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ABSTRACT: This paper shows the synoptic climatological categorization for winter and
summer in Shanghai, China by means of principal components analysis and clustering analysis.
We objectively provide distinctions of the twenty-one major synoptic categories in winter and
the eight major synoptic categorics in summer, including main categories and subcategories. In
addition, this paper points out the relationships between the synoptic categories and human
mortality. Usually, the colder the weather in winter or the hotter the weather in summer, the
more the mortality. But the relationships in summer are stronger than those in winter. The
subcategories 12(hot) & 15(very hot) in summer are very dangerous to human beings.
Especially, the cleven of all 12-day of the subcategory 15 appear in the top 50 mortality days.

INTRODUCTION

One of the important goals of climatology is the rational categorization of weather
systems(Davis and Kalkstein,1990). The synoptic climatological index is a very good procedure
to achicve this goal. It is very uscful to usc a synoptic catcgorization that acccntuates
homogeneity in weather type to cvaluate environmental factors such as human mortality,
pollution concentration, and to study the regional climate.

There are two purposes in this paper. The first purpose is to combine individual weather
clements into groups that are representative of the different characteristic of weather. The
sccond one is to cvaluate the relationships between the human mortality and the synoptic index.

PROCEDURE

The temporal synoptic index(TSI) assigns each day to a particular synoptic category based
primarily on air mass differentiation(Kalkstein et al.1987). This is accomplished by defining each
day in terms of ten meteorological clements, which include:

. air temperature(°c)

relative humidity(%)

air pressure(mb)

wind speed(m/sec.)

wind direction(azimuth)

. total cloud cover(tenths of sky cover)
maximum temperature(°c)

. minimum temperature(°c)

. precipitation(mm)

10. sunshine-hour(hour).
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The two wind variables are converted to a south scalar(w), and a west scalar(uu), where wv is
the negative product of the cosine of the wind direction and the wind speed, and uu is the
ncgative product of the sine of the wind direction and the wind speed.

The first six meteorological eiements are measured four times daily to permit the evaluation
of diurnal effects(0200,0800,1400,2000 LST). The other four meteorological clements are
measured one time daily. So, each day is defined by 28 total variables that represent the basis
for categorization.

Meteorological data for 30 winter months from December 1979 through February 1989 and
for 30 summer months from June 1980 through August 1989 and mortality in the same period
were collected for Shanghai, China.

First, we developed TSI by means of statistical methods. The principal compounents analysis
was performed to reduce a large number of intercorrelated weather variables to a smaller
number of uncorrelated principal component variables which explain much of the variance
within the original data set. The number of principal components to be retained was determined
to calculate the component scores. Then, we generated clustering diagnostics and provided an
appropriate number of clusters. If some clusters were very large, they were neslcd to get an
appropriate number of subcategories.

Second, we demonstrated the relationships between human mortality and synoptic
categories. The top S0 mortality days and the bottom 50 mortality days were sorted respectively
to obtain information about which synoptic categorics are dangerous to human beings.

Finally, we did stepwise multiple regression. There are 30 independent variables which
included not only above 28 weather variables but the consecutive days and the time of season.
If a synoptic category appears on a few consecutive days, the variable of the consecutive days
is equal to 1 on the first day and 2 on the second day, and so on. The variable of the time of
secason equals to 1 on the first day of each season in each year, such as the 1st of
December(winter), the 1st of June(summer), and it equals to 92 on the last day of summer(the
31st of August) in each year, 91 on the last day of winter in leap years(the 29th of February),
90 on the last day of winter in other years(the 28th of February). In addition, only mortality is
a dependant variable.

RESULTS
RESULTS from the SYNOPTIC INDEX
Principal components analysis on 28 weather variables for 903 winter days and 920 summer

days respectively resulted in a six-component solution and a four-component solution
cxplaining 79.28% and 64.39% of the variance in the raw data set(Table 1 and Table 2).
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Table 1. Princip P loadings for Shanghai, Chine six componeat solution ( winter )
Variable® Comp.1 Comp.2 Comp.3 Comp.4 CompS Comp.6
Ta 0200 0.7 017 0.7 045 0.02 £0.06
Ta 0800 087 0.10 010 040 0.01 Q.10
Ta 1400 0.66 063 0.02 029 0.13 <0.10
Ta 2000 0.83 033 0.10 028 0.08 0.18
Hu 0200 056 0.00 0.14 029 063 0.06
Hu 0800 059 0.07 on 03 039 0.01
Hu 1400 060 0.64 001 028 0.09 0.05
Hu 2000 0.7 0.19 0.19 0437 015 -0.02
Pr 0200 0.76 010 0.46 0.02 0.16 027
Pr 0800 082 ©0.17 0.3 0.13 o3 024
Pr 1400 082 4.9 023 0.20 028 021
Pr 2000 om 018 007 026 031 0.20
uu 0200 051 0.08 033 013 0.13 0.17
uu 0800 0.46 0.10 0. 010 0.09 020
uu 1400 032 0.16 [, ] 015 009 0.20
uu 2000 0.14 008 0.7 019 4.2 0.26
w 0200 0.37 059 00 o2 002 0.23
w0800 028 0.69 .14 o3 0.09 0.2
w 1400 0.4 036 048 0928 0.16 028
w 2000 0.04 0s7 oM 431 Q% 0.14
a 0200 0.9 064 0.08 0.03 0.19 0.08
Q0800 042 0.66 002 0.08 o1 0.26
Q 1400 0.34 4.7 017 013 0.08 0.26
Qa 2000 0.9 038 019 £0.09 £0.10 0.14
MaxTa 0.69 036 0.07 033 0.12 -0.08
MinTa 083 018 013 0.40 0.00 o1
Rainfall oM 040 007 031 001 043
Sunshine 046 0.77 0.04 0.4 0.09 028
Eigenvalue 946 5s2 w9 192 1.32 1.09
Exp. var® n» wn 1032 6.86 N 389
Cum.exp.var.® nm 5350 6382 T0.68 % ns
Note: a: Key to variables is as follows. Ta: air temp He: idity; Pr. p uu: west wind scsiar;

w. south wind scalar, Cl: cloud cover; MaxTa: daily maximum air tempersture; MinTa: daily
minimum air temperature.

b: Explai i of each comp (%)

¢ C ¥ iained vani (%)

Air temperature (including maximum temperature and minimum temperature) and
relative bumidity in both seasons, emphasizing the thermal/moisture variations in the data, were
highly corrclated with component 1. The uu wind variables in the both seasons loaded highly
on component 3. Cloud cover and sunshine variables were important in compoaent 1 in summer
and in component 2 in winter. The pressure variables dominated the loadings for component
1 in winter and component 2 in summer. The w wind variables were important in component
2 in winter and in component 3 & 4 in summer. A moderately strong positive loading in winter
and a moderately strong negative loading for rainfall variables in summer were apparent in
componcnt 6 and component 1 & 2 respectively.
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Tabie 2. Principal p loadings for Shanghai, China four comp
Variable* Comp.1 Comp.2 Comp.3 Comp .4
Ta 0200 0.68 048 202 ©0.20
Ta 0800 0.84 029 021 016
Ta 1400 093 007 0.04 003
Ta 2000 0.8S 026 018 0.09
Hu 0200 0.25 0.2 oAU 017
Hu 0800 03S 042 0.3 0.13
Hu 1400 £.61 049 043 .01
Hu 2000 041 040 056 0.10
Pr 0200 017 083 0.14 0.11
Pr 0800 016 087 €007 013
Pr 1400 2.3 084 003 013
Pr 2000 423 0. 0.06 0.15
uu 0200 008 £0.18 0.65 0.9
uu 0800 027 04 0.61 0.48
uu 1400 029 040 0.46 058
uu 2000 0.10 043 0.42 047
w 0200 044 0.07 0.4 044
v 0800 047 0.18 034 048
w1400 0.35 027 055 048
w2000 0.34 o4 0.42 053
Qa 0200 053 0.32 Q.01 0.14
Q 0800 038 034 0.16 0.08
Q 1400 054 £0.38 0.12 0.03
Qa 2000 043 0.36 0.14 0.21
MaxTa 093 £.14 0.04 0.03
MinTa 072 042 028 0.21
Rainfail 035 038 017 018
Sunshine 077 042 0.10 £09
Eigenvalue 784 S44 34 161
Exp. var”® 28.00 19.43 1.21 5.7s
Cum.exp.var.® 28.00 4743 58.64 64.39
TWote as Table 1)

Numerous synoptic categories in winter (Table 3) and in summer (Table 4) were uncovered
for the period of record. Four and three major synoptic categories(a major category is defined
as consisting of 10 or more days) were noted for winter and for summer respectively. A brief
discussion of the character of cach major synoptic category for Shanghai, China follows.

First, the character of each major main synoptic category in winter is discussed. Cluster 1
is defined as the prelude of a cold wave. Usually, over Eastern China in winter, before a cold
wave comes, it is not too cold and it is frequently rainy. Cluster 2 clearly represents the
character of a clear air mass. The cloud cover is the least of all the synoptic categories. Cluster
3 identifies a very cold class controlled by cold anticyclone, or a cold wave category, which the
temperature is the lowest. Cluster 4 presents a warm and rainy group with the highest
temperature and the most precipitation in the major categories. In addition, the four clusters
usually appear cyclically in order of 1, 3, 2, 4. These four main clusters were respectively divided

into 4, 3, 6, 4 major subcategories.

Neto: 5 Wind: wind direction sad spund; V1: very ight(V <20 m/a); Li: Rght(2.0 s/e < ¥ <4.0 m/s); Mo maderntn(4.0 s/s < V <6.0 ave);
R areng(V>6.0 as).
b MasT: mnsiem s °¢);MiaT: minismem aie ) Rain: rei S: o

Second, we discuss the character of each major synoptic category in summer. Cluster 1 is
a dominant cluster controlled by subtropical anticyclone. It is divided into 5 subcategories in
which two of categories respectively were a bot(12) and a very hot(15). Cluster 2 is defined as
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typhoon with the lowest air pressure and more rainfall. Cluster 3 possesses a sunny and hot
regime with the least cloud cover, the least relative bumidity, and little precipitation.

RESULTS from the RELATIONSHIPS between
MORTALITY and SYNOPTIC CATEGORIES

The relationships between mortality and synoptic categories were showed in Table 5. From
Table 5, the most daily average mortality ip winter was in the cluster 3 (163), because the
cluster 3 was a very cold synoptic category. And the most daily average mortality in summer
was in the cluster 1 (103). Two of the most daily average mortality in summer were in the
subcategorics 12 & 15 (103 & 161) because it was very hot, long duration of sunshine, little
cloudiness, no rain or little rain, and low wind specd in both subcategories. It was important
that the lag of death was onc day to the synoptic categories in winter.

Table 5. Daily average mortality in synoptic categories in Shanghai, China

Winter Summer Summer

ategory mortality category mortality subcategory mortality

1 prelude of cold wave 47 1 subtropical 103 11 cloudy "
2 clear 147 anticyclomic influence 12 hon

3 antcycloasc control 156 2 typhooa " 13 thunderstorm o3

(very coid) 3 sunny and bot » 14 windy ”

4 warm and ran 140 13 very bot ot

[ 1]

In addition, the frequency in top 50 mortality days of the cluster 3 in winter were
17, while that in the bottom 50 mortality days were only 5. Subcategories 15 & 12
in summer appeared in all of the top 50 mortality days. The eleven of all 12-day of
the subcategory 15 in summer were in the top 50 mortality days. And 39-day of the
subcategory 12 in summer were in the top 50 mortality days, while 16-day of this
category were in the bottom 50 mortality days.

So, subcategories 15 & 12 in summer and category 3 in winter,especially
subcategory 15, are very dangerous to human beings.
RESULTS from the REGRESSION ANALYSIS

We chose three categories with the most mortality to do the stepwise multiple
regression analysis with 0.05 level. In winter, the relationships between individual
weather variables and human mortality for the category 3 were very weak(model
R?=0.074). The regression equation is:

Mort(3) = 159.81-3.08Ta,,
In summer, the relationships between individual weather variables and human

mortality for the subcategory 12 and the subcategory 15 with model R*=0.34 and
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0.46 respectively were moderately strong. The regression equations respectively are:

Mort(12)=-943.78 + 1.9Ta,,-0.56Hu,, + 0.88Pr,, + 2.03uu,,
+5.03MaxTa-1.17Sunshine
Mort(15)=208.99-19.58uu,,

The relationships between synoptic categories and mortality in summer are
stronger than those in winter because the heating apparatus is used commonly in
winter, while few air-conditioners are used in summer in Shanghai.

CONCLUSIONS

It is apparent that the synoptic index provides very useful information about the
synoptic climatological category and the relationships between weather and human
mortality. This paper provided following several results. (1) The procedure
objectively identified distinctions of three major synoptic categories with five
subcategories for the cluster 1 in summer and four major synoptic categories with
four, six, three, and four subcategories respectively. (2) The synoptic categories 3 in
winter and 12 & 15 in summer are dangerous to human beings. Especially, the
eleven of the all 12-day of the subcategory 15 appeared in top 50 mortality days. (3)
The four clusters in winter usually appear cyclically in order of 1,3,2,4 in Shanghai.
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