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Abstract: Agriculture is a key sector in Indonesia, with rice being a staple crop and a major
source of food for the country's population. However, climate variability, including EI Nifio
Southern Oscillation (ENSO) and Indian Ocean Dipole (I0OD) events, can have significant
impacts on agricultural productivity, particularly in lowland swamp areas where rice is
cultivated. This research investigates the impact of both ENSO and 10D on rainfall and rice
productivity in lowland swamp areas of South Sumatra, Indonesia, with a focus on food
security. The study uses precipitation datasets generated by merging a satellite-gauge
precipitation with precipitation observations from several rain-gauge stations located
throughout South Sumatra for the period of 1983-2022. Historical data indicates that EI Nifio
events combined with positive IOD phases lead to decreased rainfall in South Sumatra, often
causing droughts. In contrast, La Nifia phases with negative 10D increase precipitation,
resulting in potential flooding and waterlogging issues. Rice cultivation analysis highlights
Supron | as the predominant harvesting period, with 49.8% of the total harvested area.
Following El Nifio periods, there is a rise in harvested areas of Supron I, likely due to the
transformation of dried swamps into farmable land. However, increased rainfall during La
Nifia adversely affects rice yields in this period. These observations highlight the importance
of adaptive strategies in the face of climate variability to ensure food security in the region.
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Introduction

Climate change, characterized by escalating global temperatures, increased frequency and severity of
extreme weather events, and altered precipitation patterns, presents substantial challenges to
agricultural systems worldwide (Altieri & Nicholls, 2017; Mall et al., 2017; Thornton et al., 2014).
Among the most affected is Indonesia, an economy heavily dependent on its agricultural sector (Butler
et al., 2014). Agriculture in Indonesia, in addition to its pivotal role in securing the food supply,
providing employment, and contributing to the Gross Domestic Product, bears significant social
implications and directly impacts the wellbeing of the population (David & Ardiansyah, 2017; Pawlak
& Kolodziejczak, 2020).

Rice cultivation, a critical component of agricultural activities in Indonesia, plays a significant role in
the nation's food security (Neilson & Wright, 2017; Reardon et al., 2015; Thow et al., 2019). As the
staple food in Indonesia, rice production is particularly susceptible to the adverse effects of climate
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change, including shifting weather patterns and climatic variations (Caruso et al., 2016; Hussain et al.,
2020). Two key climate phenomena driving these shifts, the EI Nifio Southern Oscillation (ENSO) and
the Indian Ocean Dipole (IOD), are known for their substantial influence on precipitation patterns in
Indonesia (Agustina et al., 2021; Apriyana et al., 2019; Kurniadi et al., 2021). Consequently, the
agricultural sector, particularly rice production, experiences consequential fluctuations due to changes
in rainfall frequency, intensity, and duration, leading to considerable alterations in agricultural yields
(Ansari et al., 2021; Jung et al., 2015; Merten et al., 2020; Surmaini et al., 2018). A comprehensive
understanding of these climatic dynamics is thus critical to devising robust adaptive strategies that
enhance agricultural resilience and secure food supply in the face of these climatic changes.

The ability to predict how ENSO may impact rice yields can serve as an invaluable asset for monitoring
food security. As demonstrated by (Naylor et al., 2001), quantitative forecasts of ENSQ's effects on
Indonesian rice harvests can offer crucial insights for managing food security in one of the global major
rice producers. While their study focused on national-level data, our research specifically for South
Sumatra can similarly demonstrate the predictive capabilities of ENSO indices for rice cultivation.

Establishing region-specific models forecasting ENSO impacts will empower local governments to
proactively implement adaptive measures that ensure adequate rice supply. Agricultural practices in
South Sumatra appear to be evolving in response to climatic variations. As detailed in studies by Dulbari
et al. (2020) and Khairullah et al. (2021), farmers seem to be capitalizing on drier conditions by utilizing
previously swampy terrains for cultivation. However, the region faces its set of challenges during La
Nifa's wet periods, as waterlogged conditions can negatively impact rice yields.

South Sumatra, chosen as the study area due to its status as a major rice-growing region in lowland
areas in Indonesia, provides a valuable case study for this research (Imanudin et al., 2021; Purbiyanti et
al., 2021; Rumanti et al., 2018). While substantial research has explored the effects of ENSO and 10D
events on global weather patterns (Gaughan et al., 2016; Khan et al., 2021; Yin et al., 2022), fewer
studies have directly connected these climate phenomena to rice productivity in Indonesia. This study
aims to bridge this knowledge gap, offering insights that can inform the development of effective
adaptation strategies for lowland agriculture, ultimately bolstering regional food security.

With this context, this paper begins with a comprehensive overview of our research context and
objectives, emphasizing the crucial role of agriculture, particularly rice cultivation, in food security and
economy in Indonesia. It then discusses the impact of climate variability, highlighting the significant
influence of ENSO and 10D phenomena on agricultural productivity. Given the urgent need to
understand these climatic events' impacts on precipitation patterns, this research aims to provide
valuable insights that enhance the resilience of lowland agriculture in the face of climate change and
safeguard regional food security, given critical role of agriculture in Indonesia.

Materials and Methods
Research Location

The research was conducted in South Sumatra, a province located in the southern part of Sumatra Island,
Indonesia (Figure 1). The province spans an area of approximately 91,592 square kilometers and is
characterized by a tropical climate with significant rainfall throughout the year. South Sumatra is known
for its extensive agricultural activities, with rice being the predominant crop cultivated in its lowland
areas.
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Figure 1: Spatial Distribution of CHIRPS Precipitation Data Grid over South Sumatra

South Sumatra was selected as the study area due to its considerable contribution to national rice
production and its vulnerability to climate change, especially the impact of ENSO and 10D events.
Moreover, diverse landscape in South Sumatra, characterized by coastal areas, plains, and mountains,
offers a unique context to examine the interplay between climate variability and agricultural
productivity.

Data

Our data collection process involved acquiring both climatological and agricultural datasets. The
climatological dataset, we utilized monthly gridded precipitation datasets provided by the Agency for
Meteorology, Climatology, and Geophysics (BMKG), Republic of Indonesia with a spatial resolution
of 5 km (BMKG, 2022). This data compilation was the result of integrating the satellite-gauge
precipitation measurements from the Climate Hazards Group Infrared Precipitation with Stations
(CHIRPS) (Funk et al., 2015) with observational rainfall records from multiple rain-gauge stations
dispersed throughout South Sumatra. The fusion of these datasets was carried out using the Kriging
with External Drift interpolation method (Setiawan et al., 2018).

This data was supplemented by climatic oscillation indices data for ENSO and 10D events during the
same period. These indices were obtained from the National Oceanic and Atmospheric Administration
(NOAA), which hosts long-term, publicly accessible climate datasets. On the agricultural front, we
focused on rice productivity data. The agricultural data were primarily sourced from the Statistics
Indonesia (BPS), providing detailed information about rice production in South Sumatra, including
yield rates, harvested areas, and planting seasons, over the studied timeframe.

With the aim of investigating the potential impacts of climatic oscillations on rice cultivation, we
integrated these climatological and agricultural datasets. This integration allows for a comprehensive
understanding of the complex interactions between the climate and agricultural productivity in South
Sumatra.

Data Collection and Analysis
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The data processing and analysis methodology integrates both climatological and agricultural datasets
to investigate the impacts of ENSO and IOD on rice productivity across different harvesting periods in
South Sumatra. Rainfall data were obtained from the CHIRPS database corresponding to historical
ENSO and 10D episodes. These precipitation values were categorized and averaged according to the
three rice harvesting seasons in South Sumatra, known as Suprons: Supron 1 from January to April,
Supron 2 from May to August, and Supron 3 from September to December. By comparing the mean
rainfall for each Supron during ENSO and 10D phases to the long-term normal precipitation for those
months, anomaly values were derived. Mapping these anomalies in QGIS enabled spatial visualization
of precipitation fluctuations across South Sumatra during different climate events for each distinct
Supron.

In tandem, rice harvesting data from agricultural statistics were also categorized by Supron. The
harvested area within a given Supron for a specific focal year was compared to the 5-year average
harvested area for the same Supron in previous years. This reveals how rice cultivation during a
particular Supron responded to climate variations compared to recent patterns.

Integrating the processed rainfall anomaly data with the rice harvesting statistics allows analysis of how
ENSO- and IOD-driven precipitation fluctuations affect rice productivity in South Sumatra across the
major planting and harvesting periods represented by the Suprons. The approach enables both spatial
analysis of rainfall changes, and temporal analysis of rice area responses across distinct climatic phases
for each Supron. Overall, this integrated data processing methodology provides the foundation to
address the research objectives of assessing the relationships between climate variability and rice
cultivation patterns across different seasons in this major agricultural region.

Combination of ENSO and 10D Events

To analyze the concurrent influences of ENSO and 10D events on climate and rice productivity in South
Sumatra, the instances of overlapping ENSO and 10D phases were catalogued for each Supron. The
integrated rainfall and rice harvesting datasets were used to compare precipitation patterns and
productivity metrics during various concurrent ENSO-IOD phases for each Supron. Table 1 shows the
combinations of ENSO and 10D events during the harvesting periods.

Examining these concurrent events provides deeper insight into the compounding effects of multiple
climate drivers on agricultural outcomes across the Suprons in South Sumatra. Overall, cataloging and
analyzing concurrent ENSO-10D phases facilitates a nuanced understanding of how rice agriculture is
impacted by the intersection of these two key modes of climate variability in South Sumatra.

Table 1: ENSO-10D Phase Combinations by Supron

Periods
Year Event
Jan-Apr May-Aug Sep-Dec
1997 ENSO  Neutral El Nifio Mod El Nifo Strong
IOD Neutral (+) (+)

ENSO El Nifio Weak  La Nifia Mod La Nifia Mod
1998

IOD Neutral ) )
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ENSO  La Nina Mod La Nifla Mod La Nifia Mod
1999
10D Neutral Neutral Neutral
ENSO  La Nina Mod La Nifla Weak  La Nifia Weak
2000
10D Neutral Neutral Neutral
ENSO  Neutral Neutral Neutral
2005
I0D Neutral ©) Neutral
2006 ENSO  Neutral Neutral El Nifio Weak
I0D Neutral Neutral (+)
ENSO  Neutral El Nifio Weak El Nifio Mod
2009
I0D Neutral Neutral Neutral
2010 ENSO  El Nifio Mod La Nifla Mod La Nifia Mod
I0D Neutral ) Neutral
ENSO  El Nifio Weak  EIl Nifio Mod El Nifio Strong
2015
I0D Neutral Neutral (+)
2016 ENSO  El Nifio Mod Neutral La Nifia Mod
I0D Neutral ) Neutral
ENSO  El Nifio Mod Neutral Neutral
2019
I0OD Neutral (+) (+)

Results and Discussion

In 1997, during a weak EI Nifio event, Supron I saw significant rainfall anomalies (115%-200%) in the
eastern part of South Sumatra, while the southeast experienced below-average anomalies (below 85%-
50%). In a moderate El Nifio in the same year (Supron II), there were substantial reductions in rainfall
anomalies (50%-0%) in the east and central areas, with minimal anomalies exceeding 115%. In Supron
111, also during a strong El Nifio in 1997, the southeastern and southwestern regions experienced a
decrease in rainfall anomalies (50%-0%), with minimal anomalies exceeding 115%. In 2015, during a
weak El Nifio, Supron | observed widespread rainfall anomalies (115%-200%), except in sporadic
regions in the east. In Supron Il during a moderate El Nifio in 2015, the southern part of South Sumatra
saw significant rainfall reductions (50%-0%), while small parts in the west had anomalies between
(115%-150%). In Supron Il during a strong El Nifio in 2015, the central region faced substantial
decreases in rainfall anomalies (50%-0%), while some small areas in the south witnessed anomalies
between (115%-150%) (see Figure 2).
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Figure 2: Rainfall Anomalies During EIl Nifio Events in South Sumatra (1997 and 2015)

In contrast, during La Nifia events, there were distinct rainfall patterns. In 1999, a moderate La Nifa
brought above-average rainfall anomalies (115%-200%) to Supron I, affecting almost all areas except
small parts in the south and west. In Supron Il, during the same La Nifia event, there was a substantial
increase in rainfall anomalies (115%-200%) in the west, while the east witnessed decreases (85%-50%).
Supron 11 in the same period saw widespread above-average rainfall anomalies (115%-200%), except
for small portions in the west. In 2000, during a moderate La Nifia, Supron I encountered above-average
rainfall anomalies (115%-200%), with some central areas exceeding 200%. Supron Il witnessed a
similar pattern during a weak La Nifia, with above-average rainfall anomalies (115%-200%), and
Supron 111 during the same weak La Nifia in 2000 experienced widespread above-average rainfall
anomalies (115%-200%), with some areas exceeding 200% (see Figure 3).
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Figure 3: Rainfall Anomalies During La Nifia Events in South Sumatra (1999 and 2000)

Figure 4 illustrates the variations in rainfall patterns during different phases of 10D in South Sumatra.
In 2005, during an 10D-neutral phase, Supron | experienced rainfall anomalies ranging from 85% to
almost 0% in the eastern part, while the western, central, and southern regions observed anomalies
between 115% to under 200%. In the same year, during an IOD-negative phase, Supron Il saw
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widespread rainfall anomalies, mostly ranging from almost 115% to under 200%, except for small areas
in the east with anomalies exceeding 200% and in the southeast ranging from 85% to 115%. During the
IOD-neutral phase in 2005, Supron Il witnessed rainfall anomalies, predominantly ranging from almost
115% to under 200%, except for a small portion in the west with anomalies ranging from 85% to almost
30%, and in the central region with anomalies ranging from 85% to 115%.

4 ‘ R X

2005-I : Neutral 2005-11 : 10D - 2005-111 : Neutral
3 g
.
2006-I : Neutral 2006-I1 : Neutral 2006-11 : 10D +

Rainfall Anomaly (%)

T T e

0 30 50 85 15 150 5200

Figure 4: Rainfall Anomalies During Different Phases of the Indian Ocean Dipole (IOD) in South
Sumatra (2005 and 2006)

In 2006, during another 10D-neutral phase, Supron | observed rainfall anomalies, mostly ranging from
almost 115% to under 200%, except for some areas in the north and south where anomalies ranged from
85% to almost 115%. In Supron 11, during the same 10D-neutral phase in 2006, rainfall anomalies were
primarily between 85% and 115%, with a small area in the west experiencing anomalies ranging from
85% to almost 30%, and small parts in the center and northwest with anomalies ranging from 115% to
under 200%. In Supron |11, during an |OD-positive phase in 2006, the western region witnessed rainfall
anomalies ranging from 85% to almost 30%, while the central area experienced anomalies ranging from
85% to 115%.

Harvested area versus paddy productivity in South Sumatra, as depicted in Figure 5. The cultivated area
for rice has generally shown an increasing trend over the years, often correlating with higher production
per hectare. However, it is important to note that specific years have witnessed a decrease in the
harvested area. Notably, from 2018 to 2022, there is a notable decrease in harvested area. This decrease
can be attributed to a change in the calculation method used by Statistics Indonesia (BPS). Since 2018,
BPS has been using remote sensing data to determine harvested areas, whereas before that, they relied
on estimation methods based on calculation for determining harvested areas.
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Figure 5: Trends in Rice Area and Productivity in South Sumatra for 1983 to 2022
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The percentage of harvested area from 1983 to 2022 is illustrated in Figure 6. During this period, the
distribution of harvested areas across the Supron periods is as follows: Supron | accounts for 49.8% of
the total, Supron Il represents 24.9%, and Supron 111 comprises 25.3% of the total harvested area. This
distribution provides valuable insights into the seasonal variations in rice cultivation in South Sumatra
over the decades.
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Figure 6: Percentage of Harvested Area by Supron in South Sumatra for 1983 to 2022

In general, as shown in Figure 7, the harvested area during Supron | consistently surpasses that of
Supron 11 and Il by approximately 150 to 200%. There are notable variations from the five-year
averages in certain years. In 1998, Supron | exceeded its five-year average by approximately 325,000
hectares. Similarly, in 2006, Supron | was higher than its five-year average, reaching around 320,000
hectares. In contrast, in 2016, Supron | significantly exceeded its five-year average, reaching
approximately 450,000 hectares. However, in 2001 and 2003, Supron | fell below its five-year average,
with areas slightly below 250,000 hectares and around 240,000 hectares, respectively.

For Supron 1, the variations are not significantly different from the average, except for the years 2015
and 2016, where the harvested area was around 260,000 hectares. In the case of Supron lll, the
variations are also not substantially different from the average, except in 2016, when the harvested area
reached around 300,000 hectares.
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Figure 7: Harvested area by Supron (1, 11, I11) in South Sumatra in hectares

Discussion

The interplay between rainfall patterns South Sumatra and climatic phenomena, specifically the ENSO
and the 10D, has accordance with previous studies studies ((Agustina et al., 2021; Apriyana et al., 2019;
Kurniadi et al., 2021). The findings underscore that during El Nifio events combined with positive IOD,
South Sumatra experiences diminished rainfall. This observation aligns with drought conditions
witnessed in the years 1997 and 2015. Such reductions in precipitation, especially when associated with
both climatic factors, can create severe drought conditions, adversely affecting the agricultural and
domestic sectors (Surmaini et al., 2018; Yin et al., 2022).

Conversely, La Nifia events, when coupled with negative 10D phases, lead to increased precipitation in
South Sumatra, as corroborated by (Agustina et al., 2021). Historical data from 1999 and 2000 provides
a clear testament to this phenomenon. While increased rainfall can be beneficial, the implications are
multifaceted. Elevated precipitation can lead to flooding and waterlogging, potentially wreaking havoc
on agriculture, especially in regions prone to inundation (Merten et al., 2020; Surmaini et al., 2018).

When focusing on the rice cultivation landscape across the Supron periods, a prominent trend emerges
from Supron I. Notably, this period claims 49.8% of the overall harvested area. The dominance of
Supron | might be due to a combination of favourable climatic conditions and soil fertility optimal for
rice growth. The data further suggests that post-EIl Nifio dry phases lead to an expansion in harvested
areas in Supron I. This can be interpreted as a shift in agricultural practices, where farmers possibly
exploit drier, previously swampy terrains for cultivation as found in Dulbari et al. (2020) and Khairullah
et al. (2021). Conversely, wet spells during La Nifia present challenges, with waterlogged conditions
potentially causing a dip in rice yield in Supron I. Drawing from these observations, it becomes evident
that agrarian activities in South Sumatra, especially in Supron I, are intricately tied to broader climatic
shifts.
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Conclusion

The intricate relationship between rainfall patterns in South Sumatra and global climatic phenomena,
particularly the ENSO and the 10D, has profound implications for the agrarian activities in that region.
Our findings underline the pronounced effect these climatic events have on rainfall, which in turn
significantly influences rice cultivation, especially during the dominant Supron | period.

During El Nifio and positive 10D phases, South Sumatra grapples with reduced rainfall, inducing
drought-like conditions that can adversely affect both agricultural and domestic sectors. In contrast, La
Nifia events combined with negative 10D phases herald increased precipitation, posing challenges of
flooding and waterlogging, especially detrimental to rice cultivation.

The observed adaptability of farmers, especially in leveraging drier terrains post-El Nifio events,
showcases their resilience and the dynamism of agricultural practices in the region. However, with the
increasing unpredictability of climatic events, However, given the growing unpredictability of climatic
events, South Sumatra must stay vigilant and take proactive measures to protect its agricultural
foundation.

In essence, understanding these climatic intricacies and their consequent impacts will be pivotal for
future in South Sumatra, ensuring the region remains agriculturally robust and food secure amidst
shifting global climate patterns.
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