposite effects on Tn and Tx), but also include the Foehn effect of the main mountain ranges [START_REF] Sturman | A comparative review of the weather and climate of the Southern Alps of New Zealand and the European Alps[END_REF]. Cloud cover (a) reduces both surface solar radiation during the day (thereby decreasing daily peaks of Tx), but also (b) decreases night-time radiative losses under the impact of cloud on longwave radiation flux (thereby promoting warmer Tn overnight). In the ANZ region, local variations in cloud cover result from uplift of air on the upwind side of the main mountain ranges and descent of air to the lee [START_REF] Sturman | A comparative review of the weather and climate of the Southern Alps of New Zealand and the European Alps[END_REF]. This effect is clear for the Tx anomalies associated with the HSE type shown in Figure 7, as anticyclones located southeast of ANZ typically produce cloud cover in northeasterly airflow along the eastern side of the mountains [START_REF] Sturman | The Weather and Climate of Australia and New Zealand[END_REF], especially when they are strong (MaxZ+), close to ANZ and extend further south (LatMax-).

Figure 8 shows regional-scale near-surface circulation and temperature anomalies associated with type HSE, according to ERA5. For better readability, Figure S1 presents 2 m air temperature anomalies based on ERA5 over and around ANZ. Figure 9 presents the same results for the mid-troposphere (700 hPa) and also shows surface solar radiation anomalies dependent on the properties of the positive ACA described by this WT. For comparative purposes, Figure S2 shows the same results for all 12 WTs. The role of meridional advection is confirmed, with northerly anomalies bringing warm and humid air from the tropics towards the mid-latitudes, thereby leading to positive temperature anomalies. The opposite is found for southerly anomalies transporting cold dry air from higher latitudes. For type HSE, northerly anomalies are located west of the South Island of ANZ, and southerly anomalies lie to the east, which, together with the orographic effect of the mountains on cloud, rain and temperature via the Foehn effect, help to explain the regional-scale trans-alpine contrasts and the positive temperature anomalies prevailing over western ANZ (Figure 7). The variability in intensity and latitude of the positive ACA associated with type HSE modifies both the strength and direction of regional-scale atmospheric circulation anomalies, thereby having a strong influence on air temperature over ANZ (Figures 8 and9). Northerly winds are directed towards the land areas (especially the western South Island) when the atmospheric high is either of weak amplitude (MaxZ-) or in its northernmost location (LatMax+), promoting anomalously warm conditions over southwestern ANZ. Opposite features of the atmospheric high-pressure system bring southeasterly anomalies closer, particularly to northeastern ANZ, as well as orographic cloud development along the east coast of both islands, leading to colder conditions (for both Tn and Tx, but especially Tx: Figures 6 and7).

Changes in cloud fraction (Figure S3) and precipitable water (Figure S4) at the regional scale are of moderate amplitude but significant. There are presumably more fine scale variations over ANZ than can be shown as a result of interaction with the complex topography. However, global reanalyses are probably still too coarse to accurately reproduce such local patterns (hence, smallscale patterns across ANZ are not the scope of this study). Regional-scale changes show slightly decreased cloud cover along the east coasts of ANZ when the atmospheric high pressure is particularly weak (MaxZ-) or when it is located further north (LatMax+: Figure S3). This situation could increase surface solar radiation and contribute to positive Tx anomalies in the afternoon (Figure 9).

Figures S6-S11 show examples of types R, H, and HNW, which are all associated with particularly large within-type diversity in terms of temperature anomalies across ANZ. Variability of temperature anomalies associated with other WTs is mainly caused by changes in meridional advection, with air masses reaching ANZ and penetrating inland that cause stronger anomalies than those off the coasts (not shown) to arise. Thus, the associated mechanisms of surface temperature response to direction of incident flow are in agreement with those discussed above for type HSE.

F I G U R E 8 As for Figure 5, but for 10-m wind anomalies (vectors, mÁs -1 ), 10-m wind speed anomalies (colour contours, mÁs -1 : blue means lower and red means higher wind speed than normal) and 2-m air temperature ( C: see colour bar) anomalies associated with the HSE weather type. Only anomalies that are statistically significant at the 95% level according to a 1-tailed t test are represented. A zoomed and more readable version of this figure centred on ANZ can be found in Figure S1 [Colour figure can be viewed at wileyonlinelibrary.com] F I G U R E 9 As for Figure 5, but for 700 hPa wind anomalies (vectors, mÁs -1 ), 2 m specific humidity (colour contours, gÁkg -1 : blue means wetter and red means drier than normal) and surface solar radiation (WÁm -2 : see colour bar) anomalies associated with the HSE weather type. Only anomalies that are statistically significant at the 95% level according to a 1-tailed t test are represented [Colour figure can be viewed at wileyonlinelibrary.com]

| DAILY PRECIPITATION ANOMALIES

| Precipitation anomaly patterns

Because precipitation variability associated with the WTs has only been partly discussed in the literature [START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF], Figure 10 presents the inter-type differences in daily precipitation anomalies. Generally, the WTs associated with warm anomalies (Figures 3 and4) tend also to be associated with anomalously wet conditions. This is due to the poleward transport of heat and moisture from lower latitudes towards the ANZ sector, a result true for most mid-latitude regions (e.g., for the Intra-type variability is assessed here using the example of type T (Figure 11). This is the archetype of K2K's "trough" types and the "Low" type according to P21, meaning that it includes only one negative ACA. Hence, three descriptors are used to assess its variability, comprising the intensity (MinZ) and spatial coordinates (LatMin, LonMin) of the regional minimum of Z1000 0 (Table 1). The canonical anomaly field associated with the T type consists of a well-identified low-pressure ACA located south of ANZ, which promotes strong westerly flow (i.e., anomalously strong westerly wind fields in the mid-latitudes) with a weak southerly component. This average weather situation conceals strong within-type diversity related to the intensity and location of the trough. Thus, the lowest Z1000 0 is likely to range from nearly -400 to -50 m compared with climatology, but most days show values of between -250 and -170 m (see Figure 4 in P21). Similarly, the latitude of the ACA varies between 60 S and 30 S, although the most recurrent locations typically occur between 55 S and 45 S. Longitudes show an even wider range of values, mostly between 160 E and 180 E. This indicates that, during the occurrence of the "T" type, the main atmospheric low-pressure system is likely to be located in a broad region encompassing both ANZ itself, but also parts of the Tasman Sea further west, the nearby Pacific Ocean further east, and the Southern Ocean further south.

Figure 12 shows the daily precipitation anomalies associated with these different kinds of "T" type. Anomalously wet conditions are found over the whole country, even though the largest departures from climatology are restricted to the western slopes of the main mountain ranges. This is especially true for the western South Island, due to the major topographic barrier formed by the Southern Alps (Figure 1), where daily precipitation anomalies can reach +15-20 mm at mid-slope, when all occurrences of this WT are considered (Figure 12, "All" panel). This roughly corresponds to a doubling (+100%) of the mean daily amounts there. Although the anomalies are of weaker amplitude over the main topographic features of the North Island, results there confirm the strong exposure effects associated with this type, as western aspects systematically receive the largest precipitation amounts. Although the spatial anomaly pattern remains mostly unchanged within type T, the anomaly amplitudes show large variability. The intensity of the negative ACA has the largest effect: the most negative Z1000 0 (i.e., the most intense troughs) can produce up to +30 to +35 mm of precipitation along the West Coast region of the South Island with respect to the mean daily climatology (+150-175%). During weaker troughs (MinZ+), F I G U R E 1 2 Daily precipitation anomalies (mm) associated with the T weather type over ANZ according to VCSN data, period 1979VCSN data, period -2019. . Opposite polarities of all ACA metrics extracted as for Figure 5. Anomalies that are not statistically significant at the 95% level according to a 1-tailed t test are shaded white [Colour figure can be viewed at wileyonlinelibrary.com] precipitation anomalies along the west coast barely exceed +5 to +7 mm (+25-35%). While the longitude of the ACA modifies the amplitude field only weakly (Figure 12), its latitude has more influence, the southernmost locations tending to bring more moisture towards the western flanks of the main mountains. Some of the other WTs show comparable within-type variability. Figure S12 presents example of type TNW (see Figure 2), which presents strong similarities with type T as far as associated precipitation anomalies are concerned (Figure 10) but a wider range of possible characteristics depending on its two ACAs, and derived descriptors (Table 1). Figure S13 shows the case of type NE (Figure 2), associated with anomalously wet conditions over the north of ANZ, and dry in the south. Precipitation associated with types SW (generally dry) and HW (opposite to NE) also show strong sensitivity to ACAs, conducive to strong intra-type variability (not shown). By contrast, intra-type diversity is much weaker for dry types H, HSE, and HNW, and spatially contrasting types W and TSW (not shown), meaning that these types are more homogeneous in terms of associated precipitation.

| Mechanisms

Precipitation anomalies in ANZ are strongly driven by advection of moisture towards ANZ (Figure S2). WTs associated with predominant wet anomalies over ANZ (namely T, TNW, W, HE, NE: Figure 10) either show moisture transport from the west (T, W), northwest (TNW), northeast (NE) or north (HE). These circulation anomalies all lead to positive moisture anomalies in the lower troposphere over or around ANZ and, generally, reduced surface solar radiation corresponding to more extensive cloud cover (not shown). By contrast, WTs associated with predominantly dry anomalies over ANZ (namely SW, H, HNW, HSE, HW) coincide with southerly (SW, HW), southwesterly (HNW), or southeasterly (HSE) anomalies advecting dry, cold air from the higher latitudes, or the centre of an atmospheric high (H) promoting clear-sky conditions and atmospheric stability. Finally, types producing strong exposure effects and spatially contrasting precipitation anomalies across ANZ (TSW, R) correspond to a negative ACA centred over ANZ producing northwesterly anomalies in the north and southeasterly anomalies in the south (for TSW) and easterly anomalies almost perpendicular to the main mountains of ANZ, giving thus very strong contrasts between both sides of the main divide.

The interaction between regional-scale atmospheric circulation and finer-scale uplift due to topographic forcing is a key concept to consider in order to understand the spatial distribution of precipitation anomalies across ANZ. Hence, we estimated the vertical component of the wind (see section 2.3 for details) that is due to the combined influence of the topography and the composite mean wind during all WT occurrences. The types identified as wet in Figure 10 correspond to those showing the largest topographic forcing (Figure S5), with the wet anomalies matching very well to the areas of estimated vertical uplift (negative values in Figure S5). These results confirm that precipitation variability in ANZ may be interpreted as arising from spatial effects that relate to horizontal advection of moisture that is forced to vertically ascend when intersecting mountain slopes. This situation produces stark contrasts for rainfall outcomes on opposite sides of the main divide.

By modulating circulation anomalies, the variability in both the location and intensity of ACAs that are associated with different WTs is likely to modify topographicallyforced instabilities which then leads to changes in precipitation anomalies (Figure 12). Figures 13 and14, respectively, show the regional-scale circulation anomalies and estimated topographic uplift associated with opposite polarities of the descriptors reflecting the internal variability of type T. Qualitatively similar conclusions are reached when considering the case of the other "wet" types (like TNW, W, or HE; not shown). The largest positive precipitation anomalies associated with type T (MinZ-and, to a lesser extent, LatMin-; Figure 12) occur when the airflow generated by the atmospheric Low is perpendicular to the main topographic barrier of the South Island and reaches the more isolated summits of the North Island (Figure 13). This results in an enhanced topographic uplift (Figure 14) that promotes anomalously high precipitation. While it strongly modifies the regional-scale circulation, the longitude of the negative ACA of type T has little influence on the direction and strength of the moisture and momentum fluxes across the main mountains of ANZ (Figures 13 and14), hence its limited influence on precipitation (Figure 12).

| DAILY PRECIPITATION AND TEMPERATURE EXTREMES

In this section, we quantify the relative contribution of each WT to extreme precipitation and temperature occurrence, and we assess the extent to which these types (and their main ACAs) change when associated versus not associated with such extremes.

| Precipitation extremes

Extreme precipitation events need further attention because of the damage that they repeatedly cause in ANZ [START_REF] Kingston | Floods in the Southern Alps of New Zealand: the importance of atmospheric rivers[END_REF][START_REF] Reid | Extreme rainfall in New Zealand and its association with Atmospheric Rivers[END_REF]. Given the factors modulating precipitation amounts (section 4.2), especially the strength of circulation anomalies and their orientation with respect to topographic barriers, we attempt to identify the extent to which daily precipitation extremes are associated with synoptic configurations that F I G U R E 1 3 As for Figure 5, but for 700 hPa wind anomalies (vectors, mÁs -1 ), 2 m specific humidity (colour contours, gÁkg -1 ) and surface solar radiation (colours, WÁm -2 ) anomalies associated with the T weather type. Only anomalies that are statistically significant at the 95% level according could deviate (in terms of intensity and/or location of ACAs) from the average situations associated with the original types of K2K.

Figure 15a shows the 95th percentile of the estimated daily precipitation anomalies for each grid-point of the VCSN dataset over ANZ for the period 1979-2019. The spatial distribution is very close to that of the total rainfall (Figure 1), showing that the wettest regions on average are also those with the largest daily departures from the mean. The western slopes of the Southern Alps, facing the dominant westerly winds, receive the most abundant total and extreme precipitation amounts, while the eastern plains and slopes, protected by the topography from prevailing flow, are much drier. These spatial contrasts are particularly marked for intense rainfall, with anomaly values ranging from less than 5 mm per day for the central parts of both South and North Islands, to 50 mm and more (the maximum value being +140 mm compared to climatology) along the west coast of the South Island and for the main mountainous regions of the North Island (Figure 15a). Given the respective climatology of these regions, the 95th percentile of daily precipitation anomalies correspond to regionally-varying daily amounts spanning from 6 to 182 mm. For comparative purposes, the largest daily amounts received over the 1979-2019 period range between 51 and 1,193 mm, from one region of ANZ to another. While it offers a continuous picture of daily rainfall fields at high resolution, the VCSN database has also been shown to produce larger errors for high precipitation amounts, especially in regions with steep topography [START_REF] Tait | An assessment of the accuracy of interpolated daily rainfall for New Zealand[END_REF][START_REF] Mason | Comparison between meteorological data from the New Zealand National Institute of Water and Atmospheric Research (NIWA) and data from independent meteorological stations[END_REF]. Thus, the values cited above should be taken with care, the general coherence of the precipitation fields and the general order of magnitude of the anomalies being more meaningful than the individual values themselves.

Figure 15b shows which WTs are responsible for the largest number of extreme events, identified here as in Figure 15a, for each grid-point of the VCSN dataset. Weather type T, previously discussed as producing anomalously wet conditions across ANZ (Figure 10), cause the largest number of intense to extreme precipitation days over most of the South Island. This includes the northern part of the West Coast region, but also regions east of the main divide, such as Otago and Southland, as well as significant areas of the North Island (especially central and western regions, but also more localized western slopes of mountains in the northeast). In other regions, the WTs having the largest contribution to intense and extreme precipitation days are those that are generally anomalously wet there on average (Figure 10), due to circulation anomalies leading to moisture transport towards these areas (Figure S2). This is, for instance, the case for type "W" in the Fiordland region (southwest of the South Island), "TSW" for most of the Canterbury Plains (and eastern and northeastern parts of the South Island), "NE" for the Northland region (the northern section of the North Island), and "R" for Hawke's Bay (eastern parts of the North Island). Hence, depending on the exposure of the local terrain, very different synoptic conditions can cause extreme precipitation events in different parts of ANZ. Nonetheless, Figure 15c shows that, in most regions, the overall contribution of these dominant WTs to precipitation extremes remains moderate. Generally, 15-35% of the extremes are associated with the dominant WTs identified in Figure 15b. This could be due to interferences with other rain-bearing systems or mechanisms not necessarily discriminated by the WTs, like atmospheric rivers (recently shown to be involved in many major rain events in ANZ: [START_REF] Prince | A climatology of atmospheric rivers in New Zealand[END_REF][START_REF] Reid | Extreme rainfall in New Zealand and its association with Atmospheric Rivers[END_REF][START_REF] Shu | The impact of atmospheric rivers on rainfall in New Zealand[END_REF], or ex-tropical cyclones (Lorrey et al., 2014b). Three main regions show slightly larger values, denoting a stronger relationship between WTs and intense or precipitation extremes: (a) the Fiordland region, southwest of the South Island; (b) the northern part of the Southern Alps in the South Island; (c) the centralwestern part of the North Island, around the volcanic peak of Mount Ruapehu. These three regions are further analysed in Figure 16. Here, we select the areas where the contribution of the dominant WT exceeds 30% and calculate regional precipitation indices over the three delineated regions shown in Figure 16a. For each region, the relative contribution of all 12 WTs to intense to extreme events is then represented as pie plots (Figure 16b-d). The analysis is done for both the original WT time distribution, based on NCEP/NCAR reanalysis, and the updated ERA5 redefinition, as results show nonnegligible reanalysis-dependency.

The predominant contribution of type T to intense to extreme events in the central North Island and Southern Alps region is confirmed for both reanalyses. Other WTs strongly associated with intense events vary between these two regions, and show stronger sensitivity to the reanalysis upon which they are based. For the North Island area, types TNW, TSW, and NE are each associated with at least 15% of the extreme events, while regime W provides about another 10%. All these WTs, wet on average over each region (Figure 10), are responsible for a larger proportion of extremes in the ERA5 re-definition than in the original NCEP/NCAR definition of the types. This means that all other WTs have a weaker influence on extremes according to their updated ERA5 time distribution. Quite similar results are obtained with the Southern Alps area, except that types W and HE coincide with a larger number of intense to extreme events occurring there, while types TSW and NE are of much less importance. Once again, the types associated most frequently with high daily precipitation are those that are wet on average over the region, and more generally, over the whole West Coast region of the South Island. Finally, extreme precipitation for Fiordland has a strong association with WTs. In that region, the W type is clearly the predominant synoptic driver for heavy rainfall anomalies, especially according to the ERA5 time distribution. The following WTs are, by decreasing contribution, T, HE and TNW (according to ERA5) or HE, T, and TNW (according to NCEP/NCAR). Types that show very weak contribution to extremes in other regions (like H and HNW) show diminished, but non-negligible association with high precipitation events in the southwestern tip of ANZ. While often associated with dry anomalies further north, these types correspond, on average, to nearclimatology conditions in Fiordland. This shows how important within-type variability may be, with a type associated with near-climatological conditions on average frequently leading to climate extremes. This leads us to investigate what differentiates days that are and are not associated with an intense or extreme precipitation event within the same WT. To do this we create two samples of days for each region, by selecting the predominant WTs (T for central North Island and Southern Alps, W for Fiordland) that were associated and not associated with a daily precipitation amount exceeding the local 95th percentile. ACA descriptors associated with these types are then compared using 2-tailed t tests at the 95 and 99% confidence levels.

For all three regions shown in Figure 16, the intensity of the negative ACA associated with the corresponding types is systematically different between these two samples. Extreme precipitation days correspond to atmospheric troughs that are significantly more intense (at the 99% level) than the other days in the same WT, but with lower (nonextreme) precipitation. This is indicative of a subclass of mid-latitude cyclones that are seemingly stronger than usual relative to a category of synoptic systems that have similar general geopotential height patterns. For instance, for the Southern Alps region, the median intensity of negative ACAs associated with heavy precipitation is -250 m (with a standard deviation of 40 m) compared to climatology, versus only -200 ± 40 m for nonintense precipitation days, leading to a statistically significant difference. This result is verified for both the original NCEP/NCAR definition of WTs, and the ERA5 update (not shown). Anomalously strong cyclones (see, e.g., Figure 11, for type T) promote stronger moisture transport towards ANZ (Figure 13), which generates stronger topographic uplift (Figure 14) leading to very large precipitation amounts (Figure 12).

All other descriptors show nonsignificant differences between intense and weaker precipitation samples except for the North Island, where the lower latitude cyclone location favours larger precipitation amounts and anomalies above the 95th percentile. The northern locations of some troughs are also conducive to a northward shift of associated moisture advection that reaches the west coast of the North Island ahead of the west coast of the South Island. The nonsignificance of results concerning all other ACA descriptors confirm that intense and extreme daily precipitation can occur in ANZ from many different synoptic conditions, a result verified both between and within WTs.

| Temperature extremes

In Supporting Information, we duplicated these analyses for extreme anomalies of Tn and Tx, which is an issue of increasing importance that we need to understand in order to attribute the causes of extreme temperatures over a region. A weaker relationship is observed between temperature extremes and the WTs. Extremes in Tn are most often recorded during occurrences of the W (TNW and NE) types over the South (North) Island (Figures S14 and S15). Extremes in Tx relate to the HSE over a large fraction of both islands, especially their western parts, while results are less clear and more contrasting along the east coast (Figures S16 andS17). WT sequences that are associated with temperature extremes also show quite weak differentiation from more moderate temperature occurrences. The main result indicates a weaker ACA for the type sequences leading to Tx extremes, thereby leading to anomalously weak horizontal advection over ANZ (not shown). This situation could promote a stronger (weaker) land (oceanic) influence, due to lighter winds and less mixing, and favour larger temperature increases over land during the day, causing therefore strong positive Tx anomalies.

| DISCUSSION AND CONCLUSION

One of the main limitations of weather types (WTs) is that they discretize continuous climate variability into a small number of categories, whose representativity may be questioned. To address this concern, in P21, we defined descriptors used to infer within-type variability, by quantifying the basic properties (intensity, location) of the main atmospheric centres of action (ACAs) associated with these WTs. Here, we build upon that work and attempt to analyse the dependency of local climate variables (daily precipitation amounts, minimum and maximum air temperature) on regional-scale WTs over a region characterized by complex topography that strongly interacts with atmospheric circulation, Aotearoa New Zealand (ANZ).

The relationships between regional-scale WTs and the local-scale climate appear more complex than previously demonstrated (e.g., K2K; [START_REF] Jiang | A new objective procedure for classifying New Zealand synoptic weather types during 1958-2008[END_REF][START_REF] Renwick | Kidson's synoptic weather types and surface climate variability over New Zealand[END_REF]Jiang et al., 2013a;[START_REF] Gibson | Projected changes in synoptic weather patterns over New Zealand examined through self-organizing maps[END_REF]. WTs conceal strong within-type diversity, implying that the mere analysis of WT occurrence is not sufficient to explain daily precipitation and air temperature variability across ANZ. ACA diversity (i.e., their most extreme spatial coordinates, and their strongest or weakest intensities, as monitored by the descriptors of P21) has strong implications for these surface variables, due to their major role for shaping and modifying regional-scale atmospheric circulation. Depending on these characteristics, the magnitude and in some cases, the sign of localscale climate variables can be significantly modified. While the effects of a given WT are more stable in time when they are of strong magnitude (for instance, dry conditions under anticyclonic conditions), within-type variability leads to major changes in the magnitude and spatial distribution of climate anomalies when the latter are of weaker amplitude, and/or spatially contrasting. In ANZ, this is mostly the case for WTs associated with strong exposure effects, with surface and atmosphere weather patterns of opposite sign occurring on either side of the main mountain ranges.

Dominant mechanisms linking regional-scale WTs to local-scale climate variability involve adjustment of atmospheric circulation to the intensity and location of the main ACA over and near ANZ, as follows:

1. Meridional advection of warm and moist air from lower latitudes or cold and dry air masses from higher latitudes that drive the major component of temperature variability; with finer-scale processes such as cloud cover having a secondary, yet non-negligible impact. 2. Orographic lifting resulting from lower-tropospheric circulation anomalies interacting with the main topographic features of ANZ, which results in uplift and wet conditions on windward slopes, and dry and warm conditions promoted by Foehn effect on the leeward side of the ranges.

Because of significant impacts on local society, environment, and infrastructure, we also considered the case of intense to extreme precipitation events defined as days exceeding the 95th percentile of daily precipitation anomalies. From one region of ANZ to another, this corresponds to daily rainfall amounts ranging from 6 to 182 mm. The relative contribution of WTs to intense and extreme events varies from one region to another. In most areas, intense to extreme events are likely to occur from at least two and up to four WTs, thereby showing that a range of synoptic conditions can cause major precipitation events in the region. Nonetheless, a common pattern across ANZ is that such events clearly coincide with negative ACAs (i.e., cyclonic conditions) that are significantly stronger than usual. Such intense midlatitude cyclones favour particularly strong incident flow, maximizing moisture advection and promoting heavy precipitation in the most exposed regions and on windward slopes. Associations between WTs and extreme temperature is generally weaker than for precipitation extremes.

By showing that the relationship between local climate and WTs is not as obvious as often assumed, and that within-type variability is strong at both synoptic and local scales, this study also suggests that studies based on analogues should be careful when considering whether similar WT occurrence can directly translate into similar local climate conditions. The descriptors for monitoring ACAs used here may help improve such analyses, either by selecting more similar synoptic contexts, or by deliberately considering contrasting configurations related to modes of variability. In the latter case, however, one should expect strongly varying surface climate anomalies resulting from interactions between regional-scale atmospheric dynamics, thermodynamics, and local-scale topography.

Such approaches linking synoptic-scale WTs to local climate conditions are also important for assessing possible impacts on human activities such as agriculture and for developing adaptation strategies in response to projected future climates. [START_REF] Sturman | Changes in atmospheric circulation and temperature trends in major vineyard regions of New Zealand[END_REF] studied the relationship between changes in atmospheric circulation in ANZ and observed trends in temperature and frost events using K2K's WT classification for the period 1958-2010. They identified an increase in frost events associated with more frequent clear skies along the east coast of the country, resulting from changes in weather patterns (more frequent highs, fewer lowpressure systems, stronger zonal and southerly flows). Meanwhile, significant positive trends were found in the latitude of atmospheric ridges (P21), possibly denoting a poleward expansion of the Hadley circulation [START_REF] Lu | Expansion of the Hadley cell under global warming[END_REF][START_REF] Hu | Observational evidence for poleward expansion of the Hadley circulation[END_REF][START_REF] Tao | Anthropogenic forcing on the Hadley circulation in CMIP5 simulations[END_REF][START_REF] Nguyen | Variability of the extent of the Hadley circulation in the southern hemisphere: a regional perspective[END_REF], with a southward extension of stable conditions from the subtropics towards the mid-latitudes. However, the existence and significance of such trends needs to be assessed over longer time periods, in order to increase the robustness of the conclusions. Such analyses could be based either (a) on long-term ensemble reanalyses (e.g., the 20th Century Reanalyses: [START_REF] Slivinski | An evaluation of the performance of the twentieth century reanalysis version 3[END_REF], or ERA-20C: Poli et al., 2016), or (b) on long observational time series of weather stations, available since the late 19th or early 20th centuries, to overcome the difficulties associated with the much shorter time coverage of the VCSN data used in this work. Over even longer time periods, reconstructions performed for the Holocene [START_REF] Lorrey | Regional climate regime classification as a qualitative tool for interpreting multi-proxy palaeoclimate data spatial patterns: a New Zealand case study[END_REF][START_REF] Lorrey | Speleothem stable isotope records interpreted within a multi-proxy framework and implications for New Zealand palaeoclimate reconstruction[END_REF][START_REF] Ackerley | Using synoptic type analysis to understand New Zealand climate during the Mid-Holocene[END_REF]2013;[START_REF] Lorrey | Palaeocirculation across New Zealand during the last glacial maximum at $21ka[END_REF]2014a;[START_REF] Prebble | Evidence for a Holocene climatic optimum in the Southwest Pacific: a multiproxy study[END_REF] could help establish the local effects of larger-scale climate variability, evolution and change in the southern midlatitude dynamics. The results discussed here highlight the importance of multiscale approaches (in both time and space) to define the spatial variability of climate at the local scale in relation to synoptic-scale WTs.

More generally, the approaches presented in this study could be applied to assess the regional-to-local effects of climate change in more detail. High priority should be given to disentangling long-term changes in the atmospheric dynamics of the Southern Hemisphere (i.e., transient variability and storm tracks in the southern mid-latitudes). Such changes may result from stratospheric ozone recovery or the increasing greenhouse effect caused by anthropogenic activities, as well as localscale conditions arising from synoptic-scale extension, which are expected to change because of warmer and moister air masses that modify both precipitation and temperature. Such in-depth assessment is critical to allow regions to understand the impacts of extreme weather and climate regimes and to better adapt to ongoing climate change. 
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 1 Map of Aotearoa New Zealand (ANZ). Left panel: climatological mean annual precipitation amounts (mm: left colour bar) according to VCSN data, period 1979-2019. Right panel: elevation (m above sea level: right colour bar). Central panel shows the location of ANZ and the domain boundaries used for weather regime analysis (in red) and regional climate anomalies in ANZ (in blue). The names of the regions mentioned in the text are labelled in grey [Colour figure can be viewed at wileyonlinelibrary.com]

  Figures 3 and 4 present Tn and Tx anomalies over ANZ associated with the 12 WTs of K2K, respectively, thereby updating and completing the results of Renwick
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  I G U R E 3 Daily Tn anomalies ( C: colours) associated with the 12 weather types of[START_REF] Kidson | An analysis of New Zealand synoptic types and their use in defining weather regimes[END_REF] over the period 1979-2019. Anomalies that are not statistically significant at the 95% level according to a 1-tailed t test are shaded white [Colour figure can be viewed at wileyonlinelibrary.com]
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  I G U R E 4 Daily Tx anomalies ( C: colours) associated with the 12 weather types of Kidson (2000) over the period 1979-2019. Anomalies that are not statistically significant at the 95% level according to a 1-tailed t test are shaded white [Colour figure can be viewed at wileyonlinelibrary.com] F I G U R E 5 Daily Z1000 raw fields (contours, m: blue means negative, red means positive) and anomalies (see colour bar) associated with the HSE weather type over the period 1979-2019. All: all occurrences of HSE. MaxZ-, MaxZ+: 20% weakest/strongest Z1000 anomalies associated with HSE. LatMax-, LatMax+: 20% southernmost/northernmost location of the Z1000 maximum. LonMax-, LonMax+: 20% westernmost and easternmost longitudes. Anomalies that are not statistically different from the climatology at the 95% level according to a 1-tailed t test are shaded white [Colour figure can be viewed at wileyonlinelibrary.com] F I G U R E 6 Daily Tn anomalies ( C: see colour bar) associated with the HSE weather type over ANZ according to VCSN data over the period 1979-2019. Opposite polarities of all ACA metrics extracted as for Figure 5. Anomalies that are not statistically significant at the 95% level according to a 1-tailed t test are shaded white [Colour figure can be viewed at wileyonlinelibrary.com]
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  Daily precipitation anomalies (mm: see colour bar) associated with the 12 weather types of Kidson (2000) over the period 1979-2019. Anomalies that are not statistically significant at the 95% level according to a 1-tailed t test are shaded white [Colour figure can be viewed at wileyonlinelibrary.com] F I G U R E 1 1 As for Figure 5, but for daily Z1000 raw fields (contours, m: blue means negative, red means positive) and anomalies (m: see colour bar) associated with the T weather type over the period 1979-2019 [Colour figure can be viewed at wileyonlinelibrary.com] Southern Hemisphere: Pohl et al., 2021a; Udy et al., 2021;[START_REF] Wille | Antarctic atmospheric river climatology and precipitation impacts[END_REF]. In contrast, WTs that produce cold anomalies also tend to be dry, under the influence of southerly flow favouring incursions of polar air masses towards the mid-latitudes near ANZ (ibid.).

  to a 1-tailed t test are represented [Colour figure can be viewed at wileyonlinelibrary.com] F I G U R E 1 4 Estimation of the orographic lifting (unitless) associated with the T weather type over ANZ over the period 1979-2019 (see text for details). Negative values mean uplift and positive values denote subsidence. Opposite polarities of all ACA metrics extracted as for Figure 5 [Colour figure can be viewed at wileyonlinelibrary.com]
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  I G U R E 1 5 (a) 95th percentile of daily precipitation anomalies (with respect to the mean annual cycle) based on the VCSN dataset. (b) Weather type associated with the largest number of precipitation extremes (daily anomalies above the 95th percentile) for each grid point of the VCSN dataset. (c) Fraction (%) of all precipitation extremes of each grid-point associated with the dominant weather type shown in (b). All analyses are performed on the period 1979-2019 [Colour figure can be viewed at wileyonlinelibrary.com]
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  I G U R E 1 6 Coherent climate regions for extreme precipitation analysis, and their associations with different weather types. (a) Three coherent regions of rainfall extremes (see text for details). (b-d) The relative contribution of all 12 WTs to precipitation extremes for each region shown on the map. The inner circle corresponds to NCEP/NCAR weather type distribution, and the outer circle to the ERA5 redefinition. All analyses are based on the VCSN dataset over the period 1979-2019 [Colour figure can be viewed at wileyonlinelibrary.com]
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