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Abstract. Meteorological droughts act as the precursor to all other drought types, 
threatening food security and well-being. Meteorological droughts are closely related to 
rainfall that can be affected by climate variabilities such as El Nino Southern Oscillation 
(ENSO) and Indian Ocean Dipole (IOD), thus causing long drought conditions. Drought 
problems almost every year occur in Indonesia, including Gunungkidul Regency. 
Therefore, this study is expected to provide prevention of sustainable drought impacts 
and as a reference for further research. This study used data from a period of 30 years 
from 1991 to 2020 which included rainfall, sea level pressure (SLP), and sea surface 
temperature (SST). The Standardized Precipitation Index (SPI) was used in this study to 
characterize drought and classify drought levels with a time scale of 3 and 12 months. 
Climate variability was identified using the Southern Oscillation Index (SOI) for ENSO 
and the Dipole Mode Index (DMI) for IOD. Spatial descriptive analyses and statistical 
descriptive analyses are used to examine meteorological drought characteristics and 
patterns. Over the past 30 years, Gunungkidul Regency recorded more than 72 drought 
events. Meteorological droughts tend to occur in areas that have elevation between 200 
– 400 masl, 0 – 200 masl, 400 – 600 masl, and >600 masl. The meteorological drought 
in Gunungkidul Regency will get worse if there is an El Nino and Positive IOD phase 
simultaneously. 
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1 INTRODUCTION 
 

Droughts are severe natural disasters 
that affect many areas of the world 
(Maybank et al., 1995). These events are 
typically characterized by a prolonged 
duration and a widespread spatial 
impact (Shi et al., 2022). Drought is 
generally classified into four categories: 
meteorological, agricultural, 
hydrological, and socioeconomic 
droughts (Arabameri et al., 2022; Saini 
et al., 2022; Tladi et al., 2022). 
Meteorological drought acts as the 
precursor to all other drought types. It 
is defined as a deficiency in 

precipitation over a large area spanning 
a prolonged period (Maybank et al., 
1995), (Tladi et al., 2022). The primary 
driver of meteorological drought onset is 
a significant rainfall deficit (typically 
less than 75% of the average annual 
precipitation) (Abdulrazzaq et al., 2019; 
Anandharuban & Elango, 2021; Bhunia 
et al., 2020). Alterations in rainfall 
patterns and temperature regimes 
within ecosystems significantly increase 
the risk of plant mortality due to water 
stress (Carrière et al., 2020; Oliveira et 
al., 2021). 

Droughts can severely compromise 
food security and human welfare 



International Journal of Remote Sensing and Earth Sciences Vol. 22  No.1  2025: 11 – 28 

 

12 
 

globally (Austin et al., 2021; Din et al., 
2022; Tora et al., 2021). Prolonged 
drought conditions can even trigger 
human migration or displacement 
(WMO, 2006). In Indonesia, a significant 
portion of the archipelago experiences  

drought almost annually. 
Gunungkidul Regency is particularly 
vulnerable to these events (Sudaryatno, 
2016). Drought vulnerability in 
Gunungkidul Regency is influenced by a 
combination of meteorological and 
geomorphological factors. 

Gunungkidul Regency is primarily 
covered by the karst region. Karst region 
in Gunungkidul Regency has unique 
groundwater or certain characteristics 
(Ford & Williams, 1989; Z. Wang et al., 
2022). Groundwater in Gunungkidul 
Regency is difficult to access due to its 
depth underneath the ground (Haryono 
et al., 2022). Consequently, local 
residents frequently rely on rainwater 
harvesting to meet their water demands 
(Maharani et al., 2022; Rahayu et al., 
2022). The annual precipitation in 
Gunungkidul Regency ranges from 
1,175 – 2,489 mm/year (Maharani et 
al., 2022). Climate variability such as El 
Nino Southern Oscillation (ENSO) and 
Indian Ocean Dipole (IOD) can affect 
precipitation in Gunungkidul Regency. 

The ENSO phenomenon is closely 
linked to rainfall patterns in Indonesia 
(Lestari et al., 2018; Yulihastin et al., 
2021). ENSO events can prolong the dry 
season or delay the onset of the rainy 
season (Kurniadi et al., 2021; Nurdiati 
et al., 2022). In addition to ENSO, the 
IOD also influences precipitation 
patterns (Lestari et al., 2018; Zhang et 
al., 2022). The process of ocean 
interaction with the atmosphere by the 
IOD can affect the pattern of rainfall 
anomalies in the tropics through 
teleconnection between the oceans and 
the atmosphere (Narulita et al., 2021; 
Nurdiati et al., 2022). The simultaneous 
occurrence of El Nino and Positive IOD 
phenomena can affect seasonal and 
annual rainfall deficits (Amirudin et al., 
2020; Kurniadi et al., 2021; Mubarrok 
& Jang, 2022; Narulita et al., 2021; Saji 
& Yamagata, 2003; Siswanto et al., 
2022; Yin et al., 2022). 

Effective monitoring is essential to 
mitigate the risk of drought and its 
consequent adverse effects. This study 

evaluated meteorological drought 
patterns using rainfall data spanning 
from 1991 to 2020. The Standardized 
Precipitation Index (SPI) was utilized to 
quantify the duration, magnitude, 
severity, frequency, and intensity of 
meteorological drought (Bhunia et al., 
2020; Bong & Richard, 2020; Caloiero et 
al., 2021; McKee et al., 1993). SPI can 
be applied for multi-time scales (1, 2, 3, 
6, 9, and 12 months) (Bhunia et al., 
2020; Qaisrani et al., 2021; Salimi et 
al., 2021; Wu et al., 2021). In this study 
adopted the 3 and 12-months scales to 
capture short dan long term drought 
characteristics. 

ENSO events can be identified using 
the Southern Oscillation Index (SOI) 
(Nugroho et al., 2021; Ropelewski & 
Halpert, 1989). The SOI is calculated 
based on sea level pressure (SLP) 
difference between Tahiti and Darwin 
(Araneda-Cabrera et al., 2021; Feng et 
al., 2022; Odériz et al., 2020; Raut et 
al., n.d.; Ropelewski & Halpert, 1989; 
Trenberth, 1984). IOD events can be 
identified through the Dipole Mode 
Index (DMI) (Nurdiati et al., 2022; Saji 
et al., 1999). The DMI represents the 
difference in sea surface temperature 
(SST) anomalies between the western 
Indian Ocean (50° – 70° E, 10° N – 10°S) 
and eastern Indian Ocean (90° – 110° E, 
10° S – 0°) (Saji et al., 1999). The 
objective of this study is to quantify the 
severity of meteorological drought in 
Gunungkidul Regency and to assess the 
influence of ENSO and IOD on these 
drought events. 

 
2 MATERIALS AND METHODOLOGY 
 
2.1 Study Area 

Musi The study was conducted in 
Gunungkidul Regency, Special Region 
Yogyakarta. Gunungkidul Regency is 
located between 7°46’00” S – 8°09’00” S 
and 110°21’00” E – 110°50’00” E, 
covering a total area of about 1,485.36 
km2. The study area consists of 18 sub-
regencies, and Wonosari sub-regency is 
the capital of Gunungkidul Regency 
(Fig.2-1). 

The topography of the study area is 
characterized by a general descent 
towards the center, with approximately 
94% of the region situated at an 
elevation between 0 and 400 meters 
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above sea level (masl). Karst landscapes 
cover an estimated 807 km², accounting 
for 53% of Gunungkidul Regency. This 
karst region constitutes part of the 
broader Gunung Sewu Karst Area, 
extending across the regency from west 
to east. Bordered by the Indian Ocean to 
the south, the area possesses distinct 
physical features, including the 
Nglanggeran Ancient Volcano, extensive 
underground river systems, and 

numerous caverns. The region 
experiences annual precipitation 
ranging from 1,175 to 2,489 mm/year, 
with temperatures varying between 
17.3°C and 35.5°C (Maharani et al., 
2022). Persistent water scarcity remains 
a critical impediment to economic 
development in Gunungkidul Regency, a 
challenge exacerbated by population 
growth, industrialization, and 
agricultural expansion.

 

 
Fig. 2-1 Distribution of the rain stations, elevation, geographic location, and land cover in 

Gunungkidul Regency 
 

2.2  Data 
The daily precipitation dataset for 

this study was gathered from 15 rainfall 
stations (Table 3-2). Rainfall data from 
1991 to 2020 for all stations are 
provided by The Department of 
Agriculture and Food, Gunungkidul 
Regency. The spatial distribution of 
daily rainfall data has been converted 
into average monthly data. Climate 
variability data such as El-Nino 
Southern Oscillation (ENSO) have been 
acquired from 
(http://www.bom.gov.au/climate/enso/
soi/) the website of  the Australian 
Government Bureau of Meteorology and 
Indian Ocean Dipole (IOD) have been 
acquired from the website of National 
Oceanic and Atmospheric 
Administration (NOAA) 
(https://psl.noaa.gov/gcos_wgsp/Times
eries/DMI/). The Indonesian Geospatial 
Information Agency's Digital Elevation 
Model Nasional (DEMNAS) is used in the 

study. IfSAR data (5 m resolution), 
TERRASAR-X (5 m resolution), ALOS - 
PALSAR (11.25 m resolution), and the 
addition of mass point data to the 
results of stereo plotting were used to 
develop DEMNAS (BIG, 2018). DEMNAS 
has a high spatial resolution about 0.27 
arcsecond for procuring the elevation of 
all stations. 
 
2.3  Method 

A. The Complete and test the 

consistency of rainfall data 

Long-term rainfall data were 
retrieved from 15 monitoring stations 
spatially distributed across 
Gunungkidul Regency (Fig.2-1). While 
the primary dataset spans a 30-year 
period, distinct temporal coverages were 
noted for specific stations. two stations 
possess records spanning approximately 
25-years, while two others cover a 23-
year period. Incomplete rainfall records 
were imputed using the Inverse 

http://www.bom.gov.au/climate/enso/soi/
http://www.bom.gov.au/climate/enso/soi/
https://psl.noaa.gov/gcos_wgsp/Timeseries/DMI/
https://psl.noaa.gov/gcos_wgsp/Timeseries/DMI/
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Distance Method. This approach utilizes 
the distance between rainfall stations as 
a weighting factor, where the influence 
of neighboring stations diminishes as 
the distance increases (de Silva et al., 
2007; Djerbouai, 2022; Mohamed Salleh 
et al., 2021). For this study, the method 
was configured with a power parameter 
(p) of two and utilized data from the 
nearest three stations to ensure local 
spatial representativeness. The 
estimation is governed by the following 
equation: 

 

  (1) 
 
where is Px estimate of rainfall for 

the ungauged station; Pi is rainfall 
values of rain gauges used for 
estimation, di is distance from each 
location the point being estimated, n is 
number of surrounding stations.  

Rainfall data consistency test in this 
study using Rescaled Adjusted Partial 
Sums (RAPS) Method (Huang et al., 
2021; Jenifer & Jha, 2021; Suhartanto 
et al., 2021). A RAPS based visualization 
approach overcomes modest systematic 
changes in records as well as variability 
in data values itself. The RAPS 
visualization reveals periodicities, 
irregular fluctuations, data clustering, 
trends, and shifts in the record. 
(Garbrecht & Fernandez, 1994). The 
RAPS Method is calculated by using the 
following equation: 

   (2) 
 

where is  sample mean; SY2 is 
variance; n is number of values in the 
time series; k is counter limit of the 
current summation. The plot of the 
RAPS versus time is the visualization of 
the trends and fluctuations of Yt. 

 
The consistency of the rainfall 

datasets was evaluated using the RAPS 
method. The results confirmed that the 
test statistics for all 15 stations 
remained within the 95% confidence 
limits, indicating that the data are 
homogeneous and suitable for further 
analysis. 

B. Classify SOI and DMI 

The Southern Oscillation Index (SOI) 
shows how El Nino or La Nia events 
develop and how intense they are in the 
Pacific Ocean (Bagale et al., 2021; 
Emmanuel, 2022; J. Li et al., 2021; 
Nugroho et al., 2021; Ropelewski & 
Halpert, 1989). The SOI is determined 
by calculating using the pressure 
differences between Tahiti and Darwin. 
La Nina events are frequently indicated 
by the SOI showing continuously 
positive values +7. El Nino events are 
frequently indicated by the SOI showing 
continuously negative values -7. ENSO 
development occurs in three phases: the 
onset period from March to June, the 
peak period from July to December, and 
the decay period from January to April. 
The El Nino development onset period 
started in March-April-May (MAM) 
(Harrison & Larkin, 1998). 

IOD intensity is represented by an 
abnormal SST gradient between the 
south-eastern Indian Ocean (50° - 70° E 
and 10° S - 10° N) and western 
equatorial Indian Ocean (90° - 110° E 
and 10° S - 0° N). This gradient is 
known as the Dipole Mode Index (DMI). 
When the DMI is positive, the 
phenomenon is referred to as the 
positive IOD, and when it is negative, it 
is referred to as the negative IOD. IOD 
index is neutral when IOD shows values 
between −0.4°C and +0.4°C (Agustina et 
al., 2021; Cahyarini et al., 2021; H. Li et 
al., 2022). 

C. Drought indices 
SPI is a meteorological drought index 

created by McKee et al (1993). With this 
index, wet and dry occurrences in an 
area can be assessed. The 
characteristics of drought include 
duration, magnitude, severity, intensity, 
and frequency. It is a widely used 
indicator for measuring drought 
occurrences due to its ease of use 
(based on precipitation). The SPI 
calculation utilizes multiple time scales 
(1, 3, 6, 9, and 12 months) (Bhunia et 
al., 2020; Qaisrani et al., 2021; Salimi 
et al., 2021; Wu et al., 2021). A more 
objective assessment of dry and wet 
periods is possible through the gamma-
modeling of historical data and the 
transformation of gamma-modeled data 
to normally distributed data. These 
steps are used to calculate a SPI (Ali et 
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al., 2011; Bhunia et al., 2020; W. Wang 
et al., 2021): 

The previous j months where time 
scales (1, 3, 6, and 12 months) used to 
generate a set of averaging periods 
(Qaisrani et al., 2021; Salimi et al., 
2021; Wu et al., 2021). The relationship 
between the probability and the rainfall 
was determined by fitting each data set 
to the gamma function. The probability 
density function of the gamma 
distribution is given by 

 

  (3) 
 
where 𝛼 are shape and 𝛽 are scale 

parameters. 𝑥 is the amount of 
precipitation, and 𝛤(𝛼) is the gamma 

function. 𝛼 and 𝛽 are required to be 
estimated for fitting the distribution to 
the data for each timesteps of interest 
for each rainfall station. 

 
The maximum likelihood method by 

Thom (1958) was applied to estimate 
scale and shape parameters as below: 

 

 
 (4) 

with 

  (5) 
 

Where  represents the average 
precipitation; n represents the numbers 
of data point in the series; x represents 
the precipitation at the current period. 

The cumulative probability of an 
observed amount of precipitation is 
calculated using the equation in the 
following step: 

 

 (6) 
When x = 0, the gamma distribution 

will return an undefined value. 
Therefore, the above question is 
modified as shown below 

  (7) 
After estimating the modified 

cumulative probability, an 
approximation of the SPI index can be 
computed.: 

 
 

 (8) 
where 

 
 (9) 

And c0 = 2.515517, c1 = 0.802853, c3 
= 0.010328, d1 = 1.432788, d2 = 
189269, dan d3 = 0.001308. 

 
 
The SPI classification in eight 

categories, as shown in Table 2-1. 
 
TABLE 2-1. classification of the spi value  

Classification Value 

Extremely wet SPI ≥ 2 

Very wet 
1.5 ≤ SPI 

< 2 

Moderately wet 
1 ≤ SPI < 

1.5 

Near normal 
-1 < SPI < 

1 

Moderately dry 
-1.5 < SPI 

≤ -1 

Severely dry 
-2 < SPI ≤ 

-1.5 
Extremely dry SPI ≤ -2 

  
In this study, SPI values were 

calculated using the SPI Program 
software from the National Drought 
Mitigation Center (NDMC), University of 
Nebraska-Lincoln. The Run Theory 
concept, developed by Yevjevich (1967) 
and Dracup et al. (1980), was adopted 
to identify drought characteristics at 
each rainfall station (Fig. 2-2).
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Fig. 2-2 Concept of run theory for a given threshold level 

 

According to this method, a drought 
event initiates when Xt (SPI) is 
continuously less than zero (Xo) and 
reaches an intensity of -1 or less, 
terminating when Xt becomes positive. 
The duration (or run-length) is defined 
as the period between the start (ti) and 
end (te) of the drought; consequently, 
the reported drought event counts refer 
to the cumulative number of months 
exhibiting drought conditions. The 
magnitude (or run-sum) represents the 
cumulative water deficit (e.g., rainfall 
deficiency) during the event. Drought 
intensity is calculated by dividing the 
magnitude by the duration (Yildirim et 
al., 2022). Drought frequency is the 

proportion of drought that occurred 
during the observation period (total 
value of drought duration divided by 
total number of months) (Mohseni 
Saravi et al., 2009). 

Drought severity refers to the 
drought classifications based on SPI 
(Table 2-1) (Bong & Richard, 2020; 
McKee et al., 1993). To characterize 
drought conditions across the entire 
research area, these station-based 
drought metrics were subsequently 
interpolated using the spatial methods. 
Finally, descriptive statistical analysis 
was applied to evaluate the overall 
drought indicators.

 
Fig. 2-3 Map distribution monthly rainfall in Gunungkidul Regency 
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D. Composition of spatial maps 
To illustrate the spatial distribution 

of precipitation and severity level of 
drought, the spline interpolation 
technique was employed (Ali et al., 
2011; Yildirim & Rahman, 2022). This 
surface estimation model has been 
continuously improved over the decade 
and is recognized for its mathematical 
robustness. By minimizing the function 
that combines the mean square 
residuals and the roughness of the 
signal surface, the model effectively 
smooths the data (Mazhar & Nawaz, 
2014). 

By minimizing the function that 
combines the mean square residuals 
and the roughness of the signal surface, 
the model effectively smooths the data 
(Mazhar & Nawaz, 2014). The spline 
interpolation was computed using 
ArcGIS Pro 3.0.2 software.  

E. The correlation analysis 
Table 2-2. classification of the pearson 

correlation coefficient 

Classification Value 

Very weak correlation 0.0 – 0.2 
Weak correlation 0.2 – 0.4 
Moderate correlation 0.4 – 0.6 
Strong correlation 0.6 – 0.8 
Very strong 

correlation 
0.8 – 1.0 

 
The Pearson Correlation Coefficient 

(PCC) developed by Pearson (1895), has 
been widely used throughout correlation 
analysis (Z. Wang et al., 2022). In this 
study, PCC used to identify the 
correlation between SPI 3 months and 
SOI and DMI. The correlation coefficient 
varies from -1 to 1, where -1, 0, and 1 
represent a negative correlation, no 
correlation, and positive correlation (Du 
et al., 2022; Elhoussaoui et al., 2021; 

Evans, 1996; Khoi et al., 2021). The 
correlate action coefficient's absolute 
value was used to calculate the degree 
of correlation (Table 2-2). 

 
3   RESULTS AND DISCUSSION 
In this study, 15 rain stations in the 
Gunungkidul Regency were filled, 
calibrated, and used to generate rainfall 
data. The results were consistent among 
all 15 rain stations. Fig. 2-3 illustrates 
that precipitation in Gunungkidul 
Regency is highest at the beginning and 
end of the year, while it tends to be 
lowest in the middle of the year. The 
monthly rainfall trend in Gunungkidul 
indicates that the greatest rainfall 
occurs in January, then drops in 
February to its lowest peak in August. It 
started increasing in September and 
continued until December. Monthly 
precipitation data could describe a 
pattern of rapidly growing precipitation 
in the South and North, which are 
located at elevations more than 200 
masl. This indicates that precipitation 
in Gunungkidul Regency can be affected 
by elevation. 
 
3.1 ENSO and IOD events 

According to the Fig 3-1, La Nina 
events include 1998, 1999, 2010, and 
others, whereas El Nino events include 
1994, 1997, 2015, and others. Negative 
IOD events occurred in 1992 and 1995, 
whereas positive IOD events occurred in 
1997 and 2015. In 1997/1998, the SOI 
value was negative and ranged from -8.5 
to -28.5. The DMI value during that year 
was positive and ranged from 0.5 to 
0.54. El Nino occurred from March 1997 
until April 1998, and the positive IOD 
occurred from July 1997 to February 
1998.

 
Fig. 3-1 Monthly data SOI and SPI 1991 – 2020 
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3.2 Meteorological drought 

characteristic 

The SPI value can be used to assess 
meteorological droughts. These values 
indicate the following results: drought 
duration (DD), drought magnitude (DM), 
drought severity (DS), drought 
frequency (DF), and drought intensity 
(DI). The length of a drought event is 
determined by assessing it from the 
start of the month (including) to the end 
of the month (excluding). The sum of the 
determined SPI values or severity values 
throughout all drought durations is the 

drought magnitude. The severity of the 
drought will worsen as its magnitude 
decreases. Gunungkidul Regency has 
suffered droughts of various durations 
and magnitudes over the last 30 years. 
Gunungkidul Regency suffers drought 
on average for 5 months (SPI 3) and 22 
months (SPI 12). Average drought 
magnitudes for the Gunungkidul 
Regency from 1991 – 2020 were -5.29 
for the SPI 3 and -26.29 for the SPI 12. 
The drought duration and magnitude 
for each rain station, as shown in Table 
3-2.

       

       

   

Fig. 3-2 SPI 3 and SPI 12 value for each rain station categories 

Rain station in Gunungkidul Regency 
can be classified into five categories 
based on its region and elevation. Five 
categories are the southern with 
elevation 200 – 400 masl, the central 
region with elevation 0 – 200 masl, the 
central region with elevation 200 – 400 
masl, the north with elevation 0 – 200 
masl, and north with elevation 200 – 
400masl. There are four rain stations in 
the southern part of the Gunungkidul 
Regency including BPP Panggang, BPP 
Rongkop, BPP Tepus, and BPP 
Saptosari. There are six rain stations in 
the Gunungkidul Regency's central 
region. BPP Wonosari, BPP Paliyan, and 
BPP Semanu are a few of the central 
region's rain stations, which are all 
located at an elevation 0 – 200 masl. 
BPP Playen, BPP Karangmojo, and BPP 
Ponjong are rain stations that are 

located at elevations 200 – 400 masl. 
There are five rain stations in the north. 
BPP Gedangsari, BPP Nglipar, and BPP 
Patuk are a few northern rain stations 
that are placed 0 – 200 masl, whereas 
BPP Semin and BPP Ngawen are located 
above that elevation. 
Fig. 3-1 illustrates the drought severity 
as the monthly calculated value of the 
SPI 3 and SPI 12 for each rain station 
categories. Drought occurs when the 
SPI value is below -1 and end when the 
SPI value is positive. Drought that has a 
long duration is shown when the SPI 
value is below -1 in a row, whereas the 
extremely dry drought is indicated at 
the lowest SPI value or the SPI value 
less than -2. The lowest SPI value 
among all rain stations is -2.99. This 
value occurred in December 1997 at 
BPP Panggang. The longest drought and 
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extremely dry drought, as shown in 
Table 5. The spatial pattern of the 
extremely dry drought in Gunungkidul 
Regency 1997 and 2019, as shown in 
Fig. 3-3. 

TABLE 3-1 

THE SEVERITY OF METEOROLOGICAL DROUGHT BASED ON THE  

ELEVATION 1991 - 2020 

Severity 

Drought 

Elevation (masl) 

0 – 200 
200 – 

400 

400 – 

600 
>600 

Moderately Dry 16 18 13 8 

Severe Dry 13 14 8 5 

Extremely Dry 5 4 3 3 

Total 34 36 24 16 

 
In the past 30 years (1991 – 2020), 
meteorological droughts based on 
elevation have a tendency to occurred 
36 times at 200 - 400 masl, 34 times at 
0 - 200 masl, 24 times at 400 - 600 
masl, and 16 times at >600 masl. The 
severity of the meteorological drought 

based on the elevation of the region in 
Gunungkidul Regency is shown in 
Table 3-1. 
Agriculture in Gunungkidul Regency 
may be affected by a meteorological 
drought. Tubers are a type of dry land 
agriculture that commonly survives in 
dry periods such as 2009 and 2010. 
Agricultural production tends to rise 
during normal or wet periods in 2011 
and 2012. Increased agricultural 
products, such as rice plants. 
According to the SPI 3 value, BPP 
Panggang had the highest proportion of 
drought for the past 30 years (24.44%), 
while BPP Nglipar had the lowest 
(15.56%). BPP Semin (15.06%) has the 
lowest proportion of droughts lasting 
fewer than 30 years. Except for BPP 
Nglipar (15.56%), all of the rain stations 
in Gunungkidul Regency with 30 years 
of data show that more than 18% of the 
proportion is in a drought. A significant 
proportion of Gunungkidul Regency's 
areas have therefore suffered drought 
for at least 60 months during a period of 
360 months (30 years).

 
Fig. 3-3 SPI 12 value in Gunungkidul Regency 1997 and 2019 

 
According to SPI 12 value, BPP Rongkop 
had the highest proportion of droughts 
during the past 30 years (33.33%), 
whereas BPP Tepus had the lowest 
proportion (21.39%). BPP Saptosari 
(35.76%) and BPP Semin (11.22%) had 
the highest and lowest percentages of 
droughts lasting fewer than 30 years. 
Commonly, the proportion of drought is 
approximately 20 – 30% for rain 
stations with other 30-year data. 
According to SPI 12, a significant 
proportion of Gunungkidul Regency's 
areas suffered drought for at least 72 
months over a 360-month period (30 

years). The drought frequency 
Gunungkidul Regency 1991 – 2020, as 
shown in Table 3-2.  
Drought intensity is the ratio of drought 
magnitude to duration. The intensity 
value of the drought reflects the level of 
drought in the study area. This indicate 
is required because a significant 
number of droughts occur in a short 
period yet have a high intensity of 
drought severity, or vice versa. In 
Gunungkidul Regency, the average 
drought intensity value is respectively -
1.14 (SPI 3) and -1.16 (SPI 12) (Table 3-
2). 
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The SPI 3 indicates the intensity of the 
15 rain stations, of which two have 
intensities from 0 to -1, nine have 
intensities from -1 to -1.2, and four 
have intensities below -1.2. This 
indicates that the drought is more 
severe at the four rain stations (BPP 
Ponjong, BPP Rongkop, BPP Nglipar, 
and BPP Semin) than it is at the other 
rain stations. The SPI 12 indicates the 
intensity of the 15 rain stations that are 
occurring drought, two of which have 
intensity values from 0 to -1. The two 
stations are BPP Tepus and BPP 
Ponjong. Ten stations had intensity 
values between -1 to -1.2. Three 
stations then had intensity values 
greater than -1.2. BPP Semanu, BPP 
Ponjong, and BPP Semin are the three 
stations. 
 
3.3 Correlation between climate 
variability and meteorological 
drought 

 
ENSO and IOD can affect rainfall 
(Kurniadi et al., 2021). A meteorological 
drought occurs when rainfall is below 
normal (Bhunia et al., 2020; Narulita et 
al., 2021). ENSO’s influence on the 
decrease in the intensity of rainfall 
occurs during the El Nino phase. At this 
phase, the temperature of the western 
Pacific Ocean is lower than the middle 
and east, which results in a slower rainy 
season or a longer dry season. IOD can 
also affect the intensity of rainfall 
during the positive IOD phase. At this 
phase, the sea level temperature in the 
eastern Indian Ocean is low compared 
to the west, which causes the region in 
Indonesia to be dry. Positive IOD events 
can strengthen or worsen the drought 
caused by ENSO in the maritime 
archipelago (Lestari et al., 2018), as was 
the case in 1997–1998.

 
 

Table 3-2. Characteristic meteorological drought in gunungkidul regency 

 
 

In 1997-1998, the SOI value was below -7 for 
14 consecutive months. According to Harrison 
and Larkin (1998) onset period of the ENSO 
development cycle, the development of El Nino 
in 1997 began in March. In 1997/1998, the 
SOI value dropped to -28.5 in March 1998. 
Along with the development of ENSO, IOD 
occurred in 1997–1998. The development of a 
positive IOD in 1997 began in July. For the 
past eight months, the DMI value has been 
greater than +0.4. The DMI value during 1997–

1998 reached its highest value of 1.40 in 
November 1997. The SPI-3 value during the 
development of ENSO and IOD in 1997–1998 
at each rain post was very diverse. 
In March 1997, the SPI 3 value in BPP 
Panggang and BPP Ponjong was very low below 

-2. The SPI 3 value in both rain posts was 
below -2 for three consecutive months. In July 
1997, the value of SPI 3 on each rain posts 
ranged from 0 to -1.39. The SPI 3 value of this 
month is not as low as in March 1997. In 
November 1997, the SPI 3 value in BPP 
Ponjong touched a figure below -2. SPI 3 for 
the month averages -1.59. In March 1998, the 
SPI 3 value for this month averaged 0.56. SPI 3 
values tend to be low when the SOI value is 
low and the DMI value is high, such as in 

November, December, and January 
1997/1998. The relationship between the SOI 
value and the DMI value with SPI 3 can 
analyze with pearson correlation 
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Table 3-3. Drought longest and extremely dry in gunungkidul regency based spi 12 value 

No 
Rain 

Stations 

Drought longest (≤ -1) Drought extremely dry (≤ -2) 

DD Date DM DD Date DM 

1 
BPP 

Panggang 
23 Jan, 2019 - Dec, 2020 -24.45 

11 Dec, 1997 - Nov, 1998 
-

22.22 

14 Oct, 2002 - Dec, 2003 
-

14.55 

5 Sep, 2007 - Feb, 2008 -6.45 

2 BPP Paliyan 46 May, 2002 - Mar, 2006 -65.62 
10 Feb, 1998 - Dec, 1998 

-

10.85 

41 Oct, 2002 - Mar, 2006 -58.1 

3 BPP Patuk 54 May, 2004 - Nov, 2008 -62.32 23 Dec, 2006 - Nov, 2008 -24.4 

          10 Apr, 2010 - Feb, 2011 
-

12.24 

4 BPP Playen 35 Feb, 2005 - Jan, 2008 -30.19 10 May, 2016 - Mar, 2017 
-

14.26 

5 
BPP 
Wonosari 

37 Feb, 2003 - Mar, 2006 -47.37 8 May, 2007 - Jan, 2008 
-

14.14 

6 
BPP 

Karangmojo 
36 May, 2003 - May, 2006 -48.89 

  
- 

  

7 
BPP 
Semanu 

39 Jan, 2003 - Apr, 2006 -44.3 23 May, 2007 - Apr, 2009 
-

38.55 

8 BPP Tepus 36 Sep, 2002 - Sep, 2005 -35.29   -   

9 
BPP 

Ponjong 
22 Dec, 1996 - Sep, 1998 -35.65 12 Oct, 1997 - Sep, 1998 

-

18.58 

    22 Feb, 2019 - Dec, 2020 -30.73       

10 
BPP 
Rongkop 

35 Apr, 2003 - Mar, 2006 -29.26 9 Jan, 1998 - Sep, 1998 -9.72 

          8 Jun, 2007 - Feb, 2008 
-

13.23 

          7 Apr, 2010 - Nov, 2010 -10.4 

11 BPP Nglipar 82 Mar, 2004 - Jan, 2011 -96.86 70 Mar, 2005 - Jan, 2011 
-

77.21 

12 
BPP 

Ngawen 
92 Feb, 2003 - Oct, 2010 

-

107.46 

  
- 

  

13 BPP Semin 35 Dec, 2004 - Nov, 2007 -63.85 35 Dec, 2004 - Nov, 2007 
-

63.85 

14 
BPP 
Gedangsari 

44 Jan, 2007 - Sep, 2010 -53.59 23 Dec, 2018 - Nov, 2020 
-

28.87 

15 
BPP 
Saptosari 

45 Mar, 2007 - Des, 2010 -44.29 13 Mar, 2005 - Apr, 2006 
-

22.05 

 
 

TABLE 3-4 
Pearson correlation coefficients between spi 3 

and climate indices for each station. 

 

The Pearson correlation was used to assess the 

correlation between SOI and DMI on SPI 
values. The sig row (2-tailed) is used to 
determine significance. A correlation is deemed 
significant if the value of significant (Sig. 2-
tailed) is less than 0.05. The Pearson 
correlation analysis, summarized in Table 3-4, 
elucidates the relationship between 
meteorological drought (SPI-3) and large-scale 
climate indices. The results demonstrate a 
predominantly positive and statistically 
significant correlation between SPI 3 and the 
SOI across the majority of stations (p < 0.05), 
with the notable exception of BPP Gedangsari 
(p = 0.143). This positive association confirms 
that negative SOI phases indicative of El Niño 
events is consistently linked to precipitation 
deficits (lower SPI values) in the region. 
Conversely, all stations exhibited a robust 

inverse correlation with the DMI (p < 0.001), 
implying that positive DMI anomalies (Positive 
IOD) serve as strong drivers of drought 
conditions throughout Gunungkidul Regency. 
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However, it must be noted that while these 
relationships are physically consistent, the 
monthly time-series data may contain 
autocorrelation, suggesting that the reported 
statistical significance levels should be 
interpreted with caution. 
The SPI values of the BPP Panggang, BPP 

Paliyan, BPP Patuk, BPP Playen, BPP 
Wonosari, BPP Karangmojo, BPP Semanu, BPP 
Rongkop, and BPP Saptosari have a moderate 
association with SOI and DMI values. The SOI 
and SPI values of the BPP Ponjong, BPP Tepus, 
BPP Nglipar, and BPP Ngawen have weak and 
moderate correlations with the DMI values, 
respectively. The SPI value BPP Semin has a 
very weak correlation with the SOI and DMI 

values. The SPI value BPP Gedangsari shows a 
moderate correlation with the DMI value but 
does not correlate with the SOI value. 

March-April-May (MAM) is the onset of the 
development of El Nino (Harrison & Larkin, 
1998). In 1997/1998, El Nino started to 
develop in March. Furthermore, El Nino occurs 
during the positive phase of the IOD. A three-
month average was used to assess El Nino and 
IOD (Fig. 3-4). The three month average was 

DJF (December – January – February), MAM 
(March – April – May), JJA (June – July – 
August), and SON (September – October – 
November). Meteorological drought associated 
with El Nino and Positive IOD, indicates to 
have occurred in 1997/1998 at an elevation of 
200 - 400 masl. Then, at elevations of 400 – 
600 masl, 0 – 200 masl, and 600 – 800 masl. 
Drought will worsen as increases elevation, as 

seen in MAM 1997 and SON 1997.

 

 

Fig. 3-4 SPI 3 value during meteorological drought, El Nino, and positive IOD in 1997/1998
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4   CONCLUSION 
 

Gunungkidul Regency suffered 
meteorological drought at least 72 times 
for SPI 3 and 93 times for SPI 12 
between 1991 – 2020. The average 
duration of drought in Gunungkidul 
Regency is 5 months (SPI 3) and 22 
months (SPI 12). Furthermore, the 
average drought magnitude during the 
past 30 years for SPI 3 and SPI 12 is -
5.33 and -26.29, respectively. Drought 
intensity in Gunungkidul Regency 
averages -1.14 for SPI 3 and -1.17 for 
SPI 12. According to the average SPI 12 
values for 1991 – 2020, drought tends 
to occur at an altitude of 200 – 400 
masl. 

The SOI and SPI 3 have a positive 
correlation, whereas the DMI and SPI 3 
have a negative correlation. The severe 
meteorological drought in Gunungkidul 
Regency increases if El Nino and IOD 
phases are positive continuously. This 
illustrates the spatial pattern of SPI 3 
values from December 1996 and May 
1998, along with the positive IOD and 
El Nino occurrences in 1997/1998. The 
meteorological drought trend occurred 
in areas with elevation of 200 – 400 
masl during El Nino and IOD positive 
events in 1997/1998. 
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