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The Washout Effect of Precipitation on Atmospheric PMio
Concentrations in Busan Metropolitan City

Sunyurp Park*

AR A 7] F PMy 59 tigt 742 AR aT} 24

s

Abstract : Frequent occurrences of high PMig(particulate matter <10pm) concentrations have become a serious
environmental concern in Korea due to their direct threat to public health, but the impacts of rainfall factors
on PMi concentrations are not well known. This study analyzed 15-year long PMo data over Busan Metro-
politan City(BMC) to quantify the washout effect of precipitation on PMio concentrations in the city. Two
different washout ratios, the aggregated washout ratio(AWR) and the immediate washout ratio(IWR), were
suggested as a washout indicator. Seasonal mean washout ratios were highest in spring followed by summer,
fall, and winter for both washout ratios. However, monthly analyses showed that rainfall variables, such as its
amount, frequency, intensity, and the number of consecutive rainy days, did not have consistent correlations
with the washout ratios. The cumulative impact of consecutive rainy days, typically ranging from 1 to 4 days,
on the PMiy washout effect was also inconsistent. Study results indicated that the cumulative rainfall during a

rainy period and the length of a rainy period had only a limited correlation with TWR on the monthly basis.

Key Words : PMo, washout effect, aggregated washout ratio, immediate washout ratio
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1. Introduction

Particulate matter in the atmosphere is an impor-
tant component of the urban air quality and public
health, and it has a significant influence on climate
change(Dockery and Pope, 1994; Kaufman ez al., 2002;
Kwon et al., 2002; Davidson et al., 2005; Remer ez al.,
2008; Lee e al., 2009; Jeong et al., 2013; Jo et al., 2017).
Suspended particles, such as particulate matter with a
diameter <10pm(PM), became a serious concern in Ko-
rea due to their frequent threat to public health. It is well
known that PMy concentrations have a distinct seasonal
and spatial pattern(Lee ez 4/., 2011; Jeon, 2012; Kim and
Lee, 2013). Long-term meteorological records indicated
that the air quality of Korea was significantly influenced
by Asian dust, and more than 80% of Asian dust events
occurred in spring(Kim, 2008; Kim and Lee, 2013). De-
spite the strong influence of Asian dust on the air quality,
the number of Asian dust days is no more than 2% of the
whole year. It is believed that most of particulate matter
has anthropogenic sources, and more than two thirds of
PM.o comes from external origins(Lee ez al., 2011; Park,
2017).

The impact of pollutants from East China on the sea-
sonal air quality over the Korean Peninsula is substantial
due to rapid industrialization and agricultural activities
in the region(Richter ez al., 2005; Kim ez al., 2007; Lee
et al., 2005; Song et al., 2009; Lee et al., 2010; Lee er
al., 2011; Kim and Lee, 2013). Recent studies reported
that spring and winter were the most polluted seasons in
East China while the lowest PMo concentration was ob-
served in summer, which was associated with the Asian
monsoon(Qu et al., 2010; Wang ez al., 2015). In addi-
tion, significant correlations between the diurnal and
weekly cycles of PMio concentrations and human activi-
ties in metropolitan cities are a clear evidence of internal
sources of the pollutant(Jeon, 2003; Jin ez al., 2003; Jeon,

2010). These anthropogenic acrosols have typical radii

from 0.001 to 10pm, and their atmospheric lifetimes are
mostly less than a week(Haywood and Boucher, 2000;
Ramanathan ez 4l., 2001). Therefore, the short-term
behavior of PMyo concentrations needs to be treated as a
crucial aspect in the pollutant management of the urban
environment(Kim ez al., 2014).

Since airborne particulate matter has become a day-to-
day problem nationwide due to its broad geographic cov-
erage and persistent characteristics, more stringent regu-
lations on the levels of particulate matter concentrations
should be considered(Jo ez al., 2017; Zhang ez al., 2017).
In fact, daily statistics of PMio observations showed
that the number of days exceeding the World Health
Organization(WHO)’s standard(SOpg/mS) was 57.1%
and 41.6% in spring and winter, respectively and had
reached up to 65.9% locally in a metropolitan city(Park,
2017). To better establish air-quality standards for public
health and environmental security, intimate relationships
between atmospheric pollutants and meteorological fac-
tors have to be determined on various temporal scales.

The washout effect of rainfall on particulate matter
is an important mechanism of pollutant removal in the
atmosphere. Given the seasonally uneven distribution
of precipitation in Korea, understanding of the role of
precipitation in PMio washout is a critical issue of public
health in the region. Most previous studies on urban
PM.o dynamics focused primarily on the emission, trans-
port, and dispersion of PMyj in relation to meteorological
factors(Lee et al., 2011; Jeon, 2012; Kim and Lee, 2013).
However, an investigation on PMjo washout effects by
rainfall has been rare, and the spatiotemporal analyses
of PMp washout effects are very limited in metropoli-
tan cities(Lim ez al., 2012; Lim ez al., 2013; Kim et al.,
2014; Yoo et al., 2014). Lack of studies on PM,o washout
is in part due to the shortage of air quality data. The
national networks of PM1o monitoring systems were not
established until recently, and long-term PMio observa-
tion records are limited on the national scale(Park and

Choi, 2016). The washout effect of rainfall on atmo-
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spheric PMi was previously assessed by comparing the
PM.o concentrations of rainy days against those of dry
days over an entire year or multi-years in a cumulative
way(Lim ez al., 2012; Lim ez al., 2013). However, the
impact of individual rainfall events on PMiy concen-
tration changes could not be adequately evaluated by
the annually or multi-annually integrated relationship
between precipitation and PMo concentrations. Since
a washout effect of air pollutants is dependent upon the
temporal characteristics of precipitation, it is valuable
to consider the amount, intensity, frequency, and dura-
tion of rainfall in PMo studies. This study investigates
the impacts of rainfall episodes on PMio concentration
changes in Busan Metropolitan City(BMC), Korea dur-
ing 2001-2015.

2. Materials and Methods

1) Study area

BMC is the largest port city in Korea, and it is the
economic, educational, and cultural center in the south-
eastern region of the nation with its population of 3.5
million(Figure 1). The city has humid subtropical winter-
dry climate, and it is hot and wet in summer and cold and
dry in winter. The city’s annual mean temperature and
total precipitation are 14.7°C and 1,519mm, respectively.
More than a half(51%) of annual total precipitation is
concentrated in summer from June to August, while
precipitation in winter takes up only 7% of the annual
precipitation. Degradation of the city’s air quality is an
urgent environmental problem, and it is primarily due to
industrial development, urban sprawl, and the increase
of fine dust concentration. It has been reported that the
increase of the PMo concentration of the coastal city is
accelerated due to the emission of ships on the shore in

addition to the rapid increase of the traffic volume(Jeon,

2010).

2) Data analyses

PMio concentration records from 2001 to 2015 were
collected from the network of the air quality monitoring
system operated by the National Institute of Environ-
mental Research(NIER). Houtly records were averaged
for 24 hours to compute daily data, and monthly mean
was computed by averaging daily records if the number
of observations were 20 days or more per month(Jeon,
2010). For seasonal analyses, monthly records were di-
vided into four seasons; spring(March, April, and May),
summer(June, July, and August), fall(September, Octo-
ber, and November), and winter(December, January, and
February). PMio concentrations are strongly influenced
by the Asian dust especially in spring over the Korean
Peninsula(Chun ez /., 2001; Chun ez /., 2008; Kim and
Lee, 2013). To avoid the influence of Asian dust events,
PM data on Asian dust days were excluded from data
analyses. Daily precipitation and Asian dust occurrence
data during the study period were acquired from 12 au-
tomatic weather systems(AWS) and 1 automatic synoptic
observing system(ASOS) managed by the Korea Meteo-
rological Administration(KMA). Locations of weather
stations and PM1o monitoring sites do not correspond to
each other. For comparative analyses of PMo and precipi-
tation data, the closest weather station was selected for
each PMo monitoring site.

A washout effect refers to a process by which atmo-
spheric pollutants are removed by hydrometeors, such
as rain and snow, and deposited to the ground, and it
is quantitatively assessed by a washout or scavenging
ratio(Chate ez /., 2003; Hicks, 2005; Gonzdlez and
Aristizabal, 2012). Determination of the amount of
particulate matter removed by rainfall is a difficult task.
This is simply because rainfall events are a variable phe-
nomenon in terms of their amount, duration, frequency,

and intensity. Often, these rainfall characteristics vary
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Figure 1. Busan Metropolitan City. The locations of PMio monitoring stations are provided with the shaded-relief
image draped over the city

over time, and the concentrations of particulate matter
are not measured at the same geographic locations as
weather stations. Even during a rainfall event, separate,
multiple sub-events of rainfall may exist(Kim ez a/.,
2014). For comparative analyses between monthly and
rainfall-event washout effects, two separate rainfall-
washout indices were newly formulated for non-Asian-
dust days in this study. The first one is the aggregated
washout ratio(AWR). This ratio is based on the difference
between the mean PMo concentrations of dry(Cary_mn)
and rainy(Cuin_mn) days, which is then converted into its
proportion of the mean PMio concentration of dry days

per month:

AWR(O/O)= Cdryfmn_ Cmin,mn %

dry_mn

100

The second one is the immediate washout ratio IWR).
IWR is an individual rainfall episode-based measure,
and it compared the PMjo concentration of a rainy day
and that of a dry day(Cusy) preceding the rainy day(Crain).
Then, it computed the difference between the two quan-
tities divided by the PMy concentration of that dry day.
Then, individual IWRs were finally averaged over the

month:

Cdry - Cmin

dry

IWR %)= x100

When the impact of consecutive rainy days on the
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rainfall washout effect was evaluated, the mean PM,
concentration of the consecutive rainy days was used in

the computation.

3. Results and Discussion

1) Seasonal characteristics of PMjo

PMio concentrations on non-Asian dust days of BMC
showed an obvious declining pattern during the study
period(Figure 2). However, 36.8% of the city’s daily
mean observations(2,018 days out of 5,478 days) ex-
ceeded WHO’s 24-hour mean PM standard of 50pg/
m’. Seasonally speaking, 55.4% and 41.0% of the daily
observations exceeded the 24-hour mean PMjo standard
of WHO in spring and winter, respectively. By contrast,
the domestic PMio standard(100pug/m?) is much more
lenient compared to that of WHO. The number of days,
where mean PMyy concentrations were higher than
the national standard, were only 7.2% and 4.8% of all
observations under consideration in spring and winter,
respectively. Considering the significant discrepancy be-

tween the two different air-quality standards, it is urgent

to revise the national measures to better control the PMio
concentration over major urban areas in the nation(Park,
2017). Monthly mean records showed that the highest
PM.o concentration was typically observed in spring
(57.7+2.0pg/m’) followed by winter(49.6+2.5ug/m”’),
summer(47.0+2.0pg/m’), and fall(45.2+2.3pg/m’).

These interannual and monthly PMyo concentra-
tion patterns were not statistically correlated with the
distributions of annual and monthly precipitation,
respectively(Figure 3). Studies reported that the role of
precipitation in wet deposition had varied from month
to month in East Asia(Wu, 2014; Feng et al., 2017). The
seasonal frequency of high PMio concentrations(>100pg/
m?) was observed in the order of spring(7.2%) > win-
ter(4.8%) > fall(3.2%) > summer(3.0%), but the
their mean concentration was found in the order of
spring(118.6pg/m”) > fall(118.4pg/m”’) > winter(117.9pg/
m’) > summer(116.3pg/m’). Therefore, the seasonal dy-
namics of particulate matter in terms of its accumulation
and removal are very complex, and the impact of precipi-
tation on PM concentrations needs to be evaluated on
the basis of individual rainfall events.

A frequency analysis showed that PMo concentrations
ranging from 20pg/m’ to 60pg/m” were most common

and they accounted for 65.9% of all daily observations.
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Figure 2. Monthly mean PMy, concentration and precipitation(2001~2015)
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Figure 3. Monthly means of precipitation and PMic concentrations(2001~2015).
Standard error bars for each data set are also provided
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Figure 4. Frequency distributions of daily PM1o concentrations for industrial(Daejeo and Janglim),
commercial(Yeonsan and Deokcheon), residential(Jwadong), and mountain(Gudeoksan) areas during
2001~2015. Only six characteristic sites are selected for visual clarity

The mode of PMy concentration varied within the range
depending on locations. In terms of the distribution of
PM,o concentrations, skewness and kurtosis increased
as the mean PMo concentration of a location increased.
In other words, the distribution of PMio concentra-
tions skewed to the right and the peak of the frequency
distribution curve became taller with increasing PMio
concentrations(Figure 4). These descriptive statistics

indicated that land use characteristics were contribut-

ing factors of local PMo concentration levels. High-
level PMio concentrations were recorded in industrial
areas(Daejeo and Janglim), while mountain and resi-
dential areas(Gudeoksan and Jwadong) were associated
with lower concentrations. Commercial areas(Yeonsan
and Deokcheon) showed mid-range PMyy concentra-
tions. However, the relationship between land uses and
PM.o concentrations is not fully evident because the

spatial distributions of PMo concentrations had a west-
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Figure 5. Mean PMio concentrations in four different seasons. Data on Asian dust days were excluded.

high and east-low pattern, which is spatiotemporally
attributed to the influence of pollutants coming from
eastern China(Chun et 4/., 2001; Lee et al., 2011; Jeon,
2012). The overall levels of PMy concentrations changed
with seasons, but the typical west-high and east-low pat-
tern persisted throughout the year. PM concentrations
tended to decrease as the PM1o monitoring sites went

from west to east during the four seasons(Figure 5).

2) Impacts of rainfall variables

‘The number of consecutive dry days(CDD) before pre-
cipitation typically ranged from 1 to 7 days(76.2%), and

it was compared with the changes of PMo concentration.
Cumulative mean PM)o concentrations did not change
consistently over the year as the dry period became
longer. For instance, PMo concentrations did not show
an apparent increasing trend in spring or summer. In
fall and winter(October-January), however, cumulative
mean PM)o concentrations increased more consistently as
CDD increased. Unlike cumulative mean PMo concen-
trations, the maximum PMio concentration of a dry pe-
riod significantly increased with increasing CDD(Figure
6). Since the minimum PM,o concentration of a dry pe-
riod decreased as CDD increased, there were significant

variations of PMo concentrations during a continuous
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dry period.

It is obvious that the amount of rainfall is the most
important variable in the washout effect, but the im-
pact of rainfall on the washout process also depends
on the range of rainfall amount, rainfall intensity, and
the temporal phase of rainfall(Engelmann, 1971; Cas-
tro et al., 2010; Lim et al., 2013). The seasonal means
of both washout ratios were highest in spring(AWR
23.9£1%, IWR 17.9£0.6%,) followed by summer(AWR
20.1£1.0%, IWR 13.9£0.9%), fall(AWR 15.2+1.2%),
I'WR 9.4+1.2%), and winter(AWR 14.9+2.8%, TWR
7.4+1.3%). The washout ratios were highest in spring,
which is the second wettest season in the city. Daily mean
rainfall was 15.7+0.5mm in spring, and it is believed
that the amount and intensity of spring rainfall was high
enough to reduce a large amount of particulate matter

in the atmosphere. The washout ratios in summer were

120
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higher than those in fall in general due to the signifi-
cantly higher rainfall amount in summer(232.8mm)
compared to that in fall(84.6mm) (Figure 7). On the
other hand, the washout ratios were lowest in winter, and
it may be associated with its lowest seasonal rainfall and
intensity with the daily mean rainfall of 7.3£0.2mm.
Knowing that the second highest seasonal mean PM,o
concentration was observed in winter, this result has
an important implication for PMjp management plans
and policies of the city. The magnitude of external in-
put of PMyo is directly influenced by aerosol emission
from eastern China due to dominant westerly winds
in the region. Moreover, it is well known that most cit-
ies in eastern China have wintertime maxima in PMjo
concentrations(Qu ez al., 2010; Wang et al., 2015). Since
it has been increasingly reported that air quality in a

location could be affected by air transport of pollutants

(b) Summer
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Figure 6. Seasonal comparisons of maximum PMso concentrations with the increasing number
of consecutive dry days(CDD)
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from distant sources, the transboundary impacts of PMio
emission need to be assessed for proper PMio mitigation
policies in BMC(Jaffe ez al., 1999; Liu et al. 2009; Zhang
etal.,2017).

Monthly analysis results showed that the impact
of rainfall on AWR varied in terms of its amount, fre-
quency, intensity, and the number of consecutive rainy
days(CRD). Overall, rainfall amount and CRD had
a stronger correlation with AWR compared to rainfall

frequency and intensity(Figure 8). It is noticeable that

30

none of the four rainfall variables were statistically cor-
related with AWR in March, June, and July. In addi-
tion, an unexpected negative correlation was observed
between AWR and rainfall amount, frequency, and
intensity in December during the study period(Table
1). Knowing that December is the lowest month in
frequency(4.3days/month) of rainy days and the second
lowest month in rainfall amount(30.8mm/month) and
intensity(6.8mm/day), weak washout effects and atmo-

spheric inversion at the surface under cold environment
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Figure 7. Comparison between seasonal precipitation and two seasonal mean washout ratios, AWR and IWR
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Figure 8. Correlations between AWR and four different precipitation parameters
(rainfall amount, intensity, frequency, and CRD)
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Table 1. Pearson’s Correlation coefficients calculated between AWR and precipitation parameters

(amount, intensity, frequency of rainfall, and CRD)

Factors Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Amount | 0.240 | 0.440 | -0.056 | 0.451* | 0.569* | 0.130 0.007 | 0.334 | 0.449* | 0.083 | 0.610* | 0.503*
Intensity | 0.289 | 0.426 | -0.080 | 0.281 0.436 | 0.244 0.169 0.156 0.391 0.156 | 0.501* | -0.434
Frequency | 0.044 | 0.116 | -0.036 0.411 0.211 | -0.415 | -0.087 | 0.472* | 0.433 0.186 | 0.633* | -0.470*

CRD 0.625* | 0.304 | -0.094 | 0.644* | 0.123 | -0.171 | -0.217 | 0.392 | 0.530* | 0.368 | 0.607* | 0.465*

* Significance, p<0.05

may have contributed to the negative correlation in that

month(Jeon, 2012).
3) Impacts of individual rainfall episodes

The washout effect of individual rainfall episodes(716
rainfall periods on average) immediately after a dry pe-
riod was evaluated during the study period. Individual
I'WRs were averaged by month and compared with
monthly mean rainfall and rainfall intensity(Figure 9).
Their correlation was found significant from January to
July, but it declined afterwards. One unexpected result
was a negative correlation between IWR and rainfall
factors(both rainfall amount and intensity) in April. This
negative correlation means that immediate PM1o wash-
out ratios tended to diminish as the amount and intensity

of rainfall right after a dry day increased. Although this

is an anomalous outcome, the reason for this eccentric
relationship is unclear.

The length of a rainy period was expressed as CRD,
which ranged from 1 to 4 days in most cases(95.9%). The
cumulative rainfall during a rainy period and the length
of a rainy period had selective correlations with IWR
from month to month. The cumulative rainfall during
a rainy period had significant correlations with IWR in
January, June, and July while CRD was correlated with
I'WR in January, April, September, and December(Table
2). Statistically, neither the cumulative rainfall during a
rainy period nor the length of a rainy period showed any
significant correlation with IWR in February, March,
May, August, October, and November. This inconsistent
correlation between IWR and cumulative rainfall fac-
tors indicated that ambient atmospheric conditions, such

as winds, air pressure systems, humidity, and air tem-
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Figure 9. Correlations coefficients between precipitation and IWR
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Table 2. Pearson’s Correlation coefficients calculated between IWR and consecutive rainfall factors
(cumulative rainfall and CRD)

Factors Jan Feb Mar Apr May

Jul Aug Sep Oct Nov Dec

Rainfall | 0.853** | 0.414 | 0.044 | 0.340 | 0.270
CRD 0.555* | 0.289 | 0.053 | 0.571* | -0.066

0.641** | 0.509* | 0.370 | 0.401 | 0.352 | 0.501 | 0.017
0.156 | 0.403 | 0.454 | 0.556* | 0.237 | 0.157 | 0.524*

* Significance, p<0.05, **p<0.01

perature, should be further considered in the pollutant
washout process(Giri ez al., 2008; Jo et al., 2017). Shin et
al.(2007) analyzed PMo concentrations in Incheon, the
second largest coastal city in the nation, and concluded
that westerly winds and stagnant wind conditions were
strongly associated with high PMio concentrations. As
the largest coastal city in the nation, BMC tends to be
more vulnerable to air pollution caused by port activities
and sea breeze than any other port cities. Therefore, ad-
ditional effort should be sought to better determine the
influences of these coastal factors on PMy concentrations
and obtain more comprehensive understanding of PMio

dynamics in the city.

4. Conclusions

Study results showed that the order of seasonal PMio
concentrations did not correspond to that of washout ra-
tios in the city. Especially, both washout ratios, AWR and
IWR, were lowest in winter, when PMo concentrations
were the second highest for the year in BMC. The low
washout effect in wintertime is problematic for PM, con-
trols and management because high PM)o concentrations
in winter in East China may have an adverse influence
on the Korean peninsula due to constant westerly winds.
These seasonal and geographical characteristics of PMio
are crucial for the environmental policy-making pro-
cesses of the city. Unfortunately, it is very difficult to ac-

curately identify the external sources of PMio because the

pollutant is transported over long distances and spread
into broad areas. Anthropogenic pollutants are common-
ly mixed with natural substances, such as particles from
forest fires and the Asian dust, and it is often difficult to
trace back to their origins(Lemire ez 4/., 2002; Davidson
et al., 2005). This means that seasonal and international
perspectives are required for PMjo controls and manage-
ment of the city.

The washout ratios had inconsistent correlations with
rainfall factors. AWR measured how PMio concentra-
tions on rainy days were different from those on dry
days in an integrative manner, and it was influenced
more strongly by rainfall amount and the number of
consecutive rainy days compared to rainfall intensity
and frequency. On the other hand, analyses of rainfall
event-based IWR showed that the PMio washout effect
of individual rainfall events right after a dry period was
significantly different from the aggregated washout ef-
fect. Although I'WR had fairly similar correlations with
the amount and intensity of rainfall, the influence of the
length of a rainy period on PMio washout was not critical.
These short-term analyses of the washout effects indi-
cated that rainfall factors might play selective or variable
roles in PMo concentration changes. Since the overall
level of PMio concentrations is evaluated significantly
high in BMC against the WHO’s standards, individual
rainfall-based washout effects rather than seasonally or
yearly averaged ones should be considered more proac-

tively in the policy-making processes of the city.
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Abstract : There are a lot of effort for understanding geomorphic processes and providing scientific valuation
schemes of mountain wetlands. Geochemical properties of wetland sediments may be considered as signifi-
cant indicators for environmental condition of mountain wetlands. However we have not fully understood
these according to geomorphic setting. We intended to define geochemical differences between head hollow
type wetland and valley type wetland based on geomorphic setting. Our study site, Cheonchuksan (Mt.)
Wetland, is located in Wangpicheon basin ecology-landscape conservation area, eastern Korea and has four
sub wetlands. We divided four sub wetlands to head hollow type and valley type by its geomorphic setting.
There were significant differences in particle sorting, organic matter, pH, EC, Ca™, Mgz*, and Na' between

two wetland types. Sorting in particle size and pH of sediments from valley type were higher than those from

Differences in Geochemical Properties of Wetland Sediments Between
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head hollow type. On the other hand, organic matter, EC, Ca™, Mg*, and Na' from head hollow type were
higher than those from valley type. We also compared to geochemical properties between wetland sediments
and its adjacent soils. In valley type, there were a little geochemical difference, except EC and Na', between
sediment and soil. However, there were significantly differences between sediment and soil in head hollow
type. Organic matter, EC, Ca®, Mg™, and Na' of head hollow type wetland sediments were higher than
those of adjacent slope soils. These results show that valley type wetland sediments are linked with its adja-
cent slope soils, but head hollow type wetland sediments are transformed from its adjacent soils. This study
suggest that geochemical properties of wetland sediments should be significant indicators for geomorphic
condition of mountain wetlands. Furthermore, it gives useful idea for environmental management scheme
based on geodiversity of wetlands.
Key Words : mountain wetland, abandoned paddy wetland, wetland sediment, exchangeable cation ratio,
wetland classification
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M0 FH AMHELS| £

2 LOI pH EBC Ca** Mg** Na* K'
= (%) (S/cm) | (mg/L)? | (mg/L) | (mg/L) | (mg/L)
L2 E A5 H 6.76 | 480 | 26125 | 2094 3,44 6.04 5.85
27| 0=12) | mZAEx 3,63 | 037 | 14386 | 900 1.85 1.55 3.86
Loz a0y ot 524 | 513 | 21375 | 60,50 10,07 9.96 19.47
(n=4) EZEHA} 1.01 | 030 | 14.86 19,51 1.06 6.42 12,85
LA 5| A w 2424 | 452 | 420,00 | 2619 7.50 7.84 6.39
%7 | (@0=6) EFHA 1026 | 018 | 11851 | 1415 | 4.53 1.14 2,46
2 Zu Abg Hat 471 | 509 | 14833 38,31 10,56 24.62 26,51
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LA EHE Hat 1744 | 472 | 42567 | 5849 12,02 8.50 8.00
27 (n=6) H2A} 1327 | 007 | 8275 | 3399 748 1.88 2.13
3 Z Apm Bt 756 | 4.48 | 256,67 | 41.70 9,58 2249 | 2624
(n=3) EEHAL 338 | 017 | 10597 | 14,57 3,41 10.03 7.81
LA g AR Bt 14.33 | 538 | 24550 | 32,40 6.09 7.39 6.91
&7 | =12 REUA 13.67 | 0.40 | 10039 | 16,89 2.75 1.58 2.59
4 zw A Ht 1509 | 529 | 12700 | 5120 | 1030 | 1737 | 21.13
(n=4) FEHAL 2027 | 032 | 20,12 10,87 1.80 4,93 8.68
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—296—



400 7.00
33
o
— 300 5.00
2 g
u —
Ej 200 590
H iy
= 4 -
100 4.00 é 2%
o
0 3.00
T T T T T T T
2 3 4 1 2 3 4
=X =N
20+ 1,20
i 110
i) O?
1.00
-2
L L
i .,'I 90—
& 40 R
’ 33 A0
(]
_ B0 704
_.80 60
T T T T T T T
2 3 4 1 2 3 4
=3 =2
O 6. 5X|E E|XE U HREH
50,00 . 5.50 u
*
50007 - & 00 -
£ o
=~ 4000
0 550
= | T
Eﬁ] 3000 4 %
H 5.00 29
~ 2000 )
o H =]
10,00 4507
00 4.00
T T T T T T
3 4 1 2 3 4
=2\ =X
50000
_
E
% 400.00
3
2
O
W 50000
.00
T T T
2 3 4
=X

a8 7. 818 RIEEE

pH-ECS| MAt=H




y il
NS - RS

for

5 2014; £3.F, 2015), WA FA2¢)F FA|30] A

g om $A571 o AYE ks AL I 4= 9k,

3) x[gkdtol=2(Ca’™, Mg™*, Na*, K*)

o
o
T
)

Mo
ne,
rII
2
|o
fu
m
oQ
=
S
N
(e
1o
]
ofl

Fol2-2] ol vlsto] W2 Aol ATt ol
T A ol M Hirw ofef AR GRSl M

&= HISEsHA| 2eld Bt ltHe g A2 5, 2001: 2

23
120 &
100
—
o
= 80
om
E
&
S 40
Dﬁ
I I I I
1 2 3 4
=\
g
*
15
—_
o 11
K- o
£ 10
=
+
¥
5- 6
I ) | 1
1 2 3
=Xl

a8 SxE %

A& - DAL, 2012; £37 &, 2006; Bourbonniere,
2009; A1FE 5, 2014), A|Heol 2o FFo R
HeES o, AZAM5A]+= Poor Fen T+ Moderate
Rich Fen®l] #3}= 412 X 21tk (Bourbonniere, 2009).

BAREA A3k Ca*', Naf, Mgh'2 AR

ofgt pol & HAAT, K9 Aol APt #9

gk 2folg WolA| ehgltt, BAH g {28k Ca*,
Na', Mg} 9., 3t55tol] $12]3hL Qi %7130]
A B8 2T o2 SRS vlgf &S e B9
oF, W, AR A8k Qi AAIFE Bl
o] fEol diid o g wEA Y= = HA19]
B Al G mE whe kS ®lt), Shotyk and
Steinmann(1994)2 $5A] ol A Ca™* T} Mg 2] g2
A|3lpo] o)3) FFkol obl & Aaict. ol
E 2 B F5ER| A8k 51]32] - A5k
= &3S Bl EEFol o] R A, AR
£ 53 SRS T2 s ARl $IAIg 54
30
23
o
2577
C)
= 209
o
E 5
+
=
4 L i
Uq
| T T T
1 2 3 4
&1
129
9
- 104 =
=]
-
)
E &
%
=
.
4
I T T T
1 2 3 4
=N



19 113 Ca?* 3} Mg**o] &7 Uebehar 2 = ik,
AT 529k 57149] 79 o]t o] B
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Urban Informality in the Making:
Spatial Strategies in Gimpo, South Korea

Sangwon Chae* - HaeRan Shin**

20F: 2 A7 At AAslel g sk BRI B9IAE] T 2A £A] B FA (Utban in-
formaliey) 3} 489] 45 21Go] HehElt YL A ol 9I3) AEA ARYATHo] A2 T
sglow], ARAAT ] YAl Telst g WA 1950] Tt SRS ARt £ AL o)
St ol ZAITE, AA, A HIFARE B FAS 2ol ol TAE, o] v BAH w4 7
HoR Sejuth Yo ARolA] HFAE BA JTE AVYATH T TP sk o] FuFA ol
o, 212k SRR 2 el o8, g ARk WAl F1zel oJs) ulgAjste gk, B, EA B
FANS TIHE YRS FrAolch, xS Aol A FEHE FIAEEYAN, WA A, of
e AAske) Qo) Thgskia FhAekS Ao, ol olaf shE AU TS HAYeh S
OJAFE () BE/RHP) W] HAE Tg3te] AAUATH SrhE FEshe FRIL W92 =4
s, 2 Qe FART HI A0l AETAA 84S WAl H, FEHE WS HITANS FAT B
7 oh et FHIEE0 2 B o] ek 2 B ol AN, EAIAe 5 Bl Hojol] 7]ojich
FR0|: BA HIFAY, T, FRRE, S FEEA, AEYATY

Abstract : This study examines the expansion of the interaction between urban formality and urban infor-
mality as public actors’ spatial strategies. The research subjects are informal factories located in Gimpo, and
public actors involved in developing process of those factories. This study makes the following arguments.
First, the landscapes of urban informality arise as counterparts to the formalizing processes of public actors.
In contrast to the formality of industrial park management and work permit system, informal factories and
migrant workers make up Gimpo’s informal landscape. Second, public actors utilize urban informality as
spatial strategies in response to global competition. In particular, village leaders(eejangs) as semi-public of-
ficials play a leading role in the expansion of informal factories. By offering interesting insights into urban

informality and development of informal factories, this study contributes to the field of political and urban
geography.

Key Words : urban informality, spatial strategy, public sector, second-tier city, informal factories
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Abstract : A public-private partnership for sustainable forest management has been growing in importance.
This study aims to assess effective governance in national forest management that maximizes the ecologi-
cal and economic benefits of ecosystem services. Using the Multi-Agent System approach, this research will
examine the case of Gariwang-san, South Korea. This paper attempts to build and simulate various forest
management scenarios that range from government-led centralized (top-down) systems to community-based
decentralized (bottom-up) frameworks. For the target area in question, it is concluded that the optimal sce-
nario is a government-centered governance system with partial local community participation. This paper
contributes to ongoing research on quantitative empirical models for sustainable natural resource manage-

ment.

Key Words : Sustainable forest management, Forest governance, Multi-Agent System, Government-led

governance, Community-based governance, Gariwang-san
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A e] SO Anpd oA qEA T4
S ootA 3 71| Ostrom(1990) 9] X A3 &
A AHALTE g A olgkal & 4> gtk Ostrom
(1990) AlA &) g2 2 AUES T o= e

oz, 4305l s1elut A ol B A4
7INEE E A9 A8 S A A TPEE o) 4
So| geH o 45T HelF 4 U3

ek 71 Ak el SHoA s Ao 54
U= SBA7H A v H4E 7HAAL

) AAAE S FHORE o=
2 AAE sl EAESE A5k Hes)
= tHeHA] Wbl thgh A7 A &4 o2 gw
AcH(Dietz ez al,, 2003),

o] Tt &P A W o] Aol Matst= FAl=
AFAAR o FEE QAT Agrawal er 4l (2008)
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L BA9} ol gAkEe] S0t Z71EE A
of o 210 Z71513 9A, Mo gk 94l
o] A=A TR FAIT L WA RAATI ol
A3 982 BHelstelct, E3 §R) o] A
L o) Ak Aol wet T A R FE
o 4t ] AAZE A 71A] 2Fofl A Watstar ik
R, AA, EsE 9 A AL 7Rk AR A
HA 2 A= o] Wstolty, &4, Ab AWML A
Aloll Al7e] FRFo= QIgh Aa} gl ZfjQlstolrt, Al
A, A A o] gloja] 2 B (A H AR
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3. A

1) CIUIRIA AR BSo| &: Land—-Use
DynAmic Simulator (LUDAS)

AR o183 BRIT kA 2 el 4}
ol ofel GE 13 ek, wA] ARl e 2
oA A 02 ol 2] BYS FHAU el
of] tf 3t chel YAA A B 0 &2 H A E]= Common Pool
Resources and Multi-Agent System(©]3} CORMAS) 2.
2 Bosquet ez al,(1998)1] 2J3}) 7+ o], Purnomo
et al,(2005), Trébuil ez al.(2005) 5ol s Fdof

Alof Abglo] T2 A& & o] gt o] BE2 Ak =
O] o] S FALALEY] AT AES oSkt 2 S
T, HAE AE e o)of whE AbhE A 2]
W= o5k o] Z-8E U 1L 5 o] ®Fof| 7]
3193 Simon and Etienne(2010)2 AHH 4 o]35
AR5 oAb ela ma W S viejo] 4
HA QA G = 1P A Companion Modeling(©]
3} ComMod)E 7|¥5}3itt ©]= CORMAS®|| 7] %
sho] ek AP A O] Apde] ojAbA A of ¥Rt

5= e BY o R, o] FHO| g Ak e
AR50l A7 Zofste] ZAIES A4 95 2 Alu
e g vhgstal wrele AakE FalA JArE Aol
g-goh= oAPE A A Y AIAE(Decision Supporting
System) &2 28|11 i},

Le et al.(2008: 2010)°] 7H&7F LUDAS H3-2 5=
B A0S TAFO B ThoFst w0 —Alx| ke A
o] X]qof m A= FEFE Bz thY YA 2H]
Zgo|tt, LUDASE HIEH2] 38K Hong Ha)4-
O] npZollA FHAH 9 B ] Ao whet Ak
o] o8 A vhg-skaL, AupA o2 2pAgkof oy
g g AN 7A=AE £A57] Sl e &2
FoltHLe eral., 2008; 2010). LUDASE -FARH T2
Y QIAFA| 2] 7]9Ee] FTFOIARA A A 2 E] o] H] 3]
ALAeh @429} QI7F WAL A o® AT AE
= 545 ZIThE Aol AL, A E QI

Aok, 7ht, W % chopet Al elol 4 g-wof gt

o

ofr

Q2| PN - BN 58S IChatHs FN A TEY

(Le, 2005; Le eral., 2008; Miyasaka ez al., 2012). ©|
2ge w2l 5(2015), 3Es 5(2016)& VIt
o] AFE Bl TRE=O| 4| A Hrjol &
SE AL, 53O AR e At T of ] Al &
=7
]

2
&g
A

o

= 743o] Sl

|3 el o] SHolA X3 E A5y
A LEL A2 CORMASAH E HHH 28 AFgals
78-9-7F wkth, ey o] Aol A= LUDASE At
&5t Ao] egsiriar wekstglon 1 o) f= o
S Ak, A, AR o8 9 T SHHofA

H

o]

32

ARle] o

YA 9 4o] dhejo] CORMASETH LUDAS7}
§0]5}7] wjFolct LUDASO= CORMAS|A] &
HhodE ) oF WSIAFS o] 2] nhE HTHEF)T
o] ozojx) olo] utet Ak U] WIS
= S|

A 241 Aok 7¢ sﬂﬂx}~94 o]xl;ﬂo] S E-A
3

=

Sual *P% A3t 7%H1Ldi ﬁ%é ‘ﬂ@%}htﬂ £
Rt 4], LUDAS+ A}I3HE 9] @
71712 A2 0] YQRFZ A H(Le ez al., 2008).
o ‘E‘ X]—ﬂ?_]'%} _8_/\_4 £X4 O] tﬂﬂ___ Z} H]—OE] O}EE
AA o] 9lo] ArATHH 2 Q17ke] AFEARgo gt
WAL} of g} ThY QIAA|AE] mgof| H]aA] & d
Het= Aol AtHLe eral,, 2008; BF=7 5, 2015).
AR, gkt d cheket e A1 21E 7H o
285 vp7} Qlrh= o] 9tk CORMAS AlE W
2] A EA AL A= FdotAlo}, Ha B8 5
Ao oA g FH el A7t Wt (Purnomo et 4l
2005; Trébuil ez al., 2005). ¥FH LUDASE 2tf - of
Ao - G vt ofy el AxA G hFo R A
7b X3 vp glom, gh=re] Aty o] 4 e
of thgt Aol e A-8-=| St} (Bh=%1 5, 2015; 3%
%5, 2016).

o]} Zro] T AA| A, T12]31 LUDASE o
] A AAZE ARARIAE H7tsh=
EO2 FE&HA AR 5= S A= e
Tol A Fagh AR FAFE R
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o
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Common Pool
Resources and
Multi—Agent
System
(CORMAS)

Bosquet ez al,
(1998)
Purnomo et al,
(2005)
Trébuil et al,
(2005)

A EALSF
BEEE R Lk
— tolAlo} QPAHQIE YA}, Bl B8 kg
A4 Aol gt 23
Porte] | - Ak 2l ofaARRe] AHEA-E-S B ofalr
AN T

~ ARdolq HE Qs 29 X0 ASo|

oG A Halst=Aof HefA A

Companion
Modeling
(ComMod)

Simon and
Etienne(2010)

- Ll SR A9 A i

Qo et | — CORMASS B2 Hojddg 9 X35 7t
oA M | - s Rt AT} Ak A e o) 24

QIR . |

A2 2 st sk 54 2y

Land—Use
DynAmic
Simulator

(LUDAS)

Le er 2l (2008)

Hr=7] 5(2015)
354 5(2016)

~ Ahigige] 54 B4 Yol: gkt 84 42k

9B | o BAS mA
9]

THAA) | - 2 9IRh0] §3 ofol w2 BAH B w
A | oA 4o Belo] e, Aael Ay
2 sjo} ol

AR H(2013), HeRl 5(2015)9) Y82 4 - ek

&}
23 ETE 28T 4 U Ea, AL
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Fu a50] 27] 28 Aoy, A

At Hagh Abole] glejo] 42 FrEE A4
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v, e A] 27)2700] Aol } MARICHE T2
stod, mel AU FRAH] v & vliLel
A} 274 (Z-score) = 3} 3= O 2
& ARESIATH (& 5, 6, 19 3). 1|3l AUR
A(ANOVA)S ARg-sHo] Alute] @ Al 2ol 9]
A e vlwstgon], choyst Alubel ee] 2
= v doksl= EAIA Eu)| 24744 (Bonferroni
Analysis)& AHg-5t0] o] 5] AIREA Q] F-o)40-& A
HRTHEE 7).

i
= e

111
et
o}m iis

5. AlLf2| E MElAIMH|A ZHR|HE @ ol AT

A A A B2 7R s} FUl gk AU (1 R ~ 5 =)
(KRW/900) Adeler | Adder | avdes | Avdes | Augdes
A B 11,104.17 11,136.42 11,115.88 11,130,92 11.058.17
EZEHAL 115.47 122,71 125.53 83.69 146,91
afotu)e] B 3.762.68 3,849.18 3.677.97 3,800.87 3,762.15
EFEA} 397.90 352.70 465.80 443,07 517,32
Ba1) Bt 11,667.59 11,666.37 11,667.13 11,666.76 11,663.83
FHAE 10.22 797 8.41 6.53 739
2ok Bt 13,271.26 13,272.77 13,271.37 13,272.44 13,270.81
FEER 6.00 491 516 5.10 476
sjzg] KA 14,481.27 1452750 |  14,608.13 14,551.25 14,300,31
R} 397.94 399.51 299,12 210,11 303,82
* mo] Aulgro] 28 S A f 8o AXE= H oz Tt
H 6. AlLt2|R & 7t7E ASHSE mo|Zap
N AE W) FHl vd vt e (1 Fe ~ 5t &2)
AEl e 1 Aute|e. 2 A9 3 AUl e 4 AU 5
XA S7HE) 9.704% 12,676% 10,117% 10,342% 9,181%
s —0.58 —0.24 —0.05 -1.02
sjetulg] S7HE() 11,347% 12,207% 10,474% 13,814% 11,389%
35 —0.44 122 175 041
QA1) 57HE(%) 10,486% 7.593% 8.215% 9.997% 3,280%
735 1.01 ~0.13 0.12 0.82 L8l
ot S7H&(%) 7,912% 10,878% 10,232% 8,249% 6.907%
734 —-0.62 0.94 ~0.39 ~130
sz 7+ (%) 10,294% 13,030% 8,956% 7.539% 11.260%
ik 0.04 —0.67 -1.42 0.55

* mo) Zaigrol £25%
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(a) HEHAH MHE| A 7K EHSHKRW/900m")

BAL2le 1 BAL222 BAL22 3

22| FR

&

4

12

(b) 7b1E 2S5 HEHZ(100%)

Bey

AlLigle 4 WALI2|2 5

O3 3. 29| X|HTAol| et AlL2| At MAI=8

H 7. AUz|e Zntof cist L-AEAEM(ANOVA)Z Tt
A A A H| A 7EA 3t 7HE AR
A A2
Fgt P3t Fgk 4%
AR 1.269 0.288 0,394 0,812
st 2] 0,390 0,816 2.283 0,066
e 0,611 0,656 1.494 0,210
%o 0,487 0,745 0,712 0.586
ks 2,406 0,055 0.757 0,556

1) EAIME|A 7ER|HE}

Aluhe] o AEfA A E) A TR B (B Sy 9
(L9 3(a)y 1} 2ok, 2] A AR o] e A A H|
29] 7}2) = T H A (900m) G OF 179+l 4] 543F
A 7FFe] Hx g Holn A3 HA Hi o9
HAT oF 308k 7heFolt}, w9 S(20d A £)
A AR 2 9] 7R 27] 2704 &9 HAE
oF 4,0009~15,000¢ 7} 5 AR E&E 9
t}. o] A= AR Hof gt

X

A3} 27te) BEAAE ARG 5~3008

2 3] 919kt ol o] A efe] AR AA I 74X 7}

of2] 7kA] 2ol = &stal A7
T S 4 ek,

AEAM B2 ZEA7E AA] obAA] 2 ol
7R R ST AR, 2 Aol A A A Y]
2 7HA] &4 g2l Costanza er 4l (1997)2] HE L
3o] 215 4] o] 4:0] Aol 1B WakE 4
gsil wreela) £ae TRsAol ol WY mae
Az A age] Wste] e 54 A48T Bes)

7¥R| 7} R El= A AR 847t Fad17] wiof 2h
AgHg o] Malrp A HdS o vk =4, o
TR W 2Fe13HE 2] 3]4E-2 (resilience)©] 217F2] Ak
R 0] 8512 Qo] AR 7}

2] WS} 27 ke 4 9lrk, B w4 Fz ol
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The Place Experience through Travel Programs
- Focused on <Shin Seoyouki(The new Journey to the West)> Series-

Sora Kim” - Byungmin Lee**

Q0 ofd =R Aas AAstal A AU 4= vk ¥ ZRo] dAY] AaE AR
T3 E = (culture contents) ¥ ¥ 9 s 4lo] Dasith, of AT B2 HALEIHA Aas WA 22
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M7= F=19] A 2318 4] A& (place representation) T A4 7 8 (place experience)S 53F¢] %1
7473 (authenticity) & Ho|ETh SAAES VA S ol2hz ol Solo] AL B3 o] NPT B4
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Abstract : Travel programs will be able to represent a place and help let you experience a place as well. It
represents an actual place. Therefore, it is necessary to interpret view points of all culture contents. The pur-
pose of this study is not to view historical and cultural places as tourist resources or placenessless, but to raise
awareness of preservation and protection, and to view them as authentic places. The emphasis is on the recog-
nition of the place itself, rather than the commoditization of it, as a means of commercial tourism or tourism
itself. Travel program “Shin Seoyouki(The new Journey to the West)” enhances the place experience through
the representation of the authenticity of historical and cultural places in China. The performers effectively
reproduce the topography and characteristics of historical and cultural places through the play of mission
performance, and make the aesthetic experience of the place through play. We will discuss the authenticity of

the place experience through the cultural contents interpretation of the travel program.

Key Words : culture contents, travel programs, shin seoyouki(the new journey to the west), place representa-

tion, place experience, authenticity
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whel, olRe ofn] e A9IE ol SEA R
g SA|A 02 AYsHE Aolet 2 4 it

o gt FE> F= A XH@(representa—
tion), 1ol (language) B oh= F7toA =7]= 44
(affect) oIt T2} (sense), A (event), 434 (perfor-
mativity) A7} o 74T (Thrift, 1996; 2008), A4
(Knowledge) o1t =2 (materiality), 713 -4} o]
Y2t g AEA Rk Y/ S (everyday rou-
tines), YA|Z ¢l “j_]"a"(fleeting encounters), A3} &
Z] 9} (embodied movements), %A%l A 7] (precognitive
triggers), A-84Q1 714 (practical skills), A4 7=
(affective intensities), A|<52]¢] %-E(endurmg urges)
HH S A& 28 (unexceptional interactions), 742}
Q1 7]# (sensuous dispositions) T} -2 24|24 A4 3}
A 0] )cH(Lorimer, 2005, 84). AMAZ ZHHPL Aa
dlAro.2 vhek o] o) Pt olpto] ik, 4
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P E A AR e Qs Ao B
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2l yg7o] &

R P
Slo} A1 A o] AHAITHY] =L olokr| S AY
AFSHE 5014

Y ol= Z o) o]%l:}(i@{f—, 2015a,
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Abstract : This paper aims to figure out the changing aspects of chinese public housing policy after housing
commodification at 1998, and examines Beijing municipal’s ‘Baozhangfang system’'which is public housing
policy that shows local government’s autonomy and identity. Baozhangfang system is established by central
government and Beijing follows this. Simultaneously, Beijing transforms the central policy into local policy
reflecting regional specific features, so the central government’s reinforcement of publicness of Baozhangfang
is changed into the continuance of marketized policy at local level after 2007. That is why marketization of

Baozhangfang lasts on along with the local government-driven developmentalism.

Key Words : housing system, public housing, baozhangfang , marketization, local government
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