
 
 

 

1245 

 

 

 

MAUSAM 

 

 

 

 

 

 

 

 
 

 

UDC No.633.18:551.583:551.586   

 

Independent and combined impacts of ENSO and IOD on Maha season rainfall 

and paddy production in Sri Lanka 

 
ARUNI ABEYSEKERA1*, SHIROMANI JAYAWARDENA2, RANJITH PUNYAWARDENA1,  

THAVANANTHAN SIVANANTHAWERL3 and BUDDHI MARAMBE3  

1Natural Resources Management Centre, Department of Agriculture, Peradeniya, Sri Lanka  

2 Regional Integrated Multi-Hazard Early Warning System (RIMES), Klong Luang, Pathumthani, Thailand  

3Department of Crop Science, Faculty of Agriculture, University of Peradeniya, Sri Lanka  

 (Received 28 January 2026, Accepted 10 September 2026)  

*Corresponding author’s email: arunikasekera@gmail.com 

 
 
सार — श्रीलंका सहित दक्षिण एशिया में वर्ाा को प्रभाववत करने वाले प्रमखु विृद जलवाय ुकारकों में अल नीनो-

दक्षिणी दोलन (ENSO) और हिदं मिासागर द्ववध्रवु (IOD) िाशमल िैं। मिा ऋत ु(अक्टूबर से फरवरी) श्रीलकंा में धान 
की खेती का मुख्य मौसम िै, और इस पर वावर्ाक जलवाय ुपररवतानिीलता का गिरा प्रभाव पड़ता िै। िालांकक, मौसमी 
वर्ाा की अननयशमतताओ ंऔर धान उत्पादन पर ENSO और IOD के प्रभावों का मात्रात्मक ववश्लेर्ण अभी तक परूी 
तरि से निीं ककया गया िै। इस अध्ययन में मुख्य रूप से मिा ऋत ुकी वर्ाा, वविेर् रूप से द्ववतीय अतंर-मानसून 
(SIM; अक्टूबर-नवबंर) के दौरान, और श्रीलंका में धान उत्पादन पर ENSO और IOD के स्वतंत्र और संयकु्त प्रभावों 
का ववश्लेर्ण ककया गया िै। इसके शलए 41 मौसम ववज्ञान कें द्रों से प्राप्त दैननक वर्ाा डेटा, ENSO और IOD घटनाओं 
की पिचान के शलए क्रमिः मिासागर नीनो सूचकांक (ONI) और द्ववध्रवुीय मोड सूचकांक (DMI), तथा 1979 से 2020 
तक के जजलावार धान उत्पादन डेटा (उत्पादकता और खेती योग्य िेत्र दोनों को दिााते िुए) का उपयोग ककया गया। 
सांजख्यकीय ववश्लेर्णों में एक-तरफा एनोवा, ची-स्क्वायर परीिणों के साथ क्रॉस-टैबलेुिन और एक-नमूना टी-परीिण 
(p=0.05) िाशमल थे। 41 मौसम स्टेिनों पर ककए गए सवेिणों में, आईओडी-सकारात्मक वर्ों से जडु़ ेअल नीनो वर्ों 
में, स्वतंत्र अल नीनो वर्ों (आईओडी से संबद्धता के बबना) की तुलना में एसआईएम वर्ाा अवधध के दौरान औसत 
संचयी वर्ाा में लगभग 85% अधधक सकारात्मक ववचलन देखा गया। चयननत प्रमुख धान उत्पादक जजलों में से 87% 
में, आईओडी-सकारात्मक वर्ों से जडु़ ेअल नीनो वर्ों के दौरान मिा ऋत ुमें धान की पदैावार तटस्थ वर्ों की तुलना में 
बढी। आईओडी-नकारात्मक वर्ों से जडु़े ला नीना और स्वतंत्र ला नीना वर्ों (आईओडी से संबद्धता के बबना) में 
एसआईएम वर्ाा में कमी देखी गई, जजसमें चयननत 15 प्रमुख धान उत्पादक जजलों में तटस्थ वर्ों की तुलना में 
आईओडी-नकारात्मक वर्ों के साथ ला नीना के अतंगात मिा ऋतु में धान की पदैावार में 80% की कमी आई। अल 
नीनो घटनाओ ंसे जडु़ ेIOD-सकारात्मक वर्ों में सभी चयननत मौसम स्टेिनों (100%) पर औसत सचंयी SIM वर्ाा में 
उल्लेखनीय वदृ्धध देखी गई, जजसके पररणामस्वरूप सभी (100%) प्रमखु धान उत्पादक जजलों में धान उत्पादन में 
सकारात्मक ववसंगनतयााँ पाई गईं। अध्ययन अवधध के दौरान एकमात्र स्वतंत्र IOD-सकारात्मक घटना (ENSO संबधं के 
बबना), 2019/2020 के मिा वर्ा में, SIM वर्ाा में वदृ्धध और 3.19 शमशलयन मीहिक टन का उच्चतम दजा धान 
उत्पादन देखा गया। कुल शमलाकर, ननष्कर्ा मिा कृवर् मौसम के पिले भाग और श्रीलंका में धान उत्पादन के दौरान 
SIM वर्ाा पररवतानिीलता पर ENSO और IOD के स्पष्ट सिकक्रयात्मक प्रभाव को दिााते िैं, जो मौसमी कृवर् ननयोजन 
और नीनत ननमााण में इसके मित्व को रेखांककत करता िै। 

 

ABSTRACT. The El Niño–Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) are among the 

dominant large-scale climate modes affecting rainfall in South Asia including Sri Lanka. The Maha season (October to 
February) is the principal paddy cultivation season in Sri Lanka, and its performance is strongly influenced by inter-

annual climate variability. However, the influences of ENSO and IOD on seasonal rainfall anomalies and paddy 

production remain insufficiently quantified. This study mainly examined the independent and combined impacts of 
ENSO and IOD on Maha season rainfall, particularly during the Second Inter-monsoon (SIM; October-November), and 

the associated paddy production in Sri Lanka. Daily rainfall data from 41 meteorological stations, the Ocean Niño Index 
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(ONI) and Dipole Mode Index (DMI) for identifying ENSO and IOD events, respectively, and district-wise paddy 

production data (reflecting both productivity and cultivated extent) from 1979 to 2020 were studied. Statistical analyses 

included one-way ANOVA, cross-tabulation with chi-square tests, and one-sample t-tests (p=0.05). El Niño years 
associated with IOD-positive years showed approximately 85% higher positive deviations in mean cumulative rainfall 

across 41 weather stations compared to independent El Niño years (without IOD association) during SIM rainy period. 

Maha season paddy production increased during El Niño years associated with IOD-positive years compared to neutral 
years in 87% of the selected 15 major paddy-growing districts. La Niña associated with IOD-negative years and 

independent La Niña years (without IOD association) exhibited reduced SIM rainfall, with 80% reduction in Maha season 

paddy production under La Niña with IOD-negative years compared to neutral years among selected major paddy-
growing districts. The IOD-positive years associated with El Niño events showed a significant increase in mean 

cumulative SIM rainfall across all selected weather stations (100%), resulting in positive paddy production anomalies in 

all (100%) major paddy-growing districts. The only independent IOD-positive event (without ENSO association) during 
the study period, in 2019/2020 Maha, showed significant increased SIM rainfall and the highest recorded paddy 

production of 3.19 million metric tons. Overall, the findings demonstrate a clear synergistic influence of ENSO and IOD 
on the SIM rainfall variability, during the first half of the Maha cultivation season and on paddy production in Sri Lanka, 

underscoring its importance of seasonal agricultural planning and policy formulations.   
 

Key words – ENSO, IOD, Maha season, Paddy production, Second Inter-monsoon rains, Sri Lanka. 

 

 

1. Introduction 

 

The El Niño–Southern Oscillation (ENSO) and the 

Indian Ocean Dipole (IOD) are two climate drivers that 

arise from ocean–atmosphere interactions, leading to 

changes in wind patterns, ocean currents, and wave 

dynamics (Latif et al., 1998; McPhaden et al., 2006; Cai 

et al., 2019). ENSO consists of two complementary 

phases in the tropical Pacific: El Niño, the warm phase, 

and La Niña, the cold phase (McPhaden, 2002). Similarly, 

the IOD cycle comprises two opposite phases: the IOD-

positive (warm phase) and the IOD-negative (cold phase), 

in the context of the western Indian Ocean (Saji et al., 

1999; Webster et al., 1999). These opposite phases of 

ENSO and IOD behave differently and result in 

significant variations in global weather patterns, including 

those over the Indian Ocean. 

 

Before the discovery of the IOD, climate scientists 

believed that the tropical Indian Ocean did not possess an 

inherent mode of coupled variability. The conventional 

view suggested that the region passively responded to and 

amplified variations associated with ENSO (Wallace et 

al., 1998). Saji et al. (1999) showed the independence of 

IOD in the Indian Ocean from ENSO in the Pacific Ocean 

and reported a moderately insignificant correlation 

between ENSO-IOD events. According to Jiang et al. 

(2021), the impact of IOD on the rainfall pattern of a 

specific country or location can be influenced by ENSO. 

Black et al. (2003) demonstrated that IOD cannot be 

considered in isolation as it is closely interconnected with 

ENSO and East African rainfall patterns, which are 

influenced by IOD and further amplified by ENSO.  

 

The El Niño can trigger an IOD-positive event, 

characterized by positive SST anomalies in the western 

tropical Indian Ocean and negative SST anomalies along 

the Sumatra-Java coast (Saji et al., 1999; Webster et 

al., 1999; Allan et al., 2001, Song et al., 2007). Although 

the opposite sea-air interactions lead to the generation of 

La Niña and negative IOD events, Sea Level Anomaly 

(SLA) signatures during negative IOD and La Niña events 

are much weaker (Aparna et al., 2012).  

 

A considerable number of IOD events also occur 

without triggering by ENSO. According to 

Vinayachandran et al., (2009), about 50% of the IOD 

events in the past 100 years have co-occurred with ENSO, 

and the other half independently. However, Yamagata et 

al. (2004) reported that only one-third of IOD events are 

associated with ENSO events.   

 

Several studies have revealed that the inter-basin 

SST anomalies are important in improving seasonal and 

inter-annual weather predictions (Cai et al., 2019; 

Wang, 2019). ENSO is characterized by basin-wide 

ocean–atmosphere anomalies, resulting in coherent SST 

and sea-level pressure patterns across the Indian Ocean 

(Klein et al., 1999; Vinayachandran et al., 2009). In 

contrast, these anomalies during IOD events exhibit a 

distinct east–west dipole structure within the Indian Ocean 

(Saji et al., 1999; Webster et al., 1999). Supporting this 

distinction, Vinayachandran et al. (2009), through a 

comparison of ENSO events with IOD events, showed 

that IOD events are strongly phase-locked to the seasonal 

cycle with anomalies typically developing during boreal 

summer (June–August) and intensifying during boreal 

autumn (September–November). 

 

Climate is one of the most important factors in crop 

cultivation, as it can significantly influences the growth, 

yield, and quality of the crop. Rainfall amounts, seasonal 

distribution, intensity, frequency of occurrence, and 

spatial and temporal variations are especially crucial for 

tropical agriculture (Jackson, 1977; Nieuwolt, 1982; 

Cline, 2007; Thomas and Joseph, 2024). The 

comprehensive analysis of existing literature has 

conclusively shown a significant shortfall in agricultural 

production, attributed to the impact of anomalous weather 

conditions experienced across the globe (Rosenzweig and 
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Parry, 1994; Lesk et al., 2016). Several studies have 

demonstrated the relationship between large-scale climate 

drivers such as the ENSO and the IOD, and their impacts 

on crop yields globally (Zhang et al., 2008; Apriyana et 

al., 2019; Cherian et al., 2021).  

 

Sri Lanka is an island in the Indian Ocean, situated 

between 5°55′ and 9°50′ N latitude and 79°42′ and 81°53′ 

E longitude (Survey Department of Sri Lanka, 2007). 

Despite its relatively small land area, the country 

experiences considerable weather variability due to its 

diverse agro-ecological conditions. There are limited 

studies in Sri Lanka that examine the impacts of ENSO 

and IOD on crop production. According to the available 

studies, the paddy production, harvest, and average yield 

during the Maha season in Sri Lanka have exhibited a 

clear correlation with increased rainfall from October to 

December during El Niño and IOD-positive events 

(Zubair, 2002; Abeysekera et al., 2023).  

 

Rice (de-husked paddy; Oryza sativa L) is the staple 

food of about 22.2 million Sri Lankan community. 

(Department of Census and Statistics, 2025). About 34% 

of the total cultivated area of the country is occupied by 

paddy (Department of Agriculture, 2024). Water 

availability is the major limiting factor of paddy 

cultivation in the country. Sri Lanka has four distinct 

rainfall seasons, namely, the First Inter-monsoon (FIM), 

Southwest Monsoon (SWM), Second Inter-monsoon 

(SIM) and Northeast Monsoon (NEM) (Punyawardena, 

2020). Based on these four rainfall seasons, paddy 

cultivation is being done in two cultivation seasons, 

namely, Yala (FIM + SWM; minor cultivating season; 

March – September) and Maha season (SIM + NEM; 

major cultivating season; October to February) 

(Punyawardena, 2020). A particular season is defined 

considering the sown period or land preparation activities 

during inter-monsoon rains and harvesting activities at the 

tail end of the monsoonal rains. The deviation in sown and 

harvested extent, the average yield thereby the paddy 

production in Sri Lanka is directly correlated with the 

deviations of the seasonal rainfall (Yoshino and Suppiah, 

1983; Punyawardena, 2002; Marambe et al., 2015). 

Therefore, a scientific assessment of the impacts of ENSO 

and IOD events, as well as their interactions, on seasonal 

rainfall climatology and national-scale paddy cultivation 

in Sri Lanka is of paramount importance for developing 

appropriate adaptation strategies to enhance paddy 

production under adverse weather conditions. 

 

This study mainly focuses on the Maha season, the 

major paddy-growing season in Sri Lanka. Rainfall 

deviations associated with ENSO and IOD were assessed 

considering both independent events and combined events 

to determine the extent to which their interactions amplify 

or suppress rainfall anomalies. Based on the observed 

rainfall responses, associated anomalies in paddy 

production were also analyzed. The findings provide 

insights for developing climate-adaptive agronomic 

strategies, including adjustments in cultivation extent, 

selection of suitable crop durations and varieties, 

improved water management and storage practices under 

water-scarce conditions, and enhanced drainage and flood-

adaptive cultivation practices during flood-prone seasons. 

Such decisions can be supported through improved 

agrometeorological advisories, contributing to reduced 

production losses, optimized cultivation costs,               

enhanced national paddy production, and the development 

of appropriate policy instruments to strengthen food 

security. 

  

2. Data and methodology  

 

2.1. Sea Surface Temperature (SST) data 

 

The Ocean Nino Index (ONI) and the Dipole Mode Index 

(DMI) are the indices used to identify ENSO and IOD 

events, respectively. ONI (https://origin.cpc.ncep.noaa. 

gov/products/analysis_ monitoring/ensostuff/ONI_v5.php) 

and DMI (https://psl.noaa.gov/gcos_wgsp/Timeseries/ 

DMI/) data were obtained from the National Oceanic and 

Atmospheric Administration (NOAA) of the United States 

Climate Prediction Centre (CPC).  

  

2.2. Rainfall data 

 

Daily rainfall data were collected from 41 weather 

stations for a 45-year period from 1976 to 2020. Fig. 1 

illustrates the spatial distribution of the selected weather 

stations across the three major climatic zones and the 25 

administrative districts of Sri Lanka. 

 

2.2.1. Rainfall indices  

 

Four rainfall indices were considered to compare the 

mean values of ENSO and IOD years with those of neutral 

years. Cumulative rainfall (mm) was defined as the total 

rainfall received during the season. The number of wet 

days was calculated as the total number of days receiving 

rainfall greater than 1 mm during the season (Nastos and 

Zerefos, 2009; Zhang et al., 2011). The number of heavy 

rainfall events was defined as the total number of days 

with rainfall exceeding the 90th percentile threshold 

calculated for the standard average period of the study 

(IPCC, 2014; Camuffo et al., 2020). The maximum 

consecutive dry days represented the longest sequence of 

consecutive days receiving less than 1 mm of rainfall 

during the season (Nastos and Zerefos, 2009; Zhang et al., 

2011). However, for the descriptive analysis, only the 

mean cumulative rainfall was considered. 

https://psl.noaa.gov/gcos_wgsp/Timeseries/%20DMI/
https://psl.noaa.gov/gcos_wgsp/Timeseries/%20DMI/
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Fig. 1. Location map of the selected weather stations across the three 

major climatic zones and the 25 administrative districts in Sri 

Lanka (Source: Survey Department of Sri Lanka and NRMC, 

Department of Agriculture, Sri Lanka) 

 
 

2.3. Paddy production data  

 

Since paddy production reflects the combined 

influence of cultivated extent and yield, this study focused 

on district-level paddy production data for the analysis. 

District-wise paddy production data were obtained from 

the Department of Census and Statistics (DCS) Sri Lanka, 

covering a 42-year period from 1979 to 2020 (DCS – 

various an array of publications).  

 

Paddy is cultivated as a wetland crop in all 25 

administrative districts but the area under cultivation 

differs among districts. (DCS, 2025). Among them the 

main paddy-growing districts were considered for further 

analysis. To obtain a threshold value of identifying major 

paddy-growing areas, the districts were sorted  using 

several parameters such as percentage of paddy lands out 

of the total arable lands (>30%), the average yield in each 

district (>4.3 t/ha), the districts located in  the Dry and 

Intermediated zones (if it is spread in more than one zone, 

the zone with the higher extent was considered), and the 

contribution to the national paddy production (>2%) 

(DCS, 2025 and Land Use Policy Planning Department, 

2019). Based on the aforesaid parameters, 15 districts 

were identified as the major paddy-growing districts of the 

country, eleven  from Dry zone namely, Anuradhapura, 

Polonnaruwa, Ampara, Batticaloa, Trincomalee, 

Kilinochchi, Mullaitivu, Mannar, Vavuniya, Puttalam, 

Hambantota and four  from Intermediate zone namely, 

Kurunegala, Badulla, Moneragala, and Matale 

(Abeysekera et al., 2023).  

 

2.4. ENSO and IOD relationships   

 

The rainfall deviations associated with four selected 

rainfall indices, during the two opposite phases  of the 

ENSO and the IOD were examined by composite analysis 

approach. Means of ENSO and IOD years across study 

period were compared, considering SIM rainfall, relative 

to the corresponding means of ENSO  and IOD neutral 

years (considering the SST data mentioned under section 

2.1). To assess the independent influence of ENSO and 

IOD, composite groups were constructed by eliminating 

the interactions of each other. The percentage deviations 

of mean rainfall values were calculated compared to 

neutral years to highlight the typical spatial and temporal 

deviations associated with each climate mode (Iizumi et 

al., 2014; Abeysekera et al., 2023).  

 

2.5. Paddy production deviations    

 
A similar composite analysis was applied to assess 

paddy production deviations associated with the two 

phases of ENSO and IOD during the Maha season. Mean 

paddy production during independent and combined 

ENSO–IOD years was compared with that during neutral 

years. Seasonal percentage deviations from neutral-year 

production were calculated for each category (Iizumi et 

al., 2014; Abeysekera et al., 2023). These deviations were 

used to quantify the impacts of ENSO and IOD on paddy 

production. 

 
2.6. Test of statistical significance  

 

Statistical analyses were performed using one-way 

analysis of variance (ANOVA), cross-tabulation Chi-

square tests, and one-sample t-tests implemented in 

Minitab 18 statistical software, with statistical significance 

evaluated at p = 0.05 level. When the  number of events in 

a given category was fewer than three, formal statistical 

testing was not conducted; instead, descriptive analyses 

were used to examine the behavior of the specific event(s) 

and to identify apparent trends. 

 

3. Results and discussion 

 

The Maha season in Sri Lanka begins with the SIM 

rains (October to November) and continues with the NEM 

rains (December to February). The influence of ENSO 

persists throughout the Maha season, as it affects both 

SIM and NEM rainfall (Punyawardena and Cherry, 1999; 

Zubair et al., 2008; Hapuarachchi and Jayawardena, 2015; 



 

 

ABEYSEKERA et al.: INDEPENDENT AND COMBINED IMPACTS OF ENSO AND IOD ON MAHA SEASON RAINFALL  

1249 

TABLE 1 

 

Independent and combined ENSO and IOD events during the SIM rainfall season over the study period 

 

SIM rainfall season 

 ENSO events   IOD events  

El  IEl  La ILa   IODp IIODp IODn IIODn 

1976 1976 1983 1983 1982 2019 1980 1980 

1977 1977 1984 1988 1994  1984 1996 

1979 1979 1988 1995 1997  1996  

1982 1986 1995 1999 2006  1998  

1986 1987 1998 2000 2011    

1987 1991 1999 2007 2015    

1991 2002 2000 2010 2018    

1994 2004 2007 2011     

1997 2009 2010 2016     

2002 2014 2011 2017     

2004 
 

2016 
 

    

2006 
 

2017 
 

    

2009 
   

    

2014 
   

    

2015 
   

    

2018           

SIM: second inter-monsoon; ENSO: El Niño–Southern Oscillation; IOD: Indian Ocean Dipole; El: El Niño 

years; IEl: Independent El Niño years (without IOD years); La: La Niña years; ILa: Independent La Niña 

years (without IOD years); IODp: IOD-positive years; IIODp: Independent IOD-positive years (without 

ENSO years); IODn: IOD-negative years; IIODn: Independent IOD-negative years (without ENSO years). 

Source: CPC (NOAA) 

 

Abeysekera et al., 2017; Abeysekera et al., 2019). In 

contrast, the impact of the IOD during the Maha season is 

predominantly observed during the SIM period and taper-

off by early December (Zubair et al., 2003; Jayawardene 

et al., 2015; Abeysekera et al., 2020; Abeysekera et al., 

2021; Kajakokulan et al., 2023). Therefore, the SIM rainy 

period was selected to examine the combined impacts of 

ENSO and IOD in comparison with their independent 

impacts. Previous studies have reported positive rainfall 

anomalies for El Niño years and negative rainfall 

anomalies for La Niña years during the SIM season, in Sri 

Lanka (Suppiah, 1989; Kane, 1998; Punyawardena and 

Cherry, 1999; Zubair et al., 2008; Hapuarachchi and 

Jayawardena, 2015; Abeysekera et al., 2017; Abeysekera 

et al., 2019). The limited studies conducted on the 

influence of the IOD also showed an increase in SIM 

rainfall. (Zubair et al., 2003; Abeysekera et al., 2020; 

Abeysekera et al., 2021; Kajakokulan et al. 2023). The 

present study examined the impacts of ENSO and the IOD 

by eliminating the interactions of each other. 

 

The El Niño years were predominantly observed in 

association with IOD-positive years, however, without a 

notable association with IOD-negative years. Similarly, 

La Niña years were mainly associated with IOD-negative 

years. Associations of La Niña years with IOD-positive 

years were rare and when present, were weak and short-

lived (Bureau of Meteorology, 2024; National Oceanic 

and Atmospheric Administration, 2024). Therefore, for 

the analysis, El Niño years associated with IOD-positive 

events and La Niña years associated with IOD-negative 

events were considered. 

 

According to Table 1, among the 16 El Niño years 

observed during the study period, 10 El Niño years 

remained after removing the combined El Niño and IOD-

positive events during the SIM rainfall period. Similarly, 

among the 12 La Niña years, 10 remained after removing 

the combined La Niña and IOD-negative events to assess 

the independent impact of La Niña years in the SIM 

rainfall season (Table 1). 

 

During the 45-year period, only one IOD-positive 

year (2019) remained after excluding El Niño–associated 

years from the list of IOD-positive years during the SIM 

season (Table 1). Among the four IOD-negative years, 

only two independent IOD-negative years remained after 

excluding La Niña–associated events. Consequently, 

statistical testing could not be performed for these  

remaining individual IOD-positive and negative years due 
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TABLE 2 

 

Percentage of positive and negative SIM rainfall deviations during El Niño and La Niña years associated with corresponding IOD phases and 

independent ENSO years (without association with IOD years), relative to neutral years across selected weather stations [numbers in 

parentheses indicate statistically significant events (p<0.05) out of 41 weather stations] 

 

Rainfall index  
Mean cumulative 

rainfall 

Number of wet 

days 

Number of heavy 

rainfall events 

Mean maximum 

consecutive dry days  

El Niño years associated with IOD-

positive years   
95% (06) 100% (34)  83% (13)   -100% (06) 

Independent El Niño years (without 

association with IOD years) 
66% (00) 98% (26) 51% (04) -93% (00) 

La Niña years associated with IOD-

negative years  
-90% (09) -95% (27) -88% (16) 88% (01) 

Independent La Niña years (without 

association with IOD years) 
-83% (04) -93% (27) -93% (13) 76% (00) 

 
to the limited sample size. Therefore, a descriptive 

analysis was conducted for the IOD-positive event in 2019 

and the two independent IOD-negative events, focusing 

on mean cumulative rainfall values. 

 

3.1. The impact of ENSO years associated with 

corresponding IOD phases over independent 

El Niño and La Niña years (without 

association with IOD years) on SIM rainfall 

deviations compared to neutral years 
 

Across all four considered rainfall indices, the 

rainfall deviations during El Niño years associated with 

IOD-positive events showed an apparent increase during 

the SIM period across 41 selected weather stations 

compared to neutral years (Table 2). Independent El Niño 

years (without association with IOD years) were also 

observed above-normal rainfall during the SIM season, 

compared to neutral years even without counting very 

strong El Niño years or Super El Niño’s, during the study 

period namely, 1982/83, 1997/98, and 2015/16 (National 

Aeronautics and Space Administration, 2023).  

 

The SIM period is the least drought-prone period of 

the year in Sri Lanka (Jayamaha, 1976). Consequently, the 

observed increase in rainfall with statistically significant 

events (Table 2), during El Niño years is of considerable 

importance for agricultural planning. Higher rainfall is 

beneficial for land preparation, crop establishment, and 

increased reservoir storage. However, heavy rainfall 

events accompanied by an increased number of wet days 

may lead to crop damage, necessitating re-establishment 

of the crop, mainly by re-sowing. Hence, understanding 

the strength of ENSO impacts, particularly when ENSO is 

associated with other climate drivers such as the IOD, is 

essential for impact-based agricultural decision-making. 

  

During both La Niña years associated with IOD-

negative years and independent La Niña years (without 

association with IOD years), an apparent reduction of 

rainfall was observed compared to the neutral years    

(Table 2).  
 

Among the four rainfall periods in Sri Lanka, SIM is 

the period that experiences low-pressure systems, 

depressions and cyclones, especially in the Bay of             

Bengal (Yoshino and Suppiah, 1984; Punyawardena, 

2008; Hapuarachchi and Jayawardena, 2015).                   

Heavy rainfall generated by these systems can occur 

during SIM periods irrespective of specific climate   

phases such as ENSO or IOD conditions. This is evident 

from observations of intense rainfall during SIM              

periods influenced by ENSO and IOD events as                    

well as during ENSO and IOD neutral conditions.                  

For example, the ENSO and IOD neutral SIM                    

period in 2024, experienced intense rainfall in late 

November due to Cyclone Fengal, while the                     

La Niña affected SIM period in 2025 was                       

strongly influenced by heavy rainfall associated with 

Cyclone Ditwah during late November and early 

December. 

 

Despite such rainfall events occurring due to the 

activation of weather systems during the study period, the 

overall reduction in rainfall observed during La Niña 

years remains an important consideration for agricultural 

planning. 

 

3.2. Comparative impact of ENSO years associated 

with corresponding IOD phases over 

independent El Niño and La Niña years 

(without association with IOD years) on SIM 

rainfall  

 

A further comparison was conducted between El 

Niño years asociated with IOD-positive years and 

independent El Niño years (without association with IOD 

years; Fig. 2[a-d]).  
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(a) 

(b) 
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Figs. 2(a-d). Rainfall deviations in (a) mean cumulative rainfall, (b) number of wet days, (c) number of heavy rainfall events and                    

(d) maximum consecutive dry days during the SIM period, comparing El Niño years associated with IOD-positive years to 
independent El Niño years (without association with IOD years) 

 

During El Niño years associated with IOD-positive 

years, over 85%, 88%, and 90% of the 41 selected weather 

stations showed higher positive deviations in mean 

cumulative rainfall, number of wet days, and number of 

heavy rainfall events, respectively, compared to the 

independent El Niño years (without association with IOD 

years; Fig. 2[a-c]). The mean maximum consecutive dry 

days showed negative deviations over 85% of the 41 

selected weather stations during El Niño years associated 

with IOD-positive years, compared to independent El 

Niño years (without association with IOD-positive years; 

Fig. 2[d]). The observed results, clearly revealed that 

when El Niño years are associated with IOD-positive 

years, it leads to synergize the above-normal rainfall 

received during the SIM period. Independent El Niño 

years (without association with IOD years) show 

increased SIM rainfall; however, the weak to moderate 

strength of these events limits the occurrence of heavy 

rainfall events.  

 

However, the comparison of La Niña years 

associated with IOD-negative years with independent La 

Niña years (without association with IOD years) shows 

only a marginal deviation in SIM rainfall (Fig. 3[a-d]). 

The mean cumulative rainfall received during the SIM 

season and number of wet days during independent La 

Niña years (without association with IOD years) did not 

show any detectable deviations in almost all selected 

weather stations, compared to La Niña years associated 

with IOD-negative events (Fig. 3[a-b]). Over 63% of 

selected weather stations showed higher negative 

deviations in the number of heavy rainfall events (Fig. 

3[c]) and over 61% positive deviations in mean maximum 

consecutive dry days (Fig. 3[d]), during La Niña years 

associated with IOD-negative events compared to 

independent La Niña years (without association with IOD 

years) out of 41 selected weather stations.  As shown in 

Table 1, only two of the 12 La Niña years were associated 

with IOD-negative events, and among these two only 

1998 was a strong La Niña event. This limited number of 

associated events may explain the marginal differences 

observed. 

 

3.3. The impact of positive and negative SIM 

rainfall deviations during ENSO years 

associated with corresponding IOD events 

and independent El Niño and La Niña years 

(without association with IOD years) on 

paddy production during Maha seasons   

 

Over 87% of 15 major paddy-growing districts 

showed positive anomalies in paddy production during El 

Niño years associated with IOD positive years compared 

to neutral years (Fig. 4). In contrast, the percentage 

anomalies in paddy production during the Maha season, 

influenced by independent El Niño years (without 

association with IOD events), showed negative deviations 

in 53% of selected major paddy-growing districts 

compared to neutral years (Fig. 4). The absence of clear 

percentage production anomalies during independent El 

Niño years may be attributed to the fact that, after 

excluding IOD-positive events, the remaining El Niño 

events were predominantly weak to moderate in intensity 

and therefore had a lower impact on paddy production.  

 

The percentage anomalies in Maha season paddy 

production during La Niña years associated with IOD-

negative years (67%), compared with independent La 

Niña years (without association with IOD years), showed 

similar negative deviations in most of  the  selected  major  

(d) 
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Figs. 3(a-d). Rainfall deviations in (a) mean cumulative rainfall, (b) number of wet days, (c) number of heavy rainfall events and (d) 

maximum consecutive dry days during the SIM period comparing La Niña years associated with IOD-negative years to 
independent La Niña years (without association with IOD years)  

 
 

paddy-growing districts relative to neutral years under the 

SIM rainfall variations. A marginal exception was 

observed in Ampara District. (Fig. 4). Positive deviations 

were observed only in the Polonnaruwa, Hambantota, and 

Moneragala districts. 

 

A study conducted to find the ENSO and IOD 

impact on annual coffee production in Indonesia, 

including five major production centres, has shown that 

the effects of ENSO and IOD were different in each 

region. However, the highest decline in production 

occurred in the La Niña year in almost all production 

centres (Sarvina et al., 2021).  

 

3.4. The impact of IOD years associated with 

corresponding ENSO phases over independent 

IOD-positive and IOD-negative years (without 

association with ENSO years) on SIM rainfall 

deviations compared to neutral years. 

  

The comparison of rainfall deviations in the IOD-

positive years associated with El Niño years across all 41 

selected weather stations showed a significant increase 

during the SIM period compared to neutral years                

(Table 3).  

 

The SIM period, which receives the highest rainfall 

within two months, shows the most widespread rainfall 

distribution across the country (Department of 

Meteorology, 2023). However, during IOD-negative years 

associated with La Niña years, a significant reduction in 

SIM rainfall has been reported by more than 85% of 

weather stations related to all four rainfall indices              

(Table 3).   

The only independent IOD-positive event, (without 

association with ENSO) which occurred in 2019, showed 

positive mean cumulative rainfall deviations at over 88% 

of the selected 41 weather stations compared to neutral 

years. The IOD-positive event in 2019, considered as a 

"Super IOD event" (Takaya, et al., 2020), was notable for 

being the only one to persist without triggering an El 

Niño. The IOD-positive event observed in 2019 was an 

extreme and prolonged event a phenomenon not seen 

since the 1960s (Zhang and Du, 2021). Furthermore, the 

2019 IOD-positive event is the first extreme IOD-positive 

event reported in the 21st century based on a rainfall 

metric and the DMI (Wang et al., 2020). During the peak 

phase of the event, the SST anomaly in the western 

tropical Indian Ocean reached about 1 °C (NOAA, 2022). 

 

 Among the observed four IOD-negative years, the 

independent IOD-negative years (without association with 

ENSO years) in 1980 and 1996, showed negative 

deviations in mean cumulative rainfall over 78% of the 41 

weather stations, compared to neutral years (Table 3).  

 

3.5. Comparative impact of IOD years associated 

with corresponding ENSO phases over 

independent IOD-positive and IOD-negative 

years (without association with ENSO years) 

on SIM rainfall  

 

Among the selected 41 weather stations, over 63%, 

showed higher positive deviations in mean cumulative 

rainfall during IOD-positive years associated with El Niño 

years, compared to the independent IOD-positive year 

(without association with ENSO) in 2019 (Fig. 5[a]). This 

increase was mainly due  to  the  rainfall  deviation  in  the  

(d) 
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Fig. 4. The mean paddy production anomalies in Maha seasons, during 

to ENSO years associated with corresponding IOD events 

compared to independent El Niño and La Niña years (without 

association with IOD years) 

 
TABLE 3 

 

 Percentage of positive and negative SIM rainfall deviations during IOD-positive and IOD-negative years associated with  

corresponding ENSO phases relative to neutral years across selected weather stations [numbers in parentheses indicate 

 statistically significant events (p<0.05) out of 41 weather stations] 

 

 

Rainfall index 
Mean cumulative 

 rainfall 

Number of 

wet days 

Number of heavy  

rainfall events 

Mean maximum  

consecutive dry days 

IOD-positive years 

 associated with El Niño years 
100% (15) 95% (33) 100% (30) -100% (09) 

IOD-negative years  

associated with La Niña years 

 

-93% (01) 

 

 

-88% (17) 

  

 

-85% (04) 

 

 

95% (07) 

 

 
SIM season caused by IOD-positive events synergized 

with El Niño.  

 

The results of the study further revealed that, strong 

independent IOD events can also result in considerable 

positive deviations in SIM rainfall in Sri Lanka. However, 

the impact of such events may vary with the strength of 

the event. Therefore, it is difficult to draw definitive 

conclusions based on this single occurrence. 

More than 66% of the selected weather stations out 

of 41, showed higher negative deviations in mean 

cumulative rainfall during IOD-negative years associated 

with La Niña years compared to independent IOD-

negative years in 1980 and 1996 (without association with 

ENSO years; Fig. 5[b]). Therefore, descriptive analysis of 

this study indicates that independent IOD - negative years 

(without association with ENSO years) lead to reduced 

rainfall during the SIM season, and this effect is amplified
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Figs. 5(a&b). Rainfall deviations in SIM rains comparing IOD years associated with corrosponding ENSO years to the independent  IOD-   

positive and IOD-negative events (without association with ENSO) 

 

when these IOD- negative events are associated with La 

Niña years. 

 

3.6. The impact of positive and negative SIM 

rainfall deviations during IOD years associated 

with corresponding ENSO events and 

independent IOD-positive and IOD-negative 

years (without association with IOD years) on 

paddy production during Maha seasons   

 

All selected major paddy-growing districts in Sri 

Lanka showed positive anomalies in paddy production 

during the Maha season, influenced by IOD-positive years 

associated with El Niño years, compared to neutral years, 

under the SIM rainfall deviations (Fig. 6).  Furthermore, 

all selected districts showed higher production anomalies 

during the independent IOD-positive event in 2019 

(without association with ENSO) than during neutral years 

and IOD-positive years associated with El Niño. (Fig. 6). 

This was proven by the observed data with the paddy 

production during the 2019/20 Maha season reaching  

3.19 million metric tons, the highest recorded during the 

study period. However, this increase is not only             

attributed to the rise in SIM rainfall but also the                

general increasing trend of paddy cultivation in the 

country with the aid of improved agronomic practices, 

timely provision of agricultural inputs, etc.  Due to the 

government’s policy decision to ban chemical fertilizers 

and other socio-economic conflicts, this upward                   

trend in paddy production dropped after 2019/20 Maha 

season (DCS, 2025). Therefore, further independent IOD-

positive events are needed in future to draw definitive 

conclusions. 

  

All selected major paddy-growing districts in Sri 

Lanka showed negative anomalies in paddy production 

during the Maha season, influenced by both IOD-negative 

years associated with La Niña years and independent 

(a) 

(b) 
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Fig. 6. The mean paddy production anomalies in Maha seasons, 

during to IOD years associated with corresponding ENSO 

events compared to the independent IOD-positive event in 

2019 and independent IOD-negative years (without 
association with ENSO years) 

 
 

IOD-negative years (without association with ENSO 

years), compared to neutral years, under the SIM rainfall 

deviations (Fig. 6). 

 

However, definitive conclusions are difficult to draw 

because of the limited occurrence of IOD-negative events, 

which restricts the applicability of statistical testing. 

Furthermore, the overall increasing trend in paddy 

cultivation in the country, supported by advances in 

agricultural technology and increased farmer awareness, 

may also have influenced the results. Nevertheless, 

composite analyses comparing IOD years with neutral 

years, or IOD phases with independent IOD years (IOD 

events without an association with ENSO), can provide 

meaningful insights into the potential influence of IOD 

variability on rainfall and paddy production. 

 

4. Conclusions 

 

This study mainly focused on rainfall deviations 

associated with combined and independent ENSO and 

IOD years, and their influence on paddy production during 

the Maha season in Sri Lanka. Considering the occurrence 

of ENSO and IOD events during the first half of the Maha 

season, SIM rainfall deviations were considered for the 

analysis.  

 

During the study period, El Niño years associated 

with IOD-positive years and La Niña years associated 

with IOD-negative years were observed during the SIM 

season. According to the results, both El Niño years 

associated with IOD-positive years and independent El 

Niño years (without association with IOD years) led to 

increase the mean cumulative rainfall in SIM, about 95% 

and 66% respectively, across the 41 selected weather 

stations. However, when IOD-positive events are 

associated with El Niño years, they synergize the positive 

impact showing approximately 85% higher positive 

deviations in mean cumulative rainfall across 41 weather 

stations compared to independent El Niño years (without 

IOD association) during SIM rainy period. 

Correspondingly, paddy production during the Maha 
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season showed an increase in 87 % of selected major 

paddy-growing districts during El Niño years associated 

with IOD-positive years compared to neutral                      

years. However, independent El Niño years (without 

association with IOD-positive years) showed a mixed 

trend compared to neutral years, likely due to the weak or 

moderate intensity of the remaining independent                       

El Niño events. 

 

Both La Niña years associated with IOD-negative 

years and independent La Niña years (without association 

with IOD years) showed 90% and 83% reduction in mean 

cumulative SIM rainfall respectively. About 80% 

reduction in Maha season paddy production under La 

Niña years associated with IOD-negative years was 

observed among 15 selected major paddy-growing 

districts. La Niña years without association with IOD 

years did not show considerable deviations from the 

above-mentioned results, except the marginal variations in 

Ampara district.  

 

The IOD-positive years associated with El                   

Niño years showed significant increase in mean 

cumulative SIM rainfall in all selected weather stations 

(100%), while IOD-negative years associated                    

with La Niña years revealed 93% reduction. Parallelly,                 

all (100%) selected major paddy-growing districts in                 

Sri Lanka showed positive anomalies in paddy production 

during the Maha season, influenced by IOD-positive  

years associated with El Niño years and 100% negative 

impact during IOD-negative years associated with La 

Niña years.  

 

There were insufficient independent IOD-positive 

and IOD-negative years to carry out statistical testing 

during the study period. However, the independent IOD-

positive event in 2019 (without association with ENSO) 

enhanced SIM rainfall, which contributed to the 2019/20 

Maha season paddy production reaching 3.19 million 

metric tons, the highest recorded during the study period. 

Paddy production during the Maha season showed 

negative anomalies in 87% of the 15 selected major 

paddy-growing districts during independent IOD-negative 

years (without association with ENSO years), likely due to 

reduced SIM rainfall. 

 

Based on the findings of this study, agricultural 

decision-making that considers the influence of climatic 

drivers such as ENSO and IOD should first determine 

whether these events occur independently or in 

combination, as well as their respective strengths. This 

approach enables more accurate prediction of their 

impacts on seasonal rainfall and paddy production during 

Maha seasons, the major growing season for national food 

security. 
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