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ABSTRACT

Kulon Progo Regency is one of the regencies that always experiences severe drought.
One of the factors that cause drought in Kulon Progo Regency is climate change due
to global warming which causes changes in rainfall. The existence of drought certainly
causes many problems in life due to the lack of water supply. Therefore, the purpose
of this research is to conduct disaster risk mapping to obtain information on how to
mitigate drought. The method used is to calculate the drought index using the
Thornthwaite Matter method, calculate vulnerability based on BPS data, and calculate
regional capacity based on the Regulation of BNBP Number 3 of 2012. After that, the
calculation of disaster risk is then mapped. In this study, disaster risk is divided into
two, disaster risk per year and dry months. The results of the annual disaster risk
found that almost all sub-districts experienced low drought disaster risk, except for
the Grimulyo sub-district which experienced moderate drought disaster risk. For the
results of disaster risk in dry months, it is found that five sub-districts are classified
into the low disaster risk category, namely Temon, Wates, Panjatan, Galur, and
Nanggulan sub-districts. In addition, there are five sub-districts that fall into the

Keywords: medium disaster risk category, namely Lendah, Sentolo, Pengasih, Kokap, and
Drought; disaster risk; drought index; Kalibawang. Finally, there are two sub-districts that fall into the high disaster risk
capacity; vulnerability category, namely Girimulyo and Samigaluh sub-districts.

1. Introduction

Drought and climate changes are the two natural and hydrological events. Several researchers
have conducted research on climate change and drought. Drought, a natural phenomenon caused
by low precipitation, exacerbated by climate change [1, 2]. Also, the influence of various rainfall
patterns due to climate change has affected the estuarine system [3]. Drought is a state of shortage
of water supply in an area for a prolonged period [4]. The impact of climate change on drought
severity in Thessaly, Greece is shown by an increase in annual drought severity across all
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hydrological areas and Standardized Precipitation Index (SPI) time scales [5]. Climate change has
accelerated the onset of droughts, increasing their intensity and wildfire risk [6]. Also, Climate
change has increased drought severity, potentially impacting agriculture in western Canada [7]. A
study used the Standardized Precipitation Index (SPI) to identify and monitor droughts in the
Sarawak River Basin, and the results showed a decreasing trend in SPI values for three times scales,
indicating increased drought events [8].

Drought has significantly impacted agriculture [9], vegetation loss [10] and crops [11]. The
impacts of drought vary based on the type, location, socioeconomic conditions, and cultural
attitudes towards its causes [12]. Droughts are environmental hazards characterized by prolonged
decreases in precipitation across various climatic zones [13]. Increasing greenhouse gas
concentrations and temperature influence drought intensity and drought-affected areas [14]. The
intensity and impacts varied across regions, emphasizing the need to evaluate drought impacts in a
continental country with diverse vegetation, soil, land use, and climate regimes [15].

Indonesia, an archipelagic country on the equator, is grappling with climate change [16]. The
country faces significant challenges from climate change, impacting food, water, energy
sustainability, and environmental health [17]. Since 1811, Indonesia has experienced drought due
to its tropical climate and sensitivity to EI-Nino Southern Oscillation [18]. Indonesia faces increasing
hydrological drought risk due to climate change hotspots [19]. The drought events are primarily
influenced by El Nifio, with El Nifio increasing drought frequency in various seasons [20]. The
widespread impacts include limited irrigation water, reduced crop production, and reduced income.
Some regions in Indonesia experience extreme drought in less than four years [21]. Drought is one
of the disasters that occurs slowly and lasts for a long time until the arrival of the rainy season and
has a very wide impact. Drought disasters can occur due to deviations from normal weather
conditions in the area. The intended deviation is the amount of rainfall that is reduced compared to
normal conditions which causes the water content in the soil to decrease or worsen until it is
absent [22].

Drought is a long-lasting natural disaster, particularly in the Special Region of Yogyakarta [23].
Kulon Progo Regency is one of the areas in the Special Region of Yogyakarta that is quite severely
affected by drought. Laksana et al., [24] determined the drought risk in Kulon Progo Regency,
focusing on drought level, exposed population, and vulnerable population using fuzzy logic. The
results show fluctuating drought risk levels from 2010 to 2019, with southern regions having higher
risks.

Hendrayana et al., [25] identified water scarcity areas in Kulon Progo Regency and determined
priorities for deep well drilling. The number of water-scarce areas selected for drilling is 104, with
37 being the priority. The population growth rate in Kulon Progo has increased over time, causing
the existing green/water catchment areas to decrease due to continuous regional development.
The more residential areas that are built, the higher the utilization of groundwater, causing drought
[26]. In addition, the occurrence of drought in Kulon Progo is also caused by several other factors
such as land closure and clearing for farming, topography, geological conditions, and most
importantly rainfall changes due to climate change. In addition, drought can also be caused by
human actions due to non-compliance with water use regulations and rampant sand mining.

Based on IRBI data for 2022, Kulon Progo Regency is the second highest-risk area in the
Yogyakarta Special Region, with a high-risk class that has a score of 12.36. The ranking of drought
disaster risk in Yogyakarta Special Region Province can be seen in Table 1.

The drought that occurs in the Kulon Progo Regency every year is clearly a threat to thousands
of residents. Water, which is an important component of human survival, is clearly needed, even
though hundreds of hectares of agricultural land have experienced drought, causing huge losses for
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hundreds of farmers. In addition, residents must be prepared to sacrifice their time to find water.
Based on this problems drought mapping is needed to obtain information and analysis related to
the drought that occurred in Kulon Progo as an effort to overcome the drought disaster.

Table 1
Ranking of drought disaster risks in the special region
of Yogyakarta [27]

District Score Risk class
Bantul 15.60 High
Kulon Progo 12.36 High
Gundung Kidul 11.56 Medium
Yogyakarta City 11.16 Medium

For drought analysis, some methods can be used such as Thornthwaite-Mather, Palmer, and
Thomas models [28]. The Thornthwaite-Mather model has been used by many researchers in their
studies. Nandini et al., [29] used this method to analyze drought in the Dodokan watershed on
Lombok Island, Indonesia. Anna et al., [30] used the method to determine the water balance and
fulfillment of domestic water demand in the Upstream and Midstream of Bengawan Solo
Watershed, Indonesia. Alley et al., [28] and Toth et al., [31] used the method to analyze drought in
their studies. Based on the previous research, this research also uses the Thornthwaite Matter
method to determine drought. However, our study attempts to calculate vulnerability and capacity
which is then carried out risk calculations in sub-districts located in Kulon Progo Regency,
Yogyakarta Special Region.

2. Methodology
2.1 Regional Capacity Using Questionnaire Method

According to Regulation of BNPB No. 03/2012, capacity is the ability of a region or community
to take action to reduce disaster risk in a planned, structured, and integrated manner. This research
used a questionnaire method to determine the level of capacity in Kulon Progo Regency. The
guestionnaire method in this research is based on Regulation of BNBP No. 3 of 2012. This
guestionnaire will be given to relevant agencies containing 88 questions with an answer choice
between "YES" or "NO". From the results of the questionnaire, each sub-district will be classified
into 3 groups which can be seen in Table 2.

Table 2

Classification of capacity levels [32]

Classification Value (ranges) Score
Low capacity 20-48 1
Medium capacity 49-72 2
High capacity 7288 3

2.2 Regional Vulnerability Using Scoring and Weighting Methods

In this study, the vulnerability level of Kulon Progo Regency was analyzed using the scoring and
weighting method. In this research, there are three aspects that are used as a reference in
determining the level of vulnerability in Kulon Progo Regency, namely social aspects, economic
aspects, and environmental aspects. The classification of each vulnerability aspect in this research is
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divided into three levels, namely low, medium, and high. The weight of each aspect can be seen in
Table 3 (Regulation of BNBP No.2 of 2012).

Table 3

The weighting of vulnerability aspects [33]
Aspects Weight (%) Total (%)
Social aspects 40

Economic aspects 30 100

Environmental aspects 30

2.3 Drought Index Using the Thornthwaite Matter Method

In calculating the drought index, the water balance is first calculated using the Thornthwaite
Matter method. This method prioritizes the importance of rainfall or precipitation (P) and Potential
Evapotranspiration (PE) factors as climatological factors. In addition, soil moisture parameters and
vegetation types are required. The components of the Thornthwaite Mather method consist of:

i. Potential Evapotranspiration (PE)

ii. Accumulation of Potential Water Loss
iii. Soil Moisture to Field Capacity (STo)
iv. Soil Stiffness (ST)

V. Actual Evapotranspiration (AE)
vi. Surplus (S)

vii. Deficit (D)

viii. Drought Index (la)

2.4 Disaster Risk Calculation Method

The occurrence of disasters is due to hazard factors and vulnerability factors caused by a trigger
factor, so disasters will cause a disaster risk that may arise from a disaster event. Disaster risk
assessment is an approach by provides a comprehensive regional figure of disaster risk by analyzing
the level of threat, level of vulnerability, and capacity of an area. To calculate the disaster risk of an
area is obtained from Eq. (1).

Vulnerability

Disaster Risk = Threat x : (1)
Capacity

2.5 Research Stages

Primary data in this study are the results of the questionnaire on the regional capacity level of
Kulon Progo Regency while secondary data are obtained from the Central Statistics Agency (BPS) of
Kulon Progo Regency. Data obtained from BPS in the form of rainfall and temperature data will be
used to assess the drought index. In addition, BPS also obtained population, economic, and
environmental data that will be used in analyzing the level of vulnerability. Flow chart of the
research is shown in Figure 1.
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3. Results

3.1 Regional Capacity Using Questionnaire Method

Based on the results of the questionnaire to each sub-district office to determine the level of
regional capacity, the results of the questionnaire and its classification are shown in Table 4 and

Figure 2.

Table 4

Questionnaire results and classification

District Yes No Category Score
Temon 58 30 Medium capacity 2
Wates 64 24 Medium capacity 2
Panjatan 74 14 High capacity 3
Galur 76 12 High capacity 3
Lendah 67 21 Medium capacity 2
Sentolo 60 28 Medium capacity 2
Pengasih 55 33 Medium capacity 2
Kokap 53 35 Medium capacity 2
Girimulyo 48 40 Low capacity 1
Nanggulan 52 36 Medium capacity 2
Kalibawang 46 42 Low capacity 1
Samigaluh 43 45 Low capacity 1
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3.2 Regional Vulnerability Using Scoring and Weighting Methods

Parameters on social aspects in the study are divided into two, namely population density and
vulnerable groups, which have a weight of 60% and 40% respectively. The results of vulnerability in
social aspects can be seen in Table 5.

Table 5
Vulnerability scores on social aspects

— Population density ~ Vulnerable Social aspect Weight  Final social vulnerability
District .
value group value vulnerability score (%) Score

Temon 1.2 0.9 2.1 0.84
Wates 1.8 0.9 2.7 1.08
Panjatan 1.2 1.2 2.4 0.96
Galur 1.8 0.9 2.7 1.08
Lendah 1.8 1.2 3.0 1.20
Sentolo 1.2 1.2 2.4 40 0.96
Pengasih 1.2 1.2 2.4 0.96
Kokap 0.6 1.2 1.8 0.72
Girimulyo 0.6 1.2 1.8 0.72
Nanggulan 1.2 1.2 2.4 0.96
Kalibawang 1.2 1,2 2.4 0.96
Samigaluh 0.6 1.1 1.7 0.68

Parameters in the economic aspect of the study are divided into two, namely productive land
area and GRDP, which have a weight of 60% and 40% respectively. The results of vulnerability in
social aspects can be seen in Table 6. The environmental aspect in this study consists of one
parameter, namely forest area. The results of vulnerability in environmental aspects can be seen in

Table 7.
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Table 6

Vulnerability scores on economic aspects

_ Land productivity GRDP Economic Weight  Final economic vulnerability
District s
value value vulnerability score (%) Score

Temon 1.8 1.2 3.0 0.9
Wates 1.8 1.2 3.0 0.9
Panjatan 1.8 1.2 3.0 0.9
Galur 1.8 1.2 3.0 0.9
Lendah 1.8 1.2 3.0 0.9
Sentolo 1.8 1.2 3.0 30 0.9
Pengasih 1.8 1.2 3.0 0.9
Kokap 1.8 1.2 3.0 0.9
Girimulyo 1.8 1.2 3.0 0.9
Nanggulan 1.8 1.2 3.0 0.9
Kalibawang 1.8 1.2 3.0 0.9
Samigaluh 1.8 1.2 3.0 0.9

Table 7

Vulnerability scores on environmental aspects

. Area . Environmental Weight  Vulnerability score for economic
District Tiers - .
(Ha) vulnerability score (%) aspects of the environment
Temon 50 Medium 2.0 0.6
Wates 5 Low 1.0 0.3
Panjatan 651 High 3.0 0.9
Galur 50 Medium 2.0 0.6
Lendah 50 Medium 2.0 0.6
Sentolo 740 High 3.0 30 0.9
Pengasih 822.3 High 3.0 0.9
Kokap 2751.19 High 3.0 0.9
Girimulyo 1210 High 3.0 0.9
Nanggulan 25 Medium 2.0 0.6
Kalibawang 492 High 3.0 0.9
Samigaluh 350 High 3.0 0.9

Based on the results of the calculation of social, economic, and environmental aspects, the level
of vulnerability will be calcified based on Table 8. The results of the vulnerability level can be seen
in Table 9 and Figure 3.

Table 8
Vulnerability scores on environmental aspects

Hazard Category Value Score
Low 1-<1.67 1
Medium 1.67-<2.34 2
High 2.34-3 3
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Table 9
Vulnerability score for each sub-district

Vulnerability value of aspects

District Social Economy Ervironment Value vulnerability Category Score
Temon 0.84 0.9 0.6 2.34 High 3
Wates 1.08 0.9 0.3 2.28 Medium 2
Panjatan 0.96 0.9 0.9 2.76 High 3
Galur 1.08 0.9 0.6 2.58 High 3
Lendah 1.20 0.9 0.6 2.70 High 3
Sentolo 0.96 0.9 0.9 2.76 High 3
Pengasih 0.96 0.9 0.9 2.76 High 3
Kokap 0.72 0.9 0.9 2.52 High 3
Girimulyo 0.72 0.9 0.9 2.52 High 3
Nanggulan 0.96 0.9 0.6 2.46 High 3
Kalibawang 0.96 0.9 0.9 2.76 High 3
Samigaluh 0.68 0.9 0.9 2.48 High 3
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Fig. 3. Map showing the location of regional vulnerability
3.3 Drought Index Using the Thornthwaite Matter Method

The drought index in this study is divided into two assessments, namely the drought index per
year and the category of drought index in dry months (April - September). The data required are
rainfall and temperature data obtained through BPS. For the category of the Drought Index level, it
is shown in Table 10. For the recapitulation of the Drought index, it can be seen in Figure 4. The
category of drought level per year can be seen in Table 11 and Figure 5(a). The category of drought
index in dry months can be seen in Table 12 and Figure 5(b).

Table 10
Interval values for the drought Index
Drought Index (%) Drought Level Score
<16.67 Low 1
16.67 —33.33 Medium 2
>33.33 High 3
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Sub District January February March April May June July  August September October November December |3el':r la dry month
Temon 0 0 0 0 0 1.660 19.877 48.843 56.288 0.0 0.0 0.0 9.287 21.111
Wates 0 0 0 0 0.008 16.707 47.990 65.467 59.521 0.0 0.0 0.0 13.26 31.616
Panjatan 0 0 0 0 0 18.191 52.013 64.713 68.736  33.685 0.0 0.0 17.43 33.942
Galur 0 0 0 0.528 6.8960 34.035 63.755 74.022 71913 53.988 0.0 0.0 22.323 41.858
Lendah 0 0 0 0 8.1953 41.065 66.362 67.720 79.961 25.129 0.0 0.0 20.395 43.884
Sentolo 0 0 0 0 0 22.248 53.891 75.096 81.803 55.181 27.593 0.0 24.412 38.840
Pengasih 0 0 0 0.349 0 18.581 52.270 67.442 79.318 44991 21.934 0.0 21.853 36.327
Kokap 0 0 0 0 0 15.559 50.175 70.253 70.842  48.087 0.0 0.0 19.095 34.471
Girimulyo 0 0 0 0 0 16.665 50.971 65.482 70.515 49.666 22.096 0.0 21.254 33.939
Nanggulan 0 0 0 0 0 4564 38.371 60.412 70.028 45.880 27.106 0.0 19.588 28.896
Kalibawang 0 0 0 0 0 0.171 26.645 45.381 47.266 7.939 0.0 0.0 9.385 19.911
Samigaluh 0 0 0 0 0 15.197 48.710 67.239 72.290 5.788 0.0 0.0 14.903 33.906

Fig. 4. Recapitulation of the drought index
Table 11
Drought index level per year for each sub-district
— Drought Index Level per Year Category Score
District o
(%)
Temon 9.287 Low 1
Wates 13.260 Low 1
Panjatan 17.430 Medium 2
Galur 22.323 Medium 2
Lendah 20.395 Medium 2
Sentolo 24.412 Medium 2
Pengasih 21.853 Medium 2
Kokap 19.095 Medium 2
Girimulyo 21.254 Medium 2
Nanggulan 19.588 Medium 2
Kalibawang  9.385 Low 1
Samigaluh 14.903 Low 1
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Fig. 5. Result showing the map of drought index (a) In the year (b) In the dry months
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Table 12

Drought index level of dry months for each sub-district

District Drought index level per dry months (%) Category Score
Temon 21.111 Medium 2
Wates 31.616 Medium 2
Panjatan 33.942 High 3
Galur 41.858 High 3
Lendah 43.884 High 3
Sentolo 38.840 High 3
Pengasih 36.327 High 3
Kokap 34.471 High 3
Girimulyo 33.939 High 3
Nanggulan 28.896 Medium 2
Kalibawang 19.911 Medium 2
Samigaluh 33.906 High 3

3.4 Disaster Risk Calculation

After determining the level of capacity, the level of drought index, and the level of vulnerability
of each sub-district, the next map will be made using the ArcGIS 10.2 software application. Later
the maps will be used as analysis material to create a disaster risk map using the overlay method.
The overlay results will then be analyzed to calculate the risk of drought. The results of drought
disaster risk in the study are divided into two, namely the risk of drought disaster per year and the
risk of drought disaster in dry months. The interval value of disaster risk is shown in Table 13. The
results of the drought disaster risk category per year can be seen in Table 14 and drought disaster
risk in dry months can be seen in Table 15.

Table 13

Drought risk interval values

Risk Category Value Score

Low 0.33-<3.2 1

Medium 3.2-<6.1 2

High 6.1-9 3

Table 14
Results of drought risk analysis per year for each sub-district

District Capacity level ~ Vulnerability level Drought index Risk value Category Score
Temon 2 3 1 15 Low 1
Wates 2 2 1 1 Low 1
Panjatan 3 3 2 2 Low 1
Galur 3 3 2 2 Low 1
Lendah 2 3 2 3 Low 1
Sentolo 2 3 2 3 Low 1
Pengasih 2 3 2 3 Low 1
Kokap 2 3 2 3 Low 1
Girimulyo 1 3 2 6 Medium 2
Nanggulan 2 3 2 3 Low 1
Kalibawang 1 3 1 3 Low 1
Samigaluh 1 3 1 3 Low 1
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Table 15

Results of drought risk analysis in the dry month for each sub-district

District Capacity level Vulnerability level Drought index Risk value Category Score
Temon 2 3 2 3 Low 1
Wates 2 2 2 2 Low 1
Panjatan 3 3 3 3 Low 1
Galur 3 3 3 3 Low 1
Lendah 2 3 3 4.5 Medium 2
Sentolo 2 3 3 4.5 Medium 2
Pengasih 2 3 3 4.5 Medium 2
Kokap 2 3 3 4.5 Medium 2
Girimulyo 1 3 3 9 High 3
Nanggulan 2 3 2 3 Low 1
Kalibawang 1 3 2 6 Medium 2
Samigaluh 1 3 3 9 High 3

After obtaining the results of drought disaster risk in each sub-district, then finishing the overlay
map that has been made to be a disaster risk map per year and a drought disaster risk map in dry
months. The results of the drought disaster risk map per year can be seen in Figure 6(a), and the

drought disaster risk map for dry months can be seen in Figure 6(b).
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Fig. 6. Result showing the map of drought risk (a) In the year (b) In the dry months

3.5 Discussion

The data shown in Table 4 and Figure 2 shows that there are 2 sub-districts in the high category,
7 sub-districts in the medium category, and 3 sub-districts in the low category for their capacity to
face drought disasters. Based on these results, it is necessary to increase the capacity of each sub-
district to face disasters, especially for those in the low and medium categories. Table 9 and Figure
3 show the community's vulnerability to drought disasters. Based on this data, this shows that
almost all sub-districts have a vulnerability to drought in the high category. There are only 2 sub-
districts in the medium category. This shows that social, economic, and environmental community
activities cannot be separated from the presence of water. The data shown in Table 11 and Figure 5,
shows that in calculating the drought index in a year, 4 sub-districts are in the low category and 8
sub-districts are in the medium category. However, if the drought index is calculated only in the dry
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months, as shown in Table 12 and Figure 5, this shows that there are 8 sub-districts in the high
category and 4 sub-districts in the medium category. These results illustrate that the amount of
high-intensity rain is only collected during the rainy season. Meanwhile, in the dry season, there is
almost no rain at all.

Based on the results of the calculation for the level of disaster risk obtained through the
analysis of the level of capacity, vulnerability, and vulnerability index, two conclusions are obtained,
namely regarding sub-districts that have a level of risk of drought per year and sub-districts that
have a level of risk of drought in dry months, as shown in Figure 6. The level of drought disaster risk
per year found that there is only one sub-district that is classified into the category of moderate
disaster risk, namely the Girimulyo sub-district. The other eleven sub-districts fall into the low
disaster risk category. The level of drought disaster risk in dry months found that five sub-districts
are classified into the low disaster risk category, namely Temon, Wates, Panjatan, Galur, and
Nanggulan sub-districts. In addition, five sub-districts fall into the medium disaster risk category,
namely Lendah, Sentolo, Pengasih, Kokap, and Kalibawang. And two sub-districts that fall into the
high disaster risk category, namely Girimulyo and Samigaluh.

4. Conclusions

Based on the results of the calculation for the level of drought disaster risk per year, only one
sub-district is classified into the category of moderate disaster, and the other sub-districts are in the
low disaster risk category. However, when the calculation for the level of drought disaster risk in
dry months, there are five, five, and two sub-districts that are classified into low, medium, and high
disaster risk categories, respectively. The results of this study can be used by the Kulon Progo
regional government to make policies for handling drought disasters in Kulon Progo Regency. Apart
from that, the results of this study can also be used as a reference by other regional governments in
determining the risk of drought disasters in an area.
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