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Abstract-A drought is a phenomenon of shortages in water supply in an area for a long time. Drought usually occurs
in areas that has little rain for a long time or in areas with low precipitation. Drought have negative impacts on many
sectors such as agriculture, plantations, water resources and environment. This paper describes the results of a research
that aims to analyze data to get the level of drought during four yearly periods, and predict the likelihood of drought
to occur in the future. The level of drought was analyzed using the Inverse Distance Weighted (IDW) method and the
Standardized Precipitation Index (SPI). Least square time series was utilized to forecast the level of drought in the near
future. Data consists of drought data collected from electronic news, rainfall data from BMKG, and anual Landsat-8
satellite imagery. All data are for Western Southeast Mallucas in the range of 2015-2018. Analysis using IDW and SPI
methods produce similar interpretation for year 2015, i.e. mild dryness, and fro year 2018, i.e. no drought. However,
the two methods show discrepancy in analysis of data for 2016 and 2017. The use of least square time series to forecast
drought in 2019 gives SPI value of 0.03 which intepretes as normal weather (no drought) that is consistent with the

result of field observation.
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1. Introduction

A drought is a phenomenon of shortages in water
supply in an area for a long time for example in the
range of months or even years. Drought usually occurs in
areas that has little rain for a long time or in areas with
low precipitation. Drought often occurs in many part
of the world, including regions in Indonesia. Indonesia’s
geographical position between two continents and two
oceans and its position on the equator are factors which
contribute to dynamic weather that may cause flooding and
drought. The archipelago has a tropical monsoon climate
that is very sensitive to the El Nino Southern Oscillation
(ENSO) anomaly [1], [2]. Nugroho (2018), Head of the
BNPB Data and Public Relations Data Center, stated that
an area that has once experienced a drought had a good
chance to experience similar disaster in the upcoming years
[3].

Drought may be considered as an imbalance between
water need and water supply that the nature can be
provide. Drought gives negative impact in various sectors
such as agriculture, animal husbandry, plantations and
forestry because the absence of water inhibits the growth of
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plants and slows down biological metabolism of humans
and animals. A such, water availability affects economic
productivity in the sectors.

Drought is a calamity to anticipate. It is very difficult,
if possible, to avoid being exposed to drought and if
that happens, people will suffer from many undesirable
impacts. However, people can make preparations so that
the effect of a drought is minimized. Such preparations
will be effective if we can predict as when the disaster will
take place. Efforts to forecast the occurrence of drought
has become possible through the utilization of methods
of remote sensing which work on satellite imagery data.
Satellites are celestial bodies, such as the moon, that revolve
in an orbit surrounding planets. Since the 60s, people have
made artificial satellites, which are spacecrafts that orbit the
earth, to meet many purposes such as telecommunication
and the acquisition of surface images of the earth [4].
Earth surface imagery are useful to analyze the shape of the
earth and the changes of its surface and objects thereon.
From satellite imagery, people may reveal the occurrence
of forest fire, flood, landslide, and drought.

In addition to satellite imagery, drought forecast may
be conducted based on rainfall data. A popular drought
calculation method is based on rainfall, which is known as
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the Standardized Precipitation Index (SPI). According to
Adidarma et al., calculation of SPI is based on the amount
of monthly rainfall and is widely used in the world [5].
Lincoln Declaration states that there has been an increase
in the frequency and level of drought so that standard
benchmarks are needed to monitor the disaster. These
benchmarks are important because they are used together
in monitoring and managing climate risks around the
globe. Based on the SPI benchmarks, drought is declared
to start if SPI is below zero (negative) and the drought ends
when SPI shifts to positive [6], [7].

This paper describes the results of a research that
observes methods to analyze drought. The methods used
include the Inverse Distance Weigted which processes
remote sensing data, and least square time series which
processes annual Standard Precipitation Index (SPI)
data. The data processed is climate data for the Western
Southeast Mollucan regency, in the province of South
Maluku.

The Western Southeast Mollucan regency (MTB)
often suffers from drought. The region is a tropical area
close to the Pacific ocean. Generally, the weather in
Indonesia is very sensitive to a climate anomaly called El
Nino Southern Oscillation (ENSO). ENSO will cause low
rainfall in Indonesia when the surface temperatures of the
equatorial Pacific ocean in the middle area to the eastern
part warms up [2]. According to the Head of the Center
for Data, Information and Public Relations of the National
Disaster Management Agency (BNPB), ENSO may cause
drought in more than 4000 villages in Indonesia affecting
around 4.87 million people [8]. The perceived impacts
include the lack of clean water and the decline of food
production. MTB regency is one of the areas that suffers
the hardest hit by the ENSO climate anomaly. Drought
may persists over a long period of time resulting in crop
failure for maize, rice and tubers [9].

2. Literature Review

We observe several studies that have been carried
out related to drought disasters. One of them was carried
out by [10] who observed remote sensing for monitoring
drought in paddy fields. They observed vegetation index
(VI) of paddy fields in East Java and Bali during July to
December 2011. The level of greenness of vegetation
during eleven 8-day periods showed a domination of low
VI. Low rainfall during July 2011 caused a shortage of
water supply to paddy fields in several districts, especially
during August and September. A low level VI indicates
that the observed area suffers a drought.

Another study has examined the relationship
between vegetation index and spatial position. The results
of analysis suggest that drought phenomenon has spatial
connectivity among the observed regions. K-means
analysis shows that under the high vegetation density, the
weight of the distance between vegetation data points and
the centroid is shorter. That is, data are concentrated in
an area. Under conditions of low vegetation density, the
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weight of the distance between the data points to the
centroid becomes wider. Under such condition, the data
looks more distributed. The dominance of the green
data group shows the dominance of the grid that marks
the vegetation. The dominance of brown and red data
groups shows the dominance of the grid marking the non-
vegetation surface area or low vegetation growth, which
indicates droughe [11].

Subsequent research looked at the use of Theory of
Run in the Krueng watershed, Aceh. This research yields
monthly rainfall calculations for various monitoring points
in Aceh province [5].

3. Research Methods

a. Research stages

This research runs in several stages as shown in
the flowchart in Figure 1. Satellite imagery on the
flowchart is input data or observations from the remote
sensing process. Remote sensing is usually defined as the
science of obtaining information about an object, area
or phenomenon through the analysis of data obtained
through a device without direct contact with the object,
area, or phenomenon [12].

Drought Data

}
[ | | |

[ 2015 || 2016 H 2017 H 2018 ‘

1 | | |
}

Radiometric
Correction

Rainfall Data

VCl

Results of Index Exploration ‘

Use IDW Method

I |

Use of the Time Series
Method

Use of the SPI Method

Final Result

Figure 1. Research Flow; see text for description of
acronyms

Normalized Difference Vegetation Index (NDVI) is
a formula that is widely used to predict surface properties
when the vegetation canopy is not too tight and not too
rare. NDVI calculations are shown in equation (1) where
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NIR is the spectral value of the near infrared channel, and
RED is the spectral value of the Red channel.

NDVI = NIR - RED .
NIR + RED

Vegetation Health Index (VHI) is an index that
describes the health of vegetation regardless of the cause.
Poor vegetation health can be caused by stress due to
drought, flooding, or pest attacks [5]. The VHI calculation
is shown in equation (2) where VCI is the vegetation
condition index, TCI is the temperature condition index,
and parameter a is the contribution coefficient of the two
indices [13].

VHI = axVCI+(1—a)xTCI 2)

Phase 1 is the data collection stage which includes
data on drought events, both electronic news sites
and BMKG, rainfall data at the location studied and
satellite imagery data over an interval of four periods
(2015-2018).

Phase 2 is the initial data processing stage which is
the analysis phase using several formulations. At this stage,
satellite image data is corrected, then processed using
the index exploration processing method. The methods
referred to are the Normalized Difference Vegetation Index
(NDVI) and Vegetation Health Index (VHI).

Phase 3 is a drought analysis using the Inverse
Distance Weighted (IDW) method which is applied to the
results of index exploration processing. At this stage the
SPI method is also applied to the rainfall data to get the
standardized precipitation index. SPI calculation results
are used to predict drought in 2019 using the least square
time series method.

Phase 4 is the analysis of the results of the calculation
of the drought prediction as the output of the two methods.

b. Drought Analysis Method
1) Inverse Distance Weighted

Inverse Distance Weighted (IDW) is a simple
deterministic method by considering the points around
it. Points closer to the estimated location will be given
more weight than points further away. This weighting is
the origin of the name inverse distance weighted [14]. Two
points that are close together are said to be more similar
than two points that are far apart.

The IDW method uses the centroid point which is
the estimated sample point in each district. One point
represents one weighting value for each district. In this
study there were six centroid points according to the
number of sub-districts in the area observed. The IDW
formula is shown in equations (3) and (4) [15].

u(x) = ZO:—ZV?_E)ZJM(IX) 3)
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In both of these equations, u, = u(x), for i from 0 to N,
x is an interpolated point, x, is a known point, d is the
distance of point x with respect to x, N is the number of
points, and p is power which is a positive real number.

2) Standardized Precipitation Index

The Standardized Precipitation Index (SPI) was
developed in 1993 by McKee. The aim is to determine and
monitor drought [16]. SPI is calculated as follows [17].
First determine the o and P values estimated for each rain
station monitoring point using equations (5) - (7).

1 44
e In(x) — > In(x) ©
n
B= X 7)
o

In equations (5), (6) and (7), In is the natural logarithm,
x the amount of rainfall and n the amount of rainfall
observation data.

SPI value calculation is based on the gamma
distribution which is defined as a function of frequency
or chance of occurrence. For this reason, it is necessary to
determine the value of H (x) following equation (8).

H(x) =q+(1—q).G(x) )

In equation (8), q is the number of rainfall events, 0 / n
where n is the number of years of rainfall data, G is the
gamma distribution, and x can be filled with x, 0, or B.
If 0 <H (x) < 0.5, the calculation of the SPI value
follows equations (9) and (10).
co+ €y ¥ cpt?
14dy+dyt? + dst?

1
= /1
" )2

Calculation of the SPI value for 0.5 <H (x) < 1.0
follows equations (11) and (12).

SPI = — (t— ) )

(10)

_ . Gotoat cat?
SPI=(t 1+ dy+dat2+ d3t3) 1D
t= |In——
~ e (12)

The coefficients in equations (9) and (11) have the
following values.
¢, :2.515517
c, :0.802853

1
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c, :0.010328
d, :1.432788
d, :0.189269
d, :0.001308

SPI values indicate the value of rainfall compared to
average rainfall. A positive SPI value indicates rainfall at a
time greater than average rainfall. Conversely, a negative
SPI value indicates rainfall at a time smaller than average

rainfall [16].

3) Time Series

Time series is a collection of data collected in a time
span, or data whose independent variable is time. Time
series data is usually used to forecast (value) the value
of the dependent variable for future events. Forecasting
is done on the basis of scientific methods (science and
technology) and carried out systematically [18].

Least Square is a method for determining
relationships between variables, in the form of the
most appropriate mathematical equation. This method
minimizes the number of errors between the data points
and the equation curve points. Least Square produces the
most appropriate trend line (best fit) from time series data
[19], [20]. Mathematically, the trend line can be expressed
with equation (13).
Y=a+bx (13)
In equation (13), Y is the value of the forecast result, a
basic period, b the rate of development of the predicted
value, x the time calculated, and n the number of years
predicted. Coeflicients a and b are calculated based on
past drought data by following equations (14) and (15)
[20].

(14)

(15)

c.  Research sites

This study takes data on drought and rainfall for
Western Southeast Mollucan (MTB) districts, namely in
the districts of Nirunmas, Kormomolin, Wer Tamrian,
and South Tanimbar. Geographically, MTB is located
at coordinates 6034’24” - 8024°36” South Latitude and
130037°47” - 13304’12” East Longitude. The total area is
52,995.20 km? which consists of land area of 10,102.92
km? (19.06%) and water area of 42,892.28 km? (80.94%).

4. Results And Discussion

Before calculating the exploration index, the
researcher first carries out radiometric correction to

Vol. 6 No. 1 | April 2020

Drought Analysis and...

correct the pixel values to match what they should be.
Correction is needed to reduce image errors due to
atmospheric factors which are the main source of errors.
Radiometric correction is done by converting a number
value into a reflectance value.

a. Exploration Index Calculation

The radiometric corrected image was processed
using two exploration index methods, namely NDVI
and VHI. Figure 2 shows the results of the NDVI (green)
exploration index calculation and Figure 3 shows the
results of the VHI (drought) calculation in the Western
Southeast Mollucan (MTB) region. The four sub-districts
of Nirunmas, Kormomolin, Wer Tamrian and Tanimbar
Selatan are shown in a row in a row from north to south.

The final results of the calculation of vegetation
index in the form of numbers are presented in table 1.
The first row of the table contains the final results of
calculating the index with NDVI (greenness) and the
second row contains the final results of calculations with
VHI (drought). The results of calculations are carried out
on satellite imagery for a period of four years, namely in
the range of 2015-2018.

2015 2016

2017

Figure 2. NDVI image during 2015-2018

2015 2016

017 2018

Figure 3. VHI image during 2015-2018

KHAZANAH INFORMATIKA | ISSN: 2621-038X, Online ISSN: 2477-698X


http://journals.ums.ac.id/index.php/khif

Drought Analysis and...

Table 1. Calculation result of exploration Indices

Year 2015 2016 2017 2018
NDVI 0.40 0.31 10.31 41.62
VHI 26.46 25.16 26.58 51.08

The NDVI index in 2015 and 2016 shows that
vegetation is rare in MTB. Whereas the index in 2017
and 2018 shows dense vegetation. Meanwhile, the VHI
index in 2015, 2016 and 2017 shows the level of severe
drought occurring in the area under study. But in 2016
there was a decrease in the VHI index by 1.3, which means
an increase in drought, which can be attributed to the El
Nino phenomenon in 2015. In 2017, the VHI index
value was higher than the previous two years, which means
relatively low drought. Whereas in 2018 the VHI value is
very high which indicates no drought in MTB.

The exploration index calculation for the MTB
district shows that this area had a severe level of drought in
2015-2017. The NDVI index shows rare vegetation which
can be interpreted as a possibility of drought. The NDVI
index for 2018 shows that dense vegetation means that
there is no drought. This indication is in accordance with
the results of the VHI index calculation which states that
in 2018 there will be no drought.

b. Drought Analysis

Drought analysis in this study was carried out using
two methods namely the Distance Weighted Index (IDW)
and the Standardized Precipitation Index (SPI). IDW
calculation requires a centroid point value which contains
a weighting value, which is a condition of applying IDW
calculation in the QGIS application. Calculations using
the IDW method in this study use the results of the VHI
index calculation to examine the pattern of drought that
occurs in each district in the area studied. The IDW
calculation results are displayed in Figures 4 and 5.

Figure 4. IDW calculation for year 2015 (left) and 2016
(right)

Figure 4 is the result of processing with the IDW
method for data in 2015 and 2016. In 2015, Nirunmas
sub-district (located the northernmost on the map) had
moderate to mild drought levels dominated by mild
drought levels. In that year the Kormomolin sub-district
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experienced a mild level of drought in the range of 30-
40, while the Wer Tamrian sub-district experienced a
moderate to mild drought in the range of 20-30. While
South Tanimbar sub-district has a drought level of 10-
30 which is included in the category of moderate-severe
drought dominated by severe drought.

In 2016, all Nirunmas sub-districts experienced a
moderate level of drought with an IDW value of 25.4.
Kormomolin District has moderate to severe drought.
While Wer Tamrian sub-district has a level of drought
less than 10-20 which is included in the category of
severe-extreme drought dominated by severe drought.
Lastly, South Tanimbar district has moderate to severe
drought.

Figure 5 shows the results of IDW calculations for
2017 and 2018. In 2017, Nirunmas sub-district did
not experience drought even though there were some
regions that experienced mild to moderate drought.
Kormomolin District has mild to severe drought levels
while Wer Tamrian and South Tanimbar districts have
severe drought levels in the range of 10-20. While in
2018, the IDW calculation results for the four districts
produce 45.5-69.3 which means that it is included in the
category of no drought. The results of IDW interpretation
for the four sub-districts in the MTB district over a span
of four years can be seen in table 2.

Figure 5. IDW calculation for year 2017 (left) and 2018
(right)

Table 2. Drought Analysis by IDW Method

Year Drought Level
2015 Mild-Severe
2016 Moderate-Extreme
2017 Mild-Severe
2018 No Dryness

Table 3 shows the results of applying the SPI
method to rainfall data in MTB. The MTB Regency
only has one rain monitoring post so the available data
is considered to represent one district data, and there is
no data available per district. The data in the table states
that the MTB district experienced drought only in 2015.
In 2016 and 2017 there was no drought in the area,
moreover in 2018 MTB experienced a wetter climate.
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Table 3. Drought Analysis by SPI Method

Year SPI Value Conditions
2015 -1.56 Very Dry
2016 0.33 Normal
2017 0.25 Normal
2018 1.15 Quite Wet

The results of the IDW and SPI analysis show
results that are not entirely uniform. Both methods
produce similar analyzes for the 2015 and 2018 data.
However, both methods provide different analysis
results for the 2016 and 2017. data. Table 4 shows a
comparison of interpretations of the level of drought
produced by the two methods..

Table 4. Drought Level Comparison

Year Drought level Level
IDW SPI Similarity
2015 Mild-Severe Very Dry Similar
2016 Moderate-Extreme Normal Different
2017 Mild-Severe Normal Different
2018 No Dryness Quite Wet Similar

For 2015, both methods provide the results of
calculations that are interpreted as a occurrence of
drought. Whereas in 2018, the results of the calculation
of the two methods are interpreted in the same way
that there is no drought. However, analysis results for
2016-2017 show different results between the IDW
and SPI methods. According to the IDW method, in
the range of 2016-2017 there was a drought in MTB
while the results of the calculation of the SPI method
stated there was no drought [11].

The difference in the results of the analysis of
the two methods allegedly caused by differences in
the sample of data used in the analysis. IDW method
uses satellite imagery so that the data obtained are in
the form of two-dimensional data consisting of many
monitoring points. Meanwhile, the SPI method uses
rainfall data at one point in the district of MTB so that
it may not necessarily represent events in land areas
covering more than 10 thousand square kilometers.

c. Drought Forecast

Forecasting  drought is for the
government and residents to anticipate the weather
with activities that can be carried out in these weather
conditions. Because the data obtained from drought
analysis is time-based data, forecasting the level of
drought in the future can be done using the time series
method. One method that is quite simple to apply is
least square, which models the weather with a trend
line.

This study uses the least square time series
approach to predict the level of drought in 2019 based
on drought data in the range of 2015-2018. Annual
data is refined into quarter data so that 12 drought
levels are obtained over a four-year period (see Figure 6

beneficial

Vol. 6 No. 1 | April 2020

Drought Analysis and...

Step 1). The least square time series calculation is done
with the R-Studio and Excel applications. The step
taken is to calculate the average value of each quarter
and the total value per year (see figure 6 step 2). Then
the values of Y and X (figure 6 step 3) are determined.

Least square time series is applied in the form of
determining the trend line following equation (13)
where the coefficient values a and b are calculated
using equations (14) and (15). The calculation process
appears in Figure 7 step 4. Using the trend line, the
value of the drought level in 2019 can be predicted (see
Figure 7 step 5). Furthermore, the predicted value for
each quarter for 2019 is done by looking at the average
index for each quarter for 2015-2018 (figure 7 step 6)
where it is assumed that the value for each quarter in
2019 will be the same as the average value for each
quarter in 2015- 2018. The quarterly index forecast
results for 2019 are shown in figure 7 step 7.

1 Year Quarter I Quarter IT Quarter ITI
2015 4.12 4.12 -1.56
2016 2.84 2.85 0.33
2017 2.53 2.94 0.25
2018 1.84 213 1.15
2 Year Quarter I Quarter IT Quarter ITI Total Yearly
2015 4.12 4.12 -1.56 6.68
2016 2.84 2.85 0.33 6.02
2017 2.53 2.94 0.25 572
2018 1.84 213 1.15 5.12
Total 11.33 12.04 0.17
Average 2.8325 3.01 0.0425
3 Year SPI(Y) X XY X2
2015 6.68 -3 -20.04 9
2016 6.02 -1 -6.02 1
2017 572 1 572 1
2018 512 3 15.36 9
b3 23.54 0 -4.98 20

Figure 6. Forecasting SPI index using least square time
series step 1-3

Y2019 — 5,885 — 0,249(4)"
Y2019 = 5.885 — 0.996

¥2019 — 4 8g9
5 Average QI-lll = (2.8325+3.01+0.0425)/3
Average Q |-l = 1,96166667

2.8325/1.9616667 = 1,4439252
3.01/1.9616667 = 1,5344095
2.4775/1.9616667 = 0,0216653

6 Index Quarter 1=
Index Quarter 2 =
Index Quarter 3 =

4.889

FQuarterl

~2019 _ 1 443925 x = 23531164417

9
FQuarterll —2019 — 7 534409 x =2.5005752003

4.889

FQuarterlll —2019 — 0 021665x = 0.0353067283

Figure 7. Forecasting SPI index using least square time
series step 4-7
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SPI index values for 2015-2018 and forecast results
for 2019 are presented in table 4. The same values in
graphical form are presented in figure 8. According to table
4, in 2019 from the first quarter to the third quarter there
was no drought (more index values from 0). Values 0-2.5
has the meaning of normal to wet weather. The results
of this forecast are in accordance with field observations
made by researchers.

Table 4. SPI Index in 2015-2018 and its forecast for year

2019
Year Quarter I Quarter IT Quarter III
2015 4.12 4.12 -1.56
2016 2.84 2.85 0.33
2017 2.53 2.94 0.25
2018 1.84 213 1.15
2019 2.35 2.5 0.03
SPI Value

2

1

0

2015 2016 2017 2018 2019

2

Figure 8. SPI Value during year interval 2015-2019

4. Conclusion

Description in the results and discussion section
suggests that satellite imagery can be used to observe the
occurrence of drought in an area. The NDVI and VHI
index calculation results provide similar interpretation
results related to drought in Western Southeast Mollucan
(MTB). However, IDW analysis based on satellite imagery
and SPI analysis using rainfall data give results that are not
entirely the same. In the span of 4 years of observation, the
two analytical methods give similar results for the 2015
and 2018 data, but give different results for the 2016 and
2017 data. This difference is caused by the number of data
points under consideration. Satellite imagery has many
data points whereas rainfall data only has one point for the
whole area of MTB.

The least square time series method can be used to
forecast the occurence of drought by udilizing drought
index data in the past years to calculate drought index
for the future. Drought forecast based on SPI data in the
period of 2015-2018 gives the SPI index value at 0.03 for
2019. SPI index at such a level is interpreted as no drought,
which fully agrees with the result of our field observation.
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