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Abstract: Increasing precipitation by climate change and the growing number of impervious areas
present greater risk of disaster damage in urban areas. Urban green infrastructure can be an effective
mitigation alternative in highly developed and concentrated area. This study investigates the effect
of various types of urban green infrastructure on mitigating disaster damage in Korea. Tobit model
is used to analyze the factors that determine disaster damage. Damage variation is predicted
with scenarios of RCP 8.5 and urban green spaces. Seventy-four districts and counties in seven
metropolitan areas are defined as the unit and the period from 2005 to 2013 is considered in the
analysis. The results indicate that higher urban green ratio, sewer length, financial independence
rate, and local government’s budget are relating to lower disaster damage. Based on a precipitation
level of RCP 8.5 scenario in 2050, an increase in economic damage is expected to range from 262 to
1086%. However, with an increase in urban green ratio by 10%, increased economic damage is only
expected to range from 217 to 1013%. The results suggest that green spaces play important role to
mitigate precipitation related disasters. Highly concentrated urban areas need to consider various
types of urban green infrastructure to prepare for an increase in precipitation due to climate change.

Keywords: climate change; disaster mitigation; urban green infrastructure; Tobit model;
Korea metropolitan areas

1. Introduction

Nowadays, climate change issues are frequently associated with global warming, extreme
precipitation, and sea-level rise. The cause from continuation of these perilous events can be significant
for the countries and regions with highly concentrated population and economic activities. A growing
number of countries are recognizing and experiencing uncertain risks associated with natural
phenomena related to climate change [1]. International institutions, such as the Intergovernmental
Panel on Climate Change (IPCC), provide assessment reports and policy recommendations related to
global climate change. According to Climate Change 2014 Synthesis Report from IPCC, more countries
and regions will likely suffer a greater frequency of heat waves, heavy precipitation, and increasing
sea-level rise. They also warned that recent climate-related extremes will present significant
vulnerability and exposure to the ecosystems and more human systems to current climate variability [2].

Korea is one of the countries who repeatedly suffers from extreme precipitation, typhoons,
and heat waves, especially during the summer [3]. Even with their great economic success,
vulnerability and risks in many parts of the country have also been increased due to many
transformations in their infrastructure, natural capital, and social environment. The major metropolitan
areas in Korea are inhabited by more than 60% of the total population with high concentrations of
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infrastructure and economic systems. Therefore, with the major natural disaster events, these areas are
highly vulnerable and likely to suffer greater economic losses than other regions of the country [4].

According to the National Emergency Management Agency (NEMA) in Korea, 85% of disaster
damage in the past 20 years has been caused by typhoons and extreme precipitation. The intensity
of damage has been increasing in recent years, and many of the damages are concentrated in the
metropolitan areas [5]. As climate change progresses, the frequency and intensity of natural phenomena
are likely to continue. It then becomes necessary for urban planners and policy decision makers to
pay more attention to effective mitigation methods to reduce impacts and prevent the risks of hazards
through proactive measures before disasters occur to minimize the damage. However, the growing
expansion of urban areas and development at high density causing higher exposure to the greater
risk for stormwater runoff with increasing impervious areas and decreasing areas for retention basins.
It is important for Korea to reshape ongoing development activities in the light of climate change
mitigation and tailor climate change activities in support of positive development outcomes [6].

Traditionally, sewage facilities and retention basins are utilized to reduce the precipitation
damage. However, with the recent recognition of the importance of resilience as part of the sustainable
development, mitigation strategies have been shifted from direct development of prevention facilities
to more of an urban planning prevention approach. It is now necessary to develop the capacity for
social, economic, and ecological systems to absorb, adapt, and maintain practical responses to face
the risk imposed by climate change and natural disaster. As a result of this change, Low Impact
Development (LID), Sustainable Drainage System (SuDS), and waterways are used in urban planning
to reduce the stormwater runoff and minimizing vulnerable areas. Particularly, LID and SuDS have
received continual interest in their approach utilizing various types of green spaces and minimizing
the stormwater runoff in urban areas [7,8]. Adopting LID and SuDS can be ideal, especially in highly
developed and concentrated urban areas, and can increase the function of permeability and stormwater
retention with the various types of green spaces.

Urban green infrastructure has the ability to improve air quality [9,10], mitigate the heat
island [9–12], and reduce stormwater runoff [13–16]. Pauleit and Duhme [17] found that the infiltration
rate of stormwater is 18.7% when the impervious pavement area ratio is 65% in the residential
area of Germany, whereas the infiltration rate is 6% when the impervious area ratio is increased to
95%, respectively. The increase of impervious area from urbanization prevents the stormwater from
infiltrating the ground, increasing runoff that leads to flooding. Therefore, various types of urban
green infrastructure can be utilized as method to increase infiltration ability of the land and reducing
the rainfall runoff [12,18–20]. Zhang et al. [12] found that the urban green spaces in Beijing, China
could control 17% to 23% of the rainfall runoff annually.

Because of the difficulty to securing sufficient spaces for new parks and open spaces in urban
areas, conventional types of greening may not be suitable. As alternatives, various types of greening
can be considered such as street trees, gardening, waterfront and rooftop and wall greening [18,21].
They can be effective green infrastructure in reducing stormwater runoff, even as a small proportion of
green space in an urban area [15,22–24].

In this context, the objective of this study is to understand the factors affecting disaster damage
and analyze the effect of urban green spaces on disaster mitigation. National Urban Forest Statistics in
Korea defines various types of urban green infrastructure (i.e., street trees, rooftop greenery, wall greens,
parks, and mountains). In order to investigate the effect of urban green infrastructure on disaster
damage mitigation, the variations of damage are estimated under the different range of urban green
space ratios and climate change scenarios. The spatial range is set within 74 districts and counties in
7 metropolitan areas in Korea, and the time period from 2005 to 2013 are considered in the analysis.
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2. Materials and Methods

2.1. Tobit Model

The Tobit model proposed by the economist Tobin [25] is commonly used when the observations
of dependent variables take censored data. If the limited values (censored data) are included in
dependent variable, then the estimator by the ordinary least square (OLS) is biased and inconsistent.
The Tobit model can be used, in this case, to control the censored data and solve problems [26].

The dependent variable used in this study is the disaster damage. A natural disaster is an event
that occurs irregularly in different regions and different period of time. Therefore, it is likely that some
regions and some years have no disaster events such that the data have the ‘0’ values. In order to
reflect these censored data with limited values, the Tobit model is suitable for the analysis.

The general regression function of the Tobit model is shown in the equation

y∗i = x′i β + εi, i = 1, · · · , N (1)

where y∗i is a dependent variable, which depends on independent variable xi via a parameter β and
normally distributed error term εi is an independent variable. The dependent variable y∗i is indirectly
observed by yi as in Equation (2).

yi =

{
y∗i , i f y∗i > 0
0, i f y∗i ≤ 0

(2)

Equation (2) indicates that the dependent variable y∗i is observed when y∗i is greater than 0,
otherwise 0 when y∗i is same or less than 0.

The Tobit model is estimated with the maximum likelihood method (MLM). The MLM calculates
the parameter that maximizes log-likelihood function. The log-likelihood function for the Tobit model
can be expressed as in Equation (3).

logL
(
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)
= ∑

yi=0

log
(

1−Φ

(
x′i β
σ

))
+ ∑

yi>0

log
[

1
σ

φ

(
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σ

)]
(3)

Because of nonlinearity of the Tobit model, the estimated coefficients are not the marginal effect
of variables. Therefore, the marginal effect of the Tobit model can be estimated with the equation

∂E (y|xi)

∂xi
= βRe f

(
xiβ

σ

)
(4)

where Φ
(

xi β
σ

)
is the probability that y∗i is not observed as 0. The marginal effect obtained with

Equation (4) allows us to recognize the degree of the change of specific variable that affects the change
of dependent variable when other variables are constant. By estimating these marginal effects of each
independent variables, the changes in disaster damage due to changes in precipitation and urban
green infrastructure ratio can be predicted under the climate change scenarios.

2.2. Data

This study covers 74 districts and counties in 7 major metropolitan areas in Korea including Seoul,
Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan. These areas occupy a minimum of 14.30% to a
maximum of 60.21% with urbanization area, which is very high compared to an average urbanization
area of 3.04% in other regions. Therefore, it is ideal to explore these seven major metropolitan areas
with the highest ratio of impervious areas and development. The range of the study years is from 2005
to 2013 in order to reflect the recent change of climate phenomenon and damage patterns in Korea.
The variables used in the analysis are shown in Table 1. These variables are selected by referring to the
related previous studies.
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Table 1. Variable description.

Classification Variable Explanation Unit Data Source Reference Sources

Dependent Variable DAMAGE Disaster damage per km2 million won National Disaster Information Center

Independent
variable

Green Factor UG Urban green infrastructure ratio (Total green area (km2)/total city area (km2)) % National Urban Forest Statistics [15,19,20,23]

Climatic Factor

ATP Annual total precipitation mm

National Climate Data Service System [17]HHP Max. hourly precipitation ratio (No of days w/hourly precipitation of more than
30 mm/total no. of categorized precipitation days) %

WIND Maximum wind speed days ratio (No. of days w/higher than 13.9 m/s
winds/total no. of categorized windy days %

Vulnerable Factor
IMPA Impervious area ratio (total built-up area (km2)/total city area (km2)) %

Korean Statistical Information Service
[27,28]

RIVER River area ratio (total river area (km2)/total city area (km2)) % [29–31]

Preventive Factor

SEWER Storm sewer length ratio (total length of storm sewer (km)/total city area (km2)) % Environmental Statistical Information
Service

[31,32]

BASIN Retention basin capacity ratio (retention basin volume (m3)/total city area (km2)) % [33,34]

FINANCE Financial independence rate %
Ministry of Interior [35]

BUDGET Annual budget billion won
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As a dependent variable, the disaster damage is the total amount of annual damage (in Korean
won) and is provided by Korean national disaster information center. The amount of damage for each
year from 2005 to 2012 is adjusted with the real value by using the inflation rate with a based year of
2013. In the report, the data indicates that the larger areas are expose to greater risk to the disasters
and the damage. Therefore, it is necessary to re-scale the damage amount by the size of area (km2) and
use the unit with total damage amount per km2.

Independent variables are categorized with four main factors depending on the properties
of each variable: green, climate, vulnerable, and preventive. First, the green factor is the urban
green infrastructure ratio, which refers to the proportion of urban green infrastructure areas in each
metropolitan area. The urban green infrastructure areas are based on the National Urban Forest
Statistics (NUFS) where they defined these areas with various types of urban forest. The NUFS is
published biannually by Korea Forest Service since 2005 and provides urban forest statistics on a
city and county basis. Urban forests are regulated on the basis of two laws: Act of Forest Resources
Establishment and Management and the Act of Urban Parks and Greenery. The mountains and
natural recreation forests within urban areas are part of these regulations and play an important role
in minimizing and preventing disasters. However, they are not considered in the analysis because of
inflexibility of these areas in urban planning process to change the urban green infrastructure ratios.
It is the objective of this study to observe the effect of change in urban green infrastructure ratios
through planning process, such as increasing rooftop and wall greening and roadside greenery, on the
disaster damage.

Climate factors include annual total precipitation, maximum hourly precipitation ratio,
and maximum wind speed ratio. These data are provided by the Korea Meteorological Administration
(KMA) and are observed through the Automatic Weather System (AWS) at approximately 460 locations
nationwide. Actual observed data are used for the study areas with AWS sites, however the average
data of neighborhood districts are used for the study areas without AWS sites.

Vulnerable factors consist of impervious area ratio and river area ratio that can stress the disaster
risk in urban areas. The impervious area is the total area with hard infrastructures, such as buildings,
factories, and roads, with impervious pavements and less infiltration function. The river area is the
total area of rivers in each study area. Both built-up and river area data are provided by the Korea
Statistical Information Service on national land use.

Preventive factors refer to physical and financial factors for disaster prevention. The physical
factors include storm sewer length ratio and retention basin capacity ratio, which are commonly used
disaster prevention facilities. The storm sewer length is the combined length of double type sewer pipe
and rain water pipe lines, whereas the retention basin is the total capacity of retention basin located
in each study area. Financial factors include financial independence rate and annual total budgets of
local governments, which is provided by “overview of local governments integrated finance” report
from Ministry of Interior.

3. Results

3.1. Factors Effecting Disaster Damage in Urban Area

The Tobit model is used to investigate the determinants of disaster damage in urban areas.
The significance of the estimated model can be verified by the Likelihood Ratio (LR) Chi-Sqaure test.
The test statistics results shown in Table 2 indicates that the value of LR Chi-Square statistics is 151.38,
and the null hypothesis that “all the estimation coefficients are 0” is rejected at the 1% significance
level. Therefore, estimated Tobit model is statistically significant. Among the 370 observations,
202 observations are censored. The variance inflation factor (VIF) and the tolerance can be used to
test the multicollinearities. The values of VIF and tolerance of the variables presented in Table 3 are
less than 3 and higher than 0.5, respectively, indicating that there is no multicollinearity problem in
this model.
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Table 2. Test statistics of the Tobit model.

Classification Statistics

LR Chi2 (10) 179.98
Prob > chi2 0.0000
Pseudo R2 0.1232

Log likelihood −460.5568
Number of Observations 370 (202 censored)

Table 3. Estimated results of the Tobit model.

Classification Variable Coefficient S.E. VIF Tolerance Marginal
Effect

Green Factor UG −0.0738 * 0.039 1.36 0.73 −0.0371

Climatic Factor
ATP 0.0142 *** 0.0017 1.65 0.61 0.0072
HHP 1.0466 *** 0.3837 1.74 0.57 0.5261

WIND 0.1724 *** 0.0451 1.29 0.77 0.0867

Vulnerable Factor
IMPA −0.1953 *** 0.047 6.95 0.14 0.0982

ln(RIVER) −0.3771 0.2283 1.21 0.83 −0.1896

Preventive Factor

SEWER 0.0002 ** 0.0001 6.56 0.15 0.0001
ln(BASIN) 0.0686 0.1028 1.45 0.69 0.0345
FINANCE 0.0304 0.027 1.40 0.71 0.0153
BUDGET −0.0110 *** 0.0047 1.59 0.63 −0.0055

cons 5.9047 2.3204
sigma −0.0738 0.3626

*** p < 0.01, ** p < 0.05, * p < 0.1.

The estimated results of the Tobit model are shown in Table 3. The estimated coefficient for urban
green infrastructure (UG) ratio is negative and statistically significant at the 10% level. This results
indicate that the change in UG ratio will have a positive effect on mitigating the disaster damage.
The marginal effect also shows that 1% increase of UG ratio reduces the disaster damage by 3.71% at
an average condition. This result is consistent with the results in previous studies of Kim et al. [19],
Farrugia et al. [24], Mentens et al. [15], and Gill et al. [36]. They suggest that urban green infrastructures
and spaces, such as street trees, rooftop greenery, parks, etc., can reduce the stormwater runoff and can
be used as an alternative strategy to mitigate the disaster damage in urban area.

The estimated coefficient of all three variables (ATP, HHP, and WIND) of climatic factors are
positive and statistically significant at the 1% level. The HHP has a greater influence than ATP on the
increase of disaster damage. However the standard deviation from the baseline of ATP is 273.01 mm
and of HHP is 13.40 mm that the variation of ATP is larger and the degree of its effect to increase the
disaster damage is greater. On the other hand, the WIND showed an 8.67% increase in disaster damage
with an increase of 1% in the ratio of strong windy days with respect to the total number of categorized
windy days in a year. The characteristics of disaster in Korea are often accompanied by strong winds
and heavy rainfall. Therefore, it is expected that the effects of increasing in both the rainfall and the
wind speed simultaneously will have the greater effect on total disaster damages in Korea.

Two variables corresponding to the vulnerability factors, IMPA is statistically significant with a
negative coefficient, and the coefficient value of ln(RIVER) is negative and not significant. The extent
to which disaster damage changes with a unit change can be large by IMPA. This is unexpected result
that the disaster damage is increased by 9.82% for 1% increase in the proportion of impervious area
with respect to the total city area. This result is not consistent with previous studies of Choi [37] and
Choi and Seo [29] that the change of urban land use with increasing impervious area leads to the
greater risks of disaster damage. River areas are generally classified as disaster prevention facilities
in urban areas. However, in the case of heavy storms and rainfall, the damage can increase with the
high levels of river that cause flooding in the vicinity near the rivers. This may perhaps explain the
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insignificance of ln(RIVER) variable in the estimation. The result in the study of Choi [37] derived the
river area is a factor to increase the disaster damage.

All preventive factors, except ln(BASIN) and FINANCE, are statistically significant at 5% level.
The retention basins are conventional disaster prevention facilities in urban areas [38]. The results
show that 1% increase in ratio of the length of sewer lines with respect to the total area of the city can
reduce the damage by 0.01%. Insignificance of estimated ln(BASIN) coefficient can be explained with
insufficient capacity design of the retention basin. Consistent urbanization and heavy rainfall cause
runoffs exceeding the previously established retention basin capacity that results flooding damage near
the retention basin area. Kim [39] and Jeong et al. [34] explained that the cause of degraded disaster
prevention function of retention basin is due to insufficient capacity design that does not reflect the
consistent progress of urbanization. For these reasons, it is necessary to design an effective disaster
prevention facility in preparation for extreme rainfall due to climate change.

If the SEWER and ln(BASINS) are physical factors of prevention, then the FINANCE and BUDGET
are economic factors. Only the BUDGET is statistically significant at a 1% level and has a positive effect
on reducing the disaster damage. Insignificance of estimated FINANCE coefficient can be explained
with an inconsistent relationship of financial independence with the investment in disaster mitigation.
The results show that 1 billion won (US$909,090) increase in annual budget can reduce damage by 0.55%.
This results can be interpreted that the size of financial resource allocation for disaster prevention
programs and facilities is closely relate to the capacity of disaster prevention. Kahn [35] study also
suggest that the cities with strong financial position can respond to the disaster more effectively,
thereby reducing risks with more investments in facilities and activities for disaster mitigation.

3.2. Prediction of Damage under Climate Change Scenarios

According to the Korea Climate Change Report, the average annual precipitations in Korea are
increased by 162.84 mm in the past 30 years [40]. This increase in precipitation level is nearly four times
compare to the global average, and it is expected that this trend will continue because of persistent
climate change. Therefore, it is important to understand and predict the range of precipitation levels
with the possible climate change scenarios.

IPCC addressed in their fifth comprehensive report of climate change that the extreme climate
phenomenon with heavy storms and typhoons are likely to occur in coming years. They predicted
that extreme precipitation will occur more frequently in most of the mid-latitude continent where
Korea is located, and its intensity is likely to increase based on Representative Concentration Pathway
(RCP) scenarios [2]. Among the four scenarios (RCP 2.6, RCP 4.5, RCP 6.0, RCP 8.5) adopted by IPCC,
RCP 4.5 and RCP 8.5 scenarios show a 4.1% and 5.9% increase of precipitation in the second half of
21st century compared to the precipitation level in the last 30 years.

This study pursues to estimate the disaster damage by applying the projected precipitation to
the estimated model in the previous section. RCP 8.5 scenario is the most extreme scenario among
the four RCP scenarios, assuming that current greenhouse gas emissions trends continue without any
reductions. Under the RCP 8.5 scenario, the precipitation of the metropolitan areas in Korea is expected
to increase by an average of 532.5 mm through 2050. Table 4 shows the results of precipitation and
disaster damage change in each metropolitan area using the estimated marginal effects in Table 3 and
the projected precipitation change under the RCP 8.5 scenario.

According to the results, the largest increase in damage occurs in Busan when annual precipitation
increases under the RCP 8.5 scenario, followed by Ulsan, Gwangju, Seoul, Daejeon, Daegu, and Incheon,
respectively. The expected damage in Busan is estimated to increase by 1098% compared to the current
level of damage. This result is due to a relatively small amount of current precipitation in Busan, but,
under the RCP 8.5 scenario, their precipitation is expected to be the largest in 2050 compared to other
major metropolitan areas. In addition, according to the status of the metropolitan areas shown in
Table 5, the extreme wind speed and lower financial independence rate in Busan can also be considered
to cause the greater damage in this city.
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Table 6 presents expected regional economic damage in 2050 under RCP 8.5 scenarios. The results
of seven metropolitan areas show that large increase in precipitation will cause greater economic
damage. Busan is expected to have the economic damage with about 317 billion won (US$288 million).
Ulsan, where second largest damage is expected with 1000% increase, is estimated to have about
250 billion won (US$227 million) in economic damage by 2050. Although Ulsan has a relatively small
amount of current precipitation (1135.18 mm), their having the largest share of impervious areas
(26.52 km2) makes the city highly vulnerable to the disaster risks.

Meanwhile, Incheon is expected to have the smallest rainfall increase (about 293 mm) among the
seven metropolitan areas. The damages are predicted to increase at the lowest level, up 295% from the
current amount of damage. However, the expected economic damage in Incheon is about 5.6 billion
won (US$5.1 million), which is larger than that of Daejeon and Daegu, where the expected increase
in precipitation is greater. This result is due to larger current economic damage in Incheon (about
1.4 billion won (US$1.3 million)) compared to Daejeon and Daegu (about 1 billion won (US$909,090)
and 0.02 billion won (US$18,200), respectively).

The change of urban green space ratio scenarios is also employed to observe its effect on regional
damage and economic benefit changes under the RCP 8.5 scenario. Current urban green space ratios
in seven metropolitan areas are in the range from 6.13 to 13.65%. Relevant urban green space ratio
scenarios are necessary for each metropolitan areas to adopt in their urban green space planning
strategies. Since most of the seven metropolitan areas are pursuing more green space to provide
better amenity to their citizens, an ideal application is to present the scenarios from less to more
aggressive strategies.

The first scenario employed in the analysis is 2% increase in urban green space ratio. From 2005
to 2013, the urban green space ratio is changed by about 2%, on average, in seven metropolitan
areas. Based on these changes, more aggressive scenarios are applied with 5% and 10% increase in
urban green space ratios. The results from these scenarios are presented in Tables 4 and 6. All seven
metropolitan areas showed decline in expected damages and increase in economic benefit with higher
green space ratios. The effects are in the order of Busan, Ulsan, Gwangju, Seoul, Daejeon, Incheon,
and Daegu. The damage in Busan is expected to decline from 1097 to 1013% with the 10% change
in their urban green space. This effect leads to about 19.5 billion won (US$17.7 million) in predicted
economic benefit. Daegu has least effect from the scenarios with expected damage declines from 262 to
217% and an approximate 9 million won (US$8200) increase in expected economic benefit.

Based on the results from the RCP 8.5 scenario and urban green space ratio scenarios, it is
suggested that managing vulnerable factors with proper preparation strategies are important in
the regions where the increase of precipitation is expected to be large under the climate change.
Also countermeasures of the climate change in the regions with a large amount of current damage will
be necessary because the damage caused by disasters in these regions can be significant.

Table 4. Prediction of damage change by region in 2050 under RCP 8.5 scenario.

Region Expected Precipitation
Increase (mm)

Expected Damage
Change (%)

Expected Damage Change with Urban Green Space
Increasing Ratios (%)

2% 5% 10%

Seoul 461.4 423.58 411.40 393.32 363.68
Busan 883.1 1086.23 1071.61 1049.70 1013.23
Daegu 419.4 261.91 252.61 238.92 216.81

Incheon 292.5 295.06 283.01 265.13 235.84
Gwangju 561.7 705.77 691.40 669.88 634.14
Daejeon 299.8 319.43 306.89 288.25 257.65

Ulsan 809.3 887.59 873.34 852.02 816.64
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Table 5. Main factors affecting disaster damage by region (2009–2013).

Region Urban Green
Space Ratio (%)

Annual
Precipitation

(mm)

High
Precipitation

Day (%)

High Wind
Speed Day

(%)

Impervious
Area Ratio

(%)

River Area
Ratio (%)

Financial
Independence

Rate (%)

Budget
(Billion

Won)

Seoul 13.65 1414.80 2.39 2.99 55.82 8.4 48.27 285.03
Busan 12.86 1268.86 1.34 12.9 42.87 4.12 26.70 160.59
Daegu 9.13 1066.59 1.76 2.15 42.53 4.13 27.78 220.81

Incheon 6.13 1279.38 2.28 5.9 38.57 0.58 31.61 230.07
Gwangju 9.20 1308.35 2.27 12.95 24.19 3.97 21.01 201.09
Daejeon 11.26 1388.89 1.81 0.84 22.24 3.81 25.70 208.72

Ulsan 6.71 1135.18 1.29 7.93 27.42 3.46 38.73 188.94

Table 6. Prediction economic damage by region in 2050 under RCP 8.5 scenario (in units of 1 billion won).

Region Current Economic
Damage

Predicted Economic
Damage

Predicted Economic Damage with Urban Green
Space Increase Ratios

2% 5% 10%

Seoul 4.681 24.509 23.939 23.092 21.705
Busan 26.728 317.056 313.148 307.291 297.544
Daegu 0.019 0.069 0.067 0.064 0.06

Incheon 1.423 5.622 5.45 5.196 4.779
Gwangju 5.137 41.393 40.654 39.549 37.713
Daejeon 1.031 4.324 4.195 4.003 3.687

Ulsan 25.349 250.345 246.733 241.327 232.358

4. Discussion and Conclusions

The risks from natural disasters are relentlessly increasing due to climate change. Especially
because many urban areas are exposed to higher risks and greater damage due to increase of
impervious areas. The need for a sustainable disaster prevention system has been emphasized in
relation to these problems. Among them, the disaster prevention function of urban green spaces has
become important as an element of green infrastructure. Especially in the highly urbanized areas,
there is roadside greenery, flower beds, and wall and rooftop greenery presented as alternative green
spaces. The objective of this study is to investigate the effect of urban green infrastructure on disaster
damage mitigation in Korea. The variations of damage are estimated under the different range of
urban green space ratios. Tobit model is used to analyze the factors that determine disaster damage in
urban areas and to predict how much damage will increase when precipitation increases according to
climate change scenarios. We also predicted the degree of damage reduction when the urban green
space ratio increases. 74 districts and counties in 7 metropolitan areas are defined as unit of analysis
because they have high urbanization rate in Korea. The range of the study was set from 2005 to 2013
in order to reflect the recent changing climate phenomenon and damage patterns. The results and
implications are summarized as follows:

First, the urban green infrastructure and budget are factors that can reduce disaster damage,
while the annual precipitation, the maximum precipitation per hour, the maximum wind speed,
sewer, and impervious area are factors that can increase disaster damage. The result of the urban
green infrastructure shows the importance of its function as the method to mitigating the disaster.
Furthermore, not only parks and green areas but also street trees and wall and rooftop greening are
effective methods for mitigating disaster damage.

Second, when precipitation increase with extreme climate change scenarios, disaster damage in
2050 will increase from a minimum of 262% to a maximum of 1086% of the current damage. Notably,
it is predicted that the increase of precipitation in Busan and Ulsan is the highest among seven
metropolitan areas and their consequent disaster damage will also expect to rise significantly. These
results suggest that countermeasures should be prepared in response to climate change focusing on
the factors that increase disaster damage by each local government.

Third, when urban green space ratio increases up to 10%, the damage increase rate will be
decreased by up to 20%. The economic benefit from the decline is estimated to be about 15 billion won
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(US$13.6 million). The result shows the importance of urban green infrastructure areas in response to
increasing precipitation due to climate change.

It is imperative for local governments to establish a strategic and comprehensive master plan
for reducing storm and flood damage. In this regard, the results of this study suggest that managing
vulnerable factors with proper preparation strategies are important and presents the significance of
urban green infrastructure functions in urban areas to minimize the disaster damage.

This study has the following limitations. First, the climate factors used in this study play the
major role in determining the disaster damage. Since climate factors are representative spatial data,
it is necessary to consider the spatial correlation of the data. However, due to limitations of the data
provided by national statistical service, it was difficult of consider the spatial correlation in the analysis.
Secondly, the data used to predict the disaster damage under the climate change scenarios are based
on current states. It is possible to use the forest data published by the meteorological agency, however
other factors are assumed to continue according to present conditions. More accurate predictions can
be possible with better predicted values of each factor.
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