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ABSTRACT  

 

Drought indices for the assessment of the potential hazard have been developed focusing on meteorological 

drought. However, these indices do not reflect the social aspects parting of socio-economic drought. To deal with 

this problem, we considered the factor of society and recommended the Drought Risk Index (DRI). DRI is 

comprised of three components, which are hazard, exposure, and capacity. Hazard is computed by climate 

characteristics (e.g. monthly precipitation), while Exposure depends on the water demand of agricultural, industrial, 

and municipal sectors. Capacity is divided into adaptive and coping capacities. DRI was conducted for regional 

comparison and projection for future DRI performed using HadGEM3-RA under RCP 4.5 and 8.5. In conclusion, 

the highest drought risk appears near the metropolitan area in the entire 21st century.  
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1 INTRODUCTION 

Since drought risk is difficult to evaluate quantitatively, the conceptual model has applied for drought risk 
assessment. The relative comparison of risk is essential to determine the priorities of the region for disaster 
management. Drought damage caused by climate change is increasing worldwide. The frequency of droughts, 
in South Korea, increased from 0.36 times per year (1904~2000) to 0.72 times per year (2001~2018). In 2015, 
the Boryeong dam recorded the lowest storage level, and the Chungnam Province delivered emergency water 
supplies. Moreover, more than 9,000 people suffered from limited and transported water supplies in 2019. For 
managing drought, International expert institutions, such as World Meteorological Organization, National 
Drought Mitigation Center, are stressing to understand disaster risk. However, the government of South Korea 
is not considered the concept of risk actively. Therefore, this study conducts new drought risk assessment 
focusing on the suitability for regional comparison and the clarity for improving the awareness of people.   

  
2 METHODOLOGY 

 
2.1 Drought risk assessment 

In this study, drought risk defines as the probability of potential damage causing drought affected by climate 
change and categorizes to three indicators, hazard, exposure, and capacity. First, hazard indicates the 
causation for drought and explains using drought index such as the standardized precipitation index (SPI) and 
Palmer Drought Severity Index (PDSI). Exposure is the objects (e.g. people, assets) exposed to drought. Lastly, 
capacity means the ability of society to cope with or adapt drought. 

 

2.2 Drought risk index 
Applied the drought risk assessment, Drought Risk Index (DRI) is the result to clearly show the comparison 
between the regions. DRI ranging from 0 to 1 is conducted using Eq. [1] where H, E, and C, presenting the 
indicators of risk, calculated by the representative components. The three indicators are multiplied and if one 
value of the indicator is 0, it means that there is no risk. 

 
    

1 3 1 3 1 3DRI ( , , )f H E C H E C  [1] 
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3 APPLICATION 

 
3.1 Data 

The drought risk assessment is applied at 113 basins in South Korea and collects the 22 data sets. In hazard 
indicator, precipitation is single components and calculates to SPI, proposed by Mckee et al. 1993, with 12 
months for long term drought. Additionally, for predicting future drought risk, HadGEM3-RA based on RCP 4.5 
and 8.5 is used. And the exposure indicator is derived from the water demand to use (municipal, agricultural, 
and industrial). Lastly, socio-economic data for the local government are used for capacity indicator. Coping 
capacity is using water resources infrastructure data (e.g. emergency water supply facilities, multi-regional and 
local water supply system, dam and reservoir storage) and adaptive capacity is socio-economic status and 
ability (e.g. per capita personal income, financial self-reliance ratio, research and development costs, gross 
regional domestic product). 

 

3.2 Weight 

To improve the validity of DRI, each component is assigned the weight using the method of Kim et al. 2019. 
This method conjugates Pearson correlation coefficients between the components and disaster damage. Due 
to the complexity of figuring out the drought damage, the Water Deficit Ratio (WDR) used to assume the quantify 
the drought damage in this study. WDR means the ratio of the supply against demand, therefore explains the 
quantity of water use. In this method, the higher the correlation, the higher the weight. The weight range from 1 
to 7 through trial and error.  

 
4 RESULTS AND CONCLUSIONS 
 

The past period DRI is verified with Spearman correlation analysis. The results of future DRIs are shown in 
Table 1 and Table 2. Under RCP 4.5, the mean of future DRI will increase only in the early 21st century and 
then decrease in the further future. While under RCP 8.5, the future DRI in mid 21st century is higher than past 
period DRI. Although the mean of future DRIs increases or decreases according to the future period, it is 
confirmed that the all maximums of future DRIs are higher values than in the past period. For the spatial 
comparison, the increasing trend indicates the regions near the metropolitan cities including Seoul, while the 
decreasing trend shows near the southeast area of South Korea.  
 

Table 1. Future DRI statistics and ratio against past DRI with HadGEM3-RA under RCP 4.5 

 PAST 2030 2050 2080 

     

MEAN 0.7014 
0.7203 

(+2.69%) 
0.6632 

(-5.45%) 
0.6869 

(-2.07%) 

MAX 0.8240 
0.9509 

(+15.40%) 
0.8289 

(+0.59%) 
0.8761 

(+6.43%) 
     

 

Table 2. Future DRI statistics and ratio against past DRI with HadGEM3-RA under RCP 8.5 

 PAST 2030 2050 2080 

     

MEAN 0.7014 
0.6948 

(-0.94%) 
0.7206 

(+2.74%) 
0.6813 

(-2.87%) 

MAX 0.8240 
0.9219 

(+11.88%) 
0.9275 

(+12.56%) 
0.8643 

(+4.89%) 
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