WINTER HOSPITAL ADMISSIONS AND WEATHER TYPES IN THE AUCKLAND REGION
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1. INTRODUCTION

Recent studies suggest that extreme climatic
conditions (Kalkstein and Valmont, 1987), as well as
poor air quality (Goodman et al., 2004) impact
significantly on human health. Mortality and the rate of
admissions to hospital are often used as measures of
‘health impact’ with ‘temperature’ (either the daily
maximum or minimum) being the most commonly-used
climate variable (Braga and Schwartz, 2002; Donaldson
and Keatinge, 1997). International studies show that the
effects on health of cold events during winter are
generally more pronounced in regions of temperate
climates, probably because of the tendency for poorer
house insulation and home heating compared to regions
that experience very cold winters (The Eurowinter
Group, 1997), as exemplified by an early New Zealand
study reporting a 35% increase in winter mortality
compared to summer (Marshall et al., 1988).

All of the studies carried out to date in New
Zealand have used individual climate variables when
considering the impact of climate on health. One study
looked at climate and mortality in Auckland and found
significant negative associations between total mortality
and respiratory and coronary heart disease mortality in
relation to temperature (Cockburn and Salinger, 2001).
The study was subsequently extended to consider
hospital admissions rather than mortality and found a
40% rise in admissions in winter relative to summer
(Gosai and Salinger, 2007). Although many studies in
the literature suggest that the elderly are the most
affected (Schwartz et al., 2004), this Auckland study
found that infants are also disproportionately affected by
climate extremes (Schwartz et al., 2004). This is
supported by a more detailed study showing that for
admissions due to respiratory infections and
inflammation, there is a dramatic increase in admissions
for the very young (<1 year and 1-4 years), and for
whooping cough and acute bronchitis for the <1 year
age group on both a seasonal basis and on a daily basis
(Gosai and Salinger, 2007). Maori and Pacific Island
populations were found to be the most sensitive groups,
suggesting that socioeconomic and/or cultural factors
influence the impact of climate on health (Gosai and
Salinger, 2007 Gosai et al., 2008), as supported by
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other studies carried out overseas (Schwartz et al,
2004). Also, the very young are more affected by
climate in Auckland than suggested by the current
international literature (Wilkinson et al., 2001).

Studies comparing mortality and/or hospital
admission rates with individual climate variables (such
as all of those carried out in Auckland so far) are limited
in some sense because climate variables are generally
not independent of each other, so uncertainty remains
as to whether it is the temperature (or moisture) per say
that is the factor, for example, or whether it is a
combination of factors, including other variables such as
the ambient air pollution levels. To overcome this
problem, many more recent studies in the international
literature have based their assessment on a ‘weather
type’ classification system (where the weather is
classified based on the synoptic-scale pressure and
wind patterns) or an ‘air mass’ classification scheme (de
Pablo et al., 2008; McGregor et al., 1999; Morabito et
al., 2006) where the weather conditions are classified
based on patterns of surface measurements of the
climate variables. A suitable weather classification
scheme has been developed for New Zealand (known
as the Kidson Weather Types) (Kidson, 2000) which
allows such a study to be carried out in Auckland.

This paper investigates the relationships
between weather types (based on the Kidson Weather
Types), air pollution levels and hospitalization rates for
the winter months in Auckland, New Zealand, for both
respiratory and cardiovascular causes. With access to
the appropriate hospital admissions data, the
methodology could equally be applied to other disease
categories (and subcategories) and to other main
centers across New Zealand. Results of this study
could be also used to help understand how future
extreme weather and climate events could affect
hospitalizations.

2. BACKGROUND
2.1 Auckland: geography, and climate

Auckland City is an isthmus connecting two
dissected plateaus of the Waitakere ranges to the west,
and the Hunua ranges to the east, and lies between the
Waitemata Harbour to the north, and the Manukau
Harbour to the south.

Generally, the influence of orography on
climate is low, with the highest points in the Auckland



City area being less than 200 metres above sea level. In
the broader climate setting, New Zealand is influenced
by the subtropical belt of travelling anticyclones to the
north, and westerly wind flow to the south, with
Auckland City protruding into the subtropical
anticyclonic belt. The prevailing winds are therefore
south-westerly, which can include long periods of lighter
winds. However, it is exposed to northerly quarter winds
that bring to New Zealand relatively warm conditions
and high humidity.

The Auckland region has a sub-tropical climate with
warm humid summers and mild winters. Being bounded
by ocean, land temperatures are largely controlled by
sea surface temperatures, and thermally, Auckland’'s
climate has few extremes (Hessell, 1988). Typical
summer daytime maximum air temperatures range from
22T to 26T, but seldom exceed 30<C. Winter daytim e
maximum air temperatures range from 12 to 17<.
Minimum temperatures show more variability both
spatially and temporally, but very few stations have
recorded temperatures below 0T (Figure 1). These are
lower in the south and west, compared with the central
isthmus area. Frosts do occur, but these are generally
light and occur under calm clear conditions in winter,
and they are much more frequent in sheltered parts of
the region.

Figure 1. Auckland median winter average daily
minimum winter temperature over 1971-2000 period.
(Source: NIWA).

Figure 2. Auckland median winter rainfall, over 1971-
2000 period. (Source: NIWA).

Annual sunshine hours average about 2000 in
many areas and southwest winds prevail for much of the
year. Sea breezes often occur on warm summer days.
Winter usually has more rain and is the most unsettled
time of year. In summer and autumn, storms of tropical
origin may bring high winds and heavy rainfall from the
east or northeast. Annual rainfall in the Auckland region
is reasonably uniform, varying from just under 1200 mm
to about 1400 mm, with 350 t0 400 mm falling in winter
(Figure 2).

2.2 Auckland Population

The Auckland Region has the greatest
population of the 16 regions in New Zealand and yet it
only holds 2% of land area. According to the last
census 2006, Auckland has 1303 068 people who
usually live within the region (Table 1), with the majority
(92%) under 70 years old in age.

Year Auckland Auckland New
Region City Zealand
1991 943,774 306,210 3,373,927
1996 1,068,645 345,768 3,618,302
2001 1,158,891 367,734 3,737,277
2006 1,303,068 404,658 4,027,947

Table 1 Population Growth, 1991-2006, for Auckland
and New Zealand (Source: Statistics New Zealand
website, 2008:
http://www.stats.govt.nz/census/census-outputs/default.htm)




Auckland is the fastest growing region in the
country with an increase of 144 177 people or 12.4%
since the 2001. Over the decade 1996 to 2006, growth
in the Auckland Region alone accounts for over half
(57.2%) of New Zealand's total national population
growth (ARC, 2007a). Fifty six percent of the population
are New Zealand European, Maori make up 11%,
Pacific Islanders 14% and Asians 19% (Statistics New
Zealand, 2007).

Depending on the rate of growth, by the year
2050, the Auckland region is expected to be home to
between 1.6 and 2.2 million people (Auckland Regional
Growth Forum, 1999), a doubling of the population in 50
to 60 years.

Although the Auckland region has an ageing
population (the proportion aged 65 and over likely to
grow from 12% in 2004 to 25% in 2051), the rates are
curbed by the rejuvenating effects of immigration (ARC,
2007D).

3. DATA AND METHODS
3.1 Hospital admission data

The New Zealand Health Information Service

(NZHIS) provided health data for this study in the form
of daily totals of admissions to hospitals in the Auckland
Region, including data from the Waitakere, North Shore,
Auckland and Middlemore hospitals for a range of
disease categories.
From the full dataset, covering the period 1988-2004,
only winter (June, July, August (JJA)) daily admissions
totals have been selected and analyzed in the present
study. Changes in the reporting procedures, introduced
in 1994, resulted in a clear step change in admissions
for respiratory diseases (see Figure 3), therefore the
period of observation analyzed in this study is limited to
1994-2004. In addition, the hospital admissions data
have been standardised to ‘admissions per 100000
population’ using mid term population estimates, based
upon 1991, 1996, 2001 and 2006 census counts for the
study area. The standardisation process resulted in the
strong trends in admissions being removed.

STEP
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Figure 3. Time series of the number of admissions for
MCD=4 (respiratory system diseases).

3.2 Kidson Weather Types

A set of 12 daily weather types for the New

Zealand region derived from the 40-year NCEP/NCAR
reanalysis dataset (Kidson, 2000) has been used in the
analysis. Based on cluster analysis of the monthly
frequencies of these patterns, three ‘groups’ emerged
characterized by (i) frequent troughs crossing the
country (named the ‘Trough’ Group), (ii) highs to the
north with strong zonal flow to the south of the New
Zealand (named the ‘Zonal' Group), and (iii) blocking
patterns with highs more prominent in the south (named
the ‘Blocking’ Group) (Figure 4). The Trough Group
consists of four weather patterns, the Zonal Group three
and the Blocking Group five.
Blocking regimes are more frequent in summer and
autumn and are associated with above-normal
temperatures, less precipitation in the southwest of the
country and more precipitation in the northeast. The
Zonal regime, which brings below-normal precipitation
to the northeast and milder conditions in the south, is
more common in winter. Weather patterns associate
with the Trough regime are less frequent in autumn and
are linked to cooler temperatures in the west and above-
normal precipitation over the entire country.

Figure 4. Composite patterns of 1000 hPa height and
frequency of occurrence for the 12 clusters obtained
from twice-daily NCEP:NCAR reanalysis from January
1958 to July 1997. The clusters are presented in three
groups and are known as the Kidson weather types.
(Source: Kidson, 2000)



Winds/pattern over . . Diurnal
Group Name Rain T max Solar T min temperature
Auckland range
Cyclonic - strong
T northwest winds Wetter Warmer
< Cyclonic - strong
{e2]
S SW southwest winds Wetter Warmer Smaller
= Cyclonic — Much
TNW | north to northwest winds Much Wetter Warmer Warmer Smaller
TSW | Cyclonic - low pressures |Much Wetter
Anticyclonic - light winds Drier Cooler Muc_h Much Cooler Much larger
_ H sunnier
o Anticyclonic - southwest . .
c
S | HNw winds Drier Sunnier
Anticyclonic - westerly .
w winds Drier
Anticyclonic - easterly .
HSE winds Drier Cooler
Anticyclonic — Drier
= HE northwesterly winds
= Anticyclonic - northeast Wetter Much Warmer Smaller
3 NE winds cloudier
o Anticyclonic — . Much
HW southerly winds Drier Cooler sunnier Much cooler Larger
Anticyclonic - southeast Wetter Cooler Smaller
R winds

Table 2. Kidson synoptic weather types and characteristics of air-mass effects over Auckland (comparison to long-

term average) for winter (June, July and August — JJA)

Table 2 summarizes, for each Kidson weather type, the
main characteristics of the air masses over Auckland
region and the effects in the region in terms of
precipitation, temperature and relative humidity for the
winter months only (JJA).

The general regimes include:

(i) Troughs - frequent troughs crossing the country;

(ii) Zonal flow - highs to the north with strong zonal flow
to the south of the New Zealand;

(i) Blocking - blocking patterns with highs more
prominent in the south.

Figure 5 (Kidson, 2000) shows the seasonal
variation of the frequency of occurrence of each cluster
type or ‘regime’. In general, the New Zealand weather
patterns do not tend to show a strong seasonal cycle,
and the only significant change occurs in summer with a
reduced frequency of the ‘Zonal’ regime (H, NHW, W)
and a greater prominence of some members in winter;
The T and the H members are the most frequent in the
‘Trough’ and ‘Zonal’ groups, respectively.

Figure 5. The frequency of occurrence of each cluster
type in the Trough, Zonal and Blocking groups for
summer (December—February), autumn (March—May),
winter  (June-August) and spring (September—
November). (Source: Kidson, 2000)

Two of the weather types emerged as being of particular
interest in this study. The HE weather type (in the
Blocking Group) is associated with calm winds, and
temperature inversion conditions. The SW weather type
(in the Trough Group) is associated with strong winds,
wetter conditions with a small diurnal temperature
range.

An analysis of the persistence of each member of the
three groups (defined as the mean time in days that
each state persist) reveals that, on average, the



‘Trough’ group is the most persistent and the ‘Zonal’
group the least persistent, but with exceptions.

Figure 6 reports on the frequency of
occurrence of each Kidson weather type during winter
(JJA) in the period 1994-2004 in the Auckland region.
Winter days are characterized by a large proportion of
anticyclonic weather conditions (H-Zonal, 15%) followed
by cyclonic weather with strong southwest winds (SW,
12%), cyclonic weather with strong northwest winds (T-
Trough, 12%) and anticyclonic circulation with
southwest winds (HNW-Zonal, 10%).

Figure 6. Frequency of occurrence (%) of each Kidson
weather type during winter (JJA) in the period 1994-
2004

3.3 Air Pollution Data

In addition, air pollution records for the
Auckland region were obtained. The intermittent nature
of air pollution data collection in New Zealand over the
last 20 years required careful investigation of the
available databases to secure records that spanned
several years of winter periods and would be
‘representative’ of the air pollution in the region. As
NOx is an important winter time pollutant in the study
area and it bears implications for health, it was chosen
as the air quality variable for this analysis. Unfortunately
NOx records were only available for 276 days of the
1012 days considered here. Although not ideal this
sample of days is superior to that available for other
pollutants such as carbon monoxide. NOx records were
obtained for Mt Eden an inner city suburb.

3.4 Methods

The general aim of the study was to relate
hospital admissions data to weather types and establish
if there is any significant difference in admission levels
for winter weather types. A secondary aim was to
evaluate the possible role that air pollution levels might
play in association with weather types, in determining
high admission levels.

One way Analysis of Variance (ANOVA),
followed by a Tukey Honestly Significance Difference
(HSD) Test, was used to test for significant differences
in admission levels between all 12 weather types and

the three broad groupings of trough, zonal and blocking
types.

In order to control for contrasting weather type
frequencies and thus establish the overall contribution of
the individual weather types to the circulatory and
respiratory admission climatology of the study area, the
normalized contribution of each of the 12 weather types
to the overall mean admission level was calculated. The
normalized contribution is defined as the normalized
product of the Kidson type frequency and the mean
admission level. It is calculated as follows: Normalised
contribution of Kidson type i to mean admission = Mean
admission of Kidson type i x frequency of Kidson type i/
overall mean admission x number of days (n=1012)

Chi Square analysis was used to establish
whether the distribution of observed and expected
admission levels for the 12 weather types are different.
This was achieved through partitioning the 1012 daily
admission values into four classes (i.e. a 4 x 12
contingency table analysis). The four admission classes
were based on normalized values of admissions as
expressed by units of standard deviation (sd) (class 1 =
<-1.5,2 =-1.499 - 0.0, 3 =0.009 — 1499, 4 => 15
units of s.d).

4. RESULTS

Figure 7 shows, for each generic weather type,
the mean admission rate per 100000 population for
circulatory and respiratory disease for all winter days. At
this generic level ANOVA revealed the existence of
statistically significant differences in admission levels
(circulatory p = 0.05; respiratory p = 0.01) with blocking
types obtaining the highest admission levels.

Figure 7. Mean respiratory and circulatory admission
levels (1994-2004) by generic Kidson type. 1 = Trough,
2 = Zonal and 3 = Blocking.

Similar ANOVA results were obtained when
admission levels were considered across all 12 weather
types for all winter days. The HSD test for all winter
days demonstrated that the blocking NE type possessed
statistically ~ significantly  higher circulatory and
respiratory admissions than all other weather types. The
importance of blocking types, as demonstrated in Figure



7, is very clear for August (Figure 8 and 9), the winter
month with highest admissions on average, For this
month, the Tukey HSD test revealed that of all the
winter weather types, HW (Table 2) possesses
significantly higher circulatory admissions than others
(Figure 8) while types HSE, HW, NE and TSW play a
significant role for elevated respiratory admissions
(Figure 9).

Figure 8. August circulatory admissions by Kidson
weather type. Horizontal line represents overall mean
August admission level.

Figure 9. August respiratory admissions by Kidson
weather type. Horizontal line represents overall mean
August admission level.

Results of the Chi-square analysis revealed a
significant increase in the rate of admission to hospital
for cardiovascular causes for Kidson types belonging to
the generic-blocking group, especially types HW and HE
(see Figure 8). Both these weather types are
associated with light winds and the tendency for
temperature inversion conditions to develop. The
normalized contributions of HW and HE to winter
circulatory admissions are 5 and 9.5 percent

respectively which is greater than their overall frequency
of occurrences (4.5 and 8 percent respectively). This
attests to their climatological importance for circulatory
admissions.

For high levels of respiratory admissions (sd >
1.5) chi square demonstrates higher than expected
counts on NE, R and HW days all of which belong to the
blocking category. Conversely much lower than
expected respiratory and circulatory admissions occur
on SW days typified by cyclonic strong southwesterly
flows over the study area, which bring wet and warm
conditions and a suppressed diurnal temperature range.

Of interest is the role of air pollution in
association with weather types for high admission days.
Considered together, Figures 10 and 11 suggest there
may well be some association between weather types,
air pollution and respiratory admission levels. This is
because the weather types with the highest (HE) and
lowest (SW and T) NOx concentrations (Figure 10) have
associated with them the highest and lowest respiratory
admissions respectively (Figure 11). However it should
be emphasized that because of the limited sample size
and the fact that some of the critical weather types
occurred only a few times (e.g HE occurred on 7 of the
276 days), these results should be considered more
speculative than definitive. Further the results obtained
for the 276 days during JJA 1994-1996 may only be
representative of this period.

Figure 10. NOx concentration (ugm3) by Kidson weather
type (n = 276 days). The horizontal line represents the
average concentration for the 276 day period.



Figure 11. Respiratory admissions by Kidson weather
type (n = 276 days). The horizontal line represents the
average admission level for the 276 day period.

5. DISCUSSION AND CONCLUSIONS

This  exploratory study has revealed
associations between weather type and circulatory and
respiratory hospital admissions occur for the study area
such that some weather types have anomalously high or
low admissions associated with their occurrence.
However, on a climatological scale the normalized
contribution (not shown because of space restrictions)
of some of the noteworthy weather types indicates that
while they may be important for short term or acute
health effects, because of their low frequency of
occurrence they may not be important as far as the total
winter time burden of admissions is concerned.
Nevertheless this should not detract from the fact that
certain weather types as identified in this study do bring
about short term very noticeable excursions from the
long term daily admission level which will in some cases
lead to pressure on emergency room services.

SW (Trough) conditions lead to lower rates of
both respiratory and cardiovascular admissions to
hospital in the Auckland Region. Such days are
generally wet and windy, with warm nighttime
temperatures and small diurnal temperature ranges.
This is consistent with other studies both in Auckland
and overseas that have found that such conditions tend
not to be associated with anomalously high admissions.
In general it would appear that blocking weather types
have a propensity for higher than average admissions to
be associated with them as noted in Figure 7. More
specifically, it is suggested that blocking situations that
bring dry as well as cool day and very cool night time
conditions and the possible occurrence of pollution
trapping inversions (HW and HE) are the ones that will
lead to an increased likelihood of higher than expected
respiratory admissions.

For August it was shown that HW, a cold clear
weather type, is important for circulatory admissions.
Gosai et al. (2008) have highlighted the importance of
these conditions for Auckland. The HW and other cold
weather types may be important because cold

conditions can lead to increases in systolic blood
pressure, central blood volume and haemo-
concentration as well as a reduction in the body's
thermo-regulatory efficiency. These changes are of
critical importance for individuals whose circulatory
system is already under stress as the result of
circulatory disease. Consequently the risk of stroke or
heart attack is increased under such cold conditions.

Although  blocking types have been
emphasized here it is worth noting that based on the
analysis for August for circulatory and respiratory
admissions, weather types associated with the general
trough group may be important. In the case of TNW and
TSW circulatory admissions are above the August
average as is the case for TSW and respiratory
admissions. Clearly the weather conditions associated
with these weather types are very different to the
blocking types. Trough related weather types therefore
appear to affect human physiology in a different way to
blocking types. This may well be because associated
with trough types are weather fronts and rapidly
changing conditions. For example, changes in blood
viscosity and clotting time and the toxicity of some drugs
occur with the passage of major fronts. Such
biochemical and physiological responses have been
linked to a higher frequency of stroke and cardiac
accidents. Rapidly changing atmospheric conditions
may also affect breathing in people with pre-existing
respiratory problems via changes in the humidity of
inhaled air with frontal passage.

The lower than expected respiratory and
circulatory admissions that occur on SW days with
warmer nights, especially for respiratory admissions, is
an important result, because such conditions occur
reasonably frequently (13%) during the winter period.

A secondary aim of this exploratory study was
to consider the likely synergistic effects of weather
conditions and poor air quality on hospital admissions.
Although analyses regarding this were somewhat data
limited it would appear there is a distinct possibility that
high respiratory admissions on days with blocking
weather types may be associated with poor air quality.
This is because weather types such as HW and HE, are
typified by poor horizontal and vertical dispersion
conditions associated with little ventilation and nocturnal
inversion development. Such conditions have been
found elsewhere to be associated with higher than
normal respiratory admissions.

This study highlights not only the need for
further in depth multidisciplinary analyses on the
synergistic effects of the atmosphere on hospital
admissions but offers some optimism for the
development of health early warning systems based on
weather type schemes such as that used in this
analysis.
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