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ABSTRACT 
 
The aim of this study is to assess whether the agricultural drought responses were 
conducted properly according to drought response guidelines in South Korea. The 
agricultural drought which causes long-lasting damage, requires the phased 
responses along with the progress of the disaster. Ministry of Agriculture, Food, and 
Rural Affairs (MAFRA) have categorized stages of drought which mean the progress 
of the agricultural drought into normal, concern, and proliferation stage about the 
severity and have established the recommended responses at each stage as 
guidelines. Reservoir storage rates which are used to indicate the drought severity 
and the drought responses are analysed with this rates as well as the guideline. The 
responses were collected from the practical works conducted during the drought 
years including 1994, 1995 and 2012. Assessment of the responses is conducted by 
the accordance between the stage in which the response was recommended by 
guideline and the stage which the reservoir storage rate indicated. The rates of 
accordance were 41.2% (35 in 85 cases), 50.0% (12 in 24 cases), and 8.3% (5 in 60 
cases) in 1994, 1995, and 2012, respectively. The excessive responses to compare 
with the guidelines was found in 1994 and 2012. In all 3 years, the rates of 
accordance were 30.77% (52 in 169 cases), and the drought responses had been 
hardly conducted step by step according to the reservoir storage rates. The results 
show that the drought responses practically conducted were more exesive than those 
recommended by the guidelines. Furthemore the actual drought responses have 
been conducted by arbitrary decisions, not the reservoir storage rates and the 
guideline.  

Keywords: Agricultural drought, Drought responses, Drought stages, South Korea. 
 

1.  INTRODUCTION 
 
Drought, one of the main problems in agricultural area, directly affects crop 
productivity and quality. Recently intensive droughts have occurred regionally, and 
possibly become more severe due to climate changes. Thus, agricultural water 
security is challenging to overcome the climate change vulnerability to drought such 
as industrial and domestic water (Choi 2015). 
 
The drought causes long-lasting damage, so phased response activities according to 
the progress of the disaster is demanded (Yoo et al. 2012). Drought index which 
quantifys the intensitiy of the drought have utilized to show the state of the drought. 
Assessing applicability of the indices (Ryu et al. 2002; Kim and Lee 2011)  and 
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devising a new model for drought index (Jang et al. 2003; Park 2005) have been 
studied to provide better expression of drought conditions. 
 
In South Korea, the agricultural drought responses have been performed after 
Agricultural Disasters Response Act had been effectuated in 1967 to countermeasure 
against the disasters in agriculture.(MFAFF 1995). The stages of agricultural drought 
have been classified by rainfall, agricultural reservorir storage rates, soil moisture, 
however, the criteria were ambiguous because those were qualitative and subjective 
indicators (MFAFF 1995; MAF 2000a; MAF 2000b; MAF 2001;). Practical utilization 
study for classifying agricultural drought response had been conducted in 2005 and 
Ministry of Agriculture, Food, and Rural Affairs (MAFRA) used reservoir storage rates 
and percent of normal of precipitation as the indicators for the stages of agricultural 
drought in 2012 (Park 2005; KRCC 2012). The purpose of this study is to assess the 
reponses to agricultural drought whether those have been done properly according to 
drought response guidelines.  
 

2.  METHODS 
 
2.1   Stages of drought and guidelines for drought responses 
 
The stages of drought, phases of drought were described in drought white papers and 
guidelines for drought response published reports from the government and relavant 
organization for years. But there were no significant differences in the definition of the 
stages of drought and MAFRA categorized the stages into normal, concern, and 
proliferation stages in 2012 (MFAFF 1955; MAF 2000a; MAF 2000b; MAF 2001; Park 
2005;  KRCC 2012). Each stage has guidelines about response activities, and some 
changes in the main contents of the guidelines have been barely found, except the 
differences on the terms, deletions, and subdivisions (MFAFF 1955; MAF 2000a; 
MAF 2000b; MAF 2001; Park 2005;). The manuals have a role as the reference in 
order to determine the drought responses required for each stage.  
 

Table 1. Guidelines for agricultural droughts responses in South Korea 

 

Stage of Drought Type Contents 

Normal 
Pumping Checking equipments and facilities 

Water storing in paddy Water storing in paddy 

Concern 

Management system Local drought HQ 

Pumping 

Assigning equipments and 

Supporting gas bill  

Pumping  

Water restriction Water restriction 

Proliferation 

Campaign Campaign 

Expanding water resource 

Dredging 

Ground water development (well) 

Provision of public water 

Management system 
Expanding drought HQ and  

Emergency duty 

Mobilization 
Emergency water supply 

Mobilization 

Pumping 
Equipment movement 

Multi-stage pumping 

 
In this study, definition of the stages of agricultural drought and the guidelines are 
mentioned as follows; The composition of the stages are normal, concern, and 
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proliferation the same as MAFRA. Table 1 shows the guidelines for agricultural 
drought responses applied in this study. 
 
2.2 Reservoir storage rates 
 
There were no clear definitions to express when is normal, concern, or proliferation 
stage in 1994 and 1995 (MFAFF 1995). And MAFRA used the percent of normal of 
precipitation, dry days, agricultural reservoir storage rates, and soil moisture to 
classifiy the stages of drought (KRCC 2012). 
 
In this study, average storage rate of agricultural reservoirs are selected as the 
reference factor to indicate the actual stages of drought in this research, because this 
factor can apply on all stages – normal, concern, and proliferation stage. Also the 
management occurs as administrative unit, it is more advantageous than other factors 
such as rainfall which is measured non-administrative unit. The ratio between the 
normal value and the recorded value at 70% and 50% are critical points of the stages 
of drought (Park 2005). Reservoir storage rates are provided by RIMS (rims.ekr.or.kr). 
In the case of 1994 and 1995, the reservoir storage rates had been recorded in 
10days, while in 2012, daily data was applied. 
 
2.3 Assessment of drought responses 
 
Drought responses cases in 1994, 1995, and 2012 are collected from drought white 
papers. Data is collected as daily units based on the administration (province) unit. 
Cases had implemented in winter of 1994 were considered responses of in 1995, 
same as the reference data recorded. Collected cases are classified according to the 
contents by the drought response guidelines. 
 
The stages of drought for each response instance are determined with the guideline 
and reservoir storage rate, respectively. The stage in which the response was 
recommended and the stage which the reservoir storage rate indicated are collected. 
Assessment of the response is based on accordance in those two stages. The ratio of 
the number of the cases which have the two same stages to the number of total 
cases is calculated. 
 

3.  RESULTS AND DISCUSSION 
 
3.1  Analysis of drought response in drought year (1994, 1995, and 2012)  
 
The number of selected cases are 85, 24, and 60 in 1994, 1995, and 2012, respectly. 
The cases in which occured 1994 were collected from May 20, 1994 to September 3, 
1994. In 1995, the instances were collected from December 27, 1994 to August 7. In 
2012, the range of cases was from March 29, 2012 to July 4, 2012. Those reponses 
are categorized according to drought response guideline and following obfuscating 
cases are excluded in analysis; First, cases hard to regard as practical movement 
such as meeting, simple instruction, planning, and reporting. Second, cases without 
date. Third, cases hard to express as responses in specific time because they were 
being implemented at all time such as precipitation recording. Same contents in the 
same day in the same province are treated in one, however, different contents in the 
same day and same area are divided into multiple cases. The results grouped into 
contents by drought response guidelines are on Figure 1. 
 
The most largest count among the response contents were dredging, ground water 
development, and water restriction in 1994, 1995, and 2012, respectively. The most 
common response activities were ground water development. This means that it was 
preferable to farmer for its efficiency to develop when the water is in shortage. On the 
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contrary of the case in 1994, the case in 2012 displayed the increasing trend of using 
non-development type activities such as water restriction or emergency water supply. 
The sum of those counts were 29 which was near to half of the number of the total 
drought responses in 2012. Dredging and mobilization which had been performed 
commonly in 1994, however, the former one appeared only 1 case and the latter on 
did not in 2012. The counts of contents in proliferation stage are always larger than 
any other stages. In 1994 and 2012, the counts of contents in proliferation stage are 
more than the half of total counts for each year. In 2012, unlike the other years, the 
counts of contens in concern stage increased near the half of the whole cases. 
 

  
(a) Drought  responses in 1994 (b) Drought  responses in 1995 

  
(c) Drought  responses in 2012 (d) Counts of contents by stage 

 
Figure 1. Time distribution of drought responses and counts of contents 

 
3.2  Assessment of drought responses in accordance 
 
The following graphs and table show results of comparative analysis of the reservoir 
storage rates and the stages of drought according to the response activities. Figure 2 
expresses qualitative relationship with the reservoir storage rate and stage of drought. 
The response activities are classified based on drought response guidelines and 
converted to the stages. The levels are transfered to nominal variable to avoid 
confusion. Thus the nominal variable 1, 2, and 3 means normal, concern, and 
proliferation stage respectively. Table 2 displays quantitative results of assessment 
and shadow means accordances, which means both two stages are same. 
 
In 1994, the rates of accordance of each stage were 21.4% (3 in 14 cases), 5.0% (2 
in 40 cases), and 96.8% (30 in 31 cases) for normal, concern, and proliferation stage, 
respectively. The rate of accordance of total cases in 1994 was 41.2% (35 in 85 
cases). The best fit of stages was proliferation stage because of a tendency which 
responded excessively comparing to the recommended responses from the 
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guidelines. Actually the largest number of the activities of stage 2 was done in normal 
stage and the most of stage 3 activities was conducted in concern stage.  
 
In 1995, the rates were 25.0% (1 in 4 cases), 75.0% (3 in 4 cases), 50.0% (8 in 16 
cases), and 50.0% (12 in 24 cases) for normal stage, concern stage, proliferation 
stage, and the total cases, respectively. It did not show a clear tendency. Because it 
was affected by long analysis period, season effect between winter and spring, and 
relatively few number of instances. 
 
 

  
(a) 1994 (b) 1995 

  
(c) 2012 (d) Total cases 

 
Figure 2. Relationship between storage rate (%) and stage of drought 

 
 
In 2012, the proportions of accordance were 0.0% (0 in 44 cases), 21.4% (3 in 14 
cases), and 100.0% (2 in 2 cases), for normal, concern, and proliferation stage, 
respectively. Only 8.3% (5 in 60 cases) were matched with the guidelines which was 
smallest matching cases among three data collection years. The excessive tendency 
which had been found in 1994 became stronger in this year. 
 
In all 3 years, the rates of accordance were 6.45% (4 in 62 cases), 13.79% (8 in 58 
cases), 81.63% (40 in 49 cases), and 30.77% (52 in 169 cases) for normal stage, 
concern stage, proliferation stage, and the total cases. The same as cases in 1994, 
responses of 2 stage were conducted in normal stage and responses of 3 stage were 
in concern stage. The graph of the total cases shows that the drought responses 
have been hardly conducted step by step according to the reservoir storage rates. 
The expected critical points of the stages of drought are 70% and 50%, however, 
ranges of the reservoir storage rates for each stages of drought which are inferred 
from responses do not correspond to the forecast.  
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Table 2. Comparison between stage by storage rate and by response 

 

Drought 
year 

Stage by 
response 

Stage by storage rate 

Normal Concern Proliferation Total 

1994 1 3 3 0 6 

2 5 2 1 8 

3 6 35 30 71 

Total 14 40 31 85 

1995 1 1 0 5 6 

2 1 3 3 7 

3 2 1 8 11 

Total 4 4 16 24 

2012 1 0 0 0 0 

2 25 3 0 28 

3 19 11 2 32 

Total 44 14 2 60 

3 years 1 4 3 5 12 

2 31 8 4 43 

3 27 47 40 114 

Total 62 58 49 169 

 
 

4.  SUMMARY AND CONCLUSIONS 
 
This study tried to assess the agricultural drought responses whether those were 
conducted properly according to drought response guidelines in South Korea. The 
time distribution and counts of contents of drought responses, and accordances in 
stages of drought are analzed to evaluate the responses.  
 
The drought responses practically conducted were more excessive than those 
recommended responses by the guidelines. This excessive tendency had become 
stronger in 2012.  
 
The relationship between reservoir storage rates and stages of drought in the whole 
cases demonstrated that the drought responses have been hardly conducted 
according to the reservoir storage rates. Those deductions validate that the actual 
drought responses have been conducted by arbitrary decision, not the reservoir 
storage rates and the guidelines. 
 
This study considered only reservoir storage rate, still the other factors such as 
percents of normal of precipitation need to be investigated. Whether the actual 
responses are too excessive or the criterias are not practical needs further studies. 
The results in this study would be used to improve the guidelines for agricultural 
drought responses. 
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