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Abstract: This study investigates the relationship between annual rainfall
variability and the output of three key urban crops, maize, tomato and potato, in
Jos Metropolis, Nigeria, from 2012 to 2023. The study utilized rainfall data from
1994 to 2023 and crop yield data from 2012 to 2023. Using Pearson correlation and
linear regression, the analysis assessed the degree to which annual rainfall
influenced crop yields. Results revealed significant fluctuations in rainfall over
the years, with the highest level recorded in 2019 and the lowest in 2007. However,
statistical analysis showed weak and insignificant correlations between rainfall
and the output of maize (r = 0.012), tomato (r = 0.146) and potato (r = 0.151).
Despite these fluctuations, maize and tomato yields showed a steady increase,
suggesting that improvements in farming practices, access to better seeds and
small-scale irrigation may have offset the effects of rainfall variability. Potato
output experienced a dip due to late blight disease between 2013 and 2017 and
then showed a sharp recovery. The findings demonstrate that while rainfall plays
a role in crop productivity, other factors such as soil quality, pest control and
adaptive techniques are equally important. The study highlights the importance
of climate-smart agriculture, effective water management and targeted
government support. It recommends investment in urban farming infrastructure,
improved weather forecasting and farmer training to build resilience and ensure
sustainable food production in Jos Metropolis.

Keywords: Rainfall Variability; Annual Rainfall; Urban Agriculture; Crop Yield;
Jos Metropolis

Highlights:

*  Assessed rainfall variability and crop production trends in Jos Metropolis (1994-
2023), finding inconsistent changes in annual rainfall and fluctuating crop
outputs that were not consistently linked to rainfall patterns.

e Identified that rainfall variability alone does not fully explain crop yield
fluctuations, suggesting that other factors beyond rainfall influence urban
farming productivity in Jos.

* Recommended practical adaptation strategies for farmers, including improved
water management (rainwater harvesting and drip irrigation), drought-tolerant
and diversified cropping systems, and enhanced access to weather information
and training.
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¢ Emphasized the need for supportive government policies and planning, such as
allocating land and financial resources to urban farmers and integrating weather
services into agricultural decision-making.

1. Introduction

Rainfall is a key climatic factor that significantly influences agricultural production across the world.
Rainfall is a common form of precipitation in tropical regions, it involves the descent of liquid water droplets
from the atmosphere to the Earth’s surface, typically measuring between 1 and 5 millimeters in diameter. The
characteristics of the rainfall produced are largely determined by the specific atmospheric condition under
which it forms (Chinago, 2020). Rainfall variability refers to the instability in the occurrence of rainfall, whether
annually or seasonally, compared to a long term mean over a specific period (Ogundari et al., 2021). Rainfall
variability impact the sustainability of water resources, influencing their availability, management, and use.
These changes can subsequently affect ecosystems, land productivity, agriculture, food security, water supply,
and human health (Abegaz & Mekoya, 2020). Agriculture in Nigerian agriculture is predominantly rain-fed
even where irrigation has been strictly operational, most schemes still rely on predictable rainfall patterns for
effectiveness particularly because of surface and groundwater recharge (Shanono et al., 2022). Over the past
decade, all Agroecological Zones (AEZs) in Nigeria have experienced increasingly erratic rainfall patterns
during the planting seasons (Adeaga et al., 2022; Clinton & Chinago, 2021). Recent findings indicate that many
farming seasons are marked by early but misleading rainfall onsets, prolonged dry spells, and delayed
cessations accompanied by intense rainfall that often leads to flash floods (Olayide et al., 2024). This growing
unpredictability has made it difficult to precisely determine the onset and end of planting periods. As a result,
farmers struggle to align their agricultural calendars with actual rainfall trends (Edokpa et al., 2023). According
to Zitta & Madaki (2020) (Zitta & Madaki, 2020), the evolving pattern of rainfall variability signals an evolving
environmental scenario, with potential implications especially on urban agriculture which in turn can greatly
impact crop yield leading either to food security of insecurity.

Urban agriculture is a multifaceted concept encompassing a wide range of livelihood strategies, from
small-scale household food production and processing to larger, market-oriented farming operations
(Chenarides et al., 2020). The USDA (2020) (USDA, 2020) describes urban agriculture as encompassing various
practices such as gardening on rooftops, balconies, and backyards, as well as community gardens in vacant lots,
parks, and even roadside or urban fringe areas, including livestock grazing in open spaces. In Jos Metropolis,
where urban agriculture is practiced on small and empty plots of land, rainfall variability significantly affects
crop yields. It is also important to note that Jos Metropolis, like many urban areas, faces unique challenges
related to urbanization, land use change, and population growth. Urbanization leads to the conversion of
agricultural land into built-up areas, which can reduce the land available for farming. As the population of Jos
continues to grow, understanding how rainfall variability impacts urban crop output becomes even more
important for ensuring food security in the region. The significance of this study extends beyond the local
context of Jos Metropolis. As Nigeria continues to face challenges related to food security, understanding the
factors that influence crop output in urban areas is crucial. This paper focuses on exploring the relationship
between rainfall variability and its effects on urban food security. With an increasing urban population and
limited farmland, understanding how rainfall patterns impact some selected crop output is essential. The
research focuses on the period 20122023 for crop data and 1994-2023 for rainfall patterns, providing a long-
term view of climate trends and agricultural responses in an urban setting.

2. Materials and Methods

2.1. Study Area

Jos metropolis is situated within the latitudinal coordinates of 9°54' N to 10°10' N and longitudinal
coordinates of 8° 48'E to 9° 30'E. The region lies within the northern senatorial district of Plateau State, bordered
by Barkin-Ladi and Jos East to the east, Riyom to the south, and Bassa local government areas to the west. The
spatial expanse of Jos metropolis spans approximately 104km from north to south and around 80km from east
to west, with an elevation of 1,250m above sea level. Shere Hills boasts the highest summit, reaching 1,777m
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above sea level, covering an area of 1002.19 square kilometers (Akintunde at el., 2016). The average yearly
temperature in Jos fluctuates between 20°C and 26°C. These temperature variations occur as a result of various
factors such as rainfall, terrain, and cloud cover, which vary across different times and seasons throughout the
year. Relative humidity decreases during the dry season from November to March but rises significantly during
the wet season, reaching peak levels of 81% to 84% in July and August (Sufiyan at el., 2020). The average rainfall
for Jos metropolis is around 1,411mm per year. Jos has 181.54 rainy days (49.74% of the time) annually, while
the days with no rain is about 183.46 (50.26%). The study area experiences distinct wet and dry seasons. The
wet season spans approximately 7 to 8 months, starting from mid-March and extending to the end of November,
while the dry season persists for about 5 to 6 months, commencing from mid-November and lasting until mid-
May (Zitta at al, 2020)

2.2. Data sources

Rainfall data were obtained from the University of Jos Meteorological Weather Station. The dataset
included daily and monthly rainfall records spanning 1994-2023. For this study, monthly rainfall values were
aggregated to calculate annual rainfall totals which were used to assess rainfall variability over the years. Crop
output data for maize, tomato, and potato were retrieved from the Plateau Agricultural Development
Program’s reports. These reports provided annual crop yield measurements in metric tons per hectare for the
period 2012-2023. The collected data enabled a year-by-year comparison of crop production and help establish
the relationship between rainfall variability and urban agricultural output in Jos metropolis.

2.3. Analytical Techniques

Pearson correlation coefficients was first used to assess the strength and direction of associations between
rainfall and each crop’s output. Furthermore, a regression analysis was performed to model the impact of
rainfall as an independent variable on crop yields, enabling the identification of statistically significant
relationships and potential predictive insights.

For the regression analysis, a linear regression model is specified as follows:

(y=p0+Blx +¢)

where:

(y) = Represents crop yield for maize, tomato, or potato, (Dependent variable)

(X) = Represents annual seasonal rainfall totals (Independent variable)

(B0) = Intercept or constant

(B1) = Slope or coefficient of rainfall’s impact on crop output, and

(¢) = Error term, representing unexplained variability (Residual)

This model was applied to each crop individually to determine specific rainfall verses yield relationships
for maize, tomato, and potato.

3. Results

3.1. Changes in land use of City in the period 1990-2020

Table 1 presents the annual rainfall in Jos Metropolis from 1994 to 2023 it indicates that rainfall varied
significantly from year to year, showing both increasing and decreasing trends over different periods. In 1994,
there was a drastic increase, followed by a slight decline in 1995. By 1996, the amount of rainfall remained high,
though a downward trend started appearing. 1997 and 1998 continued this decline, with rainfall dropping
further. 1999 and 2000 marked some of the lowest rainfall levels during this period, showing a sharp reduction
compared to earlier years. As the 2000s progressed, rainfall began to fluctuate. 2001 and 2002 saw slightly
improved rainfall levels compared to the late 1990s. However, 2003 and 2004 experienced another dip before
2005 and 2006 recorded moderate increases. In 2007, rainfall declined significantly, marking one of the lowest
levels in the dataset. 2008 and 2009 saw a significant fluctuation. In the 2010s, rainfall continued to vary. 2010
and 2011 recorded moderate levels, followed by an increase in 2012, which saw another peak. 2013 and 2014
had slightly reduced rainfall, but 2015 and 2016 saw another rise. In 2016 to 2018, rainfall maintained a stable
pattern. 2019 saw the highest peak of rainfall in the whole 31 years. 2020 witnessed a sharp decrease compared
to the peak year. This downward trend continued into 2021, 2022, and 2023.
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Overall, the data from 1994 to 2023 show significant rainfall variability, with alternating years of increase
and decrease. The highest rainfall was recorded in 2019, while the lowest rainfall was recorded in 2007. The last
few years (2019-2023) indicate a declining trend.

3.2. Analysis of Crop Output of Maize, Tomato, and Potato in Jos Metropolis

Table 2 presents present the annual crop output data for maize, tomato, and potato from 2012 to 2023. It
indicated that there was changed in the three different crop output for the period of years under consideration.
For maize, the highest output was recorded in 2023 while the lowest output was recorded in 2012. For tomato,
the highest output was recorded in 2023 while the lowest output was recorded in 2012. For potato, the highest
output was recorded in 2023 while the lowest output was recorded in 2016.

Table 1. Annual Rainfall amounts of Jos metropolis

Years Annual Rainfall (mm)
1994 1731.07
1995 1,662.70
1996 1,696.40
1997 1,236.40
1998 1,142.80
1999 1,183.10
2000 1,409.40
2001 1,361.50
2002 1,196.10
2003 1,434.40
2004 1,550.90
2005 1,101.60
2006 1,565.80
2007 1,036.90
2008 1,470.70
2009 1,037.90
2010 1,553.50
2011 1,207.70
2012 1,633.40
2013 1,306.10
2014 1,694.20
2015 1,558.90
2016 1,379.00
2017 1,379.50
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2018 1,491.40
2019 1,991.60
2020 1,037.00
2021 1,272.00
2022 1,269.20
2023 1,289.60

(Source: University of Jos meteorological weather station)

Table 2. Crop yield of Maize, Tomato and Irish Potato

Year Maize Tomato Potato

2012 239.43 143.97 2526.87
2013 250.94 141.97 1904.12
2014 258.47 145.3 1768.74
2015 266.22 147.66 1821.8

2016 274.21 152.13 1632.17
2017 278.32 154.41 1656.65
2018 398.5 156.73 3060.27
2019 420.24 159.08 3310.27
2020 473.39 161.47 3359.89
2021 557.95 163.84 3409.49
2022 673.92 166.21 3459.09
2023 821.3 168.58 3508.69

(Source: Plateau Agricultural and Development Program (PADP))

3.3. Analysis of Maize Yield in Jos Metropolis (2012-2023)

Maize output in Jos Metropolis in table 2 indicated a steady increase over the years, showing a positive
trend in production. In 2012, maize production started at around 250 tons. This output remained relatively
stable in 2013, 2014, 2015, 2016, and 2017, fluctuating slightly but staying within the 250 to 300-ton range. During
this period, there was no significant increase in production, suggesting that maize farming faced certain
limitations, such as unfavorable weather conditions or stagnant farming practices. However, in 2018, the output
began to rise, reaching approximately 350 tons. This upward trend continued in 2019, with production
increasing to around 400 tons. By 2020, the output had grown to about 473 tons, showing consistent progress.
In 2021, maize production further increased to 557 tons, marking a significant improvement. A notable surge
occurred in 2022, as the output rose to around 673 tons. This trend continued into 2023, with production
reaching nearly 821 tons, the highest level recorded in the period under review. This trend indicates a promising
future for maize production in the area.

Findings in figure 1 indicates that maize output has maintained a consistent uptrend over the years. The
years with highest yields may be linked to either favorable weather conditions, such as increased rainfall during
the growing season, or improved farming practices. For example, figure 1 indicates a peak from 2021 to 2023, it
could suggest that the rainfall and climate conditions in that year were ideal for maize cultivation, resulting in
higher outputs.

3.4. Analysis of Tomato Yield in Jos Metropolis (2012-2023)
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The annual tomato output in Jos Metropolis in figure 2 indicates a steady and consistent increase over the
years. In 2012, the output was around 143 tons. This production level remained relatively stable in 2013, with
only a slight increase. By 2014, the output had risen slightly above 145 tons, marking the beginning of a gradual
upward trend. In 2015, production continued to increase, reaching approximately 147 tons. This growth
persisted into 2016, where the output surpassed 152 tons. By 2017, tomato production had further improved,
reaching around 154 tons. This positive trend continued in 2018, with the output increasing slightly beyond 156
tons. In 2019, production climbed to about 159 tons, followed by another increase in 2020, where the yield
approached 161 tons. From 2021 onward, tomato output saw more notable growth. In 2021, production reached
approximately 163 tons, followed by an increase to around 166 tons in 2022. By 2023, the output had reached
its highest level during this period, standing at nearly 168 tons. Findings indicates a consistent upward trend
in tomato production, with gradual but steady increases each year.
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Figure 2. Tomato Annual output in Jos metropolis from 2012-2023

Tomatoes are a more delicate crop than maize and are particularly susceptible to temperature and rainfall
changes. In years with adequate rainfall, the tomato output tends to be higher. However, if there is too much
rainfall or too little, it can harm the crops, leading to lower outputs. In this case, figure 2 indicates a stable
increase in tomato production in some years, especially when weather conditions are just right. A decrease in
tomato yield, on the other hand, could point to factors such as excessive rainfall, disease, or pest infestations
that typically affect tomatoes. These challenges demonstrate the vulnerability of tomato farming to
environmental changes and how farmers must adapt their strategies to mitigate these risks.

3.5. Analysis of Potato output in Jos Metropolis (2012-2023)

The potato yield in Jos Metropolis experienced fluctuations over the years, with notable changes in
production levels. In 2012, the yield was relatively high, reaching approximately 2,500 tons. However, in 2013,
there was a decline as production dropped to less than 2,000 tons. This downward trend continued into 2014,
where the yield remained slightly above 1,800 tons. In 2015, the production level showed little improvement,
staying within a similar range. By 2016, the yield further decreased to its lowest point within this period, at
around 1,500 tons. The year 2017 saw a slight recovery, but production levels still hovered around the 1,500-ton
mark. A significant change occurred in 2018, as the yield increased sharply to approximately 3,000 tons. This
marked a turning point, with potato production maintaining a steady rise. In 2019, the yield increased further,
nearing 3,200 tons. This positive trend continued into 2020, 2021, 2022, and 2023, where the production
remained consistently high at around 3,500 tons. The data indicates an initial decline in potato yield from 2012
to 2017, followed by a remarkable recovery from 2018 onward.
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Figure 3. Potato Annual Output in Jos metropolis from 2012-2023

Findings in figure 3 indicates a decline in Potato production from 2014 to 2017. When comparing findings
of the three selected crops, output of maize and tomato in Jos Metropolis maintained a consistent upward trend.
From all indication, rainfall is not only the major contributor to the fluctuation of crop output in the study area.
Findings reveal that there was an increase in crop output for maize, tomato, and potato in Jos Metropolis
between 2012 and 2023. The fluctuating yields are likely influenced by a combination of weather conditions,
including rainfall and temperature, as well as farming practices. By understanding these trends, farmers can
better plan for future growing seasons and work towards improving crop yields, ensuring food security, and
sustaining the agricultural economy in the study area.
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3.6. Relationship between rainfall variability and crop yield

Table 3 presents the correlation between rainfall and the output of maize, tomato, and potato. Findings
indicate that rainfall has little effect on crop output, with weak and non-significant correlations: 0.012 for maize,
0.146 for tomato, and 0.106 for potato.

Table 3. Correlation is significant at the 0.01 level (2-tailed)

Rainfall Maize Yield Tomato Yield Potato Yield

Rainfall Pearson 1 .012 146 .106

Correlation

Sig (2-tailed) 949 443 576

N 30 30 30 30
Maize Yield Pearson .012 1 .898** .955**

Correlation

Sig (2-tailed) .949 000 000

N 30 30 30 30
Tomato Yield Pearson .146 .898** 1 .952%**

Correlation

Sig (2-tailed) 443 000 000

N 30 30 30 30
Potato Yield Pearson .106 .954** .952%* 1

Correlation

Sig (2-tailed) 576 000 000

N 30 30 30 30

3.6.1. Correlation for Maize yield and Rainfall

Table 4 presents the Pearson correlation coefficient for maize yield and rainfall as 0.012, which is very close
to zero. This indicates virtually no linear relationship between rainfall and maize yield. The p-value (0.475) is
significantly higher than the standard threshold of 0.05, meaning the correlation is not statistically significant.

Table 4. Correlations for maize output and rainfall

Maize Yield Rainfall
Pearson Correlation Maize Yield 1.000 .012
Rainfall .012 1.000
Sig. (1-tailed) Maize Yield - 475
Rainfall 475 -
N Maize Yield 30 30
Rainfall 30 30

The Pearson correlation coefficient between maize yield and rainfall is 0.012. This very low value close to
zero suggests that there is virtually no linear relationship between maize yield and rainfall. The significance
value (Sig.) is 0.475, which represents the probability of observing the correlation by chance if there were
actually no relationship. A common threshold for statistical significance is 0.05. Since 0.475 is much higher than
0.05, the correlation is not statistically significant. This means we do not have enough evidence to conclude a
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real relationship between maize yield and rainfall. The sample size, denoted by N, is 30 for both maize yield
and rainfall. This is the number of paired observations used to calculate the correlation coefficient. The
correlation coefficient of 0.012 suggests no meaningful linear relationship between maize yield and rainfall in
this dataset. Additionally, the p-value of 0.475 indicates that this result is not statistically significant. Therefore,
changes in rainfall do not appear to have a measurable impact on maize yield in this particular data.

3.6.2. Correlation for Tomato output and Rainfall

Table 5 presents the Pearson correlation coefficient for tomato yield and rainfall as 0.146, indicating a weak
positive relationship. While this suggests that higher rainfall may slightly increase tomato production, the
relationship is not strong. The p-value of 0.221 is again above the 0.05 threshold, signifying that the correlation
is not statistically significant.

Table 5. Correlation coefficient for Tomato and Rainfall

Tomato Yield Rainfall
Pearson Correlation Tomato Yield 1.000 .146
Rainfall .146 1.000
Sig. (1-tailed) Tomato Yield 221
Rainfall 221
N Tomato Yield 30 30
Rainfall 30 30

The Pearson correlation coefficient between tomato yield and rainfall is (r = 0.146). This is a weak positive
correlation, suggesting that as rainfall increases, tomato yield tends to increase slightly. However, the
relationship is not strong enough to imply a substantial association. The significance level (p-value) for this
correlation is 0.221. Since this value is greater than the commonly used threshold of 0.05, the correlation between
tomato yield and rainfall is not statistically significant. This suggests that any observed association might be
due to random chance rather than a meaningful relationship. The analysis was conducted with a sample size
(N) of 30. While there is a slight positive correlation between rainfall and tomato yield, the association is weak
and not statistically significant, indicating that rainfall alone may not be a strong predictor of tomato yield in
this dataset. Other factors, such as soil quality, farming practices, or other environmental variables, could be
explored to better understand yield variability.

3.6.3. Correlation for Potato yield and Rainfall

Table 6 presents the Pearson correlation coefficient for Potato as 0.151, indicating another weak positive
correlation. Similar to tomatoes, potato production shows a slight tendency to increase with higher rainfall, but
the effect is minimal. The p-value (0.217) is above the 0.05 threshold, making the relationship statistically
insignificant.

The findings in table 6 indicate a weak positive correlation between the two variables, suggesting that as
rainfall increases, potato yield may increase slightly, but this relationship is minimal and not strongly
pronounced. The significance value for the correlation between potato yield and rainfall is 0.217. Since this p-
value is greater than the conventional significance level of 0.05, we conclude that the correlation is not
statistically significant.

The relationship between annual rainfall and crop output in figure 4 plays a crucial role in understanding
agricultural productivity, especially in regions dependent on rainfall. The graph in figure 4 provides insight
into the trends in annual rainfall (mm) and the output of maize, tomatoes, and potatoes (Tons) over a 30-year
period, including their respective three-period moving averages. The annual rainfall data, represented by the
blue line, shows significant fluctuations between 1994 and 2023. Maize yield, depicted by the yellow line,
remains negligible until around 2012, when a sharp increase is observed. Following this surge, maize yield
stabilizes and grows steadily from 2015 onwards, as indicated by its moving average. Tomato and potato yields
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follow a different trajectory. Both crops demonstrate gradual but consistent growth throughout the years. The
tomato yield, represented by the light blue line, shows steady improvement, with its moving average
confirming a relatively stable growth trend. Similarly, potato yield, shown in orange, exhibits slow yet
progressive increases. Based on the findings, the data does not reveal a direct correlation between rainfall and
crop yields.

Table 6. Correlation coefficient for Potato yield and Rainfall

Potato Yield Rainfall
Pearson Correlation Potato Yield 1.000 151
Rainfall 151 1.000
Sig. (1-tailed) Potato Yield . 217
Rainfall 217
N Potato Yield 30 30
Rainfall 30 30
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Figure 4. A combined linear trend between rainfall, maize, tomato, and potato

4. Conclusions

This study looked at how changes in rainfall affect farming in Jos Metropolis from 1994 to 2023. It examined
rainfall patterns, how they impact crop production, and what the future might hold for rainfall in the study
area. The findings show that while there has been a small decrease in annual rainfall over time, the changes are
not consistent. Apart from rainfall changes, the study also explored urban farming in Jos. findings showed that
there where records of fluctuations in crop output which were not necessarily influenced by rainfall. This study
has shown that while rainfall changes affect farming in Jos, these challenges can be managed with the right
solutions.

To help farmers in Jos Metropolis deal with changes in rainfall and keep urban farming productive, critical
steps need to be taken. These recommendations focus on improving water management, choosing the right
crops, providing better weather information, and supporting farmers through government policies and
research.
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1) Since rainfall is unpredictable, farmers should find ways to store and use water efficiently. This
can be done through rainwater harvesting, where water is collected and stored during heavy rains
for use during dry periods. Drip irrigation systems can also help by delivering water directly to
the roots of plants, reducing waste and ensuring that crops get enough moisture even when rainfall
is low.

2) Farmers should focus on growing crops that can handle dry conditions, such as millet and certain
types of beans. Mixing different types of crops in the same farmland can also help, as some crops
may do better when rainfall is high while others perform well when it is low. This approach
reduces the risk of losing an entire harvest due to unpredictable weather.

3) Many farmers rely on experience to predict rainfall, but with climate changes, past patterns are no
longer reliable. The government and weather agencies should work together to provide easy-to-
understand weather updates through radio, text messages, or community meetings. Training
programs can also help farmers learn how to use weather information to plan their farming
activities more effectively.

4) Government support is also necessary to help farmers deal with the challenges of urban
agriculture. Authorities should create policies that make it easier for farmers to get land, water,
and financial support. Many urban farmers struggle with limited space, so city planners should
consider setting aside areas for farming.

Funding: This research did not receive any external funding.
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