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ABSTRACT 
The Nigerian climate is humid in the south with annual rainfall over 2000mm and semi-arid in the north 

with annual rainfall less than 600mm. The Sudano-Sahelian region of Nigeria frequently experience 

rainfall seasonality and uncertainty in rainfall amount on inter-seasonal, inter-annual and inter-decadal 

time scales partly due to its semi-arid climatic nature. Monthly rainfall data for thirty-year periods was 

obtained from the archives of the Nigeria Meteorological Agency (NIMET). The monthly temperature 

values for the four NINO Regions (NINO 1+2, NINO 3, NINO 3.4 NINO 4) as well as the North Atlantic, 

South Atlantic and Global Sea Surface Temperature data will however be obtained for the same period 

(1994-2023) from the Climatic Prediction Centre (CPC) and the National Oceanic and Atmospheric 

Administration (NOAA). Both the two categories of data will be subjected to different statistical 

computations in order to achieve the outlined objectives of study. Mean, standard deviation and 

Coefficient of Variation (CV) will be calculated for the analysis of the impact of ENSO and ITD on 

Rainfall Variability in Sudano- Sahelian region of Nigeria. The result of the study reveals that the Sudano-

Sahelian region obtain below 50% of the annual mean rainfall and dew point temperature, which may be 

attributed to the influence of ITD, and other climatic indices. El Niño phases may correlate with reduced 

rainfall in the Sokoto state due to shifts in atmospheric circulation, while La Niña may enhance 

precipitation in the region. These dynamics exacerbate food insecurity, vector-borne diseases, and 

drought-related crises, underscoring the need for adaptive strategies in vulnerable communities.  

Keywords: ENSO, ITD, Rainfall Variability, Sudano-Sahelian Region 

 

INTRODUCTION 

Sokoto State as a semi-arid belt within the Sudano-Sahelian region of Nigeria relies heavily on seasonal 

rainfall for agriculture and water resources. Interannual variability in precipitation is strongly influenced 

by ENSO, a climate phenomenon characterized by periodic warming (El Niño) and cooling (La Niña) of 

equatorial Pacific SSTs. While ENSO’s global impacts are well-documented, its effects on Sokoto rainfall 

remain complex due to interactions with regional and global climatic drivers. This paper examines the 

mechanisms linking ENSO to Sokoto state rainfall anomalies, evaluates historical case studies, and 

discusses implications for climate resilience. ENSO’s influence is modulated by SST anomalies in the 

Atlantic and Indian ceans. For example, warmer Atlantic SSTs during La Niña can amplify monsoon 

rains, while cooler Atlantic SSTs during El Niño exacerbate aridity. Climate models suggest that ENSO-

driven SST patterns explain ~30–50% of Sokoto rainfall variability, with additional contributions from 

land-atmosphere feedbacks. Sokoto State is part of the semi-arid region which lies between the Sahara 

Desert and the Sudanian savannah, is acutely vulnerable to rainfall uncertainty due to its climatic 
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sensitivity and socio-economic reliance on rain-fed agriculture. Rainfall in this region is characterized by 

high temporal and spatial variability, compounded by climate change, which has intensified uncertainties 

in seasonal patterns, duration, and distribution. These fluctuations threaten food security, water 

availability, and livelihoods for millions of agro-pastoral communities, exacerbating risks of 

desertification, crop failure, and socio-economic instability. 

Existing studies on rainfall trends in the region are often fragmented, out-dated, or insufficiently granular 

to capture localized variability and its socio-ecological impacts. Conflicting findings on historical trends 

(e.g., declining vs. erratic rainfall) and limited integration of recent climate data hinder the development 

of context-specific adaptation strategies.  

 

LITERATURE REVIEW 

The Concept of Rainfall 

Rainfall refers to liquid water that falls from the atmosphere to the Earth's surface, typically ranging from 

1 to 5 mm in diameter. The type of rainfall produced depends on the conditions under which it forms. Its 

significance in tropical regions is profound, as it is essential for the livelihoods of indigenous people. 

Rainfall influences their food sources, clothing, daily activities, and agricultural calendars. It supplies the 

majority of water needed for agriculture in tropical areas, highlighting the importance of studying rainfall. 

In fact, rainfall is often the most unpredictable and unreliable aspect of the climate in humid tropics. Its 

role in agriculture is particularly crucial due to consistently high temperatures throughout the year, which 

lead to elevated evaporation rates. Additionally, rainfall is highly seasonal in most tropical regions, with a 

few exceptions in mountainous areas; unlike temperate regions, the growing and harvest seasons in the 

tropics are determined by rainfall availability. The occurrence of rainfall is influenced by other climatic 

factors, including wind, temperature, cloud cover, and relative humidity. 

Dew Point Temperature 
A dew point is the temperature at which air becomes saturated with water vapor and condensation (dew or 

frost) occurs. It’s always lower or the same as the air temperature. A large difference between the dew 

point and air temperature indicates low humidity. Dew point temperature can also provide a sense of how 

comfortable or uncomfortable warm air will feel. Dew point temperature is important in climatological 

studies because it’s a key indicator of the amount of water vapor in the atmosphere and how it changes 

over time. It is also used to predict a variety of weather events, including dew, frost, fog, rain, 

thunderstorms and tornadoes. It’s however used to forecast overnight low temperatures and temperature 

changes during precipitation. It’s a major contributor to the greenhouse effect. 

Sea Surface Temperature (SST) 

Sea surface temperature (SST) refers to the temperature of the water near the ocean's surface. It varies 

primarily with latitude, being warmest near the equator and coldest in the Arctic and Antarctic regions. As 

oceans absorb more heat, SST increases, leading to changes in ocean circulation patterns that move warm 

and cold water around the globe (Adeniyi, 2016; Hafez, 2016; Abolhasan and Noorafshan, 2013; Shukla 

et al., 2013). 

SST was one of the earliest oceanographic variables to be measured, though it remains a relatively recent 

development. In the late 18th century, Benjamin Franklin was among the first to measure SST by 

lowering a mercury thermometer from a ship during his travels between the US and Europe. Later, SST 

measurements were taken by dipping a thermometer into a bucket of water drawn from the sea. The first 

automated measurements began in 1963, using water temperature readings from the intake of large ships. 

Today, SST is measured using satellite-based microwave radiometers and infrared (IR) radiometers. 

These satellite instruments measure SST at different depths: infrared instruments capture data from about 

20 micrometers below the surface, while microwave radiometers measure only a few millimeters deep. 

These measurements are crucial for observing and quantifying global weather and climate changes. 

Global warming has led to a steady increase in average global SST. From 1901 to 2015, the temperature 

rose at an average rate of 0.3°F per decade (Adeniyi, 2016). As water temperatures rise, two significant 
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effects occur: the water expands with increased temperature, and glaciers and ice sheets melt. These 

processes contribute to rising sea surface temperatures and consequently increase sea levels (Sohou et al., 

2020). 

El Nino Southern Oscillation (ENSO) 

The El Niño Southern Oscillation (ENSO) refers to the see-saw relationship between atmospheric 

pressure over the Indian Ocean to the west and the Southeast Pacific Ocean to the east. When pressure 

rises in one region, it falls in the other. An above-average increase in Pacific Sea Surface Temperature 

(SST) is termed El Niño, while a below-average temperature is referred to as La Niña (Ayodele, 2004). 

This phenomenon has long influenced rainfall patterns in East Africa, affecting not only regional and 

global climates but also the ecosystems surrounding the tropical Pacific and the economies of various 

countries (Camberlin et al., 2001; Ati et al., 2010). As a result, ENSO is considered the largest source of 

inter-annual variability in the troposphere and is recognized as a significant contributor to both spatial and 

temporal rainfall variability in West Africa (Chang, 2002). 

El Niño refers to the significant warming of the upper ocean in the tropical eastern Pacific, which can last 

for up to a year or more. The cooling phase of El Niño is known as La Niña. The atmospheric circulation 

pattern over the Indo-Pacific region, first identified by Gilbert Walker, is termed Walker's circulation 

(Umar and Kehinde 2020, Ebuawa 2017, Hashidu and Badaru 2015, Abolhasan and Noorafshan, 2013; 

Shukla et al., 2013). 

These changes contribute to a broader tropical fluctuation known as the "Southern Oscillation" (SO). This 

oscillation represents variations in the intensity of the Inter-Tropical Convergence Zone (ITCZ) over the 

Indo-Pacific region and can be referred to as either the Southern Oscillation (SO) or the El Niño Southern 

Oscillation (ENSO). ENSO has been shown to have a strong connection with variations in rainfall in 

Nigeria (Adebayo, 1999). Studies by Owen and Ward (1989) and Adebayo (1999) also confirm the link 

between extra-tropical sea surface temperatures (SSTs) — such as those in the North Atlantic, North 

Pacific, and South Pacific — and rainfall fluctuations in Nigeria. During a strong El Niño event 

(characterized by a positive SST pattern in the eastern tropical Pacific), the Sahel region tends to 

experience drier conditions, whereas it tends to be wetter when the SST pattern is strongly negative 

(Umar and Kehinde, 2020; Umar and Bako, 2019). 

In their research on the relationship between El Niño Southern Oscillation and rainfall patterns in Nigeria, 

Umar and Kehinde (2020) described four key NINO regions: 

 NINO 1+2 (Extreme Eastern Tropical Pacific) (Lat. 0-10°S, Long. 80-90°W): This region 

typically warms first during the onset of an El Niño event. 

 NINO 3 (Eastern Tropical Pacific) (Lat. 5°S-5°N; Long. 150-90°W): This area experiences 

significant variability in sea surface temperature on El Niño timescales. 

 NINO 3.4 (East-Central Tropical Pacific) (Lat. 5°S-5°N; Long. 170°W-120°W): This region 

has the highest variability on El Niño timescales and is crucial for influencing a larger area of 

rainfall in the far western Pacific due to changes in local sea surface temperature. 

 NINO 4 (Central Tropical Pacific) (Lat. 5°S-5°N; Long. 160°E-150°W): Changes in sea 

surface temperature in this region lead to temperatures around 27.5°C, which is a key threshold 

for influencing rainfall.  
Near the end of each calendar year, ocean surface temperatures warm along the coast of Ecuador and 

Northern Peru. Local residents referred to this seasonal warming as ‘El Nino’ meaning the ‘Child’, due to 

its appearance around the Christmas season. Every two to seven years a much stronger warming appears 

which is often accompanied by beneficial rainfall in the arid coastal regions of these two countries. Over 

time the term ‘El Nino’ began to be used in reference to these major warm episodes. El Nino is closely 

related to a global atmospheric oscillation known as the Southern Oscillation (SO). During El Nino 

episodes, lower than normal pressure, is observed over the eastern tropical Pacific and higher than normal 

pressure is found over Indonesia and Northern Australia. This pattern of pressure is associated with 
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weaker than normal near-surface equatorial easterly (east-to-west) wind. These features characterize the 

warm phase of the SO which is often referred to as an El Nino Southern Oscillation (ENSO) episodes. 

The Intertropical Discontinuity 

Recent research has shown that the area where the hot, dry northern air meets the cool, moist southern air 

is not merely a frontal zone or consistently convergent. Instead, it is characterized by a “Maximum 

Surface Moisture Gradient,” indicating a humidity discontinuity (Adegun and Odunuga, 2022; Matawalli, 

2021; Umar and Bako, 2019; Abaje et al., 2012). This region separates the hot, dry northern air, which 

may have negative dew points, from the cool, moist southern air, often with dew points above 21°C. The 

World Meteorological Organization (W.M.O.) uses the term “Inter Tropical Discontinuity” (ITD) to 

describe this moisture boundary on land. It has been suggested that the amount, seasonal distribution, type 

of rainfall, length of the rainy season, and overall weather conditions in the West African region are 

largely influenced by the ITD’s position and associated weather zones (Odekunle, 2004). 

The ITD moves inland up to 22-25°N in August, extending beyond Nigeria’s northern border, but it does 

not move equatorward beyond 4°N during the Harmattan dry season (Olaniran, 2004). It reaches its 

northernmost position around 20-22°N in August and its southernmost position around 6-7°N in 

January/February (Ayoade, 2004). The ITD’s northward movement in March marks the beginning of the 

rainy season, advancing gradually before becoming firmly established. Conversely, its southward retreat 

in September indicates the end of the rainy season. The ITD advances northward at a rate of about 160 km 

per month and retreats southward at approximately 360 km per month (Umar, 2006). However, the ITD 

moves north and south with the seasons following the sun. It moves north in the northern hemisphere 

summer and south in the northern hemisphere winter. Its seasonal migration causes wet and dry seasons 

in tropical regions. When the ITD moves closer to a region, it brings more precipitation, which leads to 

cloud formation and storms. The speed of the ITD’s migration can affect West African rainfall patterns. A 

quick migration of ITD leads to an abnormally wet rainy season, while a slow migration can lead to an 

abnormally dry rainy season. It moves more prominently poleward over land than over water because 

water has a higher heat capacity than land. The ITD’s precipitation is a significant climatic control in 

many tropical climate zones. Longer term changes in the ITD can lead to severe droughts or flooding. 

During both ITD advance and retreat, rainfall over Sokoto State is positively related to the ITD’s latitude 

(Ibebuchi and Abu 2023, Umar 2023, Arijaje et-al 2022, Djossou et-al 2017, Emeribe et-al 2017, Odjugo 

2015, Lele and Lamb 2010 Otun and Adewumi 2009).  

 

METHODOLOGY 

The Study Area 
Sokoto is one of the 36 states of Nigeria, located in the extreme northwest of the country. It is bounded by 

Republic of the Niger to the north and west for 363 km, and the states of Zamfara to the east, and Kebbi 

to the south and west, partly across the Ka River. Its capital and largest city is the city of Sokoto. Sokoto 

State of Nigeria lies between Longitude 11° 3’ to 13° 50 E and Latitude 4° to 6° 40’ N. It experiences 

average annual rainfall ranging between 300mm and 800 mm (Atedhor, 2015), occurring mainly within a 

four-month period from June to September (Ati, Iguisi & Afolayan, 2007). Rainfall intensity peaks 

between July and August. The State's rainfall pattern is highly variable, both spatially and temporally, 

with annual fluctuations of 15 to 20% (Usman et-al, 2018) 
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Figure 1: Meteorological Stations in the Study Area 

 

Nature and Sources of Data 

The nature of the data required by this study is mainly the secondary sources which involved monthly 

rainfall and monthly dew point temperature record from the Nigeria meteorological Agency (NIMET). 

These data will be obtained from the afore-mentioned body for a period of three decades (1994-2023) 

equivalent to one complete climatic normal. The selection of thirty year period was based on the World 

Meteorological  Organization (W.M.O.) standard to enable for calculation of climatic normal, whether of 

temperature or of precipitation (Ayoade,2005). However, monthly data on SSTs for the four Nino regions 

will be obtained from the Climate Prediction Centre (CPC) covering: 

- North Atlantic (Lat. 5-200North, Long. 60-300West), 

- South Atlantic (Lat. 0-200South, Long. 300West-100East), and 

- Global Tropics (Lat. 100South, 100North, Long. 0-3600). 

Methods of Data Analysis 

1. The Trend and Variability of rainfall in the study area will be analysed through the computation 

of Mann-Kendall Trend Test, Mean, Standard Deviation (SD) and Coefficient of Variation (CV). 

2. The Multiple Linear Regression Model will be applied to determine the relationship between the 

dependent variables which are the mean annual and mean seasonal rainfall data in the study area 

denoted as y-variables and the independent variables which are mean monthly records of Nino 

1+2, Nino 3, Nino 3.4, Nino 4, North Atlantic SST, South Atlantic SST, Global SST and Dew 

Point Temperature values denoted as x-variables. Also, dew point temperature will be used as 

independent variable against annual and seasonal rainfall to determine the relative position of 

ITD in the study area.  
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Multiple Regression Analysis 

The investigation into the causal mechanisms driving rainfall variability across Nigeria's Sudano-Sahelian 

region employed multiple linear regression analysis, with rainfall as the dependent variable and eight 

climatic predictors serving as independent variables. These predictors encompassed four Nino regions 

(Nino 1+2, Nino 3, Nino 3.4, Nino 4), North and South Atlantic Sea Surface Temperatures (SSTs), 

Global Temperature, and Dew Point Temperature—the latter serving as a proxy for the position of the 

Inter-Tropical Discontinuity (ITD). This analytical framework was applied to thirty years of data (1994–

2023) across ten meteorological stations, providing a comprehensive assessment of the teleconnections 

linking global and regional climate drivers to local rainfall patterns. 

The findings reveal a complex picture of spatially heterogeneous responses, with some stations showing 

strong sensitivity to particular climate indices while others exhibit no significant relationships. This 

heterogeneity underscores the need for localized understanding of climate dynamics, as emphasized by 

Olaniran (2002), who noted that atmospheric dynamics function across expansive geographical regions 

but manifest in locally specific ways. 

 

RESULT AND DISCUSSION 

Multiple Linear Regression result for Sudan Annual Rainfall 

The three tables below depict the result of the multiple linear regression for Sudan annual rainfall 

Table 4.3.21a: Annual Model Summary for Sudan (Model Summary) 

Model R R Square Adjusted R Square Std. Error of the 

Estimate 

1 .680a .462 .258 110.79393 

a. Predictors: (Constant) DP TEMP, NINO 1+2, North Atlantic, Nino 4, South Atlantic, Global, 

NINO 3, NINO3.4 

Table 4.3.21b: Annual Rainfall ANOVA Table for Sudan (ANOVA ) 

Model Sum of 

Squares 

Df Mean Square F Sig. 

1 Regression 221770.228 8 27721.279 2.258 .064b 

Residual 257781.204 21 12275.295   

Total 479551.432 29    

a. Dependent Variable: Annual Rainfall 

b. Predictors: (Constant), DP TEMP, NINO 1+2, North Atlantic, NINO4, South Atlantic, Global, 

NINO 3, NINO3.4 

Table 4.3.21c: Annual Rainfall Coefficient Table for Sudan (Coefficients) 

Model Unstandardized 

Coefficient     B 

 Std. Error Standardized 

Coefficient 

Beta 

T Sig. 

1 (Constant) -4482.323 2617.269  -1.713 .102 

NINO 1+2 -103.178 104.041 -.680 -.992 .333 

NINO 3 -66.391 334.978 -.308 -.198 .845 

NINO 3.4 51.468 354.858 .231 .145 .886 

NINO 4 -197.940 233.032 -.790 -.849 .405 

North Atl. -208.092 90.310 -.533 -2.304 .032 

South Atl. -103.401 151.691 -.211 -.682 .503 

Global 781.929 320.516 1.547 2.440 .024 

DP TEMP 18.921 19.388 .168 .976 .340 

a. Dependent Variable: Annual Rainfall 
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Multiple Linear Regression result for Sahel Annual Rainfall 

The three tables below depict the result of the multiple linear regression for Sahel annual rainfall 

Table 4.3.23a: Annual Model Summary for Sahel (Model Summary) 

Model R R Square Adjusted R Square Std. Error of the 

Estimate 

1 .493a .243 -.046 97.33443 

b. Predictors: (Constant) DP TEMP, NINO 1+2, North Atlantic, Nino 4, South Atlantic, Global, 

NINO 3, NINO3.4 

Table 4.3.23b: Annual Rainfall ANOVA Table for Sahel (ANOVA) 

Model Sum of 

Squares 

Df Mean Square F Sig. 

1 Regression 63779.088 8 7972.386 .842 .578b 

Residual 198953.815 21 9473.991   

Total 262732.902 29    

c. Dependent Variable: Annual Rainfall 

d. Predictors: (Constant), DP TEMP, NINO 1+2, North Atlantic, NINO4, South Atlantic, Global, 

NINO 3, NINO3.4Table 4.3.23c: Annual Rainfall Coefficient Table for Sahel (Coefficients) 

Model Unstandardized 

Coefficient     B 

 Std. Error Standardized 

Coefficient 

Beta 

T Sig. 

1 (Constant) -2572.059 2389.806  -1.076 .294 

NINO 1+2 -112.030 91.332 -.998 -1.227 .234 

NINO 3 73.649 294.522 .462 .250 .805 

NINO 3.4 167.900 310.983 1.019 .540 .595 

NINO 4 -323.783 207.795 -1.746 -1.558 .134 

North Atl. -43.689 81.188 -.151 -.538 .596 

South Atl. -62.314 135.567 -.172 -.460 .650 

Global 414.850 277.130 1.109 1.497 .149 

DP TEMP -4.493 19.731 -.052 -.228 .822 

b. Dependent Variable: Annual Rainfall 

 

Stations with Statistically Significant Overall Models 

Only two stations—Katsina and Maiduguri—demonstrated statistically significant overall regression 

models for annual rainfall at the conventional 5% level (p < 0.05). Katsina's model yielded an F-statistic 

of 2.958 (p = 0.022) with an R² of 0.530, indicating that 53.0% of annual rainfall variability was 

explained by the selected predictors. Maiduguri showed even stronger model performance, with an F-

statistic of 3.833 (p = 0.006) and an R² of 0.594, explaining nearly 60% of rainfall variation. These results 

suggest that rainfall in these northern stations is more strongly governed by the large-scale climate indices 

examined than at other locations—a finding that aligns with Hashidu and Badaru's (2015) identification 

of statistically significant ENSO-rainfall correlations in Maiduguri (0.26) and Katsina (0.27). 

For seasonal rainfall, Katsina (F = 2.768, p = 0.029, R² = 0.513), Maiduguri (F = 4.266, p = 0.004, R² = 

0.619), and Yola (F = 2.776, p = 0.029, R² = 0.514) emerged as stations with significant overall models. 

The inclusion of Yola for seasonal analysis, despite its non-significant annual model, suggests that 

seasonal rainfall may be more responsive to climate teleconnections than annual totals—a nuance that 

supports Liu et al.'s (2021) emphasis on seasonal specificity in ENSO impacts. 
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Stations Approaching Significance 

Bauchi's annual rainfall model approached statistical significance (F = 2.371, p = 0.054, R² = 0.475), 

suggesting a moderate but not fully reliable relationship between the predictors and rainfall. Similarly, the 

aggregated Sudan zone model (F = 2.258, p = 0.064, R² = 0.462) approached significance, indicating that 

when stations are combined into ecological zones, the signal of climate forcing may emerge more clearly 

than at individual stations—a finding with methodological implications for regional climate analysis. 

Stations with Non-Significant Models 

Several stations—including Gusau, Kano, Nguru, Potiskum, Sokoto, Yelwa, and the Sahel zone—failed 

to achieve overall model significance. Particularly weak performance was observed at Potiskum (annual: 

F = 0.517, p = 0.830, R² = 0.164; seasonal: F = 0.781, p = 0.624, R² = 0.229) and Yelwa (annual: F = 

0.534, p = 0.818, R² = 0.169; seasonal: F = 0.661, p = 0.719, R² = 0.201), where models explained less 

than 20% of rainfall variability with no statistical significance. These results indicate that rainfall at these 

locations is either more stochastic or governed by factors beyond the selected climate indices—potentially 

including local-scale processes such as mesoscale convective systems, as documented by Maranan et al. 

(2018), or land surface-atmosphere interactions. 

The poor performance at Potiskum is particularly noteworthy given Hashidu and Badaru's (2015) finding 

of significant ENSO correlation at this station (0.25). This discrepancy may reflect differences in 

methodology (bivariate correlation versus multiple regression), study periods, or the inclusion of 

additional predictors that partition variance differently. 

 

Individual Predictor Effects: Spatial Patterns and Significance 

Nino Region Influences 

Nino 1+2 This eastern Pacific ENSO region demonstrated significant negative effects on annual rainfall 

at Bauchi (B = -682.888, p = 0.021) and Sokoto (B = -426.650, p = 0.030), indicating that warming in this 

region suppresses rainfall at these stations. This finding aligns with Shehu et al.'s (2015) identification of 

an inverse correlation between ENSO activity and rainfall in Kaduna, and with the broader understanding 

that El Niño events disrupt West African monsoon dynamics through modifications to the Walker 

Circulation (Schwing et al., 2002; Umar, 2014; Wang, 2016). 

At Yola, Nino 1+2 showed a borderline positive effect on annual rainfall (B = 294.762, p = 0.059), 

suggesting that the same ENSO phenomenon can have opposite effects in different locations within the 

same region—a finding consistent with Egbuawa et al.'s (2017) demonstration that correlations between 

Rainfall Anomaly Index and Southern Oscillation Index were not uniformly significant across Nigerian 

regions, with coastal areas showing positive correlations while the middle belt and Sahel recorded 

negative correlations. 

Nino 3.4 This central Pacific region, often considered the canonical ENSO index, showed a significant 

positive effect on annual rainfall only at Gusau (B = 1253.846, p = 0.040). This isolated significance 

suggests that the central Pacific ENSO signal may be less directly influential in the Sudano-Sahelian 

region than eastern Pacific indices—a finding that resonates with Liu et al.'s (2021) demonstration that 

different El Niño types (Moderate Central Pacific, Moderate Eastern Pacific, Strong Basin-Wide) produce 

distinct regional impacts. 

Nino 4 This western Pacific region exhibited near-significant negative effects on annual rainfall at Gusau 

(B = -768.993, p = 0.055) and Sokoto (B = -785.999, p = 0.059), and a significant negative effect on 

seasonal rainfall in the aggregated Sudan zone (B = -351.488, p = 0.056). These results suggest that 

warming in the western Pacific warm pool may suppress rainfall in parts of the study area, possibly 

through modifications to the Walker Circulation that reduce ascending motion over West Africa. 

Atlantic Ocean Influences 

North Atlantic SST: This predictor showed the most spatially variable effects of any climate index. At 

Gusau, North Atlantic SST had a significant negative effect on both annual (B = -342.020, p = 0.030) and 

seasonal (B = -351.346, p = 0.011) rainfall, indicating that warmer North Atlantic temperatures reduce 
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rainfall at this station. Conversely, at Katsina, North Atlantic SST showed a significant positive effect on 

annual rainfall (B = 314.683, p = 0.015), suggesting the same oceanic condition enhances rainfall at this 

neighboring station. This stark contrast between Gusau and Katsina—stations separated by approximately 

200 km—underscores the localized nature of climate teleconnections and the importance of station-

specific analysis. 

These complex and spatially heterogeneous Atlantic influences align with Sohou et al.'s (2020) 

demonstration of significant regional heterogeneity in Gulf of Guinea SST patterns, with inter-annual 

fluctuations more pronounced in the western sector (Côte d'Ivoire and Ghana) than in the eastern sector 

(Benin and Nigeria). The differential responses across stations may reflect their varying positions relative 

to Atlantic moisture transport pathways. 

South Atlantic SST: This predictor showed no statistically significant effects at any station individually, 

though near-significant negative effects were observed at Nguru (seasonal: B = -475.461, p = 0.052) and 

Maiduguri (seasonal: B = -450.657, p = 0.094). The general weakness of South Atlantic signals compared 

to North Atlantic effects suggests that the tropical North Atlantic may exert stronger influence on Sudano-

Sahelian rainfall than the South Atlantic—a finding that merits further investigation given the importance 

of cross-equatorial SST gradients for ITCZ positioning. 

Global Temperature 

Global temperature emerged as the most consistently significant predictor across stations, with strong 

positive effects observed at Bauchi (annual: B = 1765.671, p = 0.046; seasonal: B = 1874.389, p = 0.035), 

Maiduguri (annual: B = 1814.468, p = 0.003; seasonal: B = 1910.527, p = 0.001), and Nguru (annual: B = 

1765.352, p = 0.002; seasonal: B = 1722.549, p = 0.002). In the aggregated Sudan zone, global 

temperature showed significant positive effects on both annual (B = 781.929, p = 0.024) and seasonal (B 

= 853.793, p = 0.002) rainfall. 

These consistently positive relationships indicate that rising global temperatures are associated with 

increased rainfall in these northern stations—a finding that initially appears counterintuitive given 

expectations of increased aridity under global warming. However, this result aligns with several lines of 

evidence. First, Akinsanola et al. (2020) projected a 10–28% increase in West African Summer Monsoon 

rainfall variability under global warming, driven in part by atmospheric moisture increases as described 

by the thermodynamic framework of Benoit (1977). Second, Abaje et al. (2012) identified a trend toward 

wetter conditions in the most recent 30-year span (1979–2008) of their Sudano-Sahelian analysis, 

following drier conditions in previous decades. Third, Ahmed and Murtala (2019) found a slight annual 

increase in rainfall of 0.0047% in Sokoto State over six decades, alongside significant variability. 

The positive global temperature-rainfall relationship may reflect intensification of the hydrological cycle 

under warming, with increased atmospheric water vapor leading to more intense precipitation events even 

as total rainy days decrease—a pattern consistent with the increasing rainfall seasonality documented 

earlier in this study. However, the relationship is unlikely to be linear or indefinitely sustainable, as 

warming beyond thresholds could alter circulation patterns fundamentally. 

Dew Point Temperature (ITD Proximity) 

Dew point temperature—serving as a proxy for ITD position based on the 15°C threshold—showed 

significant positive effects on annual rainfall at Sokoto (B = 54.384, p = 0.028) and Yola (B = 41.768, p = 

0.035), and on seasonal rainfall at Sokoto (B = 60.573, p = 0.013) and Yola (B = 44.266, p = 0.001). 

These results indicate that when moist air (higher dew point) is present, rainfall increases at these 

stations—a relationship consistent with the understanding that the ITD's northward advance brings 

moisture-bearing monsoon air into the region (Ayoade, 2011; Odekunle et al., 2008). 

The significance of dew point temperature at Sokoto and Yola—both located in the western and eastern 

sectors of the study area respectively—suggests that ITD position is a meaningful predictor at stations 

where the discontinuity regularly reaches or approaches. Conversely, the non-significance of dew point at 

northern stations like Katsina and Nguru (where ITD rarely reaches) and at central stations like Bauchi 
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and Kano (where ITD presence is more intermittent) indicates that the utility of this predictor varies 

spatially with climatological ITD position. 

This spatial pattern aligns with the analysis of ITD penetration presented in sections 4.3.28–4.3.32, which 

showed that Nguru (maximum DP Temp 12.5°C) lies outside the ITD's typical range, while Sokoto (DP 

Temp ≥15°C frequently since 2018) and Yola (DP Temp ≥15°C in most years) experience more regular 

ITD influence. The recent increase in Sokoto's dew point temperatures post-2018 suggests a possible 

northward shift in monsoon influence—a trend with significant implications for agriculture and water 

resources if sustained. 

 

Ecological Zone Aggregation: Sudan versus Sahel 

Sudan Zone 

The aggregation of stations into the Sudan ecological zone (including Bauchi, Gusau, Kano, Katsina, and 

Sokoto) produced a model with moderate explanatory power for annual rainfall (R² = 0.462, adjusted R² = 

0.258) that approached statistical significance (p = 0.064). For seasonal rainfall, the Sudan zone model 

performed substantially better (R² = 0.637, adjusted R² = 0.498, p = 0.002), explaining nearly 64% of 

variability with high statistical significance. 

The significant predictors in the Sudan seasonal model—Global Temperature (positive), North Atlantic 

SST (negative), and Nino 4 (negative)—reflect the dominant influences identified at individual stations 

within the zone. The improved performance of the aggregated model suggests that pooling stations 

reduces local noise and reveals regional-scale climate forcing more clearly. This finding supports the 

methodological approach of ecological zone analysis and underscores the value of multi-scale 

investigation. 

Sahel Zone 

In contrast, the aggregation of Sahel zone stations (Maiduguri, Nguru, Potiskum) produced uniformly 

weak models with no statistical significance. Annual rainfall (R² = 0.243, adjusted R² = -0.046, p = 0.578) 

and seasonal rainfall (R² = 0.271, adjusted R² = -0.007, p = 0.481) models explained minimal variance 

with no significant individual predictors. The negative adjusted R² values indicate that the models 

perform worse than a simple mean prediction—a clear signal that the selected climate indices are 

inadequate for explaining rainfall variability in this northernmost zone. 

This poor performance likely reflects several factors. First, Sahel stations receive the lowest and most 

variable rainfall, making statistical relationships harder to detect. Second, rainfall in this zone may be 

more strongly influenced by factors not included in the model, such as mesoscale convective system 

dynamics (Maranan et al., 2018), dust aerosol interactions, or land surface feedbacks. Third, the extreme 

rainfall concentration documented in section 4.2 (SI values >1.2 at all Sahel stations) means that annual 

totals depend heavily on a few intense events, which may be poorly captured by monthly-scale climate 

indices. 

The contrast between Sudan and Sahel model performance underscores the importance of zonal 

differentiation in climate analysis and suggests that prediction of Sahel rainfall may require different 

methodological approaches or additional predictors. 

 

ITD Position Inferred from Dew Point Temperature 

Threshold Definition and Validity 

The use of 15°C dew point temperature as a threshold for ITD proximity follows established practice in 

West African climatology, where this value indicates the presence of moist monsoon air masses. Analysis 

across the ten stations confirms the utility of this threshold while revealing important spatial patterns in 

ITD penetration. 

Stations with Regular ITD Influence 

Yola exhibited dew point temperatures ≥15°C in all years except 1994 and 2008, indicating that the ITD 

was located near or north of this station for most of the study period. This finding aligns with Yola's 
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position in the southern Sudan zone and its historically longer rainy season (documented in section 4.2.4). 

The significant positive relationship between dew point and rainfall at Yola (section 4.3.51) confirms that 

ITD position is a meaningful predictor at this location. 

Sokoto showed a striking shift in ITD influence over the study period. Prior to 2018, dew point 

temperatures rarely reached 15°C, indicating that the ITD was typically south of Sokoto. Since 2018, 

however, dew point has consistently exceeded 15°C (reaching 16.25°C in 2021–2022), suggesting a 

northward shift in monsoon influence. This recent change aligns with the significant positive dew point-

rainfall relationship at Sokoto (section 4.3.41) and may signal a longer-term trend toward wetter 

conditions in this part of the study area. 

Kano experienced ITD influence (DP Temp ≥15°C) in 1997, 2006, and 2007—years with above-average 

rainfall (1167–1312 mm). The decline in dew point temperatures post-2010, with values rarely exceeding 

13°C, correlates with reduced rainfall and suggests a southward retreat or weakening of ITD influence 

over Kano in recent years. This pattern may reflect broader Sahelian drying trends or decadal-scale 

variability in monsoon intensity. 

Stations with Limited or No ITD Influence 

Katsina recorded dew point ≥15°C in only one year (2009, 18.5°C) over the three-decade period, 

indicating that the ITD rarely reaches this northern station. Even in high-rainfall years (e.g., 2010: 931 

mm; 2005: 882 mm), dew points remained below 15°C, suggesting that rainfall at Katsina is driven by 

transient ITD excursions or other mechanisms such as squall lines rather than sustained monsoon 

presence. 

Nguru recorded no years with dew point ≥15°C (maximum 12.5°C in 1999), confirming that this station 

lies north of the ITD's typical range. Rainfall at Nguru, despite its extreme seasonality (SI consistently 

>1.26), must therefore be generated by mechanisms other than direct monsoonal moisture from the ITD—

potentially including mid-latitude wave interactions or localized convection. 

Potiskum similarly recorded no years with dew point ≥15°C (maximum 12.42°C in 2023), placing it 

outside the ITD's typical influence zone. The increasing trend in dew point temperatures at Potiskum 

(from 5–8°C in the 1990s to 10–12°C in recent years) suggests a possible northward shift in moisture 

influence, but the ITD itself has not reached the station during the study period. 

 

Implications of ITD Position Patterns 

The spatial pattern of ITD influence—reaching Yola regularly, Sokoto increasingly, Kano intermittently, 

and Katsina, Nguru, and Potiskum rarely—reflects the climatological northward extent of the monsoon 

and its interannual variability. The recent increase in ITD frequency at Sokoto (post-2018) and the rising 

dew point trends at Potiskum suggest a possible northward expansion of monsoon influence, which could 

have significant implications for agriculture and water resources if sustained. 

However, the relationship between ITD position and rainfall is not deterministic. As noted in sections 

4.3.12 and 4.3.29, years with high dew point can have low rainfall if convection is suppressed, while 

years with low dew point can have high rainfall if other rain-producing mechanisms are active. The ITD 

provides moisture but does not guarantee the lifting mechanisms necessary for precipitation—a reminder 

of the multi-factorial nature of rainfall generation. 

Key Stations in Nigeria 

(a) Stations with Frequent ITD Influence (DP Temp ≥15°C): 

Kano: ITD positioned north of Kano in 1997, 2006, and 2007 (DP Temp ≥15°C), correlating with high 

rainfall (>1,000 mm). Recent decline in DP Temp post-2010 suggests reduced ITD influence. 

Sokoto: ITD frequently near/over Sokoto post-2018 (DP Temp ≥15°C), with high rainfall (2022: 1,448 

mm). Recent northward ITD shift aligns with regional monsoon trends. 

Yola: ITD north of Yola in most years (DP Temp ≥15°C except 1994/2008). High rainfall (1998: 830 

mm) linked to strong monsoonal flow. 

(b) Stations with Rare ITD Influence (DP Temp <15°C): 
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Katsina: Only one year (2009) reached DP Temp 18.5°C. ITD typically south of Katsina, with rainfall 

driven by transient systems. 

Nguru & Potiskum: Never reached DP Temp ≥15°C. ITD remains south; rainfall influenced by localized 

convection or distant monsoon surges. 

(c) Variable ITD Influence: 

Bauchi: ITD near/north when DP Temp ≤15°C, but rainfall variability (e.g., high rainfall in 2009 despite 

low DP Temp) implies secondary factors (e.g., topography). 

Gusau: Years with DP Temp ≥15°C (2007, 2013, 2023) had below-average rainfall, showing moisture 

alone insufficient for rain. 

Maiduguri: ITD over station in 2007–2008 (DP Temp ≥15°C), but recent rising DP Temp (~14.5°C) 

suggests closer proximity without direct overlap. 

Yelwa: Mixed trends; high rainfall occurred even with DP Temp <15°C (2008: 1,322 mm), indicating 

non-ITD drivers (e.g., squall lines). 

Regional Analysis 

(a) Sudan: 

ITD Position: Years with DP Temp ≥15°C (1999, 2021) saw high rainfall (>1,000 mm), but exceptions 

exist (2023: low rain despite DP Temp 15.75°C). 

Rainfall Drivers: Strongest monsoon phases correlate with northward ITD shifts, but anomalies (2020: 

1,230 mm at DP Temp 14.48°C) highlight mesoscale systems. 

(b) Sahel: 

Weak Correlation: DP Temp <15°C in all years. Rainfall variability (546–979 mm) linked to seasonal 

ITD migration, not annual averages. 

Key Insight: Higher DP Temp (~13°C) weakly correlates with rain, but aerosols, ENSO, and monsoon 

duration modulate outcomes. 

Cross-Cutting Themes 

ITD Threshold Validity: 

DP Temp ≥15°C reliably indicates ITD’s presence at northern stations (Kano, Sokoto, Yola) but not 

always sufficient for rain (e.g., Gusau 2007: 615 mm). 

DP Temp <15°C stations (Nguru, Potiskum) lie outside ITD’s typical range. 

Rainfall Variability: 

Moisture ≠ Rain: High DP Temp years can have low rainfall due to suppressed convection (e.g., Sokoto 

2019: 601 mm). 

Dry Years with Rain: Low DP Temp years (e.g., Yelwa 2008: 1,322 mm) driven by non-ITD systems 

(e.g., tropical waves). 

Recent Trends: 

Northward ITD Shift: Post-2018, Sokoto and Sudan saw frequent DP Temp ≥15°C, suggesting monsoon 

expansion. 

Declining Influence: Kano’s post-2010 DP Temp drop aligns with aridification trends. The ITD’s position 

inferred from DP Temp ≥15°C is a critical but incomplete indicator of rainfall. While stations like Kano 

and Sokuto show clear ITD influence, others (Katsina, Nguru) rely on non-ITD systems. Recent trends 

suggest dynamic shifts in monsoon reach, emphasizing the need for adaptive climate monitoring in 

vulnerable Sahelian regions. 

Summary of Findings: 

Trends & Variability: 

Upward Trends: Bauchi, Katsina, Maiduguri, and Nguru show increasing rainfall, with late-year 

projections exceeding 1,500mm, indicating flood risks. 

Declining Trends: Potiskum exhibits a steady 1.91mm/year decrease, signaling gradual aridification. 

High Variability: Gusau, Kano, Sokoto, Yelwa, and Yola show erratic fluctuations (e.g., Kano’s 2025: 

1,416mm vs. 2052: 262mm), with no clear long-term trends but significant year-to-year shifts. 
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Extreme Events: 

Flood Risks: Bauchi (upper limits >3,000mm), Katsina (2053: 1,657mm), Maiduguri (2046: 1,928mm), 

and Sokoto (2046: 1,712mm) face high flood potential. 

Drought Risks: Gusau (2031: 517mm), Kano (2052: 262mm), Potiskum (2053: 607mm), and Yola (2032: 

451mm) anticipate severe dry spells. 

Confidence Intervals: 

Widest uncertainty in Kano (e.g., 2052: CI -276–800mm) and Sokoto (2046: CI 1,414–2,009mm), 

reflecting unreliable long-term predictions. 

Agricultural Implications: 

Wet years favor water-intensive crops (rice, maize), while dry years necessitate drought-resistant varieties 

(millet, sorghum). 

The analysis of the Intertropical Discontinuity (ITD) across ten meteorological stations in Sudan and 

Sahelian regions underscores the complex interplay between dew point temperature (DP Temp ≥15°C), 

ITD positioning, and rainfall variability. Key findings include: 

ITD Threshold Utility: The 15°C DP Temp threshold reliably indicates ITD presence at northern stations 

(e.g., Kano, Sokoto, Yola), correlating with higher rainfall. However, moisture alone is insufficient for 

rain (e.g., Gusau), as atmospheric dynamics like monsoon surges, squall lines, or aerosol effects modulate 

outcomes. 

Regional Disparities: Northern stations (Kano, Sokoto) show recent northward ITD shifts linked to 

monsoon expansion, while southern Sahelian stations (Nguru, Potiskum) remain outside the ITD’s typical 

reach, relying on localized convection. 

Rainfall Drivers: Non-ITD systems (e.g., tropical waves, topography) drive rainfall in some regions (e.g., 

Yelwa, Bauchi), even during low-DP Temp years. 

Climate Trends: Post-2018 northward ITD shifts in Sokoto contrast with aridification trends in Kano, 

highlighting dynamic regional responses to climate change. 

Research Priorities 

Study the paradox of high-DP Temp/low-rainfall years (e.g., Gusau 2007, Sudan 2023) to identify 

suppression mechanisms (e.g., subsidence, dust aerosols). 

Analyze long-term ITD migration trends to differentiate natural variability from anthropogenic climate 

change impacts. 

Community Resilience 

Promote agro-climatic advisories tailored to ITD-influenced zones, emphasizing planting cycles aligned 

with monsoon surges. 

Expand climate literacy programs to help farmers adapt to erratic rainfall patterns in transitional zones 

(e.g., Maiduguri, Bauchi). 

Final Note: The ITD’s role as a rainfall indicator remains critical but context-dependent. Policymakers 

and scientists must adopt a nuanced, region-specific approach to address the Sahel’s vulnerability to 

climatic shifts. 

6 Integration with Existing Literature 

ENSO-Rainfall Relationships 

The finding that ENSO influences on Sudano-Sahelian rainfall are spatially heterogeneous and often non-

significant aligns with a growing body of literature. Hashidu and Badaru (2015) found significant ENSO 

correlations only at Potiskum, Maiduguri, and Katsina among nine northern Nigerian stations—a pattern 

broadly consistent with the present study's identification of significant Nino effects at Bauchi, Sokoto, 

and Gusau. The lack of consistency in which stations show significance across studies likely reflects 

differences in study periods, analytical methods, and the non-stationarity of teleconnections over time. 

Shehu et al.'s (2015) identification of an inverse correlation between ENSO activity and rainfall in 

Kaduna supports the negative Nino 1+2 effects observed at Bauchi and Sokoto. Similarly, Egbuawa et 

al.'s (2017) demonstration of non-uniform correlations across Nigerian regions—with positive 
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correlations in the coastal south and negative correlations in the middle belt and Sahel—provides a 

framework for understanding the spatial heterogeneity documented in this study. 

Umar and Oladejo's (2020) conclusion that alternating droughts and floods in Nigeria are strongly 

influenced by SST anomalies in both the Atlantic and Pacific Oceans is supported by the present study's 

identification of significant effects from both basins. Their finding of cyclical rainfall patterns (positive 

phase 1931–1960, negative 1961–1990, positive 1991–2012) provides context for the decadal variability 

observed in this study's 1994–2023 period, which falls largely within their identified positive phase. 

Atlantic Influences 

The significant and spatially variable Atlantic SST effects documented in this study align with Umar and 

Oladejo's (2020) emphasis on Atlantic Ocean influences on Nigerian rainfall. Sohou et al.'s (2020) 

demonstration of significant regional heterogeneity in Gulf of Guinea SST patterns—with more 

pronounced variability in the western sector than the eastern sector—provides a mechanistic basis for 

understanding why Atlantic effects vary across stations: stations are differentially positioned relative to 

Atlantic moisture transport pathways and may respond differently to SST anomalies in different parts of 

the basin. 

The stronger influence of North Atlantic compared to South Atlantic SSTs observed in this study suggests 

that tropical North Atlantic variability may be more directly coupled to West African monsoon dynamics 

than South Atlantic variability—a hypothesis that merits further investigation with targeted modeling 

studies. 

 

Global Temperature and Climate Change 

The consistently positive relationship between global temperature and rainfall at multiple stations appears 

to contradict expectations of increased aridity under global warming but aligns with several lines of 

evidence. Akinsanola et al. (2020) projected 10–28% increases in West African Summer Monsoon 

rainfall variability under global warming, with atmospheric moisture increases as a key driver. Abaje et 

al. (2012) documented a trend toward wetter conditions in the most recent 30-year span of their analysis 

(1979–2008). Ahmed and Murtala (2019) found slight rainfall increases in Sokoto State over six decades. 

However, this relationship should be interpreted cautiously. The positive global temperature-rainfall 

relationship may reflect intensification of rainfall events rather than increased water availability, as 

suggested by the increasing rainfall seasonality documented in section 4.2. It may also be period-

dependent, as Ozoemene et al. (2022) and Karmalka et al. (2010) documented rainfall declines over 

longer periods (1960–2006). The relationship between global temperature and West African rainfall is 

likely non-linear, with different effects at different warming levels. 

ITD Dynamics 

The finding that ITD position (inferred from dew point) significantly influences rainfall at some stations 

but not others aligns with established understanding of ITD climatology. Ayoade (2011) and Odekunle et 

al. (2008) documented the seasonal migration of the ITD, with its northernmost position reaching 

approximately 22°N in August. Stations within the zone of regular ITD influence (like Yola) show 

stronger dew point-rainfall relationships than stations at the northern margin (like Katsina) or beyond 

(like Nguru). 

The recent increase in ITD frequency at Sokoto (post-2018) suggests possible northward expansion of 

monsoon influence—a trend that, if sustained, could have significant implications for agriculture, water 

resources, and ecosystem dynamics in the western part of the study area. This finding merits continued 

monitoring and further investigation of its causes and consequences. 
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Synthesis and Implications 

Spatial Heterogeneity as a Dominant Theme 

The most striking finding of this analysis is the spatial heterogeneity of climate-rainfall relationships 

across the Sudano-Sahelian region. Stations separated by only 200 km (e.g., Gusau and Katsina) show 

opposite responses to North Atlantic SST. Some stations show strong ENSO signals while others show 

none. ITD influence varies from regular (Yola) to absent (Nguru). This heterogeneity has several 

implications: 

First, it underscores the need for station-specific analysis in climate studies and adaptation planning. 

Regional averages may obscure important local variations, leading to misguided policies if applied 

uniformly. 

Second, it suggests that different physical mechanisms dominate rainfall generation in different parts of 

the region. In the south (Yola), direct monsoonal moisture from the ITD plays a primary role. In the 

central zone (Bauchi, Kano), a mix of ITD influence and other factors operates. In the far north (Nguru), 

rainfall must be generated by mechanisms other than direct monsoonal moisture, such as squall lines or 

mid-latitude wave interactions (Agbo and Ekpo, 2021; Maranan et al., 2018). 

Third, it highlights the limitations of generalized climate models and the importance of high-resolution, 

location-specific forecasting and projection capabilities. 

Differential Predictability across Zones 

The contrast between relatively high model performance at some stations (Katsina, Maiduguri) and very 

poor performance at others (Potiskum, Yelwa) indicates that rainfall predictability varies substantially 

across the region. This has practical implications for seasonal forecasting and climate risk management: 

forecasts may be more reliable in areas where large-scale climate modes strongly influence rainfall, while 

areas dominated by stochastic processes may require different approaches (e.g., shorter-term forecasts, 

emphasis on resilience rather than prediction). 

The improved performance of aggregated models for the Sudan zone suggests that regional-scale 

predictions may be more skillful than station-specific predictions—an important consideration for 

operational forecasting agencies. 

Multiple Drivers, Multiple Scales 

The finding that different predictors dominate at different stations confirms that Sudano-Sahelian rainfall 

is influenced by multiple drivers operating at multiple scales. Global temperature provides a background 

trend, Atlantic and Pacific SSTs modulate interannual variability, and ITD position governs seasonal 

moisture availability. These drivers interact in complex ways, with their relative importance varying 

spatially and potentially temporally. 

This multi-scale, multi-driver reality challenges simple narratives about climate change impacts and 

underscores the need for integrated assessment approaches that consider the full range of influencing 

factors. 

Implications for Adaptation 

The spatial heterogeneity documented in this study implies that adaptation strategies must be location-

specific. Farmers in areas where rainfall is strongly linked to ENSO (e.g., Bauchi, Sokoto) might benefit 

from ENSO-based seasonal forecasts, while those in areas with weak ENSO signals (e.g., Potiskum, 

Yelwa) require different decision-support tools. 

The recent increase in ITD influence at Sokoto suggests possible expansion of the viable agricultural zone 

northward—an opportunity that could be seized if accompanied by appropriate policy support and 

infrastructure development. Conversely, the declining ITD influence at Kano post-2010 signals potential 

challenges for agriculture in that area. 

The consistently positive global temperature-rainfall relationship at multiple stations, while 

counterintuitive, should not be interpreted as a guarantee of continued rainfall increases. Climate 

projections for the region remain uncertain, and the relationship may change as warming continues. 
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Adaptation planning should therefore emphasize flexibility and resilience rather than optimizing for any 

particular projected outcome. 

 

CONCLUSION 

The multiple regression analysis of rainfall relationships with ITD, ENSO, and SSTs across ten stations in 

Nigeria's Sudano-Sahelian region reveals a complex picture of spatially heterogeneous climate 

teleconnections. Only Katsina and Maiduguri showed statistically significant overall models for annual 

rainfall, indicating strong large-scale climate forcing at these northern stations. In contrast, Potiskum and 

Yelwa exhibited no significant relationships, suggesting that rainfall at these locations is governed by 

other factors. These findings contribute to the growing literature on West African climate teleconnections. 

While emphasizing the need for station-specific analysis and adaptation planning they confirm the 

influence of multiple drivers—Pacific and Atlantic SSTs, global temperature, and ITD position—on 

Sudano-Sahelian rainfall while revealing that their relative importance varies markedly across space. This 

spatial heterogeneity challenges generalized narratives about climate change impacts and underscores the 

need for localized understanding to support effective adaptation in one of Africa's most environmentally 

vulnerable regions. This study indicates a positive correlation between higher SSTs and increased dew 

point temperatures, indicating that warmer sea surface temperatures are associated with higher 

atmospheric moisture content in Sudano-Sahelian region of Nigeria. The study recommends among other 

things, the encouragement on the adoption of drought-resistant crops in state. Proper planning and 

mitigating strategies are needed to manage changing rainfall patterns effectively.  

 

RECOMMENDATIONS 

Enhanced Monitoring Systems 

Deploy denser meteorological networks in Sahelian regions to capture mesoscale systems (e.g., squall 

lines) and improve ITD tracking. 

Integrate satellite data with ground observations to resolve discrepancies between DP Temp thresholds 

and rainfall anomalies. 

Dynamic Climate Models 

Develop localized models incorporating non-ITD drivers (e.g., ENSO, aerosols, topography) to predict 

rainfall in regions with weak ITD correlations (e.g., Katsina, Yelwa). 

Investigate the role of monsoon duration and intensity in sustaining rainfall during marginal DP Temp 

years (e.g., Sudan 2020). 

Adaptive Policy Frameworks 

Prioritize water management strategies in aridification-prone areas (e.g., Kano) through drought-resistant 

agriculture and groundwater recharge. 

Strengthen early-warning systems for flood risks in regions experiencing monsoon expansion (e.g., 

Sokoto, Sudan). 
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