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Abstract
While cold surge is one of the most conspicuous features of the winter monsoon in East Asia, its
impact on human health remains underexplored. Based on the definition by the Central Weather
Bureau in Taiwan, we identified four cold surges between 2000 and 2003 and collected the
cardiovascular disease mortality data two weeks before and two weeks after these events. We
attempted to answer the following research questions: 1) whether the cold surges impose an
adverse and immediate effect on cardiovascular mortality; 2) whether the people living in
temperate zones have a higher tolerance of extreme temperature drop than do those in the
subtropics. With geographic weighting techniques, we not only found that the cardiovascular
disease mortality rates increased significantly after the cold surges, but also discovered a spatially
varying pattern of tolerance to cold surges. Even within a small study area such as Taiwan, human
reaction to severe weather drop differs across space. Needless to say, in the U.S., these findings
should be considered in redirecting policy to address populations living in warm places when
extreme temperature drops occur.
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Background
One of the most conspicuous features of the winter monsoon in East Asia is cold surge
(Chen, Huang et al. 2004). Siberian highs cause the cold air to flow southward and thus
induce cold surges over East Asia (Ding 1990). Although it is well-documented that the
surges will bring both severe weather and monsoon rainfall (Cheang 1987; Chen 2002), the
immediate impact of cold surges on human health, cardiovascular mortality in particular,
remains underexplored.
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Acute temperature drop or exposure to cold can result in direct cardiovascular stress due to
the increase in blood viscosity, blood pressure, vasoconstriction, plasma cholesterol and
fibrinogen. These hemo-concentration processes may lead to arterial thrombosis and hence
trigger rapid death caused by ischemic heart and cerebrovascular diseases (Keatinge,
Cloeshaw et al. 1984; Neild, Syndercombe-Court et al. 1994; Imai, Munakata et al. 1996). In
Taiwan, approximately 20 percent of the annual total deaths result from cardiovascular
diseases (Department of Health in Taiwan 2006).

According to the Central Weather Bureau in Taiwan, cold surges are defined in terms of the
following temperature changes: 1) a surface temperature drop within 24 hours that is greater
than 8 degrees Celsius, or 2) the lowest temperature in the Taipei metropolitan area
registering below 10 degrees Celsius (Central Weather Bureau 2008). We identify four cold
surges between 2000 and 2003 and collect the cardiovascular disease mortality data at the
township level two weeks before and two weeks after the events (Hendrickson, Vogt, et al
1997). The first issue this report would like to address is whether the cold surges have an
adverse and immediate effect on cardiovascular disease mortality. If so, the cardiovascular
mortality after the cold surges should be statistically higher than that before the cold waves.

A study in Europe demonstrated that all-cause mortality increased to a greater extent with
given drops of temperature in countries with traditionally warm winters (The Eurowinter
Group 1997). In addition, cardiovascular disease mortality showed the same pattern in a
recent paper (Mercer 2003). These studies suggest that people living in a place with mild
winters are less adaptable to cold surges than those in regions with severe winters.
Furthermore, we noticed few studies, if any, have focused on subtropical regions. This
preliminary analysis will fill this gap. Geographically, northern Taiwan is in a subtropical
zone (above latitude 23.5 degrees north) and the middle/southern part of the island is in the
tropics. This feature leads us to examine the second empirical question of whether the
impact of cold surges on health is stronger in southern and middle Taiwan than it is in the
north. Explicitly, we hypothesize that the people living in the north have a higher tolerance
to extreme temperature drop (lower mortality ratio) than do those residing in the subtropics.

Methods
To verify these hypotheses, we calculate the death rate per 10,000 capita and the
standardized mortality ratio using the following equations:

(1)

(2)

where  is the total number of deaths after cold surges at township i.  is the total
number of deaths before cold surges at township i.

Equation (1) and (2) are used to answer the first and second hypotheses, respectively. It
should be noted that we are aware of the spatial dependency embedded in our data.
Therefore, we employ the approach of a geographical weighting technique to adjust for the
non-stationarity across space (Fotheringham, Brunsdon et al. 2002). The principle of
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geographical weighting is to place a kernel around an arbitrary point (u,v), and computing a
weighted proportion p of cardiovascular mortality for all of the data located inside the
window:

(3)

where

Di denotes the mortality rate at township i and wi(u, v) is the weight assigned to township i
according to the bisquare kernel function:

(4)

where

di (u, v) is the distance between location i and the arbitrary point (u,v). h is a constant called
bandwith and has the actual distances between townships. When h is great enough to cover
all the data points, the local weighting will become the global weighting. The statistical
software Geographically Weighted Regression 3.0 will select the bandwith which yields the
smallest Akaike Information Criterion (Fotheringham, Brunsdon et al. 2002).

Results
Table 1 demonstrates the auxiliary analytic results. In accordance with the population data
from the 2000 Taiwan Census, we can only identify the cold surges occurring from 2000
until 2003. Because the cardiovascular mortality rates before and after cold surges are not
independent events for each township, we employed the paired-samples’ T-test to
investigate whether the mortality rates are significantly different. During this period, the
cardiovascular mortality rates elevated invariably after the cold surges (see Panel A). The
first two events reached the statistical level at 0.05 and the cumulative mortality rate also
echoed this trend. The rates returned to the baseline after three weeks. In addition, as the
global warming is evitable, the immediate impacts of cold surges seem to have a decreased
trend – the differences in mortality associated with the last three cold surges shrink
dramatically. More data need to be collected to further illustrate the pattern.

Panel B shows the geographical variation of mortality ratios on the island. The townships in
eastern Taiwan had a mean ratio below 1, indicating that these townships outperformed the
national average. One plausible explanation is that the eastern townships are protected by
the rugged mountains running between the northern and southern tips of the island. As cold
surges come from the northwest, the cold air is impeded by the mountains and hence the
impact will be attenuated. As expected, the mean mortality ratio in northern Taiwan is lower
than those in the middle and southern townships.

To further investigate the relationships between regions, we first conducted ANOVA to test
whether any significant difference exists among the mean mortality ratios. The F-ratio (see
Panel C) is 92.063 and significant at the level 0.001, indicating the post hoc range tests and
pairwise multiple comparisons should be done. One major finding is reflected in Panel C:
There were statistically significant differences in mortality ratio for every pair-wise
comparison, regardless of the assumptions imposed on variance. Mortality ratios did vary
across space, confirming the geographical variation and non-stationarity. The residents in
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the southern/middle part of the island showed a lower tolerance (higher mean mortality
ratio) to rapid temperature drop or cold surges. We further used geographically weighting
skills to cartographically visualize the spatial variation in Figure 1. There were three major
clusters of high mortality ratios (the darkest group) and all of them were concentrated in the
middle/southern regions of Taiwan. Based on Figure 1, the advantage enjoyed by the eastern
township was conspicuous in contrast to other regions.

Discussion and Conclusion
We acknowledge two limitations in this study. First, being an ecological study, the
ecological bias should be noted. The findings here should be cautiously interpreted because
the expected ecological associations could not completely reflect the effects at the individual
level. Because we cannot obtain individual data, the township level is the finest unit
available. In addition, this study is designated to be an exploratory study and thus some
known or hypothesized determinants of cardiovascular mortality are not included in this
study. Although in Taiwan few houses and public facilities are equipped with heating
systems, considering the time spent outdoors in cold weather, and the proportion of people
wearing hats, gloves and anoraks was proposed to associate the effects of cold surges (The
Eurowinter Group 1997; Donaldson, Rintamaki et al. 2001).

This report provides important evidence that 1) cold surges brought not only adverse but
also immediate effects on cardiovascular disease mortality and 2) the reaction to severe
weather drop differs by region. People living in places with warm winters will suffer more
as a result of cold surges than will those inhabiting regions with more severe winter
temperatures. Two policy implications can be drawn from our findings. First, the adverse
effect of cold exposure on public health is expeditious and should not be underestimated.
Although existing weather forecasting system can predict rapid temperature change
precisely, more information on the immediately adverse influence on health should be
disseminated to the public. Second, the geographic variation shown in this report should
redirect policy to pay more attention to the people living in warm places when cold surges
attack. Our future work will explore why these phenomena exist and identify key risk factors
that explain the geographical variation. In doing so, an empirical basis for the adaption of
extreme weather events can be established.
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Figure 1.
The distribution of geographically weighted mortality ratio in Taiwan
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