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Abstract

We live in a world that is increasingly vulnerable to climatic shocks. The aim of this research is
to apply principal components analysis to analyze spatial variations in monthly average precipitation
and monthly mean temperature data for the period of 1961-1990. The results show that the principal
components 1, 2, and 3 explain 55%, 21%, and 14% of the variance in the monthly average
precipitation and monthly mean temperature data. Component 1 is positively correlated with
monthly average precipitation and monthly mean temperature. Component 2 is negatively correlated
with monthly average precipitation and positively correlated with monthly mean temperature. This

research used cluster analysis to generate 14 climatic regions in a global scale.

Key words: Climate, Precipitation, Temperature, Principal Components Analysis, Cluster

Analysis
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1. Introduction

We live in a world that is increasingly vulnerable to climatic shocks (Lamb, 1995). Not too
many years ago the concept of climatic change was perceived as a subject that has little but
academic importance (Lutgens and Tarbuck, 1992). In the nineteenth and early twentieth centuries it
was assumed that climatic changes were a thing of the past or at least that such changes occurred
only over vast periods of geologic time. All the observed departures from mean values were thought
to be nothing more than what we now call statistical noise. In the year since about 1960, however,
the climate has behaved less obligingly than we had become used to earlier in the century (Lamb,
1995). Since then, and especially in the past decade or two, scientists have come to recognize that
climate is inherently variable on virtually all time scales (Bradley, 1999; Bryant, 1997; Lutgens and
Tarbuck, 1992; Mannion, 1997; Roberts, 1998; Slaymaker and Spencer, 1998). Climate is no longer
described as static but rather as dynamic. Furthermore, it is not just the scientific community that
has shown increasing interest in climatic change. In recent years governments, as well as the general
public, have also become aware of, and shown an interest and concern in, the possible variability of

our planet’s climate (Lutgens and Tarbuck, 1992).

Many scientists indicated that the extent of changes in climate over the last 100 years or so is
greater than was formerly believed; both temperature and rainfall have shown trends which have led
periodically to great fluctuations in glaciers, lakes, and river discharges (Goudie, 1992). Lamb (1995)
stated that most people regarded climate as an unreliable, shifting, fluctuating thing, sometimes
offering briefly unforeseen opportunities but at other times bringing disaster by famine, flood,
drought or disease. Many parts of the world have experienced more extremes of weather of various
kinds in the last fifteen to twenty-five years than for a long time past and have suffered losses (Lamb,
1995). Therefore, it is important to examine what we know about climate, and its impact on human
affairs now and in the historical and prehistoric past, and how we may better understand the problem

of climatic fluctuations and changes.

There are an infinite variety of climates over the Earth, every place being slightly different in
some aspect from all others (Robinson and Henderson-Sellers, 1999). Consequently in developing a
regional climatology must be to develop a classification scheme which allows us to identify major,
or in some aspect ‘significant’, differences in climate (Robinson and Henderson-Sellers, 1999). The
aim of this paper is to use principal components analysis and cluster analysis to classify global

climatic regions using monthly precipitation and temperature data for the period of 1961-1990.

2. Data

The climate data used in this paper were provided by Oak Ridge National Laboratory
Distributed Active Archive Center (ORNL DAAC). The Center provided a CD that contains global
monthly climate data for the twentieth century (New et al., 1999, 2000a, 2000b). This is a data set of

mean monthly surface climate data over global land areas, excluding Antarctica, for nearly all of the
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twentieth century. The data set is at 0.5 degree latitude/longitude resolution and includes seven
variables: precipitation, mean temperature, diurnal temperature range, wet-day frequency, vapor
pressure, cloud cover, and ground-frost frequency. All variables have mean monthly values for the
period of 1901-1995, several have data as recent as 1998, and more data will be added by the data

originators.

This paper used the monthly average precipitation and monthly mean temperature data for the

period of 1961-1990. Figures 1 and 2 show the monthly average precipitation of January and July

for the period of 1961-1990. Figures 3 and 4 show the monthly mean temperature of January and
July for the period of 1961-1990.

Monthly Average Precipitation, January, 1961-1990

Figure 1. Monthly average precipitation (mm/day x 10) of January, 1961-1990.

Monthly Average Precipitation, July, 1961-1990

Figure 2. Monthly average precipitation (mm/day x 10) of July, 1961-1990.
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Monthly Mean Temperature, January, 1961-1990

Figure 3. Monthly mean temperature (deg. C % 10) of January, 1961-1990.

Monthly Mean Temperature, July, 1961-1990

Figure 4. Monthly mean temperature (deg. C x 10) of July, 1961-1990.

3. Methods

This research used Principal Component Analysis of IDRISI32 Release 2 (Clarke Labs, 2000)
to analyze 12 monthly average precipitation and 12 monthly mean temperature data for the period of
1961-1990. Cluster Analysis of IDRISI32 Release 2 was used to classify global climate regions.

Principal Components Analysis of IDRISI32 Release 2 on a set of images produces a new set of
images, components that are uncorrelated with each other and explain progressively less of the
variance found in the original set of images (Clark Labs, 2001). Cluster Analysis of IDRISI32
Release 2 provides an unsupervised classification of an image based on the information in a
composite image. The aim of unsupervised classification is to uncover the major classes that exist in
the image without prior knowledge of what they might be. Unsupervised classification techniques
search for clusters of pixels with similar reflectance characteristics in a multi-band image. They are

concerned with uncovering the major classes, and thus tend to ignore those that have very low
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frequencies of occurrence. Cluster Analysis uses a histogram peak technique. This is equivalent to
looking for the peaks in a one-dimensional histogram, where a peak is defined as a value with a
greater frequency than its neighbors on either side. Once the peaks have been identified, all possible
values are assigned to the nearest peak and the divisions between classes fall at the midpoints
between peaks. Here a three-dimensional histogram is used because the composite is derived from
three images. A peak is thus a class where the frequency is higher than all of its neighbors. Once the
peaks have been located, each pixel in the image can then be assigned to its closest peak, with each
such class being labeled as a cluster (Clark Labs, 2001).

4. Results

(1) Principal Components

Table 1 lists the percentages of variance explained by components in 12 monthly average
precipitation and 12 monthly mean temperature data. There are 6 principal components that explain
higher than 1% of the variance in the original 12 monthly average precipitation and 12 monthly
mean temperature data. The components 1, 2, and 3 explain 55.1%, 21.3%, and 13.9% of the
variance in the original 24 precipitation and temperature data. Table 1 indicated that the first 3

principal components explain 90% of the variance.

Table 1. Principal Components.

Components Percentage Cumulative Components Percentage Cumulative
of Percentage of Percentage
Variance of Variance Variance of Variance

1 55.12 55.12 5 2.33 96.69

2 21.29 76.41 6 1.55 98.24

3 13.88 90.29 7 0.55 98.79

4 4.07 94.36 8-24 100.00

(2) Loadings of Principal Components

Component loadings were generated for the first 3 components (Tables 2 and 3). Loadings
were the correlation values between principal component and each of the original 12 monthly
average precipitation and 12 monthly mean temperature data. Tables 2 and 3 indicated that
component 1 is positively correlated with monthly average precipitation and monthly mean
temperature. Component 2 is negatively correlated with monthly average precipitation and
positively correlated with monthly mean temperature. Component 3 is negatively correlated with
monthly average precipitation of December, January, February, and March and positively correlated

with monthly average precipitation of June, July, August, and September.
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Table 2. Component Loadings of Monthly Average Precipitation (1961-1990).

Month Component 1 Component 2 Component 3
January 0.60 -0.47 -0.59
February 0.61 -0.46 -0.58
March 0.65 -0.51 -0.49
April 0.68 -0.58 -0.18
May 0.64 -0.60 0.26
June 0.48 -0.55 0.62
July 0.40 -0.46 0.74
August 0.42 -0.45 0.74
September 0.52 -0.56 0.57
October 0.61 -0.65 0.13
November 0.60 -0.62 -0.29
December 0.60 -0.53 -0.52

Table 3. Component Loadings of Monthly Mean Temperature (1961-1990).

Month Component 1 Component 2 Component 3
January 0.90 0.23 -0.11
February 0.91 0.25 -0.08
March 0.93 0.30 -0.03
April 0.92 0.36 0.03
May 0.89 0.42 0.10
June 0.80 0.47 0.17
July 0.72 0.47 0.19
August 0.79 0.46 0.14
September 0.89 0.43 0.06
October 0.93 0.36 -0.01
November 0.92 0.29 -0.06
December 0.91 0.24 -0.10

(3) Spatial Variability of Principal Components

Principal components 1, 2, and 3 were plotted in Figures 5, 6, and 7. For component 1,
low-latitude regions have higher values and high-latitude/high-altitude regions have lower values.
For component 2, arid/semiarid regions have higher values than other regions. For component 3,

tropical regions of southern hemisphere have lower values and monsoon regions of northern
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hemisphere have higher values. These principal components show the spatial variability over the
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Figure 7. Principal component 3.
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(4) Clusters of Monthly Precipitation and Temperature Data

Global precipitation/temperature composite image was produced from combining principal
components 1, 2, and 3. Fine clustering of Cluster Analysis in IDRISI32 Release 2 generated 15
clusters with dropping least significant clusters (<1% of all area) (Figure 8.). The first cluster is
ocean. Then, we could identify the other 14 climatic clusters. The result could be useful in the future

to improve global climate classification.

Global Climate Classification Map
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Figure 8. Global climate classification map.

5. Conclusions

This study analyzed spatial variations in monthly average precipitation and monthly mean
temperature for the period of 1961-1990 in a global scale. The components 1, 2, and 3 explain 55%,
21%, and 14% of the variance in the monthly average precipitation and monthly mean temperature
data. Component 1 is positively correlated with monthly average precipitation and monthly mean
temperature.  Low-latitude  regions have higher values of component 1 and
high-latitude/high-altitude regions have lower values of component 1. Component 2 is negatively
correlated with monthly average precipitation and positively correlated with monthly mean
temperature. Arid/semiarid regions have higher values of component 2 than other regions. Fourteen
climatic regions were generated in this research. The result is useful to improve global climate

classification in the future work.
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Abstract

Due to high proportion of plastics in the solid waste, Environmental Protection Administration
(EPA ) implemented “ Limited Usage Policy of Plastic Shopping Bags” since July 1, 2002 to reach
the goal of plastic bags reduction. However, how could it really reduce environmental impact while
this policy was implemented? Or, could it cause more danger to whole or local natural environment?
Therefore, Life Cycle Assessment (LCA), a scientific, objective and effective method, was used to
evaluate the plastic bags and shopping bags provided and sold by 7-11, Family convenient shops and
RT-MART, Carrefour hyper-marts before and after this policy was implemented. In this study, both
analysis and comparison matched with disassembly, inventory and interview would be carried out
after considering resources consumption, purchasing cost, proportion and times of reuse and price
policy to analyze the environmental impact of the shopping bags with life cycle assessment software

SimaPro. The results of the study were shown as follows:

In the study, Simapro software was needed for LCA analysis. After normalization, the
environmental impact for shopping plastic bags were evaluated based on per time use. The
environmental impact caused by shopping bags, which is provided by convenient shops, was
evaluated for each time use under equal capacity. The environmental impact of the middle plastic
bags provided by 7-1/ convenient shops was 2.02 mPt and the most harmless one to environment.
The next one was the 2.27mPt of large plastic bag provided by 7-1/ convenient shops. The
environmental impact of the No. 20 plastic bags provided by Family convenient shops was 2.70 mPt,
and the most harmful to environment. For the shopping bags provided by hyper-marts, the shopping
bag of no-woven fabric material had 1.44 mPt of environmental impact, which was the most harmless
one to environment. The next one was the PE material shopping bags (2.06mPt) . And the worst one
was the shopping bags of nylon material that had 6.54 mPt of environmental impact.

For the three stages of manufacturing, distribution and sale, and discarding of product, the
manufacturing stage, which occupied about 95~99% of total environmental impact, is the highest. For
the environmental impact of three aspects of whole life cycle, the environmental impact of resources
consumption aspect provided by plastic bags sold by convenient shops and shopping bags sold by
hyper-marts, occupied about 70% of all environmental impact. The next aspect is human health,
which occupied about 25%. For the energy consumption aspect, the energy consumption of plastic
bags provided by convenient shop occupied about 70% of total environmental impact; and the bigger
plastic bags were provided, the smaller environmental impact for energy consumption would be
caused. For the energy consumption of shopping bags provided by hyper-marts, the environmental
impact of nylon shopping bag was the highest, 5.15mPt; the next high ones were thick plastic bag and
PE shopping bag.

For the plastic bag sold by convenient shops, the large plastic bag sold by 7-1/ convenient shops
was the most economic one because, compared with other plastic bags, it had the same price, the
maximum capacity and its average usage price was only 0.30NT$. For the shopping bags sold by
hyper-marts, thick plastic bag was the most economic one, just 0.22 NT$ for per time use, the next
one was no-woven shopping bag that was 0.53NT$. And nylon shopping bag was the most expensive
one of 1.73NTS$ for per time use. But the most economic one was not just the same one of more
environmental protection.

Keywords : Life cycle assessment, environmental impact, limited usage policy of plastic bag, reuse,
energy resource
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R R ExBR ERMR PERFR FHRFAFR LERFR
BOF PR
HDPE (g) 12.9 44. 4 - - -
paper 7 B &Rk (g) - - 2.23 - -
PP <+ (g) - - 18.5 - 15.0
Cotton fibres (g) - - 0.503 - 0. 565
Polyester fabric (g) - - 0.503 - 0. 565
PE (g) - - 91.8 - -
B e (2 peie) (g) - - 0.517 0.589 1.09
CuZn & %4 (g) - - - 2.22 -
PET (g) - - - 103 -
AlCuZn & B+ % (g) - - - - 2.92
PVC + A2 (g) - - - - 11.2
Caprolactam % 4% (g) - - - - 6. 34
Caprolactam £ %% (g) - - - - 90.0
LI
ooEEE (g) 12.9 44.4 - - -
£ w4 4 (kb 0.009 0. 029 - - -
¢ R80T 4 e (kh) 0.006 0.021 - - -
B B 28385 600kn (kekn) 3.87 13.3 - - -
* % @ A0km  (kgkm) 0.258 0. 888 - - -
asse (g) - - 1.01 - -
PP# <+ (g) - - 18.5 - 15.0
PE ## (g) - - 91.8 - -
® & 2 g8 8 300km (kgkm) - - 34.1 - -
# % @4 20km (kgkm) - - 3.41 - -
T4 (em’) - - - 2 2
PET # # (g) - - - 103 -
p 84538 4 300km (kgkm) - - - 31.8 38.3
+ & -F 5 ¢ 3 200kmCkgkm ) - - - 21.2 25.5
+ 8 v ¥4 HE 100kn( kgkm) - - - 10. 6 12.8
age (g) - - - - 1.13
PVC A2 (g) - - - - 11.2
s A (g) - - - - 6. 34
R Az (g) - - - - 90.0
Ny
3.5 B iF 20 &2 (kekm) 0. 258 0. 888 2.27 2.12 2.55
BRI R AL T IR 1k 45% 0 FRAE IR K i H5%
L HEFHRLAELE AL T
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7 BUISEHE A P IR TTE R S ) R e

Egﬂﬁ% BER o TRl asEp
Total 5.39mPt 18.5mPt 43.9mPt 44.2mPt 92.4mPt

L@ﬁixﬁ%?& 5.23mPt(97.3%)  18mPt(97.3%)  42.7mPt(97.3%) 43.3mPt(98.0%) 91.9mPt(99.5%)
AR 0.16mP(2.70%)  0.56mPt(2.70%) 1.28mP(2.70%)  0.92mPt(2.0%)  0.52mPt(0.5%)
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% 8 t‘aEIE”g}Ff’ﬁEAﬁT [l ET a2 2 i o (i [ F,&frﬁ'fﬁrﬁ’%* NEE I
FUZBURETER > 1A SRV ETRE (1 1.44mPt SREZRUR - HVEL PE AFTTIEPIR
2.06mPt - gﬂﬁjﬁ%% 3.78mPt » FIFEFTETIE UL L 6.54mPt ~ i TRLL AV EERE] 1
8.53mPt FH Ry TSI TTP RS S R TR B R
g e ) i R e - i Ul sk =y IR g T O ‘/E“'fﬁﬁ%%liﬁ‘&ufﬁ
AL | BUREER R S e TR B ,Uﬁ? R IR N Z%Jﬁ?’rﬁa?%
PR T RIS [

A 8 IR T AT P SR 2 i U A ) [T ek R L
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=l ﬁ?%iiﬁL@;gﬂl(mPt) 5.39mPt 18.5mPt 43.9mPt 44.2mPt 92.4mPt
TR

3 8.53mPt 17.4mPt 40.2mPt 40.7mPt 86.9mPt
(mPt/0.040m”)
I 7 P
3. 8.53mPt 3.78mPt 2.06mPt 1.44mPt 6.54mPt
B (mPt/0.040m’+ %

=) ERY k=i T i %’f?‘f%‘%%ﬁt’ﬁj
Sy i@'u%*ﬁ“@rﬁﬂﬁ@ﬁ FIJ“I;‘FUML@TEQ?J;%%E\[ ST (% 8) 5
S o P R AR TAT - L) TR P iﬁfﬁfFugy’?wF] 4%
E}pm%fffirﬁw% SRR 9 B > ik 9 [l A rfﬁ’fﬁ'%]ﬁi“]p‘rm R~
2P J%ﬁrﬂ?‘é&&ﬁ't 8.53mPt ~ 1.69mPt » [1IF=Fi* # )1 T TR LR L 13 f’T ey
[ RUR TG EI PV 1Y
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A TR i pE s 1 I
HEFRUAETRE (mPt) 5.39 18.5 43.9 442 92.4
[ei] 74 ek 1 T b e B |
T A I%U?i 8.53 17.4 40.2 40.7 86.9
(mPt/0.040m”)
TSR R 1 4.61 19.5 28.4 13.3
| A ek 5 7 i B U 2 3.78 2.06
i o] ii% 8.53 1.44 6.54
EEREl (mPt/0.040m s %)
U] B (%) 100 1.8 37.0
JW%B‘LF'JPFHEI S i
7 R 8.53 1.69

(mPt)
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PE fETf {15
TR AR
PSR T

25.5% (1.37mPt)
25.5% (4.71mPt)
22.0% (9.67mPt)
44.6% (19.7mPt)
18.2% (16.8mPt)

3.0% (0.160mPt )
3.0% (0.551mPt)
2.0% (0.917mPt)
6.8% (3.0lmPt)
2.4% (2.21mPt)

71.5% (3.86mPt )
71.5% (13.3mPt)
76.0% (33.3mPt)
48.6% (21.5mPt)
79.4% (73.23mPt)

{13 10 S W IR - PE T TR oL EPE G [ 59

S (0%

SRR T (44.6%) ©
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o

J ) TR A TS PR B R [ ORIV (48.6%) M

iU 21

SR PR BT (2.17mPt) >TUEE (1.19mPt) >RIEEL (0.96mPt) >
A7) (0.64mPt) >PE (0.45mPt) » & WITELLpOETRE - - PE Pt

pOEERE | -
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R AR TR TR (0.250mPt) >FJEE (0.155mPt) SRITEL (0.112mPt) >
A7) (0.098mPt) >PE (0.043mPt) » i TEAR[VETRE > PE i
PrLR o ] -

RV R L (6.11mPt) >R (5.18mPt) >R (2.72mPt) >PE
(1.56mPt) >T i) (0.70mPt) » ¥ HITEE PO - i)
PULEpuEERE ] -

BV AR T ROV 8 AR S S S U
(R > BT | TR R OB o R o ORI -

A 11 BRI AR %%EEJ 2y IR ﬁ?ﬁf Bl

1 (mPt/0.040m’ *%) S KR R T TRV
LR 2.17mPt 0.250mPt 6.11mPt
TR 0.96mPt 0.112mPt 2.72mPt
PE W Puig 0.45mPt 0.043mPt 1.56mPt
TR ETEP R 0.64mPt 0.098mPt 0.70mPt
PR TS P4 1.19mPt 0.156mPt 5.18mPt
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Abstract

This study aimed to set a suitable teaching model of technical creativity for vocational school
students on photography art program. Two objectives of this study include : (1) to examine the
characteristics of the cognitive processes revolving around technical know-how of those with
high-caliber creativity photographers, and (2) to establish an available model and teaching strategies
of technical creativity from the interview results of photographers. The grounded theory was used
to establish a teaching technical creativity model for vocational school students in photography art.
Six photographers of high-caliber creativity were interviewed and conducted a series of
half-constructed questions two or three times. Concluding the result of interview, this study
created a 7-step model and some teaching strategies for experimental teaching.  Finally, the
researcher will apply the teaching technical creativity model and select a vocational high school to

conduct an experiment.

Keywords: creativity > technical creativity > photography art » vocational school students
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Primary and secondary students’ understanding of
ecological concepts: ecological succession
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Abstract

The purpose of this study was to investigate grade 4-11 students’ understanding of ecological
succession concepts in middle Taiwan. Subjects were 40 grades 4-11 students for interview task,
275 for open-ended questionnaires and 1284 for two-tier multiple-choice diagnostic test selected from
elementary schools, junior high school and senior high school, located in middle Taiwan.
Semi-structured interview task, open-ended questionnaires and two-tier multiple-choice diagnostic
instrument were developed and validated by a group of science educator, elementary and secondary
teachers. Interview data and open-ended questionnaires were coded and analyzed by two graduate
students independently, and an inter-rater reliability of 90% was achieved. Two-tier multiple-choice
diagnostic test were analyzed by SPSS10.0. Results indicated that four major patterns of
understanding of ecological succession concepts were identified: egocentrism, anthropomorphic
reasoning, description of nature, and interdependent reasoning. The distributions of students’
understanding of ecological succession concepts were different on grade level. Finally, some

suggestions are made for teaching and further research on ecological succession concepts.

KEYWORDS: Ecological succession, Primary students, Secondary students, Understanding
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