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Abstract

Climate variability in Indonesia is influenced by several global factors including El Nifio Southern Oscillation
and Indian Ocean Dipole, one consequence of climate variability is drought. The drought index is used to identify
and describe the level of drought in an area, the methods used in this study are the Standardized Precipitation
Index and the Standardized Precipitation Evapotranspiration Index which are calculated based on climate data
with a span of 24 years as many as 67 rain observation posts in North Sumatra using R Studio software. The
purpose of this study is to determine the factors of global climate phenomena that affect drought in North Sumatra
and its impact on rice crop productivity and analyze drought characteristics spatially and temporarily. The
resulting index values are then analyzed using correlation methods to see their relationship with ENSO and 10D.
The results showed that the incidence of the ENSO phenomenon had a very strong relationship with
meteorological drought in North Sumatra with a correlation value range of -0.85 to -0.97, and as many as 62.5%
of 32 districts experienced a decrease in rice crop productivity during El Nifio with strong intensity in 2015.
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INTRODUCTION

The Indonesian region has climate variability based on geographical and topographic
conditions (Hermawan et al., 2016), besides that climate variability is also influenced by
several global factors, such as ElI Nino Southern Oscillation (ENSO) and Indian Ocean Dipole
(10D) (Putra et al., 2020), this global factor causes the impact of drought on the Indonesian
region which cannot be avoided because it will have an impact on the community. Drought can
occur and develop anywhere in a short time or several months, even longer than several seasons
(drought for many years) (Wong et al., 2013).

Drought is one of the climate disasters due to the impact of the most serious climate
phenomena that can affect society (Li et al., 2019), agriculture, water quality and also water
supply for the community (Blauhut et al., 2015) and is the result of interactions between
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meteorological anomalies, processes on the ground surface, human activities in water use, and
reduced water storage availability media (Van Loon et al., 2016). The incidence of drought in
an area is described through the level of drought expressed in several indices used to calculate
and compare the severity of the drought objectively, as well as the duration and extent of the
drought in various regions (Stagge et al., 2015).

One of the widely used drought indices is the Standardized Precipitation Index and was
first proposed by McKee et al (1993) hereinafter referred to as SPI. SPI is a very powerful
index and is flexible and easy to calculate (Svoboda et al., 2012). SPI is an index that can be
used on short and long time scales temporally or spatially. This index only considers rainfall
without taking into account other weather elements, besides rainfall, the element that affects
drought is temperature, because it can accelerate the evaporation of water from the soil surface
and plants (Serrano et al., 2010) modifying the SPI by considering the temperature element can
calculate  potential  evapotranspiration called the Standardized Prepicipitation
Evapotranpiration Index (SPEI).

In each region has different climate variability and cannot be avoided, this climate
variability is influenced by global factors such as EI-Nino Southern Oscillation (ENSO) and
Indian Ocean Dipole (I0OD) so that it has impacts such as meteorological drought (Narulita et
al., 2019). Lia et al., (2022) conducted a study by looking at the relationship between drought
events and the EI-Nino phenomenon in the North Lombok region, with meteorological drought
indices used, namely SPI and SOI (Southern Oscillation Index) as indicators of ENSO events.
The results of the study show a close relationship between drought events and the EI-Nino
phenomenon in North Lombok.

In addition to the ENSO phenomenon, research by Xu et al., (2019) on the 10D
phenomenon also has an impact on increasing the incidence of drought when 10D events are
positive. According to Jun-Ichi et al., (2012) Drought during the dry season usually appears
together when positive 10D and EI-Nino occur. Meanwhile, when the 10D is negative, it results
in more rainfall in the northwestern part of Java.

Spatial and temporal variability are the basic conditions related to drought in measuring
drought hazards and vulnerabilities of different regions, with the ultimate goal being to improve
adaptation and mitigation to drought phenomena. SPI is an indicator value that describes
meteorological drought with the use of a time scale of 3,6,12 months, Based on Muharsyah's
research, (2016) obtained SPI 12 is more suitable in testing drought in Medan, while in Ambon
and Denpasar it is more suitable SP1 6 and SPI 3. In addition to SPI indicators, another
meteorological drought index used in looking at drought is SPEI, based on research (Musei et
al., 2021) SPEI12 was successfully used to identify and characterize drought events. A
comparative study of these two meteorological drought indicators has also been conducted by
Faisol and Budiyono (2022) who looked for SP1 and SPEI values to see the correlation between
the two indicators, with the result that SPI and SPEI are quite accurate in identifying drought
in West Papua Province.

One of the most densely populated provinces in Indonesia is North Sumatra with a
population of 15 million people (BPS, 2020) which can cause a reduction in green open land,
which can lead to natural disasters such as drought. North Sumatra is also included in the
priority area for drought disaster management which has a threat area of 24,206 ha (Sutarjo et
al., 2013), therefore in minimizing the incidence of this drought disaster, appropriate steps are
needed in anticipating it, so the author conducted a study related to global climate control
factors that affect meteorological drought in North Sumatra and its effect on food crop
productivity.

METHOD

The location in this study is North Sumatra Province, the length of data used in this study
starts from 1998 to 2022, the data used include monthly rainfall from 67 BMKG rain posts in
the North Sumatra region (Figure 1), maximum and minimum temperature data of the North
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Sumatra Climatology station which is used to estimate the maximum temperature and
minimum temperature of the rain post, rain post latitude and elevation data, solar irradiation
time data, wind speed model data obtained from the NASA (National Aeronautics and Space
Administration) website, monthly global phenomenon index data ENSO and 10D, rice
production data from 2010-2022 obtained from the Central Statistics Agency (BPS) of North
Sumatra Province. In this calculation, to get the SPI and SPEI values, rainfall data processing
is used using the R Studio application.

97°NE BOVE 100°00°E

PETA
WILAYAH PENELITIAN DAN
LOKASI POS HUJAN
PROVINSI SUMATERA UTARA

Figure 1. Research area
In this study, maximum and minimum temperature estimation needs to be carried out at 67 rain
post points used, to estimate the temperature, maximum and minimum temperature data from
the North Sumatra Climatology Station are used as reference stations. The calculation of
temperature estimation uses the formula in equation 1 (Braak, 1929)

T, =T, — (% h) (1)
Ty = Maximum temperature/minimum rain post
T, = Maximum/minimum temperature of the reference station
h = Difference in height of rain post with reference station

Then the calculation of the SPI value is based on the amount of gamma distribution which is
defined as a function of frequency, the gamma distribution is used to estimate the probability
of rainfall events per rain post (McKee et al., 1993), the calculation of the SPI value is obtained
by the formula of equation 2 as follows :

G(x) = folg(x) dx =
With the gamma function:
Ty = Jy ¥y e¥ dx 3)

1

x _ _E
T Jo t@ e Bdx )

Description:

G(x) =Gamma distribution

a > 0 = Shape parameters

B > 0 = Scale parameter

x > 0 =Parameter amount of precipitation

The gamma function is not defined at x = 0, while the distribution of precipitation is
likely to be zero, so the calculation for the cumulative probability of precipitation valued at 0
to be:G(x)
Hx)=q+ (1 -q)Gx) 4)
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Where the value of g = m/ n with m is the number of events with values of 0 and n for
the period of rainfall. The SPI value is the result of the transformation of cumulative
probability to normal standard with variable Z. The calculation of the SPI value for is:0 <
H<(x)<0,5

_ _ _ cotcit+cyt?
Z=SPI= (t 1+d1t+d2t2+d3t3) ®)
. 1
witht = |In (W) (6)
Meanwhile, the calculation of SPI value for:0,5 < H < (x) <1
_ _ _ C0+C1t+C2t2
Z=5PI=+ (t 1+d1t+d2t2+data) )
. 1
witht = |In (—(1_H (x))z) (8)
Information:
Co = 2.515517 d, =1.432788
C1 =0.802853 d, =(0.189269
Cy =0.010328 d; =0.001308

For SPEI calculations using rainfall (P) and PET input data, it can be calculated by the
following equation:

Di = Pi- PETi 9)
Description:
D; : Difference from precipitation with potential evapotranspiration,
P; : Monthly rainfall

PET; :Monthly potential evapotranspiration.
The values D; are accumulated based on the time scale with the following equation:

Dy = XiZg Pn-1 — PETp4 (10)

Description:
k = time scale (months)
n =month to -n

The PET value is obtained by calculating the Penman-Monteith potential evapotranspiration
(Monteith, 1965) using the following formula

900
0.408 ARy =G+ 3573, Uz (65~ €a)

A+y (140.34 Uy)

ETy = (11)

SPEI is a calculation for the drought index obtained from the normalization results using
three log-logistic variables based on the probability density function and shown by the following
equation.

F(o =2 ED1a+ (EHp)? (12)

The a, 3, y values are respectively scales, shapes, and initial values that describe the values
of D in the range (y> D < w), with the equation a, B, y as follows.
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B =g (13)

6W1 —Wo— 6W2

(wo—2wy)
=——0—1_ (14)
r(1+ %)r (1- %)

y=w0—ar(1+%)F(1—%) (15)

The value of y (1 + %) is the gamma function of (1 + %), with T'(B) is gamma function of S.
The calculation of the value of w is probability weighted moments

w=231, (1-22) p, (16)

n

where is the number of data points and is the range of observations made. The function of
the series D probabilistic distribution based on the njlog-logistic distribution is shown in the
following formula,

F@) = [1+ 5] )

The SPEI value or standard normal variable Z for P < 0.5 is calculated using the following
formula.
C0+C1W+C2W2

Z=SPEI=W - 1+dW+d,W2+d;W3

(18)

Where W = /-2 1n(P)

While the value of SPEI or standard variable Z for P > 0.5 is calculated using the formula,
Z = SPEI = W + —Stalten” (19)

1+d W+d,W2+d;w3
Where W =,/—2In(1 — P)

Information:

Co =2.515517 d, =1.432788
c =(.802853 d, =(0.189269
Cy =(.010328 d; =(.001308

In this study, the calculation of SPI and SPEI was carried out using RStudio software with
SPI package.

The Pearson correlation method is used to determine the degree of relationship between
variables but does not describe causal relationships. Positive correlation describes the
relationship between variables directly proportional, while negative correlation describes the
relationship between variables inversely proportional and uncorrelated describes the absence
of relationship between variables. Pearson correlation equation is expressed by the following
formula.

B nTXY-(TX)EY)
"%y T Tz x? My 2D (20)
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Description:

Ty  =Xand Y variable correlation value
n = Lots of data

X = Variable X (SPI, SPEI)

Y = Variabel Y (ENSO, I0D)

The range of correlation values is interpreted in the following table 1:
Tabel 1. Range of correlation values

Correlation Coefficient

Description

0

No correlation

0.01-0.20

Very low correlation

0.21-0.40

Low correlation

0.41-0.60

Moderate Correlation

0.61-0.80

Strong correlation

0.81-0.99

Very Strong correlation

1

Perfect Corelation

RESULTS AND DISCUSSION

The pattern of sea level temperature anomalies in the Pacific Ocean region (Nino region
3.4) has a fairly variable variation in anomalies during the period 1998 — 2022 seen in Figure

2.

Strong

Sea Surface Temparature Anomaly Nino 3.4

Moderate

Anomali °C

3, LI —"M !

Moderate

Year

Figure 2. Sea Surface Temperature Anomaly 1998 — 2022

The El Nifio phenomenon occurs when the sea level temperature anomaly is greater than or
equal to +0.5, and the La Nifia phenomenon occurs when the sea level temperature anomaly is
less than or equal to -0.5. ENSO based on its intensity is grouped into weak ENSO with sea
level temperature anomaly of 0.5 to 0.9, medium ENSO with sea level temperature anomaly of
1.0to 2.0, strong ENSO with sea level temperature anomaly of more than 2.0. Based on Figure
2 above, the criteria for the year of EI Nifio and La Nifia events that occurred from 1998 to

2022 are presented in Table 2.

Table 2. El Nifio and La Nifa events of 1998 - 2022

El-nino La-Nina
Weak Moderate  Strong Weak Moderate  Strong
2004 2002 1998 2011 1998 -
2005 2009 2015 2022 1999

While the Sea Level Temperature anomaly in the Indian Ocean also has quite varied
temperature variations. 10D is calculated based on the difference in sea surface temperature
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between the western tropical Indian Ocean and the eastern tropical Indian Ocean during the
period 1998 — 2022 as seen in figure 3.

Indian Ocean Dipole Mode

ml‘amGDHNn mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Anomaly °C

Year

Figure 3. Indian Ocean Dipole Mode 1998 — 2022

Based on the graph above, the criteria for the year of incidence of positive 10D (+) and
negative 10D (-) during the period 1998 to 2022 are shown in Table 3 below.

Table 3. Positive 10D (+) and negative 10D (-) events 1998 - 2022

I0OD Positif (+) IOD Negatif (-)
2015 2016
2019 2022

The relationship of the drought index with ENSO.

The correlation value between the SPI and SPEI indices with the Nino 3.4 sea level
temperature anomaly in 2005 is generally negative / inversely proportional, which means that
when the SPI / SPEI value is negative (-) then the value of the sea level temperature anomaly
is positive (+). The SPI correlation value shows that 73.1% of rain posts in the North Sumatra
region are negative. Meanwhile, the correlation value between the SPEI index shows that
76.1% of rain posts in the North Sumatra region are negative. The correlation value between
the SPI and SPEI indices with the Nino 3.4 sea level temperature anomaly in 2005 can be seen
in figure 4 below.

Grafik Korelasi Nilai SPI Dan SPEI Dengan
Anomali Nino 3.4 Tahun 2005
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Figure 4. Correlation of SPI and SPEI with Nino 3.4 during a weak EI Nifio in 2005

Based on figure 4 on the SPI value, there are several areas that have a strong negative
relationship, namely Sibiru-biru, Lumban Julu, Pintu Pohan Meranti, Pangururan,
Simarjarunjung, Simanindo, Nainggolan, North Sumatra Staklim, Lintong Nihuta, Bandar
Betsy, Marihat, Binaka, Muara and there is one area that has a strong positive correlation,
namely Sipoltong. In the SPEI value, there are several regions that have a strong negative
relationship, namely Sibiru-biru, Lumban Julu, Simanindo, Pintu Pohan Meranti, Pangururan,
Nainggolan, Balimbingan, Simarjarunjung, Bandar Betsy, Staklim North Sumatra, Lintong

Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, October. 2023. Vol. 11, No.4

1090



Manullang et al. Characterization of Meteorological Drought ...........

Nihuta, Binaka, Muara, Binjai Selatan, Garoga, the correlation value can be seen in Table 4
below.
Table 4. Correlation value of SPI and SPEI with Nino 3.4 in 2005

SPI SPEI

Nama Pos r Keterangan Nama Pos r Keterangan
Sibiru-biru -0.92  Kuat Negatif Sibiru-biru -0.94  Kuat Negatif
Lumban Julu -0.87  Kuat Negatif Lumban Julu -0.89  Kuat Negatif
Pintu Pohan Meranti  -0.86  Kuat Negatif Simanindo -0.86 Kuat Negatif
Pangururan -0.84  Kuat Negatif Pintu Pohan Meranti  -0.86  Kuat Negatif
Simarjarunjung -0.84  Kuat Negatif Pangururan -0.86 Kuat Negatif
Simanindo -0.84  Kuat Negatif Nainggolan -0.86  Kuat Negatif
Nainggolan -0.83  Kuat Negatif Balimbingan -0.86 Kuat Negatif

Staklim Sumut -0.82  Kuat Negatif Simarjarunjung  -0.8466  Kuat Negatif
Lintong Nihuta -0.82  Kuat Negatif Bandar Betsy ~ -0.8391  Kuat Negatif
Bandar Betsy -0.81  Kuat Negatif StaklimSumut ~ -0.8348  Kuat Negatif

Marinhat -0.81  Kuat Negatif Lintong Nihuta ~ -0.8195  Kuat Negatif
Binaka -0.80  Kuat Negatif Binaka -0.8134  Kuat Negatif
Muara -0.80  Kuat Negatif Muara -0.8077  Kuat Negatif
Sipoltong 0.82 Kuat Positif Binjai Selatan ~ -0.8047  Kuat Negatif
Garoga -0.8023  Kuat Negatif

iy “ “ i - “ i

Figure 5. Map of SPI in 2005 North Sumatra region
Spatial pattern of SPI index in general are shows the North Sumatra region in 2005 was
in the normal category (Figure 5.), the SPI drought characteristic at the time of the El Nifio
event with weak intensity in 2005 which began in January to May, as much as 20.9%
experienced drought levels with moderately dry category, severely dry category as much as
8.06% and extremely dry category as much as 3.28%, However, there are some areas that

experience moderately wet drought rate of 1.79%, the very wet category as much as 0.9% and
the extremely wet category as much as 0.3%.

Figure 6. Map of SPEI in 2005 North Sumatra region
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Spatial pattern of SPEI index in general are shows the North Sumatra region in 2005
was in the normal category (Figure 6), as many as 29.3% experienced drought levels with a
moderately dry category, severely dry category of 8.7% and extremely dry category of 0.9%,
but there were several regions that experienced a moderately wet drought level of 1.8%, very
wet category of 0.9% and extremely wet category of 0.3%.

The correlation value between the SPI and SPEI indices with the Nino 3.4 sea level
temperature anomaly in 2009 is generally negative / inversely proportional, which means that
when the SPI / SPEI value is negative (-) then the value of the sea level temperature anomaly
is positive (+). The SPI correlation value in 2009 showed that 76.1% of rain posts in the North
Sumatra region were negative, while the SPEI correlation value of 76.1% of rain posts in the
North Sumatra region was positive. The correlation value between the SPI1 and SPEI indices
with the Nino 3.4 sea level temperature anomaly at the time of the moderate EI Nifio event in
2009 can be seen in Figure 7 below.

Grafik Korelasi Nilai SPI Dan SPEI Dengan
Anomali Nino 3.4 Tahun 2009
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Figure 7. Correlation of SPI and SPEI values with Nino 3.4 during El Nifio in 2009

Based on Figure 7 on the SPI value there are two regions that have a strong negative
relationship, namely Lintong Nihuta and West Nias, while on the SPEI value there are several
regions that have a strong negative relationship, namely Lintong Nihuta, West Nias,
Nainggolan, Sogawu, Simarjarunjung and Binaka, the correlation value can be seen in Table
5.

Table 5. Correlation value of SPI and SPEI with Nino 3.4 in 2009

SPI SPEI
Nama Pos r Keterangan Nama Pos r Keterangan
Lintong Nihuta -0.84 Kuat Negatif Lintong Nihuta -0.86 Kuat Negatif
Nias Barat -0.84 Kuat Negatif Nias Barat -0.84 Kuat Negatif
Sogawu -0.79  Cukup Kuat Negatif Nainggolan -0.83 Kuat Negatif
Nainggolan -0.77  Cukup Kuat Negatif Sogawu -0.83 Kuat Negatif
Simarjarunjung -0.75 Cukup Kuat Negatif  Simarjarunjung -0.81 Kuat Negatif
Sidamanik -0.74  Cukup Kuat Negatif Binaka -0.80 Kuat Negatif
Cempa -0.73  Cukup Kuat Negatif Sidamanik -0.74  Cukup Kuat Negatif
Binaka -0.71  Cukup Kuat Negatif Sidikalang -0.67 Cukup Kuat Negatif
Sidikalang -0.67 Cukup Kuat Negatif Tarabintang -0.67 Cukup Kuat Negatif
Balimbingan -0.65 Cukup Kuat Negatif Cempa -0.66  Cukup Kuat Negatif
Tandem Hilir -0.65 Cukup Kuat Negatif ~ Tandem Hilir -0.66 Cukup Kuat Negatif
Tarabintang -0.63  Cukup Kuat Negatif Balimbingan -0.66 Cukup Kuat Negatif
Binjai Selatan -0.61 Cukup Kuat Negatif  Sijamapolang -0.63  Cukup Kuat Negatif
Lumban Julu 0.69  Cukup Kuat Positif Marihat -0.62 Cukup Kuat Negatif
Laras Emplasmen  -0.61 Cukup Kuat Negatif
Pollung -0.60 Cukup Kuat Negatif
Lumban Julu 0.73  Cukup Kuat Positif
Arse 0.61  Cukup Kuat Positif
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Figure 8. Map of SPI in 2009 North Sumatra region

Spatial pattern of SPI index in general are shows the North Sumatra in 2009 was in the
normal category (Figure 8), characteristic of SPI drought at the time of El Nifio events with
moderate intensity starting from June to December, showing as many as 12.4% experiencing
drought levels with moderately dry category, severely dry category as much as 6.2% and
extremely dry category as much as 4.7%, However, there are some areas that experience
moderately wet drought rate of 1.9%, very wet category as much as 1.3%.

Figure 9. Map of SPEI in 2009 North Sumatra region
Spatial pattern of SPEI index in general are shows the North Sumatra region in 2009
was in the normal category (Figure 9), the SPEI drought characteristic at the time of the El
Niflo event with moderate intensity starting from June to December, as much as 16.2%
experienced drought levels with moderately dry category, severely dry category of 6% and a
extremely dry category of 1.7%, However, there are some areas that experience moderately
wet drought level of 2.6% and very wet category of 1.5%.

The correlation value between the SPI and SPEI indices with the Nino 3.4 sea level
temperature anomaly in 2015 is generally negative / inversely proportional, which means that
when the SPI / SPEI value is negative (-), the value of the sea level temperature anomaly is
positive (+). The correlation value of SPI in 2015 was 71.6% of rain posts in the North Sumatra
region was negative, while the correlation between the SPEI index and the Nino 3.4 sea level
temperature anomaly showed that 71.6% of rain posts in the North Sumatra region were
negative. The correlation value between the SPI and SPEI indices with the Nino 3.4 sea level
temperature anomaly in 2015 can be seen in Figure 10 below.
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Grafik Korelasi Nilai SPI Dan SPEI Dengan
Anomali Nino 3.4 Tahun 2015
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Figure 10. Correlation of SPI and SPEI values with Nino 3.4 during a strong El Nifio in 2015

Based on Figure 10 on the SPI value, there are several areas that have a strong negative
relationship, namely Kwala Begumit, Garoga, Tarabintang, Simangumban, Pahae Jae,
Sipahutar, Muarasoma, Parmonangan dan there are areas that have a strong positive correlation,
namely Mount Sayang and Three Arrows. In the SPEI value, there are several regions that have
a strong negative relationship, namely Kwala Begumit, Garoga, Tarabintang, Sipahutar,
Simangumban, Pahae Jae and there are areas that have a strong positive relationship, namely
Gunung Sayang, Tiga Arrow and Nainggolan, the correlation value can be seen in Table 6
below.

Table 6. Correlation value of SPI and SPEI with Nino 3.4 in 2015

SPI SPEI
Nama Pos r Keterangan Nama Pos r Keterangan
Kwala Begumit  -0.93  Kuat Negatif Kwala Begumit  -0.93  Kuat Negatif
Garoga -0.93  Kuat Negatif Garoga -0.92  Kuat Negatif
Tarabintang -0.90  Kuat Negatif Tarabintang -0.91  Kuat Negatif
Simangumban  -0.89  Kuat Negatif Sipahutar -0.88  Kuat Negatif
Pahae Jae -0.87  Kuat Negatif Simangumban  -0.86  Kuat Negatif
Sipahutar -0.87  Kuat Negatif Pahae Jae -0.85  Kuat Negatif
Muarasoma -0.83  Kuat Negatif Gunung Sayang ~ 0.92 Kuat Positif
Parmonangan  -0.83  Kuat Negatif Tiga Panah 0.83 Kuat Positif
Gunung Sayang  0.91 Kuat Positif Nainggolan 0.83 Kuat Positif

Tiga Panah 0.87 Kuat Positif

Figure 11. Map of SPI in 2015 North Sumatra region
Spatial pattern of SPI index in general are shows the North Sumatra region in 2015 was
in the normal category (Figure 11), characteristic of SPI drought at the time of EI Nifio events

with strong intensity starting from April to December, showing as many as 12.8% experiencing
drought levels with moderately dry category, severely dry category of 3.6% and a extremely
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dry category of 3.8%. However, there are some areas that experience a moderately wet drought
rate of 5.8%, very wet category of 1.7% and extremely wet 1.3%.

Figure 12. Map of SPEI in 2015 North Sumatra region
The SPEI Index shows that in general the North Sumatra region in 1998 was in the
normal category (Figure 12), as many as 31.3% experienced drought levels with moderately
dry category, severely dry category of 33.8% and extremely dry category of 6.5%. However,

there are some areas that experience moderately wet drought rate of 6.3%, very wet category
as much as 2% and extremely wet 1.5%.

The relationship of drought index with 10D.

The correlation value between the SPI and SPEI indices with sea level temperature
anomalies in the Indian Ocean at the time of the IOD+ event in 2019 is generally negative /
inversely proportional, which means that when the SP1 / SPEI value is negative (-), the value
of sea level temperature anomalies is positive (+). The correlation value of SPI in 2019 was
74.6% of rain posts in the North Sumatra region were negative, while the correlation value of
SPEI was also 74.6% of rain posts in the North Sumatra region were negative. The correlation
value between the SPI and SPEI indices with sea level temperature anomalies in the Indian
Ocean region at the time of the IOD+ event in 2019 can be seen in Figure 13 below.

Grafik Korelasi Nilai SPI Dan SPEI Dengan
10D+ Tahun 2019
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Figure 13. Correlation of SPI and SPEI values with IOD+ in 2019

Based on Figure 13 on the SPI value, there are areas that have a strong negative
relationship, namely Bantun Kerbo, Sidikalang, Gunung Tua, Parmonangan, Gunung Sayang,
Pintu Pohan Meranti, Binaka and there are areas that have a strong negative relationship,
namely West Nias, Siborong-borong, Garoga, Balimbingan, Pangururan, Laras Emplasmen,
Tarabintang, Batangkuis Garden, Sipoltong, Gabe Hutaraja, Sidamanik, Balangka Sitongkon,
Binanga, Muara, Simangumban, Pancur Batu. While in the SPEI value, there are areas that
have a strong negative relationship, namely Bantun Kerbo, Parmonangan, Sidikalang, Gunung
Tua, Gunung Sayang, Binaka, West Nias and there are areas that have a strong negative
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relationship, namely Pintu Pohan Meranti, Siborong-borong, Garoga, Pangururan,
Tarabintang, Sidamanik, Balimbingan, Gabe Hutaraja, Laras Emplasmen, Batangkuis Garden,
Muara, Pancur Batu, Tanjung Gorbus, the correlation value can be seen in Table 7 below.

Table 7. The correlation value of SPI and SPEI with IOD+ in 2019

SH SPEI
Nama Pos r Keterangan Nama Pos r Keterangan
Bantn Ketbo  -0.94 Kuat Negatif Bantm Ketbo  -0.94 Kuat Negatif
Sidikalang -0.91 Kuat Negatif Parmonangan ~ -0.94 Kuat Negatif
Gummng Tua -0.90 Kuat Negatif Sidkakng -0.92 Kuat Negatif
Pammonangan ~ -0.89 Kuat Negatif Guoung Tua -0.90 Kuat Negatif
Gumung Sayang  -0.86 Kuat Negatif Gummg Sayang  -0.87 Kuat Negatif
Pintu Pohan Meranti -0.82 Kuat Negatif Binaka -0.84 Kuat Negatif
Binaka -0.80 Kuat Negatif Nns Barat -0.82 Kuat Negatif

Nias Barat -0.79  Cukup KuvatNegatif PimtuPohan Meranti -0.80  Cukup Kuat Negatif
Siborong-borong  -0.78  Cukup KuatNegatif ~ Siborong-borong -0.76  Cukup Kuat Negatif
Garoga -0.75  Cukup Kuat Negatif Garoga -0.75  Cukup Kuat Negatif
Balimbingan ~ -0.75  Cukup Kuat Negatif Pangururan -0.72 Cukup Kuat Negatif
Pangunuan -0.75  Cukup Kuat Negatif Tarabintang -0.70  Cukup Kuat Negatif
Laras Emplasmen  -0.71  Cukup Kuat Negatif Sidamanik -0.69  Cukup Kuat Negatif
Tarabmtang -0.71  Cukup Kuat Negatif Balimbmgan  -0.68  Cukup Kuat Negatif
Kebun Batangkuis -0.69  Cukup Kuat Negatif Gabe Hutaraja ~ -0.66  Cukup Kuat Negatif
Sipoltong -0.69 Cukup KuatNegatif  Laras Emplasmen -0.65 Cukup Kuat Negatif
Gabe Hutaraja ~ -0.68  Cukup KuatNegatif =~ KebunBatangkuk -0.65  Cukup Kuat Negatif

Sidamanik -0.68  Cukup Kuat Negatif Muara -0.64  Cukup Kuat Negatif

Balangka Sitongkon -0.65  Cukup Kuat Negatif Pancur Batu 0.79  Cukup Kuat Positif

Bmanga -0.64 Cukup KuatNegatif  Tammg Gorbus  0.61  Cukup Kuat Positif
Muara -0.62  Cukup Kuat Negatil

Smangumban ~ -0.62  Cukup Kuat Negatif
Pancur Batu 0.79  Cukup Kuat Positif

Figure 14. Map of SPI in 2019 North Sumatra region
Spatial pattern of SPI index in general are shows the North Sumatra region in 2019 was
in the normal category (Figure 14), the characteristics of SPI drought at the time of the 10D +
event which began in Mei to December, as many as 10.3% experienced drought levels with
moderately dry category, severely dry categories as much as 6.9% and extremely dry categories

as much as 4.3%, there were several areas that experienced moderately wet drought level of
7.6%, very wet category is 2.6% and extremely wet category 0.6%.
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Figure 15. Map of SPEI in 2019 North Sumatera region

SPEI index in general the North Sumatra region in 2015 was in the normal category (Figure
15), the SPEI drought characteristics showed that 13.8% experienced drought levels with
moderately dry category, severely dry category of 8.8% and a extremely dry category of 0.9%,
there were several areas that experienced moderately wet drought level of 8.8%, very wet
category of 2.6% and extremely wet category 0.6%.

SPI and SPEI Temporal Index Analysis

In general, the SPI and SPEI drought indices show a similar pattern, in 2015 when El
Nifio with a strong category occurred in April to December, showing some areas experiencing
moderately dry to extremely dry categories.

Nilai Index Kekeringan SP1 dan SPEI Bulan Nilai Index Kekeringan SPI dan SPEI Bulan Nilal Index Kekeringan SPl dan SPEI Bulan Maret
Januari Tahun 2015 Februari Tahun 2015 Tahun 2015

M/W \/\ /VVV”V\M\ : :PHWA W
13 i 8 § 3 S S k =
Nilai Index Kekeringan SPI dan SPEI Bulan April Nilai Index Kekeringan SPI dan SPEI Bulan Mel Nilal Index Kekeringan SPI dan SPEI Bulan Juni
Tahun 2015 Tahun 2015 Tahun 2015
Nilal Index Kekeringan SPI dan SPEI Bulan Jull Nilai Index Kekeringan SPI dan SPEI Bulan Nilal Index Kekeringan SPI dan SPEI Bulan
Tahun 2015 Agustus Tahun 2015 September Tahun 2015

Nilal Index Kekeringan SPI dan SPEI Bulan Nilai Index Kekeringan SPI dan SPEI Bulan Nilai Index Kekeringan SPI dan SPEI Bulan
Oktober Tahun 2015 November Tahun 2015 Desember Tahun 2015

Figure 16. Monthly SPI and SPEI drought index values in 2015

Based on Figure 16 at the time of the drought, the SPI index shows a higher value than the
SPEI index, meaning that the SPI shows a more extreme drought than the SPEI. However, in
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posts that experience wetness, the SPEI index tends to show a higher value than SPI. The rain
posts Parmonangan and Sogawu showed the longest drought during the El Nifio event of 2015.
The index values of both headings can be seen in Figure 17 below.

Indeks Kekeringan SPI dan SPEI Pos Hujan Parmonangan Indeks Kekeringan SPI dan SPEI Pos Hujan Sogawu Tahun
Tahun 2015 2015

4
34

Nino 3
Nino

Figure 17. SPI and SPEI Sogawu and Parmonangan Value in 2015

Based on Figure 17, the SPI and SPEI index values in the Parmonangan rain post experienced
drought from January to December, this is in line with the Nino index 3.4 which shows an
increase in anomalous values up to 2.95°C. El Nifio that occurs from April to December shows
that the SPI index represents a more extreme level of drought with extremely dry category for
most of the El Nifio than the SPEI index which is in the moderately dry to severely dry category.
The SPI and SPEI values in 2015 can be seen in Table 4.17 below.

Table 8. SPI and SPEI values of Parmonangan rain post in 2015
Bulan SPI Keterangan SPEI Keterangan
Januari -1.28 Agak Kerng -1.27  Agak Kering
Februari  -1.41 Agak Kermg -1.31  Agak Kering

Maret -1.69 Kering -1.34  Agak Kermg
April -2.05  SangatKering -1.52 Kering
Mei -2.01 SangatKermg -1.57 Kering
Juni -2.05  SangatKering -1.54 Kering
Juli -1.83 Kering -1.41  Agak Kerng

Agistus -1.59 Kering -1.21  Agak Kering

September -2.20  SangatKermg -1.39 Agak Kerng

Oktober -2.54  SangatKermg -1.45 Agak Kermg
November -2.90  SangatKermng -1.60 Agak Kermg
Desember -2.57 SangatKermg -1.59 Agak Kermg

Analysis of the influence of climate phenomena on rice productivity.

Sea level temperature anomalies result in fluctuations in climatic elements such as
rainfall. The occurrence of El Nifio, La Nifia, positive IOD (+), and negative 1OD (-) is an
interaction between the atmosphere and sea level temperature that has an impact on rainfall
intensity, rain nature and season length and indirectly impacts the productivity of food crops.
El Nifio and IOD+ events have an impact on reducing rainfall, rice crop productivity during
the EI Nifio event in 2015 in each district in North Sumatra Province shows varying values.
The decrease in rice crop productivity dominates more than the increase. As many as 62.5% of
32 districts experienced a decrease in productivity against the average value.
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Figure 16. Productivity of rice crops against average in 2015

In figure 16, it can be seen that the El Nifio event can affect the decline in rice crop
productivity, as in 2015, the largest decrease in rice crop productivity occurred in Mandailing
Natal district with a decrease value of 13.15 tons / ha. In addition, there are also areas that have
increased production, namely Central Tapanuli, North Tapanuli, Toba Samosir, Simalungun,
Dairi, Karo, Langkat, Samosir, Serdang Bedagai, Tanjung Balai, Tebing Tinggi, Binjai. The
largest increase in productivity occurred in Binjai district with an increase value of 18.47 tons
/ ha. Meanwhile, during the 10D + event which had an impact on reducing rainfall, it also
affected the decline in rice crop productivity in 2019 but in contrast to the El Nifio event, the
increase in rice crop productivity when 10D + dominated more than the decrease.
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60.00
50.00
40.00
30.00
20.00
10.00

0.00

© S o

mmmmmmmmmmmm

‘ I Rata-rata

QS —
———

U —
N ———
——

N ——

& © =
=

Med

Langkat
Padangsidimpu

&
c

=
=
£

b

Labuhan B

o
c
@
=%
@

=

N

Tapanuli Selatan  —————
Labuanbatu Uta
Pematangsiant:

Humbang Hasundut

Figure 17. Productivity of rice crops against average in 2019

In figure 17, it can be seen that the decline in rice crop productivity at the time of the
IOD + event in 2019 was greatest in Padang Lawas district with a decrease value of 16.5 tons
/ ha.

CONCLUSION

Based on the results and discussions that have been carried out, it is concluded that in
general the climate phenomenon that affects drought in the North Sumatra region is at the time
of the ENSO event, which is seen from the calculation of the correlation between the SPI and
SPEI indices which shows a strong negative relationship with a correlation value of -0.85 to -
0.97. Spatial pattern of the drought characteristics of SPI and SPEI show similar results, which
are dominant in the normal category. Temporally the SPI index shows more extreme results
during drought compared to SPEI. At the time of the strong El Nifio incident in 2015, as many
as 62.5% of 32 districts in North Sumatra experienced a decrease in rice crop productivity
from the average value and the largest decrease in rice crop productivity occurred in
Mandailing Natal district with a decrease value of 13.15 tons / ha.
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RECOMMENDATION

There is a need to increase the distribution of meteorological observation stations as well
as increase the quality and quantity of data to create the SPI and SPEI indices. It is necessary
to conduct a field verification study on the distribution of drought impacts produced by the two
indices so that they can reflect actual drought conditions. Further studies need to be carried out
regarding other phenomena that influence drought in North Sumatra
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