
Rainfall variability remains one of the most persistent 
constraints to crop production in the semi-arid regions of sub-
Saharan Africa, where farming systems are predominantly rain-
fed and highly sensitive to climatic fluctuations (Dagona et al., 
2024; Dogondaji & Magawata, 2024). In northwestern Nigeria, 
cereal crop production, particularly rice, millet, and sorghum, 
forms a major livelihood activity and constitutes a central focus of 
agricultural extension services (Amare & Balana, 2023; Lawrence 
& Elisha, 2022). However, increasing irregularity in rainfall amount, 
timing, and seasonal distribution has heightened production risks 
(Pienaah et al., 2023; Rilwanu & Adamu, 2022), making it more 
difficult for extension agents to provide reliable advisory support 
to farmers operating under uncertain climatic conditions. Beyond 
local atmospheric processes, growing evidence indicates that 
rainfall variability in the tropics is partly influenced by large-scale 
ocean-atmosphere interactions, among which the El Niño-Southern 

Oscillation (ENSO) is the most prominent and widely studied 
(Cao et al., 2024; Singh et al., 2021). ENSO has been linked to 
rainfall anomalies across West Africa through its modulation of 
global circulation patterns, with El Niño and La Niña phases often 
associated with contrasting rainfall outcomes (Hashidu & Badaru, 
2021; Umar & Kehinde, 2020). Despite this recognition, the practical 
relevance of ENSO-related rainfall variability to climate-responsive 
agricultural planning and agrometeorological risk assessment at 
sub-regional scales in Nigeria remains underexplored.

Existing studies in Nigeria, such as Ati et al., (2010); 
Shehu et al., (2016); and Umar & Kehinde (2020), have focused 
on national-scale rainfall variability or single-state analyses, 
often emphasising climatological interpretation with no attention 
to agricultural outcomes and planning, and also overlooking the 
unique climatic dynamics of the northwestern region. This gap 
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This study assessed the influence of the El Niño-Southern Oscillation (ENSO) on rainfall variability and cereal crop yields using monthly 
rainfall data (1983–2024) sourced from the NASA Prediction of Worldwide Energy Resources; annual rice, millet and sorghum yield data 
(2000–2024) from the National Agricultural Extension and Research Liaison Services (NAERLS); and El Niño-Southern Oscillation (ENSO) 
indices (1983–2024) obtained from NOAA. Rainfall anomalies were computed to characterise interannual variability, while linear regression 
and one-way analysis of variance (ANOVA) with eta-squared (η²) effect size were used to evaluate crop yield trends and ENSO effects. Annual 
rainfall averaged 862.26 mm (CV = 37.14%) and varied significantly among ENSO phases (F = 5.32, p = 0.0052), with pronounced wetter 
conditions during some La Niña years (2021 and 2022). Rice (p = 0.013) and millet (p < 0.001) yields exhibited significant increasing trends, 
whereas sorghum (p = 0.002) showed a slight significant decline. However, ENSO had no significant influence on all the yields. These findings 
indicate that ENSO is a significant driver of rainfall variability but a weak predictor of annual cereal yields, highlighting the need to integrate 
ENSO-based seasonal climate forecasts with climate-smart agricultural practices to strengthen agrometeorological advisory services.
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limits extension systems’ ability to integrate climate information 
into advisory services, particularly in regions such as northwestern 
Nigeria, where rainfall variability affects cereal yield stability 
(Dogondaji & Magawata, 2024; Okon et al., 2021). Therefore, 
understanding rainfall, ENSO, and cereal crop yield variability over 
time, and how ENSO phases relate to these dynamics, is critical for 
strengthening agricultural planning in the region. Such knowledge 
can support the development of climate-informed advisory services 
that move beyond generalised recommendations to more context-
specific guidance. Against this background, this study examines 
rainfall variability and cereal crop yield dynamics in northwestern 
Nigeria, with particular emphasis on the influence of ENSO phases 
and their implications for agricultural planning. The study analysed 
rainfall anomalies, crop yield trends, and ENSO-related variability 
to provide empirical evidence to inform agricultural planning and 
support resilient cereal production in the region.

MATERIALS AND METHODS

Study area

The study was conducted in northwestern Nigeria, 
comprising Kaduna, Kano, Katsina, Kebbi, Sokoto, Zamfara, and 
Jigawa States (Fig. 1). The region lies within the Sudan-Sahel 
ecological zone and is characterised by a semi-arid to sub-humid 
climate with a unimodal rainfall regime extending from May to 
October, followed by a dry season from November to April (Gbode 
et al., 2019; Olalere et al., 2021). Agriculture is predominantly rain-
fed, with rice, millet, and sorghum representing the principal cereal 
crops cultivated by smallholder farmers (Abdullahi et al., 2023; 
Federal Republic of Nigeria, 2024). Rainfall exhibits a marked 
south-to-north decreasing gradient and considerable interannual 
variability (Olalere et al., 2021), making the region particularly 
vulnerable to climate variability and suitable for investigating the 
influence of the El Niño-Southern Oscillation (ENSO) on rainfall 
and cereal crop yields.

Data sources

Monthly rainfall data for the period 1983-2024 were 
obtained from the National Aeronautics and Space Administration 
Prediction of Worldwide Energy Resources (NASA POWER) 
database. Monthly Niño 3.4 sea surface temperature (SST) anomalies 
covering the same period were obtained from the National Oceanic 
and Atmospheric Administration (NOAA) Climate Prediction 
Centre. Annual yield data for rice, millet, and sorghum for the 
period 2000-2024 were obtained from the National Agricultural 
Extension and Research Liaison Services (NAERLS), Ahmadu 
Bello University, Zaria, Nigeria. 

Climate data aggregation

Monthly rainfall totals were aggregated to obtain annual 
rainfall totals for each year, while monthly Niño 3.4 SST anomalies 
were averaged to obtain annual mean anomalies, which were used to 
classify individual years into El Niño, Neutral, and La Niña phases. 
This aggregation enabled direct comparison between annual rainfall, 
annual crop yield, and annual ENSO conditions. To illustrate 
the spatial pattern of rainfall across northwestern Nigeria, mean 

annual rainfall values for the selected meteorological stations were 
interpolated using the Inverse Distance Weighting (IDW) method in 
QGIS (version 3.44) to generate the rainfall distribution map.

Rainfall anomaly and ENSO phase classification

Rainfall variability in northwestern Nigeria was assessed 
using annual rainfall anomalies computed relative to the long-term 
mean annual rainfall for the period 1983–2024. Rainfall anomalies 
provide a direct measure of departures from average climatic 
conditions and are widely used to evaluate interannual rainfall 
variability. Positive anomaly values indicate wetter-than-average 
years, whereas negative values indicate drier-than-average years. 
The computed rainfall anomalies were subsequently analysed by 
ENSO phases to evaluate their influence on rainfall behaviour in 
northwestern Nigeria. The annual rainfall anomaly was calculated 
as:

……………………. (1)

Where: RAi  is the rainfall anomaly for year i (mm); Ri 
is the observed annual rainfall (mm); and R̄ is the long-term mean 
annual rainfall (mm).

To investigate the influence of ENSO on rainfall anomaly 
and crop yields, each year was classified into an ENSO phase 
using the annual mean Niño 3.4 sea surface temperature anomaly 
derived from the monthly NOAA Niño 3.4 dataset. Annual ENSO 
phases were assigned using the annual mean Niño 3.4 sea surface 
temperature anomaly. Years with anomalies ≥ +0.5°C were classified 
as El Niño, years with anomalies ≤ −0.5°C as La Niña, while years 
with anomalies between −0.5°C and +0.5°C were classified as 
Neutral. This annual classification was adopted to enable direct 
comparison with annual rainfall totals and annual crop yields. 
The classified ENSO phases were subsequently used to evaluate 
differences in rainfall anomalies and cereal crop yields among El 
Niño, Neutral, and La Niña years.

Crop yield trend analysis

Trends in rice, millet, and sorghum yields from 2000 to 
2024 were evaluated using simple linear regression. The regression 
analysis was used to determine the direction and magnitude of 
changes in crop yields over time and to identify whether crop yields 
exhibited increasing or decreasing trends during the study period. 
The linear regression model is expressed as:

CYt =α+ βt+ ϵt ……………….. (2)

Where: CYt represents the crop yield (t/ha) in year t; α 
is the intercept; βt is the regression coefficient representing the 
average annual change in yield; ϵt is the random error term.

Analysis of ENSO influence on rainfall and crop yield variability

The influence of ENSO on rainfall variability was 
evaluated by comparing annual rainfall anomalies among El Niño, 
Neutral, and La Niña years using one-way analysis of variance 
(ANOVA). Similarly, the effects of ENSO on rice, millet, and 
sorghum yields were assessed by comparing mean annual crop yields 
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across the three ENSO phases. Before conducting the ANOVA, 
the assumptions of normality and homogeneity of variances were 
assessed using the Shapiro-Wilk and Levene’s tests, respectively. 
Statistical significance was evaluated at the 5% probability level 
(p < 0.05). To complement the significance tests, effect sizes (η²; 
eta squared) were calculated for each ANOVA to quantify the 
proportion of total variance in rainfall anomalies and crop yields 
attributable to ENSO phase. Effect sizes were interpreted following 
Cohen’s guidelines, where η² values of approximately 0.01, 0.06, 
and 0.14 represent small, moderate, and large effects, respectively. 
Reporting both p-values and effect sizes provided a more 
comprehensive assessment of the practical significance of ENSO-
related differences. Box-and-whisker plots were used to illustrate the 
distribution of rainfall anomalies and crop yields under the different 
ENSO phases. The boxplots display the median, interquartile range 
(IQR), whiskers representing data dispersion, and outliers, thereby 
facilitating visual comparison of rainfall anomalies and crop yield 
variability among El Niño, Neutral, and La Niña conditions. The 
combined use of ANOVA, effect size estimation, and box-and-
whisker plots provided both quantitative and graphical evaluation of 
the influence of ENSO on rainfall variability and cereal crop yields 
in northwestern Nigeria, thereby strengthening the interpretation 
of the implications of rainfall variability and ENSO phases for 
agricultural planning.

RESULTS

Rainfall characteristics of the study area

The rainfall characteristics of the study area are presented 
in Table 1. Mean annual rainfall varied considerably across 
northwestern Nigeria. Kaduna State recorded the highest mean 
annual rainfall (1739.15mm), whereas Sokoto (645.75mm), Katsina 

(662.41mm), and Jigawa (684.16mm) recorded the lowest values. 
Kaduna exhibited the highest coefficient of variation (59.07%), 
indicating substantial interannual rainfall fluctuations despite 
receiving the greatest annual rainfall. In contrast, Zamfara recorded 
the lowest coefficient of variation (28.38%), suggesting relatively 
more stable rainfall conditions. Kano, Katsina, and Jigawa displayed 
moderate rainfall variability, with coefficients of variation ranging 
from approximately 42% to 46%. The results further indicate that 
the regional mean annual rainfall in northwestern Nigeria from 1983 
to 2024 was 862.26mm, with annual totals ranging from 427.90mm 
to 2,199.82mm. The relatively high standard deviation (320.26mm) 
and coefficient of variation (37.14%) indicate substantial interannual 
variability in rainfall across the study period. 

The spatial distribution of mean annual rainfall across 
northwestern Nigeria is presented in Fig. 2. The map reveals a 
south-to-north rainfall gradient characteristic of the Sudan-Sahel 
ecological zone, with annual rainfall exceeding 1,700mm in 
southern Kaduna but decreasing to less than 700mm across the 
deeper northern states of Sokoto, Katsina, and Jigawa. Intermediate 
rainfall amounts occur over Kebbi, Zamfara, and Kano. This spatial 
pattern agrees with the descriptive statistics presented in Table 1 
and reflects the progressive weakening of monsoonal moisture 
northwards across the region. The observed spatial differences in 
rainfall amount and variability demonstrate the heterogeneous 
climatic conditions across northwestern Nigeria and provide the 
climatic background for assessing the influence of ENSO on rainfall 
anomalies and cereal crop yields.

Rainfall anomaly characteristics and influence of ENSO

The temporal variation in annual rainfall anomalies 
and their relationship with ENSO phases in northwestern Nigeria 

Fig. 1: Study Area (Northwestern Nigeria)
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between 1983 and 2024 is illustrated in Fig. 3. The rainfall anomaly 
series (Fig. 3a) showed no sustained monotonic trend but rather a 
succession of wet and dry years, highlighting the highly variable 
nature of the regional rainfall regime. Most years before 2019 were 
characterised by small to moderate rainfall anomalies, whereas the 
period between 2020 and 2022 recorded exceptionally large positive 
anomalies, with 2021 representing the wettest year during the study 
period. Conversely, several years during the late 1990s and late 2000s 
experienced pronounced negative rainfall anomalies, indicating 
substantial rainfall deficits. Although positive and negative rainfall 
anomalies occurred under all ENSO phases, some years (2021 and 
2022) classified as La Niña exhibited pronounced positive rainfall 
anomalies. Several Neutral years, such as 1994, 2004 – 2006, 2009, 
2013, 2020, and 2024, experienced substantial departures from the 
long-term mean, indicating that multiple climatic drivers beyond 
ENSO influence rainfall variability in the region.

The annual mean Niño 3.4 index (Fig. 3b) shows 
substantial fluctuations in ENSO conditions during the study period, 
with pronounced warm-phase events occurring in the late 1980s, 
1997–1998, 2015–2016, and 2023–2024, and persistent cold-phase 
episodes during the mid-1980s, 1999–2001, 2010–2012, and 2020–
2022. These alternating warm and cold phases corresponded with 
noticeable changes in rainfall anomalies, suggesting that Pacific sea 
surface temperature variability exerts a measurable influence on 
rainfall over northwestern Nigeria. However, the occurrence of both 
wet and dry years during Neutral conditions further suggests that 
the regional rainfall regime is also modulated by other large-scale 
climate systems, including variations in the West African Monsoon, 
tropical Atlantic sea surface temperatures, the African Easterly Jet, 
and land-atmosphere interactions.

The distribution of rainfall anomalies across ENSO 

Table 1: Rainfall Information of the Selected Stations (1983–2024)

State Longitude (°E) Latitude (°N) Maximum (mm) Minimum (mm) Mean Rainfall (mm) SD (mm) CV (%)

Kaduna 7.44 10.52 6360.63 664.45 1739.15 1027.29 59.07

Kano 8.52 12.00 1845.69 200.39 710.31 299.23 42.13

Katsina 7.53 13.00 1784.55 374.41 662.41 304.08 45.91

Kebbi 4.37 12.47 2202.76 485.16 767.30 259.35 33.80

Sokoto 5.02 12.92 1403.83 342.77 645.75 240.07 37.18

Zamfara 6.67 12.17 1542.85 300.59 819.83 232.64 28.38

Jigawa 9.32 12.33 1693.74 210.94 684.16 289.51 42.32

Northwestern Nigeria - - 2199.82 427.90 862.26 320.26 37.14
Source: Computed from NASA POWER rainfall data (1983–2024)

Fig. 2: Spatial distribution of mean annual rainfall across northwestern Nigeria (1983–2024)
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phases is further illustrated by the box-and-whisker plots (Fig. 
3c). La Niña years were characterised by relatively higher median 
rainfall anomalies and a wider range of variability, reflecting the 
occurrence of some exceptionally wet years like 2021 and 2022. 
Conversely, El Niño years generally exhibited lower median rainfall 
anomalies, indicating a tendency towards slightly drier conditions. 
Although the interquartile ranges of the three ENSO categories 
overlap, clear differences in their central tendencies are evident. 
The one-way analysis of variance confirmed that rainfall anomalies 
differed significantly among ENSO phases (F = 5.32, p = 0.0052), 
demonstrating that ENSO exerts a statistically significant influence 
on annual rainfall variability in northwestern Nigeria. The estimated 
effect size (η² = 0.05) is climatically meaningful because it indicates 
that ENSO accounted for a small to moderate influence on the total 
variance in annual rainfall anomalies. This suggests that while 
ENSO contributes moderately to interannual rainfall variability, a 
significant proportion of rainfall variation arises from other regional 
and global climatic processes operating over West Africa.

Trends in cereal crop yields

The temporal trends in the average yields of rice, millet, 

and sorghum, and in aggregate cereal production in northwestern 
Nigeria from 2000 to 2024 are presented in Fig. 4. Linear regression 
analysis revealed contrasting long-term productivity trends among 
the three cereal crops, reflecting differences in crop performance 
over the study period.

Rice yield exhibited a significant positive trend, increasing 
from 1.68 t/ha in 2000 to 1.91 t/ha in 2024 (Fig. 4a). The fitted 
regression model (y = 0.0088x + 1.660) explained 28.1% of the 
temporal variation in rice yield (R² = 0.281, p = 0.013), indicating 
a modest but statistically significant improvement in productivity 
over time. Although annual fluctuations were evident, particularly 
after 2017, the overall trend suggests gradual gains in rice 
production across the region. Millet recorded the strongest positive 
trend among the cereal crops (Fig. 4b). Average yield increased 
from 1.17 t/ha in 2000 to 1.51 t/ha in 2024, with regression analysis 
indicating a significant increase (y = 0.0136x + 1.094; R² = 0.594, p 
< 0.001). Time explained 59.4% of the variation in millet yield (R² 
= 0.594), demonstrating that millet experienced the most consistent 
and sustained productivity improvement during the study period. In 
contrast, sorghum exhibited a significant declining trend (Fig. 4c). 
Although yields increased during the early years of the study and 

Fig. 3: Annual rainfall anomalies and ENSO variability in northwestern Nigeria (1983–2024) (a) Annual rainfall anomalies relative to the long-
term mean, with bar colours indicating ENSO phase (b) Annual mean Niño 3.4 anomalies showing El Niño (≥+0.5 °C), Neutral (-0.5 to 
+0.5 °C), and La Niña (≤-0.5 °C) conditions. (c) Distribution of rainfall anomalies across ENSO phases

Tanko et al.
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reached a maximum around 2010, productivity declined thereafter, 
resulting in a negative regression slope (y = –0.0061x + 1.353). The 
regression model accounted for 39.7% of the observed variation (R² 
= 0.397, p = 0.002), indicating a statistically significant reduction 
in sorghum yield over the 25-year period. Despite the contrasting 
responses of the individual crops, the aggregate cereal yield showed 
a slight but significant increasing trend (Fig. 4d). Average combined 
yield increased from 4.11 t/ha in 2000 to 4.56 t/ha in 2024, with the 
regression equation (y = 0.0108x + 4.116) explaining 19.8% of the 
temporal variation (R² = 0.198, p = 0.046). Although the coefficient 
of determination was relatively low, the positive and statistically 
significant slope indicates a gradual improvement in overall cereal 
productivity across northwestern Nigeria.

Cereal crop yield response to ENSO phases

The distribution of rice, millet, and sorghum yields across 
El Niño, Neutral, and La Niña phases in northwestern Nigeria from 
2000 to 2024 is presented in Fig. 5. Although slight differences 
in yield distributions were observed among ENSO phases, one-
way ANOVA indicated that these variations were not statistically 
significant for any of the cereal crops. Rice yield exhibited the largest 
between-group variability (F(2,22) = 1.15, p = 0.338), followed by 
millet (F(2,22) = 0.39, p = 0.683) and sorghum (F(2,22) = 0.29, 
p = 0.749). The corresponding effect sizes were small (η² = 0.09 
for rice and η² = 0.03 for both millet and sorghum), indicating that 
ENSO phase explained only a negligible proportion of the observed 
interannual variation in cereal yields.

The rice boxplots (Fig. 5a) show a tendency towards 
slightly higher median yields during La Niña and Neutral years 
compared with El Niño years. However, the considerable overlap 

in the interquartile ranges and whiskers demonstrates that year-to-
year variability within each ENSO phase exceeded the variability 
among phases. Similarly, millet yields (Fig. 5b) exhibited nearly 
identical median values and dispersion across all ENSO categories, 
indicating a highly stable response irrespective of ENSO conditions. 
Sorghum yields (Fig. 5c) also displayed substantial overlap among 
the three ENSO phases, with only minor differences in central 
tendency and variability. This implies that while ENSO-related 
climatic variability may influence rainfall patterns, these differences 
were not translated into statistically distinguishable differences in 
cereal yields. The overlap in yield distributions among El Niño, 
Neutral, and La Niña years suggests that cereal production in 
northwestern Nigeria is influenced by a wider range of interacting 
factors than ENSO phase alone. These include intra-seasonal rainfall 
distribution, soil moisture availability, crop management practices, 
varietal improvements, fertiliser use, and other socio-economic 
and environmental factors that may buffer the effects of large-scale 
climate variability on cereal crop production.

DISCUSSION

ENSO as a driver of rainfall variability in northwestern Nigeria

The significant differences in rainfall anomalies among 
ENSO phases demonstrate that ENSO is an important driver 
of interannual rainfall variability in northwestern Nigeria, as 
evidenced by the significant differences in rainfall anomalies among 
El Niño, Neutral, and La Niña years (Fig. 3; F = 5.32, p = 0.0052). 
This pattern is consistent with the influence of ENSO on tropical 
atmospheric circulation, whereby changes in Pacific sea surface 
temperatures modify the Walker Circulation and affect the strength 
of the West African Monsoon and moisture transport into the Sudan-

Fig. 4 (a-d): Temporal trends in the average yields of rice, millet, sorghum, and aggregate cereal production in northwestern Nigeria (2000-2024)

ENSO Effects on Rainfall and Cereal Yields
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Sahel (Okumura, 2019). Similar relationships between ENSO, sea 
surface temperature anomalies, and rainfall variability over Nigeria 
have been reported by Egbuawa et al., (2017) and Salau et al., 
(2016).  Despite the significant relationship, the relatively small 
effect size (η² = 0.05) indicates that ENSO explained only a modest 
proportion of the observed rainfall variability. This suggests that 
rainfall in northwestern Nigeria is also influenced by other large-
scale and regional climatic processes, including tropical Atlantic 
sea surface temperature anomalies, the Intertropical Convergence 
Zone, the African Easterly Jet, and land–atmosphere interactions 
(Dia-Diop et al., 2020; Nicholson, 2013). Consequently, substantial 
rainfall anomalies may occur within the same ENSO phase owing 
to the influence of other climatic drivers. Similar conclusions have 
been reported by Hashidu & Badaru (2021) for northern Nigeria 
and Ta et al. (2016) for West Africa, where ENSO was found to 
influence rainfall but was not the sole climatic driver. These 
findings have important implications for agricultural planning in the 
predominantly rain-fed farming systems of northwestern Nigeria. 
Although ENSO alone cannot fully predict seasonal rainfall, its 
significant influence suggests that ENSO-based seasonal climate 
forecasts can provide useful early warning information for crop 
management (Bello & Mamman, 2018; Tanko et al., 2026). 
Integrating ENSO forecasts with regional climate monitoring and 
local meteorological observations would improve the reliability of 
seasonal forecasts and strengthen climate adaptation strategies for 
crop production.

ENSO influence on cereal crop yields in northwestern Nigeria

Although ENSO significantly influenced rainfall 

variability, its effects on rice, millet, and sorghum yields were not 
statistically significant (Fig. 5). The one-way ANOVA showed no 
significant differences in mean yields among El Niño, Neutral, 
and La Niña years for rice (p = 0.338), millet (p = 0.683), and 
sorghum (p = 0.749). Similarly, the box-and-whisker plots revealed 
considerable overlap in yield distributions across the three ENSO 
phases, indicating that annual cereal productivity remained relatively 
stable despite differences in ENSO conditions. The absence of 
significant yield differences suggests that ENSO-related rainfall 
variability alone was insufficient to produce measurable changes 
in cereal productivity. Cereal productivity is influenced by multiple 
interacting factors, including rainfall distribution, temperature, soil 
fertility, improved crop varieties, and farm management practices 
(Ngoune-Tandzi & Mutengwa, 2020). Consequently, the effect of 
ENSO on cereal crop yields may have been moderated by farmers’ 
adaptation strategies and improvements in agricultural practices 
over time. These findings are consistent with the small effect size (η² 
= 0.05) obtained for rainfall, indicating that ENSO explained only 
a limited proportion of rainfall variability in the region. Therefore, 
while ENSO remains useful for seasonal climate forecasting, it 
should not be considered an independent predictor of cereal yields 
in northwestern Nigeria. Consequently, improving agricultural 
resilience in the region should focus on integrating ENSO-based 
seasonal climate forecasts with climate-smart agronomic practices, 
such as improved crop varieties, efficient soil fertility management, 
and appropriate water conservation measures. Such an integrated 
approach would strengthen farmers’ capacity to cope with increasing 
climate variability and enhance sustainable cereal production in 
northwestern Nigeria.

Fig. 5 (a-c): Yield distribution of rice, millet, and sorghum across ENSO phases in Northwestern Nigeria (2000–2024)

Tanko et al.
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CONCLUSIONS

This study examined rainfall variability, ENSO phases, 
and cereal crop yields in northwestern Nigeria. Annual rainfall 
exhibited substantial interannual variability, with significant 
differences among ENSO phases. However, the small effect size 
indicates that ENSO explained only a limited proportion of rainfall 
variability, suggesting the influence of other regional climatic 
drivers. Rice and millet yields showed gradual improvement over 
the study period, whereas sorghum remained relatively stable. 
Despite the significant influence of ENSO on rainfall, no significant 
differences were observed in rice, millet, or sorghum yields across 
ENSO phases, indicating that crop productivity is shaped by both 
climatic and non-climatic factors, including improved management 
practices and farmers’ adaptation strategies. The study concludes 
that ENSO provides predictive information for anticipating rainfall 
variability when integrated with local weather forecasts. Such a 
forecast could support sustainable cereal production and climate 
adaptation in northwestern Nigeria.

ACKNOWLEDGEMENT

The authors sincerely appreciate the Department of 
Geography, Federal University of Technology, Minna, for providing 
an enabling academic environment for this research. The authors 
also acknowledge the providers of the publicly available climatic 
and cereal crop yield datasets used in this study.

Author’s certificate: The authors declare that this manuscript 
is original, has not been published previously, and is not under 
consideration for publication elsewhere. All authors have made 
scholarly contributions and approved the manuscript.

Conflict of Interests: The authors declare that there is no conflict of 
interest regarding the publication of this article.

Funding: This research received no external funding. The study 
was funded by the authors.

Data Availability: The data supporting the findings of this study 
are available from the corresponding author upon request. Publicly 
available datasets used in this study were obtained from the 
respective official sources cited in the manuscript.

Authors Contributions: Isah Abdullahi Tanko: Conceptualisation, 
methodology, data collection, statistical analyses, interpretation, 
visualisation, and drafting; Tayo Iyanda Yahaya: Supervision, 
intellectual guidance during the conceptualisation and design 
of the study, and manuscript revision; Aishetu Abdulkadir: 
Supervision, methodological guidance, and manuscript revision; 
Joel Aghaegbunam Ezenwora: Supervision, technical advice, and 
model framework review; Ishiaku Ibrahim: Data curation and 
manuscript editing; Abdulrazak Tijjani Kura: Data curation, input 
to discussion, and proofreading of the manuscript.

Disclaimer:  The contents, opinions, and views expressed in the 
research article published in the Journal of Agrometeorology are the 
views of the authors and do not necessarily reflect the views of the 
organisations they belong to.

Publisher’s Note: The periodical remains neutral concerning 
jurisdictional claims in published maps and institutional affiliations.

REFERENCES

Abdullahi, M., Idi, A. S., & Hassan, A. H. (2023). Impact of USAID 
Markets Programme on sorghum farmers’ livelihood in 
Northwest, Nigeria. Journal of Agricultural Economics, 
Environment and Social Science, 9(1), 263–276. https://
doi.org/10.56160/jaeess2023/vol9iss1/018 

Amare, M., & Balana, B. (2023). Climate change, income sources, 
crop mix, and input use decisions: Evidence from Nigeria. 
Ecological Economics, 211, Article 107892. https://doi.
org/10.1016/j.ecolecon.2023.107892 

Ati, O. F., Iguisi, E. O., & Mohammed, S. O. (2010). Effects of 
El Niño/Southern Oscillation (ENSO) on rainfall 
characteristics in Katsina, Nigeria. African Journal of 
Agricultural Research, 5(23), 3273–3278. 

Bello, A. A., & Mamman, M. B. (2018). Monthly rainfall 
prediction using artificial neural network: A case study 
of Kano, Nigeria. Environmental and Earth Sciences 
Research Journal, 5(2), 37–41. https://doi.org/10.18280/
eesrj.050201 

Cao, J., Zhang, Z., Xie, J., Luo, Y., Han, J., Mitchell, P. J., & Tao, 
F. (2024). Tailoring wheat agronomic management 
to ENSO phases to manage climate variability in 
Australia at 5-minute resolution. Agricultural and 
Forest Meteorology, 356, Article 110168. https://doi.
org/10.1016/j.agrformet.2024.110168 

Dagona, A. M., Dala, A., & Hassan, A. (2024). Effects of climate 
change among smallholder farmers in Bade Local 
Government Area of Yobe State, Nigeria. Dutse Journal 
of Pure and Applied Sciences, 10(1B). https://doi.
org/10.4314/dujopas.v10i1b.6 

Dia-Diop, A., Zebaze, S., Wade, M., Djiondo, R. N., Diop, B., 
Efon, E., & Lenouo, A. (2020). Interannual variability of 
rainfall over the West Africa Sahel. Journal of Geoscience 
and Environment Protection, 8, 85–101. https://doi.
org/10.4236/gep.2020.83007 

Dogondaji, M. B., & Magawata, D. (2024). Rainfall variability 
and its implications on crop production in Sokoto State. 
International Journal of Innovative Environmental 
Studies Research, 12(3), 89–103. 

Egbuawa, O. I., Anyanwu, J. C., Amaku, G. E., & Onuoha, I. C. 
(2017). Assessment of the teleconnection between El 
Niño Southern Oscillation (ENSO) and West African 
rainfall. African Research Review, 11(4), 17–29. https://
doi.org/10.4314/afrrev.v11i4.3 

Federal Republic of Nigeria. (2024). Federal Republic of Nigeria 
data collection survey on agriculture sector in Nigeria 
(QCBS). 

ENSO Effects on Rainfall and Cereal Yields



301Vol. 28 No. 3

Gbode, I. E., Adeyeri, O. E., Menang, K. P., Intsiful, J. D. K., 
Ajayi, V. O., Omotosho, J. A., & Akinsanola, A. A. 
(2019). Observed changes in climate extremes in Nigeria. 
Meteorological Applications, 26(4), 642–654. https://doi.
org/10.1002/met.1791 

Hashidu, U. S., & Badaru, S. I. (2021). Relationship between El 
Niño Southern Oscillation and rainfall in Sudano-Sahelian 
Region of Northern Nigeria. Journal of Agricultural 
Economics, Environment and Social Science, 7(2), 211–
216. 

Lawrence, U. E., & Elisha, I. (2022). Relationship between 
rainfall variability and sorghum yield in Potiskum Local 
Government Area of Yobe State, Nigeria. Journal of 
Geography and Regional Planning, 15(1), 10–17. 

Ngoune-Tandzi, L., & Mutengwa, C. S. (2020). Factors affecting 
yield of crops. In A. Amanullah (Ed.), Agronomy - Climate 
change and food security (Chap. 2). IntechOpen. https://
doi.org/10.5772/intechopen.90672 

Nicholson, S. E. (2013). The West African Sahel: A review of 
recent studies on the rainfall regime and its interannual 
variability. ISRN Meteorology, 2013, Article 453521. 
https://doi.org/10.1155/2013/453521 

Okon, E. M., Falana, B. M., Solaja, S. O., Yakubu, S. O., Alabi, O. 
O., Okikiola, B. T., Awe, T. E., Adesina, B. T., Tokula, B. 
E., Kipchumba, A. K., & Edeme, A. B. (2021). Systematic 
review of climate change impact research in Nigeria: 
Implication for sustainable development. Heliyon, 7(9), 
Article e07941. https://doi.org/10.1016/j.heliyon.2021.
e07941 

Okumura, Y. M. (2019). ENSO diversity from an atmospheric 
perspective. Current Climate Change Reports, 5, 245–
257. https://doi.org/10.1007/s40641-019-00138-7 

Olalere, G. E., Bulama, L., & Umar, A. A. (2021). Rainfall 
anomalies pattern in Northwestern Nigeria (NWN). 
Journal of Geography, Environment and Earth Science 
International, 25(4), 43–52. https://doi.org/10.9734/
jgeesi/2021/v25i430282 

Pienaah, C. K., Batung, E., Saaka, S. A., Mohammed, K., & 
Luginaah, I. (2023). Early warnings and perceived 
climate change preparedness among smallholder farmers 
in the Upper West Region of Ghana. Land, 12(10), Article 
1944. https://doi.org/10.3390/land12101944 

Rilwanu, T. Y., & Adamu, G. K. (2022). Water management strategy 
for climate-smart agriculture in semi-arid Northern 
Nigeria. In Y. Y. Obadaki, J. O. Folorunsho, M. A. Gada, R. 
D. Abu, & T. Y. Rilwanu (Eds.), Integrated environmental 
management issues: A festschrift in honour of Professor 
Edwin Osawe Iguisi, Professor of Geomorphology & 
Hydrology (pp. 66–83). Ahmadu Bello University Press. 

Salau, O. R., Fasuba, A., Aduloju, K. A., Adesakin, G. E., & Fatigun, 
A. T. (2016). Effects of changes in ENSO on seasonal 
mean temperature and rainfall in Nigeria. Climate, 4(1), 
Article 5. https://doi.org/10.3390/cli4010005 

Shehu, A. U., Yelwa, S. A., Sawa, B. A., & Adegbehin, A. B. (2016). 
The influence of El Niño Southern Oscillation (ENSO) 
phenomenon on rainfall variation in Kaduna Metropolis, 
Nigeria. Journal of Geography, Environment and Earth 
Science International, 8(1), 1–9. https://doi.org/10.9734/
JGEESI/2016/27287 

Singh, S., Abebe, A., Srivastava, P., & Chaubey, I. (2021). Effect of 
ENSO modulation by decadal and multi-decadal climatic 
oscillations on contiguous United States streamflows. 
Journal of Hydrology: Regional Studies, 36, Article 
100876. https://doi.org/10.1016/j.ejrh.2021.100876 

Ta, S., Kouadio, K. Y., Ali, K. E., Toualy, E., Aman, A., & Yoroba, 
F. (2016). West Africa extreme rainfall events and large-
scale ocean surface and atmospheric conditions in the 
Tropical Atlantic. Advances in Meteorology, 2016, Article 
1940456. https://doi.org/10.1155/2016/1940456 

Tanko, I. A., Yahaya, T. I., Abdulkadir, A., Ezenwora, J. A., Ibrahim, 
I., & Kura, A. T. (2026). Predicting rainfall variability 
and cereal crop yields using climatic oscillation indices 
and machine learning in Northwestern Nigeria. Kaduna 
Journal of Geography, 8(1), 309–320.

Umar, A. T., & Kehinde, M. O. (2020). Relationship of El Niño 
Southern Oscillation to rainfall patterns in Nigeria. Open 
Journal of Environmental Research, 1(1), 1–20.

Tanko et al.


