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Figure 8 Before restoration (Tondemun district in June 2003) (Seoul City).

Figure 9 Westward view from the rooftop of a building adjacent to the

Cheonggyecheon near the Tondemun (August 2005).
Taken by Kumi Kataoka, the National Institute for Environmental Studies.
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The Tokyo Metropolitan Government is focusing on energy-saving
measures in an effort to create an energy-efficient city. It takes account of both
the urban heat island phenomenon and global warming as the “twin warmings”
responsible.  Underlying this action is the realization that energy-saving
measures such as a reduction in energy consumption contribute to alleviating
both global warming through reduction of CO, emissions and the urban heat
island effect through reduction of exhaust heat.

As noted above, the urban heat island effect exists wherever there are large
cities. Tokyo and many other major cities in Japan, carried out urban
development after World War Il in an unsystematic way, giving little
consideration given to possible impacts on urban climate. The result is an
urban system based on mass production and consumption that causes a variety
of problems. For example, the incidence of heat stroke is on the rise due to
higher daytime temperatures, and sweltering nights have become so frequent
and uncomfortable as to be intolerable. Urban heat island mitigation measures
must be adopted when planning further development in these cities.

6.1 Approaches from the perspective of urban planning

Urban heat island mitigation measures must involve not only individual
measures based on environmental technologies but also specific measures to
improve infrastructure such as roads, rivers, parks and green spaces. For
example, measures such as the development of “wind paths” that use locally
circulating winds for urban ventilation should be incorporated into land use and
urban planning in a systematic and comprehensive manner. In this context, the
Cheonggyecheon restoration project in Seoul City is noteworthy. In short,
urban heat island mitigation measures need to be incorporated into urban
planning master plans from the outset.

In cooperation with local residents and corporations, local governments are
strongly expected to play a leading role in facilitating mitigation measures and
incorporating them into urban renewal projects that are already underway.
Local policies should also reflect the policies and measures promoted by central
government. In particular, relevant information should be shared with all
parties who have a common appreciation of the mitigation measures needed.
With large numbers of buildings constructed during Japan's period of high
economic growth requiring replacement soon, this time of urban renewal in
many cities provides a golden opportunity to implement urban heat island
mitigation measures.

<41 .

A alwin
& U,

o
F

3

o

%
‘V/r



A alwin
<\'§ {’5?;}_

4

fa

Measures to Mitigate Urban Heat Islands in Japan
2 & Yoshika Yamamoto

[s o
% e
Uige fesed

oD Nigg,
MNer

6.2 Elucidation of the mechanisms of the urban heat island effect and
mitigation measures

6.2.1 Enhanced monitoring to elucidate the urban heat island effect

The urban heat island effect is the product of a variety of factors such as
changes in land use and anthropogenic heat release. Both the thermal and the
natural characteristics of relevant areas concerned should be studied, and
area-specific approaches should be adopted to carry out effective mitigation
measures within the framework of urban planning.

The coverage provided by the observation and monitoring stations of the
Automated Meteorological Data Acquisition System (AMeDAS) of the Japan
Meteorological Agency is considered insufficient to keep track of the regional
characteristics of large, densely-populated cities and their surroundings. A
better monitoring system based on high-density meteorological observation is
necessary. AMeDAS monitors precipitation at about 1,300 sites across the
country, one for approximately every 17km? Some 850 sites, one for
approximately every 21km? are used to monitor wind direction and speed,
temperature, and hours of sunshine as well as precipitation. These monitoring
sites, however, are not evenly distributed across the country. In fact, there are
only 10 such sites in Tokyo, not including outlying islands, and only 5 in the 23
Tokyo wards. In 2002, therefore, the Tokyo Metropolitan Government began
installing monitoring equipment at 120 sites in the 23 wards in order to obtain
highly precise, high-density meteorological data, such as temperature and
relative humidity. This is a means to elucidate the mechanisms responsible for
the urban heat island effect. Other government-designated cities should also
create high-density meteorological monitoring systems of this sort.

The type of measurement survey conducted this summer (2005) along the
Tokyo waterfront area should also be implemented this winter and again next
year, and in other cities as well.

6.2.2 Development of simulation techniques to assess mitigation measures

Simulation plays a vital role in forecasting the urban heat island effect.
The development of techniques to simulate the effects of prospective mitigation
measures is therefore imperative so that they can be implemented in a
comprehensive and systematic manner.
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Efforts are underway to develop simulation techniques for the urban
thermal environment. They should be integrated with simulation results
obtained from other research areas in order to predict the effects of mitigation
measures and to develop effective alternatives. Such techniques would enable
the accurate assessment of the effects of mitigation measures such as wind paths,
air cooling by green spaces, rooftop greening, water-retentive pavement, and
thermo-shield pavement.

6.2.3 Development of comprehensive techniques to assess urban heat island
mitigation measures

A system to assess the effectiveness of urban heat island mitigation
measures should be put in place to prevent urban development projects such as
urban renewal from exacerbating the heat island effect. This entails the
development of techniques to assess the effectiveness of urban heat island
mitigation measures.

Urban heat island mitigation measures already in place are assessed with
the effects of each individual element of the technology quantified separately.
There is still a need for comprehensive techniques to assess the overall effects of
mitigation measures on entire cities. For example, buildings are the most
important elements of cities and require the development of appropriate
mitigation measures in order to reduce the urban heat island effect on a
city-wide basis. However, the current assessment system is designed only to
assess buildings on an individual basis. As new buildings sprout up in rapid
succession, they should instead be assessed on a group, block or district basis.
There is thus a need to develop standards for comprehensive assessment.

6.3 From research to policy implementation

Priorities for implementing urban heat island mitigation measures must be
set. Priority has commonly been given to measures that are readily available,
but there is a growing need to adopt long-term, large-scale measures. The
short-term, small-scale measures now being implemented are not always
delivering the hoped-for results.

The use of “wind paths”, a typical long-term measure designed to channel
locally circulating winds into urban areas, is shifting from a research and
investigation phase to an implementation phase, both in Japan and abroad.
Under these circumstances, the current efforts to apply scientific findings by
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creating “wind paths” from the Meguro River in the Osaki Station district and to
use the orientation of buildings near the river to influence wind flow are
unprecedented and praiseworthy contributions to community planning.

A variety of mitigation measures should first be applied to the model areas
in order to accumulate data on their effects. These areas can then serve as
useful examples to other areas in Japan and to rapidly urbanizing cities
throughout Asia.
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Primary climate systems for paddy rice production
in the marginal extent of East Asia

Yousay Hayashi*

Abstract

Along the marginal of East Asia, covering Taiwan, South Korea and Japan,
the characteristics of agro-climatic conditions have often been described in
reference to the Asian Monsoon. Especially for paddy rice, climate systems, i.e.
Okhotsk High, North Pacific High and ENSO, function as the influential factors
to crop production. Paddy rice yield in East Asia have steadily grown up to
0.061 t/halyear for Taiwan, 0.065 t/ha/year for South Korea and 0.030 t/ha/year
for Japan. Despite those advances, considerable yearly fluctuations are still
evident. Yearly fluctuations of the yield in Japan and Korea depend on
temperature more sensitively than in Taiwan. As unusually cool summer
prevailed over the Japanese islands and the Korean peninsula, even in the
ongoing global warming, the paddy rice under cool summer conditions suffered
severely. On the other side, the cold air current did not penetrate into the lower
latitude of Taiwan. Yield in Taiwan changed independent of the other two
countries of Japan and Korea. For Taiwan, it will be a feasible explanation that
the most prominent agency regulating yield fluctuation is the ENSO, which is
indicated by the SOI. Taiwan has two cropping seasons. From statistical
analyses, especially for the second cropping season, a unique negative correlation
coefficient appeared between paddy rice yield and the SOI in July or in June,
which are two or three months prior to the harvest month of September.

Keywords: paddy rice, yield change, global warming, SOI, northeasterly
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|. Introduction

According to the Article 2 of the UNFCCC (United Nations Framework
Convention on Climate Change), the "ultimate objective of this convention is to
achieve stabilization of greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic interference with the climate
system." It also states that such a level should be achieved within a time frame
sufficient to allow ecosystems to adapt naturally to climate change, to ensure that
food production is not threatened and to enable economic development to
proceed in a sustainable manner. These provisions provide basic principles in
analyzing impact of global warming.

When discussing these impacts in association with phenomena in crop
production, the following two points are inevitable. One concerns the time
scale; "What about the relations to phenomena that last relatively short periods,
such as El Nino and extreme weather events?" The other concerns the spatial
scale: "What about the assessment when the positive and negative social effects
of global warming are regionally distributed?" The consideration of these
principles was just started recently.

I1. Background of issue

In general, the response of crop yields to climate change varies widely,
depending on the species, cultivar, soil conditions, effect of rising CO2
concentration, and other local factors. According to the latest IPCC report in
2001, it is established with medium confidence that a few degree of projected
warming will lead to increases in temperate crop Yyields, with some
regionalvariation. At larger amounts of projected warming, most temperate
crop yield responses become generally negative.

On the above point of view, IPCC shows ranges of percentage changes in
crop yields with adaptive climate change scenarios for geographic location of the
growing area. Almost locations tend to be less adversely affected by
temperature rise, but they remain below baseline levels. For rice of temperate
Asia, only a clear increment is expected with an adaptation by shift of cultivation
season. However, specifically, these estimations do not include variability of
weather conditions which is getting more and more obvious (IPCC 2001).
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Along the eastern marginal of Asia, covering Taiwan, South Korea and
Japan, characteristics of area distributions and time changes of agro-climatic
conditions have often been described in reference to a climate circulation known
as the Asian Monsoon, which provides plenty of water and temperature resources
over the area in a growing season. Especially for Japan and South Korea, two
climate systems of Okhotsk High and North Pacific High function as influential
factors to crop production. On the other side, climate of Taiwan varies
independent of the countries lying in the higher latitude. Namely, in the lower
latitude, changes of the Walker Circulation influence strongly on crop production
variation.

I11. Yearly change of paddy rice yield

In South Korea and Japan, which locate almost near the northern limit for
paddy rice cultivation, yearly vyield fluctuations depend on temperature
sensitively more than in the lower latitude. Comparatively in Taiwan, yield of
paddy rice depends mainly on solar radiation or rainfall and on appearance of
Typhoon. These lead a concept that principal elements affecting the paddy rice
production are not fixed.

Yields of unhulled rice in East Asia have steadily up to 0.061 t/ha/year for
Taiwan, 0.065 t/ha/year for South Korea and 0.030 t/ha/year for Japan through
1961 to 2004. Year to year changes of the yield are shown in Figure 1 for
Taiwan, South Korea and Japan. The linear trends are most likely due to
improved management and development of new varieties. Despite the advances
in cultivation technology, considerable yearly fluctuations are still evident.
Magnitudes of the yearly changes are larger than the trends throughout the
analyzed period from 1961 to 2004. It is obvious that the yearly fluctuations
reflect invasion of uncomfortable weather for paddy rice.

In 1980, 1993 and 2003, the cold air mass over the Okhotsk Sea lasted
unusually long time during the growing season of paddy rice. Consequently, as
unusually cool summer prevailed over the Japanese islands and the Korean
peninsula accompanying insufficient solar radiation, the paddy rice under such
weather conditions suffered severely. Anomaly of the temperature has often
been described in reference to a weather system known as the Okhotsk High. In
the summer of 1993, the Tohoku region of Japan and South Korea suffered from
severe temperature anomalies ranging from -2.8 to -3.7 in monthly mean values.

.« 49 .
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It resulted in 45% and 9% reductions in the rice yield of the Tohoku region and
South Korea, respectively (Hayashi et al. 1999, Hayashi and Jung 2001). These
yield reductions were record decrease.

However, the cold air mass originating Okhotsk High did not penetrate into
the lower latitude around Taiwan.
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Figure 1 Yearly change of paddy rice yield (unhulled rice).

In Taiwan, two cropping seasons have been applied. Yearly changes of the
yield in two crop seasons are shown in Figure 2, through recent 44 years. Here,
duration of the first and the second cropping season correspond with the period
from January to April and from May to September respectively. Level of the
yield in the first cropping season tends to be higher than that in the second
cropping season. After the middle of 1980s, magnitude of the yearly variation
in the second cropping season becomes large. What causes these fluctuations?

To grasp regional difference of the yield change in two cropping seasons, a
following table is proposed. Here, it is essential to put a hypothesis that the east
side of Taiwan facing the Pacific Ocean will be affected more by the ENSO (EI
Nino Southern Oscillation) conditions. Then, the reference areas, which are
categorized by province, are divided according to their contrastive locations of
east side or west side in relation to a range of the dominant mountain. Mean and
standard deviation of the yield and magnitude of the variability for each side are
shown in Table 1 with both of the cropping seasons. The west side and the east
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side are represented by Taichung and Changhua provinces and by Taitung and
Hualien provinces respectively. They are one the most productive provinces for
paddy rice in each side of Taiwan. It can be seen that magnitudes of the
variability in the east side are larger than that in the west side. Especially for the
second cropping season, the variability tends to be large in comparison with that
for the first cropping season.

6000

—O— 1st croppign
5000 —— —— 2nd cropping

4000

3000

Yield (kg/ha)

2000

1000
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Year

Figure 2 Yearly changes of paddy rice yield for two cropping seasons in Taiwan.

IV. Impact of changes in the SOI on paddy rice yield in Taiwan

Paddy rice yield in Taiwan, especially within a recent decade, seems to
change independent of the two countries of Japan and South Korea (Figure 1). In
the lower latitude, it will be a feasible explanation that the most prominent
agency regulating yield fluctuation is an inherent climate system induced by
equatorial climate conditions, which is indicated by the SOI (Southern
Oscillation Index).

The SOI is shown using monthly mean sea level pressure anomalies at
Tahiti (T) and Darwin (D) and calculated by (T — D), which is an optimal index
that combines the Southern Oscillation into one series. Sustained negative
values of the SOI often indicate EI Nino episodes. These conditions are usually
accompanied by warming of the central and eastern tropical Pacific Ocean, a
decrease in the strength of the Pacific Trade Winds, and a reduction in rainfall
over Indonesia and northern Australia. At the same time, characteristic changes
in the atmosphere accompany those in the ocean, resulting in altered weather

«51 .

.S_QL‘\‘." Ny o

3

A alwin
& U,

Rl
Oty

-

() o
% e
ge Rest®



A alwin
& U,

3

[ Kol
LT

\?_QL\\‘-' Ny, "

() o
% o
“nge jese®

Influential climate system for paddy rice
Yousay Hayashi

patterns across the latitudinal direction toward Taiwan. Change of the SOI
refers to a sequence of modification in circulations across Indonesia region and
Philippine Sea when EI Nino/La Nina is particularly strong.

Dependences of paddy rice yield in Taiwan on monthly SOI variability were
demonstrated by use of lag correlation. Figure 3 shows the result calculated for
the east side of Taiwan, where paddy rice yield will be affected directly by the
SOI. Dominant variances appear at 2 month-lag or 3month-lag of the second
cropping season. One another peak around 10 month-lag arises from harmonics
of the former peak about 2 month-lag. As the harvest month of the second
cropping season is September, it is found that the yield fluctuation occurs with
change of the SOI in July or in June. Sense of the correlation coefficient
indicates inverse proportion of the yield to the SOI.  This is linked with a phase
of yield increase under lower SOI condition mentioned by El Nino.

[ 1st cropping season

0.14

B 2nd cropping season

0.12
0.10
S
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Figure 3 Lag correlation coefficients between paddy rice yield in the east side of Taiwan
and monthly SOI. Lag months, indicated by 9 or over, correspond to the year
before.

Generally in the temperate Asia, lag correlation between crop yield and SOI
IS not so clear, because the Tele-connection between Indonesia region and
Philippine Sea is generated by the indirect mode of the Walker circulation.
However, Tao et al. (2004) treated climate variability and agricultural production
in Continental China with the ENSO (El Nino Southern Oscillation). And they
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mentioned that maze yield in Henan Province, one of the principal production
areas, decreased significantly by 11% during the El Nino phase. Anyhow, it has
been expected that reliable and sufficient analyses are performed for temperate
Asia.

V. Synoptic aspect of effective climate system for yield change

As for synoptic aspects obtained by watching the unusual weather
conditions for paddy rice, cool northeasterlies, which originate in an anticyclone
over the Sea of Okhotsk, blow towards the polar frontal zone by way of the east
coasts of the Japanese lIslands and the Korean Peninsula. As the cool
northeasterlies are regarded as hazardous currents during a main crop season of
summer, when the anticyclone develops intensively, they often cause 8 extensive
crop damage in Japan and South Korea. The cool northeasterlies approach the
northeastern areas of the Tohoku region of Japan and the eastern coast of South
Korea simultaneously (Hayashi 2000). As a result, both areas suffer from the
cool airflow and the crop productivity in those areas drops significantly (Hayashi
et al. 1999). This regime is dominant only in the area around Japan and South
Korea.

Besides, for Taiwan, ENSO plays an important role for paddy rice
production instead of the northern climate systems mentioned above.
Especially in the east side of Taiwan, facing the Pacific Ocean, paddy rice yield
relates a sequence of atmospheric condition characterized by the monthly SOI.
Changes of the yield will arise from a unique regime indicated by lag correlation
between SOI of July or June, which are two or three months prior to the harvest
month of September.

V1. Conclusive remarks

The agro-climatic circumstances are fluctuating remarkably and shifting
toward an inexperienced phase under ongoing global warming. As paddy rice
production is an industry vulnerable to recent fluctuations of seasonal climate,
we need the best possible understanding of the climate systems controlling this
variable feature from both temporal and spatial points of view.

Especially in the marginal area of East Asia, paddy rice cultivation has
plenty of the benefit from the monsoon climate. To continue a stable supply of
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paddy rice production in future, we should take care of durability of the Okhotsk
High over the northern part of East Asia and periodicity of the ENSO, which is
indicated by SOI, over the southern part of East Asia.
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Impact of climate change on daily rainfall in China
with particular reference to rainstorms

Manfred Domroes®
Abstract

Rainstorm analyses were done for the annual and summer occurences for
the time period 1976-2000 applying daily air surface temperature data for 112
stations in China east of 105 E longitude which is commonly considered to be
controlled by the monsoon type of climate over East Asia. It is shown that a
positive (increasing) trend of rainstorms observed for subtropical China
corresponds with greater precipitation totals while a negative (decreasing) trend
of rainstorms corresponds with lower precipitation totals; this relationship was
synchronously observed for the annual and summer trends of rainstorms. No
clear relationship was observed for northern temperate China. Though often
argued that the occurrences of rainstorms would increase as a consequence of
global warming, such relationship was not proofed by the present study.

Keywords: climate change, daily rainfall, rainstorms, eastern China

! Prof. Dr. Manfred Domroes D.Sc., Department of Geography, Mainz University, 55099 Mainz,
Germany, e-mail: domroes@uni-mainz.de

« 55 .



Impact of climate change on daily rainfall in China with particular reference to rainstorms
Manfred Domroes

I. Introduction

The climate change scenario is well known with the status of knowledge
deliberately described in the IPCC Third Assessment report 2001 showing a
mean global increase of surface temperatures at a rate of 0.6 C over the past 100
years expressing the greatest temperature increase between 1976-2000 with the
warmest years on record during the 1990°. In addition, it is shown that above
temperature increase is concentrated on winter. In case of precipitation, no
globally uniform trends were found though certain variabilites over space are
evidently shown.

It is also widely supposed that, as a consequence of temperature change,
extreme weather events are likely to increase, including rainstroms, associated
by negative impacts on the environment, such as earthslips, landfalls, and severe
soil erosion.

Aim of this paper is to investigate the occurrencies of rainstorms and their
relationship with the climate change scenario. In order to examine this
relationship, the period of greatest warming from1976-2000 was taken as a
reference period whereas the study area refers to China east of 105 E longitude
which is commonly considered to be controlled by the monsoon type of climate
over East Asia.

I1. Data and method of investigation

Daily air surface temperature data for 112 stations were evaluated; the
stations are fairly evenly distributed over space (map 1). The data were
derived from the Global Historical Climatology Network (Daily Version 1.0)
and were available from the internet; http://www.ncdc.noaa.gov/ghcn.html.

Rainstorm analyses were done for the annual and summer occurrencies of
rainstorms.  Out of the seasons, only summer (June— August) was studied as it
represents the predominant rainy season. Trend analyses - by the least-square
method and the nonparametric approach (after MANN-KENDALL)- were
applied in order to compute the trends of rainstorms for each station considering
the annual total and the summer total.
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Map 1: Stations under study

The findings were compared and discussed with the respective
precipitation and temperature trends in China computed over recent times
(DOMROES and SCHAEFER, 2003). Rainstorms are defined in China by a
rainfall total >50 mm/24 h. Rainstorms are generally considered as a typical,
yet rare and uncommon climate hazard in China.

The paper is solely based on the author's own original studies resulting
from statistical evaluation of the reference data. No references on the specific
topic were available in international journals. If, however, Chinese publications
(in Chinese language) do exist, the author is not aware of such and would
appreciate the respective information.

I11. Results

3.1 Annual occurrencies of rainstorms (map 2)

As a result, rainstorm occurrencies are unevenly distributed in spatial terms.
Most regions experience a small annual number (mostly below 3 events). A
larger number (above 4, at the most 7 events) occurs only over smaller regions.
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Spatially, a greater number of rainstorms occurs over subtropical China, a
smaller number over temperate China. Hence, a distinct south-to-north
gradient of rainstorm occurrencies can be observed.

3.2 Occurrencies of rainstorms during summer (map 3)

Temporarily, most rainstorms are experienced in the rainy season

commonly correspondingwith summer (June — August). No rainstorms occur
in winter.
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Map 2: Annual occurrencies of rainstorms  Map 3: Occurrencies of rainstorms
over eastern China, average 1976-2000 during summer (June-August) over
eastern China, average 1976-2000

As rainstorms mostly derive from singular weather anomalies at certain
small localities their correct detection is therefore a great problem and stationary
observations at specific meteorological sites may not properly detect them.
Rainstorm events are, if at all occurring, by nature specifically associated with
typhoons which mostly hit the coastal lowlands of Zhejiang, Fujian and
Guangdong provinces. Though the number of rainstorm occurrencies is small
their adverse affect on the environment, both the physical and human by soil

erosion, landfalls and floods, respectively on housing and livelihood),is often
most serious.
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3.3 Trend of annual occurrencies of rainstorms (map 4)

The trend of the annual number of rainstorms is shown with redsymbols in
case of a negative/decreasing trend and with blue symbols in case of a
positive/increasing trend. The size of the symbols was classified into three
categories expressing a trend between 0-1, 1-2 and above 2 (either positive or
negative) rainstorm occurrencies over the 25 years observation period
1976-2000. The findings show at the majority of stations a positive trend
expressingincreasing occurrencies of rainstorms. The magnitude oftrend is,
however, rather low and accounts in most cases for only upto 1 rainstorm event.
The next two larger trend categories of a greater increase of rainstorm
occurrencies (1-2, respectively over 2 events) occur for only a smaller number
of stations. As the mean total number of rainstorms is commonly comparably
low even such trends are important.

In case of negative trends that demonstrate decreasing rainstorm
occurrencies again the lowest category for weakest decreases predominantly
occurs. The next two larger categories were detected only for a small number
of stations. In spatial terms, it is worth questioning whether any
regionalization according to positive or negative trends of rainstorm
occurrencies can be detected or not. It can be seen that the (wet) subtropical
regions, with a few exceptions ony, experience a positive trend of increasing
rainstorm occurrencies that mostly belong to the second and third categories of
larger magnitudes. Though the absolute values of the trends are rather small
their percentage is high if compared with the (low) number of rainstorm events.
On opposite, the regions under the (less humid) temperate climates experience a
non-uniform, mixed picture of either positive or negative trends (mostly a the
lowest category) expressing a weakly positive or negative trend.

Trend of occurrencies of summer rainstorms (map 5). The composition
map of the trend of occurrencies of summer rainstorms shows a similar pattern
as the annual trends. In an overall approach, prevailingly increasing trends can
be seen at most stations even at larger magnitudes. Decreasing trends, if
occurring, are at lowest magnitudes.

Spatially, positive/increasing trends of rainstorm occurrencies in summer
are to be seen at nearly all stations in the subtropical regions whereas a
non-uniform, mixed picture of both, increasing and decreasing trends, is shown
for the temperate climate regions. For the annual totals and summer totals, a
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positive/increasing trend of rainstorm occurrencies was observed at the majority
of reference stations. Spatial trend patterns widely correspond between the
annual and summer totals syncronously showing an increasing trend for the
subtropical regions while a, non-uniform pattern exists for the temperate climate
regions. It can also be stated that the increasing trend is larger in the subtropical
regions.
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Map 4: Trend of annual occurrencies of Map 5: Trend of occurrencies of
rainstorms over eastern China, 1976- summer rainstorms, June-August,
2000 over eastern China, 1976-2000

The regional differences in the trend of rainstorm occurrencies, both in
annual respects and for the summer season, may be correlated with the general
pattern of precipitation distribution over China. Evidently a remarkable decrease
of the annual total and summer can be seen from south to north over China (east
of 105 E longitude e) and accordingly also the length of the wet season
decreases; accordingly, also the occurrencies of rainstorms and their recenttrend
decrease.

Additionally, also the risk area of typhoon visitations is confined to the
coastal areas in subtropical China, and the larger trend of rainstorm occurrencies
may be linked with the frequency of typhoons.
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It needs, however, to be investigated whether the frequency of typhoons
has increased during the recent period of greatest warming between 1976-2000.

V. Discussion

The observations on the trend of rainstorm occurrencies remarkably
indicate a clear relationship with the mean annual, resp. summer precipitation
totals over eastern China (DOMROES & SCHAEFER, 2003). In both cases,
subtropical eastern China experiences greater totals of precipitation and also
stated a distinctive South-to-Northgradient of decreasing precipitation must be
observed. It can befollowed that a positive (increasing) trend of rainstorms
observed for subtropical China corresponds with greater precipitation totals hile
a negative (decreasing) trend of rainstorms corresponds with ower precipitation
totals; this relationship can synchronously be observed for the annual and
summer trends of rainstorms.
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Map 6: Mean annual precipitation trend Map 7: Mean trend of summer preci-
over eastern China, 1951-2000 pitation over eastern China, 1951-2000

The observed trends of rainstorms correspond, however, also with the
trends of precipitation, both for the annual and summer trends. A positive
relationship can be seen between the increasing annual precipitation and the
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increasing number of rainfall events. For the trend of summer precipitation, both
positive and negative trends can be observed over China with predominantly
decreasing trends across subtropical China.

Within the climate change scenario it is also argued that the occurrencies f
rainstorms would increase as a consequence of global warming. Such possible
relationship seems, at the present state of knowledge, difficult to be proved by
the present study. It is, however, definitely proved (ROES & SCHAEFER,
2003)that temperatures over China have even strikingly increased during the
past 50 years. The distribution of annual temperature trends(2000) is shown in
map 7; isolines express the trends [°C] per decade. As an overall result of the
observations it must be stated that the annual temperature trend over China is of
an approximately double magnitude compared with the global trend.

As far as trend of annual temperature change over China is concerned, at
87 percent of all stations a positive trend was recorded. It shows the weakest
increase across the subtropical regions (at a rate mostly between 0.5-1.0
°C/1951-2000).

Trend/Decade 7 ELE : : Trend/Decade
— . Negative Trend 2 e — .Negative Trend
| — Positive Trend . — Positive Trend

Map 8: Mean annual temperature Map 9: Trend of summer temperature
trend over eastern China, 1951-2000; over eastern China, 1951-2000; values
values are given as means per decade are given as means per decade
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For the trend of summer temperatures, eastern China experiences egative
(decreasing) trends over most parts of subtropical China and positive (increasing)
trends over temperate China. In both cases, trend values are, however, rather
small.

V. Summary

A positive (increasing) trend of rainstorm occurrencies has been shown for
subtropical China whereas a non-uniform picture is associated with temperate
China. The increase of rainstorms in subtropical China corresponds with an
increasing trend of precipitation. At the same time, subtropical China
experiences a mostly decreasing recent temperature change. No clear evidence
could, however, be proved for a direct linkage between increasing temperatures
and greater rainstorm occurrencies. Within the climate change scenario
rainstorm occurencies are part of the increasing extent of extreme weather
events.

Rainstorm occurrencies are of a great practical importance as they increase
the risk for environmental hazards such as landslides, landslips and floods.
Landuse planners must therefore pay a great attention to an increasing number
of rainstorms and their adverse risk impact on the environment.

Such practical aspects need particular attention in subtropical China as the
region of largest increase of rainstorm occurrencies and where, at the same time,
the mountaines and hilly landscapes are particularly hazard-prone to landslides
and floods.
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Estimation of Carbon dioxide sequestration by forestation
Chung-Ming Liu*, Jiunn-Cheng Lin? Ming-Long Liou®
Abstract

In this study, the quantity of CO, sequestration by forestation is estimated
by using IPCC model. The results indicate that the estimates of CO,
sequestration are from 121 to 325 Mg/ha at the age 20 and 226 to 523 Mg/ha at
the age 40 for six species. According to these results, selection of forestation
species is the key factor to decide the quantity of CO, sequestration in forest
land. The quantity of CO, sequestration is affected by different stand age,
management intensity, tree species and site conditions.

Key words: forestation; CO, sequestration; Taiwan
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From KC, EKC, to IEKC: The Relationship between the
Expenditure of Environmental Protection and Income
Inequality along Economic Development

Li-Min Wu?, Pei-Ing Wu?, Je-Liang Liou®

Abstract

The Kuznets curve (KC) implies that governmental expenditure could
reduce income inequality due to mobility of population between urban and rural
areas and changes of industrial structures. As the idea extends to analyze the
relationship between economic development and environmental pollution, the
environmental Kuznets curve (EKC) can be used to explain the change of
governmental expenditure on environmental protection along the economic
development. However, the environmental Kuznets curve with consideration
of income distribution, named IEKC, the interrelationship among economic
development, environmental pollution, and income inequality needs to be
further explored.

The purpose of this study is to testify the KC, EKC, and IEKC for 23
counties/cities in 1994-2003 for Taiwan. The incorporation of income
inequality into environmental Kuznets curve is different from the previous
studies by not just examining one direction relation. The feedback and
cause-effect relation could exist among economic development, environmental
pollution, and income inequality. The results can deliver the information for
knowing that in the process of economic development while the income
distribution becomes equity the government expenditure and the corresponding
expenditure on environmental protection will increase (or decrease).

The results show that over the past ten years the relationship between
income level as a representative of economic development and income
inequality is obvious. As with the pollution indicators, solid waste disposal per
person annually and suspended particular matter, selected in the study, none of
the indicators has demonstrated the EKC relationship. While the income
inequality is taken into account, the pollution level is declining as the level of

1 Ph.D. student at the Department of Agricultural Economics, National Taiwan University.
2 Professor at the Department of Agricultural Economics, National Taiwan University.
® Ph.D. student at the Department of Agricultural Economics, National Taiwan University.
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income inequality increases. A possible explanation for such phenomenon is
that governmental expenditure will increase while income level increases.
This is due to the pressure from the high income group. The results also
demonstrate that there is cause-effect relation among economic development,
income inequality, and environmental pollution. The difference of the results
depends upon the sequences of these three components.
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From KC, EKC, to IEKC: The Relationship between the Expenditure of
Environmental Protection and Income Inequality along Economic Development
Li-Min Wu, Pei-Ing Wu, Je-Liang Liou
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