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This study investigates whether there was an 
anthropogenic influence on the extreme five-
day rainfall observed in Northland, New Zea-
land, in early July 2014. The study is limited 
to an investigation of possible anthropogenic 
influence only on July rainfall amounts of 
the order of those observed. It does not make 
any definitive statement about anthropogenic 
influence on the drivers of such extreme rain-
fall, although this is the subject of ongoing 
research using the same datasets.

Important in the delivery of the observed 
extreme rainfall was the combination of the 
synoptic situation and the availability of 
extremely moist air of subtropical origin in a 
long incursion from the northeast. Given that 
other extreme rainfall events in New Zealand 
appear to have involved such ‘atmospheric 
rivers’ making landfall, it seems reasonable 
to speculate that such a mechanism was also 
at work here.

Figure S27.1 illustrates the synoptic situ-
ation throughout the event by showing the 
five-day mean (8–12 July 2014) total column 
water and 850-hPa geopotential height in the 
region from NZLAM (New Zealand Limited 

Fig. S27.1. Total column water (mm; color) and 850-hPa geo-
potential height (m; contours, 25-m interval) averaged over 
five days from 8 to 12 July 2014 from NZLAM, a 12-km data-
assimilating implementation of the Met Office Unified Model. 
Total column water was calculated by taking the vertical inte-
gral of specific humidity. 
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Area Model), a 12-km data-assimilating implemen-
tation of the Met Office Unified Model. Clearly vis-
ible is the incursion of very moist air (values up to 
approximately 25 mm) from subtropical regions to 
the northeast of New Zealand, and the northeasterly 
flow that helped transport large amounts of moisture 
to Northland. Column moisture amounts such as 
these in an incursion on the order of a few hundred 
kilometers in width are broadly comparable to the 
‘atmospheric rivers’ discussed by Ralph et al. (2004) in 
the eastern North Pacific region. The corresponding 
one-day fields throughout this event (not shown), in 
particular for 8 July, the first day of the event, reveal 
these ‘atmospheric rivers’ even more clearly, with even 
wetter air being entrained from the northeast in even 
narrower plumes.

The fact that this study finds a likely anthropo-
genic influence on July rainfall amounts such as dur-
ing this event (albeit of rather uncertain magnitude) 
appears consistent with theory and observations of a 
warmer climate holding more moisture in the atmo-
sphere. It is possible that atmospheric rivers might be 
both more ubiquitous and more moist in the environs 
of New Zealand under scenarios of anthropogenically 
altered climate. It is also possible that the circulation 
in the region might be stronger, although, in relation 
to extreme rainfall, this could well be of secondary 
importance to the exact direction of flow forcing the 
moist air to make landfall in New Zealand.

Further research with the datasets of this study 
aims to elucidate the role of anthropogenic influ-
ence on the drivers of extreme precipitation events 

such as these. Crucial to this is the establish-
ment of the weather@home model’s ability 
to reproduce similar synoptic structures in 
pressure and moisture fields to those observed. 
We examined the 14 wettest members of the 
2014 ‘ALL’ ensemble, these being all those 
above the 150-mm precipitation threshold 
that corresponds to the bias-corrected July 
2014 event. These simulations (as diagnosed 
in surface pressure) fell in equal proportion 
into two distinct camps, one of which bears 
particularly close resemblance to the observed 
event (the other being a low pressure system 
situated directly over Northland). Composite 
maps of precipitation and surface pressure 
from the seven model simulations matching 
the July 2014 event are shown in Fig. S27.2. The 
weather@home model appears to be capable of 
capturing the combination of strong north-
easterly flow over Northland and very moist 
air to the northeast (in this case as revealed in 
the precipitation field).

Since New Zealand is subject to strong 
maritime inf luence, its climate will most 
likely be sensitive to different SST patterns. 
In the weather@home ‘natural forcings only’ 
(NAT) experiments, ‘natural’ SSTs were esti-
mated using observations together with model 
SST pattern differences (‘Historical’ minus 
‘HistoricalNat’) from a number of different 
GCMs. We deemed it appropriate to remove 
three ‘NAT’ subsets from the 2013 results ac-
cording to our beliefs in their dependability; 
we did not remove any from the 2014 results. 
The analysis reported here was performed on 
each individual subset of NAT runs, subsetted 
according to the model pattern of SST dif-

Fig. S27.2. Precipitation total (mm; color) and mean sea level 
pressure (hPa; contours, 2-hPa interval) from the weather@
home ANZ model over a five-day period in July. Fields are a 
composite of seven of the fourteen wettest members of the 
2014 ‘all forcings’ (ALL) ensemble, where the period included 
in each case is the wettest consecutive five days in that en-
semble member.
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ference used. This was done for both the 2013 and 
2014 results. While inevitably there are differences 
among the different ‘NAT’ subsets which continue to 
be investigated, the basic result found here appears 
to be robust. In this study, therefore, the figures ag-
gregating all ‘NAT’ subsets (Fig. 27.2 of the main 
text) represent a good way of compressing the very 
large amount of data analysed; a further benefit is 
the better estimation of the long return period tail 
of the distribution provided by the larger aggregate 
ensemble as against the smaller individual ‘NAT’ 
subset ensembles.
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