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Abstract

This article examines the extreme climate events on the Eastern Coast of Sumatra over four decades (1981-2019) based on the
extreme rainfall index defined using the Expert Team on Climate Change Detection and Indices (ETCCDI). The indices used include
Consecutive Dry Day (CDD and the total rainfall per year (PRCPTOT). Theses indices were calculated and are based on the daily
observation data from eight quality-controlled weather stations. While overall trends in extreme rainfall indices are not significant,
there is a noticeable trend towards drought, with CDD rising by 1.23 days per decade and PRCPTOT decreased by 3.16 mm/year.
The correlation between the Dipole Mode Index (DMI) and extreme rainfall indices in the August-September-October-November
(ASON) period was positive, with CDD increasing with the more positive DMI value. On the other hand, the PRCPTOT index showed
a decrease as the DMI more positive. The ENSO index and CDD are positively correlated during the dry season, while ENSO index
negatively correlates with PRCPTOT. The duration of CDD during El Nifio/positive Indian Ocean Dipole (IOD) events in 1997, 2015,
and 2019 had significant impact on the forest and land fires on the Eastern Coast of Sumatra. The results are useful for policymakers
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in preventing forest and land fires on the Eastern Coast of Sumatra.
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1. INTRODUCTION

The Northwest and Southeast Monsoon offer dynamic seasonal
weather and rainfall in Indonesia. The rainy season occurs
during the Northwest Monsoon period (December to March),
while drier condition emerges during the Southeast Monsoon
period (June-September). Previous study has proposed three
patterns of the Indonesian rainfall, namely the equatorial pat-
tern, the monsoonal pattern, and the local pattern (Aldrian
and Dwi Susanto, 2003). The equatorial pattern has two peaks
of rainy season occurring in October-November and March-
May, while the monsoonal pattern shows seasonal variation
with peak rainy season in November-February and peak dry
season occurring in July-September. On the other hand, the
local pattern shows a peak rainy season in June-July, in contrast
to that of the monsoonal pattern.

However, at particular times the disturbances affect precip-
itation patterns due to changes in the monsoon wind pattern.
These disturbances periodically appear interannually, origi-

nating from the ocean and atmosphere interaction in either
the Pacific, called the El Nifio Southern Oscillation (ENSO)
(Philander, 1989) or the Indian Ocean anointed as the Indian
Ocean Dipole (IOD) (Saji et al., 1999; Webster et al., 1999;
Murtugudde et al., 2000). Both ENSO and 10D significantly
affect precipitation patterns in Indonesia. Lack of precipitation
arises due to ENSO warm phase or positive IOD, whereas
ENSO cold phase or negative IOD produces above-average
rainfall (Aldrian and Dwi Susanto, 2003; Hendon, 2008; Saji,
2001; Yamagata et al., 2004; Juneng and Tangang, 2005; Iskan-
dar et al., 2018; Lestari et al., 2018; Utari et al., 2020). In
addition, the study conducted by Siswanto et al. (2016) high-
lights the extreme rainfall in Jakarta during ENSO and 10D.
This study found that ENSO and 10D are highly correlated to
the precipitation in Jakarta, specifically during the dry season
(June-November), but the correlation is insignificant during
the rainy season (Lestari et al., 2019). Another research by
Supari et al. (2017) investigates extreme rainfall and weather
in Indonesia. They argue that extreme rainfall generates a wet-
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ter condition. This study reveals that the average daily rainfall
intensity dramatically increased around 0.21 mm/day, between
1988 and 2012.

Despite the considerable impact of weather and climate ex-
tremes, fewer studies have investigated globally ENSO-induced
extremes than mean and seasonal climates. Alexander et al.
(2009) discovered a link between global precipitation extremes
and ENSO, but the impacts were different across regions, and
there is a demand for a more specific investigation. Further-
more, Kenyon and Hegerl (2010) found a similar result where
ENSO and extreme precipitation correlate substantially. On
the other hand, Supari et al. (2018) indicate that the impact
of El Nifio is prominent during arid conditions in Sumatra,
specifically in June-July-August (JJA) and September-October-
November (SON). Further, a wet anomaly occurs in Eastern
Sumatra in December-January-February (DJF) and March-
April-May (MAM), creating a disparity of wetness on the island.

The impacts of ENSO and 10D strongly link to forest and
land fires (Nur’utami and Hidayat, 2016). Historically, forest
and land fires in Indonesia have become a big concern due to
their massive impacts. The impacts of forest and land fires
spread widely across the sectors, including social, health, edu-
cation, and economy, particularly in the Sumatra, Kalimantan,
and Papua regions, with the largest forest areas (Edwards and
Heiduk, 2015; Purnomo et al., 2017). Burton et al. (2020) an-
alyze the impacts of En Nifio on burned areas and carbon sinks.
The finding suggests that El Nifio conditions positively corre-
late with higher burned areas in most regions. This study also
emphasizes that El Nifio caused a 4% enlargement of burned
area and a 5% increase in carbon emission compared to a non-
El Nifio scenario. Similarly, a study by Prasetyo et al. (2022)
using a machine learning technique observes that the peatland
vulnerability to fire increases during El Nino conditions. Al-
though previous research has extensively investigated rainfall
patterns and extreme weather in Indonesia, there is a demand
for a study investigating El Nifio on the Eastern Coast of Suma-
tra, including research on rainfall dynamics, extreme events,
and their relationship to climate anomalies. Prior studies show
that the Eastern Coast of Sumatera is dominated by peatland
and highly vulnerable to climate anomalies (Worden et al.,
2013; Huijnen et al., 2016; Putra et al., 2019b; Putra et al.,
2019a)

This research examines the relationship between extreme
rainfall and El Niflo-Southern Oscillation (ENSO) and the
Indian Ocean Dipole (IOD) and their impacts on sparking
forest and land fires on the Eastern Coast of Sumatra. In ad-
dition, this study also identifies possible changes in the time
series based on the F-test approach (Wang and Feng, 2013).
This study will contribute to academia by shedding light on
the interplay of climatological parameters. Furthermore, this
research may guide the Indonesian government in creating
strategies to prevent forest and land fires on the Eastern Coast
of Sumatra.

© 2023 The Authors.
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2. EXPERIMENTAL SECTION

This research uses the rain gauge and temperature measuring
instruments at BMKG weather stations in the Eastern Coastal
area of Sumatra, covering six provinces: Lampung, South
Sumatra, Jambi, Riau, Riau Island, and Bangka Belitung Island
(Figure 1). Province, Station name, latitude, longitude and
elevation at Table 1.
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Figure 1. Spatial Distribution of 21 Tested Stations (Red Dots
Represent Selected Stations)

We filtered data from 21 stations through quality control
(QC). A quality control procedure is helpful to determine and
identify any errors during data collection. Regarding temper-
ature data, Stooksbury et al. (1999) emphasize that missing
or unrecorded temperature values in the data used can signifi-
cantly impact trend analysis. Therefore, quality control of the
data is necessary to identify extreme temperatures. This QC
evaluation only examines data that contains at least 80% of full
years. A full year describes a complete record of data with a
maximum of only 15 unrecorded days and without three con-
secutive days of missing data (Aguilar et al., 2009; Supari et al.,
2017; Supari et al., 2018). During long-term temperature
observation, unusual temperature shifts are common due to
ENSO and IOD anomalies, including technical factors such
as environment changeability around the observation point,
relocation of measurement tools, and human error (Tank et al.,
2009; Supari et al., 2017). This notion indicates the impor-
tance of quality control as a preliminary stage of this study.

2.1 Data and Procedures

2.1.1 Data on Rainfall

The research was conducted in four stages: 1) Data collection,
quality control, and homogeneity analysis; 2) calculation of
extreme rainfall; 8) Trend detection and analysis using Mann-
Kendall and Sens slope tests; and 4) Final interpretation.
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Table 1. Preliminary List of Stations
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No. Name Province Latitude Longitude Elevation
1 SM Dabo Riau Islands -0.480 104.580 29
g SN Ranllai Riau Islands 1030 103.380 1
3 SM Ranai Riau Islands 3.912 108.390 2
4 SM Hang Nadim Riau Islands 1.117 104.117 26
5 SM Raja Haji Riau Islands 0.923  104.529 15

Fisabilillah ’ ’
6 SK Kampar Riau 0.407 101.217 15
7 SM Japura Riau -0.330 102.320 19
g SMSultan Syarif Riau 0.459  101.447 39
Kasim II
9 SK Muaro Jambi Jambi -1.602 103.484 24
10 SM Depati Parbo Jambi -2.083 101.450 782
11 SM Sultan Thaha Jambi -1.634 103.640 26
rg SV Sulian Mabmud o Sumatra 2895 104701 10
13 SK Palembang South Sumatra -2.927 104.772 11
14  SG Tanjung Pandan  Bangka Belitung Islands  -2.758 107.650 29
15  SK Bangka Tengah  Bangka Belitung Islands  -2.518 106.422 6
16 SM Depati Amir ~ Bangka Belitung Islands  -2.170 106.130 0
17 SM . AS. Bangka Belitung Islands  -2.750 107.750 50
Hananjoeddin ) ) o o )
18 SMM Panjang Lampung -5.472 105.321 7
19  SG Lampung Utara Lampung -4.836 104.870 60
20 SK Pesawaran Lampung -5.172 105.180 71
21  SM Raden Inten I1 Lampung -5.160 105.110 85
2.1.2 Data on Forest and Land Fires West Indian Ocean.

Data on forest and land fires in four provinces (Riau, Jambi,
South Sumatra, and Lampung) was obtained from the official
website of the Ministry of Environment and Forestry (https:
//sipongi.menlhk.go.id/). The data (Table 2) shows the
extent of burned land and forests over the past 25 years (1997-
2022).

2.1.3 ENSO and IOD Index Data

ENSO index was obtained conventionally by calculating the
Southern Oscillation Index (SOI) value. which represents the
strength of Walker circulation. Then. we calculated ENSO evo-
lution through sea surface temperature (SST) anomaly analysis
in several equatorial regions in the Pacific Ocean (Nifio region):
Nifio1+2, Nifio8, Nifio4, and Nifio3.4. We collected the data
of Nifio8.4 for the ENSO index as Nifio3.4 correlates with the
Indonesian precipitation pattern. Niflo3.4 region is located in
5°S-5°N. 170°-120° W astronomical coordinates. Similar to
El Nifio. Indian Ocean Dipole (IOD) describes the sea surface
temperatures disparity of the West Indian Ocean (50°-70° E
dan 10° S - 10° N) and East Indian Ocean (90°-110° E dan 10°
S - 0° N). The disparity index for this phenomenon is Dipole
Mode Index (DMI). Positive DMI indicates that the sea surface
temperature in the East Indian Ocean is colder than in the

© 2023 The Authors.

2.2 Calculations for the Rainfall Index
The rainfall index measurement involves intensity. duration.
and extreme frequency. This study utilizes the RClimDex

software to measure extreme rainfall and calculate the index
(Zhang and Yang, 2004) as shown in Table 3.

2.3 Trend Detection and Analysis using the Mann-Kendall
and Sens Slope Tests

This research employs a non-parametric Mann-Kendall (MK)
test for detecting trends in a set of hydrological data (WMO,
2018). confluence with Sen’s slope estimator to evaluate the
trend of indices. The MK test is indispensable to assessing
the statistical significance of the trend and Sen’s slope estima-
tor is essential to quantify the magnitude of the trend. This
methodology is well-known for analyzing climate data because
of its robustness against outliers and its non-reliance on the
assumption of normality (Zhang et al., 2005; Vincent et al.,
2011; Keggenhoff et al., 2014). This rank-based technique is
less sensitive to missing data, with a 95% significance level.
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Table 2. Forest and Land Fires Data at Four Provinces in Sumatra
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Year\Province Jambi Lampung Riau South Sumatra  Total Burned Area
1997 6,150.27 21,311.17 4,063.88 34,299.88 65,825.20
1998 0.00 0.00 579.00 19.00 598.00
1999 1,087.50 7,378.25 852.00 0.00 9,317.75
2000 21.00 10.00 0.00 0.00 31.00
2001 30.00 0.00 422.35 7,868.92 8,321.27
2002 212.00 7,187.30 2,211.85 10,983.53 20,544.68
2003 3,025.00 0.00 7.50 233.00 3,265.50
2004 138.40 0.00 0.00 953.00 1,091.40
2005 67.00 0.00 0.00 0.00 67.00
2006 1,726.80 0.00 1,106.70 1,726.00 4,559.50
2007 81.00 2,5632.25 89.75 41.00 2,744.00
2008 114,52 2.956,00 109,00 84,00 3.263,52
2009 14.00 0.00 275.30 51.00 340.30
2010 2.50 106.00 26.00 0.00 134.50
2011 89.00 31.00 74.50 84.50 279.00
2012 11.25 0.00 1.060.00 0.00 1.071.25
2013 199.10 0.00 1,077.50 484.15 1,760.75
2014 3,470,605.00 22.80 6,301.10 8,504.86 3,485,433.76
2015 115,634.34 71,326.49 183,808.59 646,298.80 1,017,068.22
2016 8,281.25 3,201.24 85,219.51 8,784.91 105,486.91
2017 109.17 6,177.79 6,866.09 3,625.66 16,778.71
2018 1,577.75 15,156.22 37,286.27 16,226.60 70,196.84
2019 56,593.00 35,5646.00 90,550.00 336,798.00 519,487.00
2020 1,002.00 1,358.00 15,442.00 950.00 18,752.00
2021 540.00 5,411.00 8,970.00 5,245.00 20,166.00
2022 918.00 7,989.00 4,915.00 3,728.00 17,545.00
Total 442,020.61  188,637.49 1,212,820.68 151,813.79 2,043,088.67

2.4 Correlation Analysis Between Extreme Rainfall with
Climate Indices and Hotspots in the Eastern Coast of
Sumatra

We analyze the correlation between extreme rainfall indices

and ENSO and IOD at this stage. This correlation analysis is

the key to determining the influence of ENSO and IOD on
the extreme temperatures on the Eastern Coast of Sumatra.

The final result of the correlation analysis will be compared

to the data on land fires. particularly during extreme land fire

incidents in El Nino and positive IOD years, in 1997, 2015,

and 2019.

3. RESULTS AND DISCUSSION

3.1 Result and Findings

3.1.1 Data Quality Control

This study obtained initial analysis from rainfall. ranging
from 4-40 years of data records of 21 BMKG stations in
Sumatra through the BMKG website (www. bmkg.online). Fur-
ther, we selected 8 stations with data over 20 years (Table
4). Manual quality control procedures were employed to de-
tect and identify errors. This study only utilized data from
observation stations with at least 80% full years. Data from

© 2023 The Authors.

www . meteomanz. id accompanied the data obtained from the
website www. bmkg.online. After the manual QC procedure, 8
BMEKG stations on the Eastern Coast of Sumatra are qualified
to undergo the second-stage QC procedure.

The main purpose of the second quality control stage is to
relinquish the error in the observational data (the data works
beyond the interquartile range. IQR) for outlier detection. All
data were obtained through RClimedex Extra QC software,
IQR, lower limit, and upper limit for each month’s data were
calculated based on observational data each year. The data
above the upper limit or below the lower limit are considered
outliers, which later be normalized using the RH test.

3.1.2 Extreme Precipitation Index

This research selects and 2 rainfall indices of Indonesia. The
rainfall indices capture the intensity, duration, and frequency
of extremes. The index calculations rely on both the station
and global threshold levels. The specific requirements are
mandatory to compute index value using RClimDex 1.0. The
monthly index cannot have missing data for more than three
days. while the annual index excludes only 15 days. In addition.
the threshold is calculated if data is available at least 70% of the
total data. The analyzed data comprises Consecutive Dry Days
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Table 3. Extreme Rainfall Index used in This Study
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ID Indicator Name

Indicator Definition

PRCPTOT

CDD Consecutive dry days

Annual total wet-day precipitation

Annual total precipitation from days > 1 mm
Maximum number of consecutive days when
precipitation < 1 mm

Table 4. Locations of Selected Stations

Number Numb
before umber Station Name Latitude  Longitude Range

QC post QCo

13 1 SK Palembang -2.93 104.77 1981-2020
12 2 SM Sultan Mahmud Badaruddin 11 -2.89 104.70 1981-2020
9 3 SK Muaro Jambi -1.60 103.48 1997-2020
11 4 SM Sultan Thaha -1.63 103.64 1985-2019
7 5 SK Japura Rengat -0.33 102.32 1982-2020
8 6 SM Sultan Syarif Kasim 11 0.45 101.44 1981-2020
18 7 SMM Panjang -5.47 105.32 1998-2020
21 8 SM Raden Intan 11 -5.16 105.11 1981-2020

Table 5. Trends for Consecutive Dry Day at 8 Rainfall Stations
in the Eastern Coast of Sumatra

Station Trend P Value
SK Palembang Sta01 0.23 0.37
SM Sultan Mahmud Badaruddin II 0.93 0.37
Sta02
SK Muaro Jambi Sta03 0.01 0.99
SM Sultan Thaha Sta04 0.32 0.34
SK Japura Rengat Sta05 0.16 0.43
SM Sultan Syarif Kasim II Sta06 0.11 0.31
SMM Panjang Sta07 0.08 0.75
SM Raden Intan II Sta08 0.04 0.93
Avarage 0.12 0.26

(CDD) and Annual Total Precipitation (PRCPTOT).

The first extreme rainfall index reviewed is the CDD in
eight BMKG stations located in four southern provinces of
Sumatra. The observed data trend per station is shown in
Table 5.

Based on data from eight observation stations. there was a
consistent rise in the number of CDDs across all locations. No
negative trend in the total dry days was observed in the eight
stations. Similar findings were reported by Muhammad et al.
(2020) in their research conducted in Malaysia. The highest
upsurge in CDD was observed in SK Muaro Jambi Station.
followed by SK Palembang and SMB II Meteorological Station.
The lowest increase was observed in SM SSK II Station. The
overall increase in the duration of CDD is (1.23 + 2.6) days per
decade. The trend details for spatial data of CDD are shown

© 2023 The Authors.

in Figure 2.

Trend of CDD [days/yr]
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Figure 2. Spatial Distribution of CDD Trend in Selected
Stations

The second extreme rainfall index reviewed was PRCP-
TOT for eight BMKG stations in 4 Eastern Coast of Sumatra
provinces. The observed PRCPTOT data trend per stations is
presented in Table 6.

From the Table 6, the highest PRCPTOT data was recorded
at SMM Panjang Station; the greatest reduction was observed
at SM Raden Intan II Station. The distinctive trends between
the two stations need to investigate further. The decrease in
total precipitation for one year. -8.2 = 7.2 mm per decade,
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Table 6. Trends for Total Precipitation at 8 Rainfall Stations in
the Eastern Coast of Sumatra
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Table 7. Trend for the Overall Extreme Rainfall Index

Highest Lowest
Station Trend P Value Indeks Trgend Trend Total — Average
SK Palembang 2.68 0.71 PRCPTOT 7.544 -9.70 2.53 -0.32
SM Sultan Mahmud Badaruddin I ~ 0.75 0.91 CDD 0.321 0.01 0.99 0.12
SK Muaro Jambi -3.64 0.79
SM Sultan Thaha -0.144 0.01 o ) ) )
SK Japura Rengat 2078 0.88 Table 8. Critical Correlation for One Tile Pearson Correlation
SM Sultan Syarif Kasim II Sta06 5.82 0.40 0.1 005 002 001
SMM Panjang Sta07 7.544 0.55 df = N-2 * o ook -
SM Raden Intan II Sta08 -9.70 0.15
Average -0.39 0.79 18 0.30 0.38 0.44 0.52
20 028 0.38 0.42 049
34 0.23 028 0.33 0.39
indicates a gradual loweris in total rainfall over the four decades. 35 0.22 028 0.324 0.38
This phenomenon also occurred in Iran, as demonstrated in 37 022 028 032 0.37
38 022 0.27 031 0.37

research conducted by Noorisameleh et al. (2020). This phe-
nomenon may be attributed to infrequent yet precipitation
events. Figure 3 represents the special PRCPTOT trend each
station.

Trend of PRCPTOT [mml/yr]

9°S

96°E 99°E 102°E 105°E 108°E 111°E

Figure 3. Spatial Distribution of PRCPTOT Trend in Selected
Stations

This study scrutinized two indices at eight observation sta-
tions in South Sumatra, Jambi, Riau, and Lampung. Table 7
shows CDD indices are increasing and one is plunging. Dry
days are increasing while rainy days are declining. Total an-
nual rainfall is descending. with intense rainfall lowering every
decade. This trend is supported by other studies conducted
in the Western United States, Brazil, and India (Zhang et al.,
2021; Mishra, 2019).

3.1.8 Correlation of Extreme Rainfall with ENSO

The purpose of this study is to analyze the correlation between
two extreme rainfall indices (CDD and PRCPTOT) and two

© 2023 The Authors.

climatic phenomena (ENSO and IOD). The DMI and ENSO
index data are mandatory to analyze the correlation between
extreme rainfall indices and ENSO. We moderated the DMI
data over 40 years and 12 months (1981-2020). This study
calculated the significant level of each index’s connection us-
ing confidence levels of 10% (low), 5% (adequate), 2.5% (high),
and 1% (very high). denoted by asterisk (*) in Table 8 below.
This study used monthly averages to investigate the correla-
tion between the DMI index and the extreme rainfall index.
The strongest correlation was observed during August, Septem-
ber, October, and November (ASON). The Pearson one-tile
correlation uses the R-ASON value as a benchmark for statisti-
cal significance. The exact correlation values are presented as
follows:

The correlation between the ENSO index and extreme
rainfall index was investigated using three earlier calculations
of monthly average variations for the DMI average index. One
tile of the person correlation coeflicient was utilized to observe
the relationship between the monthly average ENSO index
and extreme rainfall index, resulting in the following values:

Table 9 presents the findings of this study based on data
from eight stations. It shows that the highest correlation be-
tween the average ENSO index and extreme rainfall index oc-
curs during August, September, October, November (ASON)
for measures of CDD and total precipitation (PRCPTOT) was
used to calculate the Pearson One-Tile correlation significance.
The results show a high significance level for the SM Sultan
Thaha Station and significant levels for SM Palembang and the
SM Sultan Mahmud Badaruddin I and SM Raden Intan 11
station. However, the correlation coeflicient for the SK Muaro
Jambi station is low. There is no significant relationship be-
tween the two variables for the SK Japura Rengat, SM Sultan
Sarif Kasim II, and SMM Panjang station.

The correlation between the ENSO index and CDD is
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Table 9. Correlation Coeflicients of ENSO and the Extreme Precipitation Index

CDD
Sta0l Sta02 Sta03 Sta04 Sta05 Sta06  Sta07 Sta08
N (years) 38 38 18 34 37 35 20 38
r 0.64##* 0.62%***  (.55%*** (. 57F¥kx (57 (.01% 0.39%*F  (.57¥kx*
PRCPTOT
Sta01 Sta02 Sta03 Sta04 Sta05 Sta06  Sta07 Sta08
N (years) 38 38 18 34 37 35 20 38
r - 0.5 1%k L (. 59% Rk _(Q 55 - 0.53%*  -0.33%**  0.26*  -0.19  -0.51%***

Note: ****gignificant at 1% alpha, *** significant at 2.5% alpha, ** significant at 5% alpha, *significant at 10% alpha

very significant for data from the SK Palembang, SM Sultan
Mahmud Badaruddin II, SK Muaro Jambi, SM Sultan Thaha,
SK Japura Rengat, and SM Raden Intan II Station. The cor-
relation is significant for the SMM Panjang Station but not
for SM Sultan Syarif Kasim II data. The correlation between
ENSO index and the total rainfall in one year (PRCPTOT)
has a very high level of significance for observation data from
SK Palembang. SM Sultan Mahmud Badaruddin II, and SM
Sultan Thaha Station, and a significant level of significance for
SK Japura Rengat and SM Raden Intan II Station. The corre-
lation is significant at a weak degree for SK Muaro Jambi and
SM SSK II Station. while the correlation is quite significant
for SMM Panjang Station. The Pearson correlation test for
the relationship between the ENSO Index and the extreme
rainfall index shows a high level of significance for the SM Sul-
tan Thaha Station, a moderate level for the SK Japura Rengat
Station. and a weak level for the SK Palembang, SK Muaro
Jambi, and SM SSK II Station. However, the correlation is
insignificant for the SM SMB II and SMM Panjang Station.
Overall, ENSO has significant contribution to the CDD and
PRCPTOT index. It contributes to less rain at the observed
points.

3.1.4 Correlation of Extreme Rainfall with the Indian Ocean
Dipole (IOD)

DMI data are mandatory to analyze the correlation between
extreme rainfall indices and IOD. Similar to the previous stage.
we moderated the 40 years and 12 months (1981-2020) DMI
data. This also research determined the significance level of the
correlation of each index by using confidence degrees of 10%
(low), 5% (sufficient), 2.5% (high), and 1% (very high), denoted
by (*) in Table 10 below.

Based on the results in Table 10. there is a substantial cor-
relation between DMI and CDD for data from SK Palembang,
SM Sultan Mahmud Badaruddin II, and SK Muaro Jambi Sta-
tions. A considerable correlation is found in the observation
data at the SK Japura Rengat, SMM Panjang, and SM Raden
Intan II Stations. Only the SM Sultan Syarif Kasim II Station
shows an insignificant correlation. Our results show notable
correlations at deviating levels across various stations. Data

from SK Palembang, SM Sultan Mahmud Badaruddin II, and

© 2023 The Authors.

SM Sultan Taha Stations show a highly significant correlation.
SK Japura Rengat and SM Raden Intan II Stations also ex-
hibit high significance. commensurate to previous research
by Lestari et al. (2019) in Jakarta. The SMM Panjang station
shows moderate significance, while the SM Muaro Jambi and
SM Sultan Syarif Kasim II have weak correlations.

The Pearson correlation coeflicient test results show a high
significance between DMI and the Extreme Rainfall Index
for the SM Sultan Taha. sufficient significance for the SK
Japura Rengat, and weak significance for SM Sultan Mahmud
Badaruddin II, SM Muaro Jambi, and SM Sultan Syarif Kasim
II Stations. However, there is no significant correlation at the
SM Sultan Mahmud Badaruddin II, SMM Panjang, and SM
Raden Intan II Stations.

The Pearson correlation coefficient test results show a high
significance between DMI and the Extreme Rainfall Index for
the SM Sultan Taha Station, suflicient significance for the SK
Japura Rengat Station, and weak significance for SK Palem-
bang. SK Muaro Jambi, and SM Sultan Syarif Kasim II Stations.
However. there is no significant correlation at the SM Sultan
Mahmud Badaruddin II, SMM Panjang, and SM Raden Intan
II Stations. Overall, similar to ENSO, IOD has significant con-
tribution to the CDD and PRCPTOT index. It also influences
the deficit rainfall at the observed points.

3.1.5 Forestand Land Fires in Four Provinces in the Eastern
Coast of Sumatra
Data over 25 years shows extensive forest and land fires in
1997, 2015, and 2019 (Table 11). In 1997, a widespread se-
ries of forest fires in Indonesia threw a blanket of thick, smoky
haze over a large portion of Southeast Asia. The smoke cov-
ered most of Southeast Asia nations and persisted for several
months (Sastry, 2002). The fires destroyed a huge amount
of rainforest and contributed to a significant release of green-
house gases. In 2015, the cumulative area of forest and land
fires in the four sampled provinces accounted for 19% of the
total area affected by such fires over 25 years. In 2019, the
El Nifio occurred during the first semester of the year and
IOD occurred in the second semester. There is a proof that in
2019. IOD was strong, preceded by a weak El Nifio (Iskandar
etal., 2022). Both El Nifio and IOD occurred at the different
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Table 10. Correlation Coeflicients of DMI and the Extreme Precipitation Index

Indicator Sta01 Sta02 Sta03 Sta04 Sta05 Sta06 Sta07 Sta08
df=N-2 38 38 19 34 37 33 21 38
R CDD 0.69%*** () 72%*F*% (). G5¥*FF*  (.61%*¥*F  (.57%F* 0.16 0.72%%*  ().74%%*
RPRCPTOT -0.57*%%* _0.53****  _(0.86%  -0.52%*¥** -(0.42%%* _(.89%** -0.46%* -0.54%**
time. The El Nino phenomenon is categorized into four levels 100

based on anomalous sea surface temperature (SST): Weak (0.5-
0.9 SST anomaly), Moderate (1-1.4 SST anomaly), Strong
(1.5-1.9 SST anomaly), and Very Strong (greater than 2 SST
anomaly) (elnino.noaa.gov). The following table compares
1997, 2015, 2019 El Nifo years with the number of CDD and
the extent of land fires for available data years.

3.1.6 Prediction and Projection of Forest and Peatland Fires
in Eastern Coast of Sumatra Related to Extreme Rain-
fall

Based on the results of statistical data processing on the extreme

climate index in the four provinces of the Eastern Coast of

Sumatra. Figure 4 and 5 show the combined trends detected

for the two extreme climate indicators.
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Figure 4. Average CCD for All Stations. DMI/ENSO Index

Figure 4 shows an increasing trend in CDD and a decreasing
trend in Annual total wet-day precipitation (PRCPTOT) on
the Eastern Coast of Sumatra. These results suggest that the
region is becoming drier with a rise in mean temperature during
day and night. This occurrence could lead to an expansion
of susceptible land and forests vulnerable to wildfires. This
projection aligns with a previous study by Supari et al. (2018)
that predicted changes in annual precipitation extremes over
Southeast Asia with 2°C global warming by 204 1. Figure 6
indicates the increasing trend of wildfires in the area of Eastern
Coast of Sumatra.

The graph shows relationship consistency between burned
land area combined with the rise in CDD, ENSO Index, and
10D index. Using a case study approach. this study investi-

© 2023 The Authors.
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Figure 5. PRCPTOT for All Stations DMI/ENSO Index in

Four Provinces Located in the Eastern Coast of Sumatra

gates land fires in four provinces (Riau, Jambi, South Sumatra,
and Lampung) between 2015 and 2019. It explores the re-
lationship between land fires and three climatic indices: the
Dipole Mode Index (DMI), the El Nifio-Southern Oscillation
(ENSO) index in the ENSO region, and the number of CDD.
Available data for these years are used to analyze the extent
of burned area and its correlation with the climatic indices.
Overall, this study suggests that forest and land fires incident
positively correlate with ENSO/IOD occurrence.

From September to December 2015, the mean value of
the ENSO index was 2.57, peaking at 2.56 in December. This
value corresponds with a DMI of 0.567 and 43.63 consecutive
dry days (CDD). That year, the total burned area was exten-
sive at 1.017.068.22 hectares, accounting for 54% of the total
burned area recorded over 23 years. In 2019, despite a weak
Nino index and Strong IOD, the burned area remained vast
(Iskandar et al., 2022). In 2006, 2015, and 2019, areas with
high-density hotspots (exceeding 51 points) were concentrated
in the Eastern part of the Eastern Coast of Sumatra, character-
ized by peatlands. Peatlands dominate much of the land in the
Eastern provinces of Riau, Jambi, South Sumatra, and Lam-
pung. Figure 7 represents the hotspot density and distribution
in Eastern Coast of Sumatra in 2015 and 2019

3.2 Discussion

This study implies a notable correlation between ENSO and
DMI indices and the increasing trend in consistent dry days.
Similarly. the research by Phuong et al. (2022) in Vietnam
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Table 11. Categories of El Nifio and IOD Events
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Year Highest ENSO Highest DMI CDD Average Burned Land Area (ha)
1997 2.4 1.28 57.8 65.825.20

2015 2.57 0.57 43.6 1.017.068.22
2019 0.81* 0.89 42.6 519.487.00

*Note: El Nifio in the first semester. IOD in the second semester
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Figure 6. ENSO Index for ASON. DMI Index for ASON

reported a significant correlation between CDD, the ENSO
index, and DMI. This correlation means an increased number
of hotspots and burned areas. The declining trend in wet days
provides a fundamental root for policy making for forest and
land fire mitigation on the Eastern Coast of Sumatra. During
El Nino events and positive IOD phases, the number of rainless
days is expected to increase, leading to higher forest and land
drought conditions and a high risk of forest and land fires.
This phenomenon has been observed in previous studies, such
as in the Amazon, where Cochrane and Schulze (1999) and
Ray et al. (2005) found increased land and forest flammability
during the El Nifio phases.

In summary, ENSO and IOD dynamics are critical in the
Eastern Coast of Sumatra’s weather patterns and significantly
impact extreme rainfall and forest/land fires. Understanding
these dynamics can assist policymakers in developing effica-
cious strategies to manage related hazards. These strategies may
include fire suppression measures, evacuation preparedness,
healthcare services, and other forest and land fire prevention
measures such as deploying firefighting teams, disaster-ready
volunteers on site, land canals, air-based fire suppression, con-
structing new reservoirs, maintaining existing reservoirs, and
preparing firefighting equipment in disaster-prone areas.

4. CONCLUSION

This study found a significant correlation between the rise in
ENSO indices and DMI indices and the increasing trend in
consistent dry days on the Eastern Coast of Sumatra. During El

© 2023 The Authors.
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Figure 7. Hotspots Density (Upper Panel) and Distribution
(Lower Panel) Observed in the Eastern Coast of Sumatra in
2015 and 2019

Nifio events and positive IOD phases, dry days increase, leading
to higher forest and land drought conditions and an elevated
risk of forest and land fires. The DMI index showed a positive
correlation with the number of CDD and a negative correlation
with the total amount of rainfall in one year. Similarly. the
ENSO index showed a positive correlation with the number of
CDD. The increase in CDD during El Nino events in 1997,
2015, and 2019 significantly impacted widespread forest and
land fires on the Eastern Coast of Sumatra. These findings
provide valuable insights for policymakers to develop effective
strategies to manage related risks.
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