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1. Introduction

The impact of climate change on agricultural sustainability has garnered scientific
attention, prompting efforts to understand their patterns and behaviors to miti-
gate their effects [1]. Climate change has far-reaching consequences on land, wa-

ter, and the environment, threatening human existence due to food insecurity,
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water scarcity, farming failures, extreme events, infectious diseases, biodiversity
loss, and displacement [2]. Rainfall and temperature are commonly used indica-
tors of climate change impacts on water resources. Studies have consistently shown
monotonic changes in temperature and rainfall trends over the past decades [3].
For instance, a study [4] detected an increasing trend in rainfall during the 20th
century, while another [5] reported a 0.37°C and 0.32°C increase in surface tem-
peratures during 1925-1944 and 1978-1997, respectively.

Seasonal rainfall patterns in the country vary, with mean rainfall ranging from
20 - 80 mm in December to February, 60 - 200 mm in March to May, 100 - 220
mm in June to August and 40 - 180 mm in September to November [6]. The south-
western region experiences high-intensity rainfall. Trend analysis reveals: increas-
ing consecutive dry days in Transition, Forest, and Coastal zones, but decreasing
in Savannah; decreasing consecutive wet days in Savannah, Transition, and Coastal
zones, but increasing in Forest; slight increases in heavy rainfall days in Savannah,
Forest, and Transition zones, but decreases in Coastal; slight increases in very heavy
rainfall days in all zones except Transition and annual wet day rainfall totals in-
crease in Savannah and Forest, but decrease in other zones [6].

Climate projections in Ghana align with global trends, indicating a continued
rise in temperatures [7] [8]. Studies suggest that mean temperature increases will
range from 1.5°C to 3.0°C by 2080 in most agro-ecological zones during the dry
season [9]. The Government of Ghana also projected temperature increases, with
average annual temperatures expected to rise by up to 0.8°C by 2020 and 5.4°C by
2080 across all zones [10] [11]. Notably, there is significant spatial variation in
projected temperatures, with northern Ghana (above 8°N) expected to warm at a
faster rate than the coastal regions [12] [13].

Ghana’s climate is tropical with regional and seasonal variations in humidity.
The country has two main rainy seasons, with the north experiencing only one
season from May to September. Accra, the capital, has high humidity (83% aver-
age) throughout the year, with the highest in August (87%) and lowest in January
(78%). The hottest months (March to May) see increased rainfall. The average
daily high temperature in Accra is 31°C with high humidity, making it feel tropical
and muggy temperatures [14]. In contrast, Northern Ghana has a more moderate
humidity level (40% - 60%) during warm months, but still experiences a muggy
sensation due to absolute humidity levels. Overall, Ghana’s climate is character-
ized by high temperatures and humidity, with regional variations.

Ghana’s Third National Communication highlights the northern half of the coun-
try as a hotspot for climate change vulnerability [15]. Multiple studies confirmed its
heightened exposure due to various factors, including limited access to climate infor-
mation, precipitation and temperature variability, poverty, and low literacy rates,
which amplify its sensitivity to extreme weather events [16]-[18]. Notably, MESTI
reports significant temperature increases in the northern region over a decade, with
minimum temperatures rising by 20% and maximum temperatures by 29.6% [8].

Although there had been previous research on trends and periodicities in rain-
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fall, temperature, and relative humidity datasets over Ghana [19], rising tempera-
ture and declining rainfall being a threat to water security in northern region of
Ghana [20] and projected temperature increases over northern Ghana [21]. To
the best of the author’s knowledge, no report has been sighted on the interplay of
climate variation, air quality and relative humility in Tamale and its environs. This
study will analyze the trends in rainfall, temperature, and relative humidity in a
tropical climate region of Tamale using 33 years of data. The non-parametric
Mann-Kendall test and Theil-Sen slope test were employed to identify trends, and
estimate their magnitudes. This study will contribute to understanding climate
trends in the Tamale metropolis, and provide valuable insights for policymakers

to develop adaptive strategies for a changing climate.

2. Materials and Methods
2.1. The Study Area

Tamale is the capital city of the Northern Region which used to be the largest
region by land size. Due to its proximity to the Sahel and the Sahara, the region
has a dry and hazy atmosphere with high temperature for a larger part of the year.
Landscapes are mostly grasslands with groups of drought-resistant trees such as
baobabs, neem and acacias trees. The dry season lasts from January to March [22].
The rainy season lasts from July to October, and it usually rains 750 to 1050 mm
(30 to 40 inches) a year. During the day, it can be 40°C (104°F) and at night, it can
be 14°C (59°F) [22].

The air quality in the region is of significant interest, particularly in relation to
cooking and biomass burning, which impact regional air quality. According to the
2021 Population and Housing Census, the northern region has a population of
2,310,934 consisting of 1,143,439 males and 1,167,495 females (Figure 1).
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Figure 1. Map of Tamale Metropolitan.
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2.2. Data Set

Long-term rainfall, temperature and relative humidity data (observed daily for 23
years) were investigated to detect trends between 1990 and 2023 in Tamale. The
daily temperature, rainfall, and relative humidity data were obtained from the
Ghana Meteorological Agency for the periods 1990 to 2023. Tables 1-4 summa-
rized the monthly central tendency and dispersion measures for Trmax, Tmin, rainfall
and relative humidity (average). The annual rainfall was maximum with the value
of 1608.12 mm in 1991 and yearly minimum rainfall amounting to 878.96 mm
was obtained in 2015. The analysis of the current investigation is the monthly and
annual minimum temperature (Twin) and the maximum temperature (Tpmax) dur-
ing 1990-2023. Annually maximum temperature observed was 41.58°C in 2016,
whereas the minimum temperature was found in 1991. Relative humidity (RHaveg)
analysis showed that monthly average minimum and maximum values were
found to be 71 and 135 in 2020 and 1991, respectively.

Table 1. Monthly values of measures of central tendency for maximum temperature (Tmax) (°C).

Month Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
count 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00
mean 35,52 37.44 3792 36.29 3430 32.02 3045 29.94 30.78 3290 3534 35.39
min 3329 35.83 36.77 34.62 31.76 31.10 29.51 29.27  29.46 31.01 32.07 33.59
25% 3501 37.10 37.52 35,51 33.85 3149 30.17 29.70 30.64 32.53 3504 35.09
50% 35.58 37.43 37.92 36.44 34.40 32.08 30.43 29.90 30.81 32.99 35,54 3544
75% 36.09 37.83 38.36 36.93 34.88 32.41 30.64 30.19 31.07 33.27 3576 35.74
max 37.30 38.46 39.57 3797 3595 33.61 31.76 30.67 31.65 34.47 36.62 36.78
std 0.88 0.61 0.69 0.91 0.79 0.60 0.51 0.32 0.48 0.67 0.86 0.75

Table 2. Monthly values of measures of central tendency for minimum temperature (Tmin) (°C).

Month
count
mean

min
25%
50%
75%
max
std

Jan
34.00
34.00
34.00
34.00
34.00
34.00
34.00
34.00

Feb
19.96
23.03
25.41
25.52
24.64
23.46
22.92
22.69

Mar Apr May Jun Jul Aug Sept Oct Nov Dec
18.18 19.29 1998 2049 21.85 0.86 34.00 1996 1818 19.29
20.34 2247 2335 2377 2493 1.07 34.00 23.03 2034 2247
2377 25.04 25,54 2578 2678 0.70  34.00 2541 2377 25.04
2435 25.09 25,50 25.88 2691 060 3400 2552 2435 25.09
23.48 2426 2458 2492 25,62 053  34.00 24.64 2348 2426
22.66 23.18 2350 23.79 2455 049 34.00 2346 22.66 23.18
2221 2253 2286 2329 24.03 047 34.00 2292 2221 2253
21.87 2239 2263 2297 24.00 045 34.00 2269 21.87 2239

Table 3. Monthly values of measures of central tendency for rainfall (mm).

Month Jan Feb Mar Apr May Jun Jul Aug  Sept Oct Nov Dec
count 34.00 34.00 34.00 34.00  34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00
mean 19.96 23.03 25.41 25,52  24.64 23.46 2292 22.69 2257 2270 2155 19.61
min 18.18 20.34 23.77 24.35 2348 22,66 2221 21.87 21.73 21.75 18.46 17.71
25% 19.29 22.47 25.04 25.09  24.26 23.18 22,53 2239 2227 2236 21.16 18.88
50% 19.98 23.35 25.54 25,50 2458 23,50 22.86 22.63 2253 2271 2153 19.66
75% 20.49 23.77 25.78 25.88 2492 23.79 2329 2297 2282 2295 2231 2022
max 21.85 24.93 26.78 26.91 25.62 2455 24.03 2400 23.83 2391 23.69 2232
std 0.86 1.07 0.70 0.60 0.53 0.49 0.47 0.45 0.50 0.52 1.10 1.03
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Table 4. Monthly values of measures of central tendency and dispersion for relative humidity.

Month Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

count 32.00 32.00 32.00 32.00 32.00 32.00 32.00 32.00 32.00 32.00 32.00 32.00
mean 66.24 76.70 96.32 123.18 138.74 147.30 151.89 153.24 148.44 135.00 105.14 78.90
min 2725 4444 6290 8137 6338 63.73 63.07 6548 3247 29.50 46.35 31.18
0.25 57.17 65.17 84.43 11536 137.80 145.86 152.11 150.57 134.79 117.73 86.46  60.88
0.5 67.29 75.60 99.44 12531 141.47 153.32 161.75 165.05 162.78 151.67 118.75 85.65
0.75 7578 89.69 105.59 133.92 145.77 15836 163.43 166.79 16391 15393 126.12 94.06
max 96.63 109.77 127.21 141.45 160.75 163.10 167.22 171.00 166.37 160.90 134.79 113.29
std 14.68 17.57 16.11 13.89 17.17 1934  22.64 2533 28.57 30.31 28.41 20.69

3. Methodology

Trend analysis, a technique for determining the spatio-temporal variations in sev-
eral climate parameters, is the simplest procedure to detect the variation of variables
in the data time series. This is indeed a critical problem for a country such as Ghana,
as the country’s economy relies primarily on rain-fed agriculture. Hence, any shift
in the rainfall pattern will have devastating effects on the nation’s farming prospects.
Consequently, trend analysis has the potential to resolve global climate variability
challenges. Twenty-three years of meteorological observations were analyzed to ex-
amine rainfall and temperature data patterns. The MK test was conducted to detect
the trend, and the magnitude of slopes was analyzed by employing the Theli-Sen
technique. The MK is a popular technique used to identify trends in a time series
dataset. The method finds a monotonic trend in the investigation parameter during
the specific period. A monotonic upward (downward) trend shows that the variable
continuously rises (falls) over the period. The Theli-Sen technique is utilized to
compute the magnitude of the slope after the trend tests. Furthermore, the Pettitt
test was executed to determine the time series’ change point [23]. Pettitt’s method
is widely utilized in identifying shifting points in variables time series values. The

flow chart for the methodology is presented in Figure 2.
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Figure 2. Flow diagram of the methodology (Adopted from Rajput et al) [24]
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4. Results and Discussions
4.1. Temperature Trend Analysis

The annual and monthly temperature data (maximum and minimum) showed a
considerable variation in the annual maximum temperature during the investiga-
tion period. After the MK test had identified the trends, the Theli Sen slope was
estimated to quantify the magnitude of the slope. The MK Test value and Theli
Sen slope for maximum temperature are shown in Table 5. Monthly temperature
trends exhibited the following patterns:

- Minimum temperature: A consistent statistically increasing trend was ob-
served across all 12 months, from January (month 1.0) to December (month 12.0)
(Figure 3, A-L; representing the months January to December respectively).

- Maximum temperature: Trends varied by month, with statistically significant
increases observed in January, February, May, July, November, and December.
No discernible trends were detected in March, April, June, and October. A statis-
tically significant decreasing trend was noted in September.

The analysis of annual and monthly temperature data revealed notable varia-
tions in maximum temperature over the study period. The Mann-Kendall (MK)
test was employed to identify trends, and the Theil-Sen slope estimator was used
to quantify their magnitudes. Results showed that minimum temperatures exhib-
ited a statistically consistent upward trend across all twelve months, while maxi-
mum temperatures demonstrated a more heterogeneous pattern. Specifically, sig-
nificant increases in maximum temperature were observed in January, February,
May, July, November, and December. Conversely, no clear trends were found in
March, April, June, and October, and a significant decreasing trend was observed
in September.

These findings are consistent with several studies conducted in Ghana and
across Africa, though they also reveal nuanced differences. The consistent rise in
minimum temperatures aligns with the work of Owusu and Waylen (2009) [25],
who documented a general warming trend in minimum temperatures across north-
ern Ghana over a similar temporal scale. Similarly, Nkrumah et al (2014) [26]
reported that minimum temperatures in southern Ghana have shown a persistent
increase, attributing this pattern to urbanization and land surface changes. These
observations suggest that nighttime warming is a widespread phenomenon, likely
driven by increased heat retention in modified land surfaces and the broader ef-
fects of climate change.

Comparatively, studies from other African contexts echo similar trends. For in-
stance, Gebrechorkos ef al (2019) [27], in a study covering Eastern Africa, noted
consistent upward trends in minimum temperatures across various climate zones,
emphasizing the regional nature of nocturnal warming. Likewise, Boko et al (2007)
[28] in the IPCC Fourth Assessment Report identified rising minimum tempera-
tures as a key feature of climate change impacts in sub-Saharan Africa, with im-
plications for health, agriculture, and energy consumption.

In contrast, maximum temperature trends presented more complexity. The ob-
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served intra-annual variability, with both increasing and decreasing trends, re-
flects findings by Asante and Amuakwa-Mensah (2015) [29], who also identified
spatial and temporal inconsistencies in maximum temperature changes across
Ghana. Their study noted that while certain agro-ecological zones recorded in-
creasing maximum temperatures, others showed either stable or declining trends,
particularly during the minor rainy seasons. Similarly, Klutse et a/ (2018) [30]
identified varied monthly patterns of maximum temperature trends in West Af-
rica, highlighting the influence of local climatic systems, vegetation cover, and at-
mospheric circulation patterns.

The significant decreasing trend in maximum temperature during September
may be linked to the peak of the rainy season in many parts of Ghana, where in-
creased cloud cover and precipitation reduce solar radiation. This has also been
noted by Owusu and Waylen (2009) [25], who observed a seasonal modulation of
temperature patterns due to rainfall distribution. On the other hand, the increas-
ing maximum temperatures in the dry season months such as January and Febru-
ary coincide with the Harmattan period, during which clear skies and low humid-
ity promote higher daytime temperatures, a phenomenon corroborated by studies
from Nyatuame, Kasei, and Martey (2014) [31].

These temperature trends have important human dimensions. Rising minimum
temperatures, for example, can alter the growing periods for staple crops, influ-
ence disease vector activity, and affect human thermal comfort, especially at night.
The variability in maximum temperatures, particularly the extremes, poses chal-
lenges for outdoor labor productivity, food preservation, and energy demand for
cooling. The observed trends also reflect local perceptions of climate variability
reported in several qualitative studies among Ghanaian farming communities, where
shifts in temperature patterns are associated with declining agricultural produc-
tivity and changing livelihood strategies.

The implications of rising minimum temperatures are multidimensional. Firstly,
shifts in the timing of flowering and fruiting due to warmer nights can disrupt the
phenological synchrony of crops. Secondly, increased nocturnal respiration rates
can reduce net photosynthesis, contributing to lower yields. Thirdly, higher night
temperatures elevate water demand due to increased evapotranspiration, thereby
compounding challenges in water-scarce areas. These results are consistent with
the conclusions of Owusu and Waylen (2009) [25], who emphasized that temper-
ature increases in Ghana’s northern belt significantly affect soil moisture regimes
and crop performance.

In contrast, the variable trends in maximum temperature offer a more nuanced
outlook. The rainy season months of May through August showed mixed patterns.
While May and July recorded rising trends, June and August exhibited no signif-
icant change, and September experienced a decline. These results mirror the sea-
sonal patterns reported by Adiku et al (2015) [32], who noted an intensification
of heat during the onset of the rains but relative thermal stability mid-season.

Likewise, Kasei et al (2010) [33] reported increased maximum temperatures in
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northern Ghana between May and July, attributing them to early cessation of rain-
fall and delayed planting, which have knock-on effects on crop performance.

Increased maximum temperatures during the early rainy season, particularly in
May, can accelerate evaporation, reduce soil moisture, and affect seedling emer-
gence and establishment. This is especially problematic for early-maturing crops
like groundnuts and maize. July’s rising temperature can support photosynthesis
but may induce thermal stress if thresholds are exceeded. These findings resonate
with those of Laube et al (2012) [34], who linked similar patterns of increasing
Tmax in northern Ghana with heat stress impacts on maize. On the other hand,
the lack of discernible trends in June and August suggests windows of relative
climatic stability, beneficial for crop development. This finding supports the work
of Yiran and Stringer (2016) [18], who argued that intra-seasonal temperature
stability is critical for ensuring crop resilience in northern Ghana.

The decreasing maximum temperature in September is particularly noteworthy
and somewhat atypical. While few studies report declining Tmax during this pe-
riod, similar patterns were observed by Apata et al (2016) [35] in parts of Nigeria,
where late-season cooling was attributed to increased cloud cover and delayed
rainfall events. However, in Ghana, the implications may vary depending on crop
type and harvest schedules.

MONTHLY TEMPERATURE (°C)
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Figure 3. Monthly trend plots of maximum temperature.

Increasing minimum temperatures across all months in a tropical region like
Ghana can have significant implications for crop production:

1) Changes in growing seasons: Warmer nights can lead to earlier flowering and
fruiting, potentially disrupting the synchronization of growth stages and impact-
ing yields;

2) Heat stress: Higher minimum temperatures can cause heat stress in crops,

especially those sensitive to temperature fluctuations, leading to reduced growth,
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yields, and quality;

3) Water requirements: Increased temperatures can enhance evapotranspira-
tion, leading to higher water demands for crops, potentially straining water re-
sources;

4) Shifts in suitable crop zones: Rising temperatures can cause areas to become
more or less suitable for specific crops, potentially requiring adjustments in crop
selection and farming practices;

5) Pest and disease dynamics: Changes in temperature regimes can alter the
distribution, prevalence, and behavior of pests and diseases, potentially impacting
crop health;

6) Yield reductions: Overall, increasing minimum temperatures can lead to re-
duced crop yields, decreased quality, and lower productivity.

The implications for the trends in Tmax for the rainy season period of May to
August are:

1) May: increasing temperatures can lead to faster evaporation of water from
the soil, potentially reducing soil moisture and affecting seed germination and
early growth stages of crops;

2) June: no trend in temperature suggests stable conditions, which is beneficial
for crop growth and development;

3) July: increasing temperatures can enhance crop growth, but excessive heat
can lead to heat stress, particularly for crops sensitive to temperature fluctuations;

4) August: no trend in temperature indicates stable conditions, allowing crops
to mature and ripen normally (Figure 3).

Opverall, these temperature trends may impact: crop water requirements and
soil moisture levels; growth and development stages of crops; heat stress and crop
yields and timing of planting and harvesting. It should be pointed out that these
implications are specific to the rainy season in the Tamale Metropolis and may

vary depending on local conditions and crop types.

4.2. Rainfall Trend Analysis

Based on our analysis, the implications for Tamale and its environs are:

1) No trend in rainfall (Jan, Feb, Apr, May, Jun, Jul, Sep, Oct, Nov)—Stable
rainfall patterns, allowing for predictable agricultural planning and water resource
management.

2) Increasing rainfall in March—Potential for: improved crop yields and vege-
tation growth; replenished water sources and improved water security; increased
flood risk, potentially affecting settlements and infrastructure.

3) Decreasing rainfall in August and December—Potential for: water scarcity
and drought impacts on crops and livestock; reduced water availability for domes-
tic and industrial use and increased risk of bush fires and land degradation (Figure
4).

Opverall, these trends may impact: agricultural productivity and food security,

water resource management and availability, flood and drought risk management
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and ecosystem health and biodiversity. In Tamale and its environs, these implica-
tions may be particularly significant for:

- Agriculture: Impacts on crop yields, livestock productivity, and food security.

- Water resources: Impacts on water availability, quality, and management.

- Ecosystems: Impacts on vegetation, wildlife, and biodiversity.

- Human settlements: Impacts on flood risk, water access, and livelihoods.

Stakeholders, including farmers, water managers, and policymakers, may need
to adapt strategies to address these implications, such as: implementing climate-
smart agriculture practices, enhancing water harvesting and storage infrastruc-
ture, improving flood and drought early warning systems and promoting ecosys-
tem conservation and restoration efforts.

The analysis of rainfall trends in Tamale and its environs reveals a complex yet
critical pattern with implications for agriculture, water resources, ecosystems, and
human settlements. The data suggest no significant trends in rainfall for most
months, indicating relative stability that supports predictable agricultural activi-
ties and effective water resource management. This aligns with the findings of Kasei
et al. (2010) [36], who noted stable intra-annual rainfall in the Northern Region,
conducive to traditional cropping cycles. However, this contrasts with Nyadzi et
al (2015) [37], whose regional study indicated erratic rainfall patterns in some
areas of northern Ghana, suggesting that microclimatic variations remain im-
portant in local planning.

An observed increase in rainfall in March could benefit agricultural productiv-
ity through improved soil moisture and early planting opportunities. Similar find-
ings were reported by Owusu and Waylen (2009) [25], who observed early onset
of rains in parts of northern Ghana, enhancing maize and sorghum yields. On the
other hand, Yiran and Stringer (2016) [18] argued that while increased rainfall
can improve vegetation cover, it can also raise the risk of localised flooding, par-
ticularly in peri-urban areas with poor drainage. This dual effect highlights the
need to balance opportunities for agricultural expansion with risks to infrastruc-
ture and settlement, especially for vulnerable populations living in flood-prone
zones.

Conversely, the decreasing rainfall in August and December raises concerns
about water scarcity and the health of ecosystems. A reduction in August rainfall,
a typically wet month, may disrupt crop maturation and livestock water access. In
agreement, Antwi-Agyei et al (2012) [16] highlighted how rainfall deficits during
critical months severely affect farming communities, leading to food insecurity
and reduced income. Similarly, Dietz ef al (2004) [38] noted that such changes
can trigger seasonal migration and alter household labour allocation in northern
Ghana. The decline in December rainfall also has implications for dry-season
farming and domestic water supply, echoing observations by Gbetibouo and Has-
san (2005) [39] in semi-arid regions of South Africa, where late-year rainfall de-
cline led to increased vulnerability of smallholder farmers to water stress.

The broader implications of these rainfall changes span across agricultural
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productivity, water availability, and ecological balance. With erratic rainfall in
some months and reductions in others, crop planning becomes more uncertain.
This supports the arguments made by Laube et al (2012) [34], who emphasised
that climate variability significantly undermines rainfed agriculture in West Af-
rica. The consequence for human livelihoods is substantial, especially for subsist-
ence farmers whose yields are directly tied to rainfall performance. Water re-
sources may also be affected, not only in terms of quantity but also quality, as
observed by Adjei et al (2020) [40], who reported increased sedimentation in wa-
ter bodies during heavy rains and reduced recharge during dry spells.

Moreover, ecosystem degradation resulting from irregular rainfall and ex-
tended dry periods may lead to biodiversity loss, a concern raised by Ntiamoa-
Baidu (2008) [41], who linked habitat fragmentation in Ghana to climate-induced
vegetation changes. Human settlements are not spared, as shifts in rainfall increase
the risks of both flooding and droughts. According to Tschakert et al (2010) [42],
such climatic extremes disproportionately affect the poor, who often reside in
poorly planned or informal settlements with limited access to adaptive infrastruc-
ture.

To respond to these emerging challenges, the involvement of stakeholders—
farmers, water managers, local authorities, and policymakers—is essential. Ap-
proaches such as climate-resilient agriculture, rainwater harvesting, and early
warning systems for extreme weather events should be prioritised. These inter-
ventions are consistent with the recommendations by Ampadu et al (2021) [43],
who highlighted the value of community-based adaptation strategies in northern
Ghana. Additionally, efforts to restore degraded lands and conserve native vege-
tation may help improve ecosystem resilience, as suggested by Mertz et al (2009)

[44] in their broader study on Sahelian adaptation.
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Figure 4. Monthly trend plots of rainfall.
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4.3. Relative Humidity Trend Analysis

Decreasing relative humidity (RH) every month, except March (Figure 5), in a
tropical area like northern Ghana has several implications for the environment
and crop production:

(1) Environmental Implications:

a) Increased evaporation: Lower RH leads to faster evaporation from water bod-
ies, soil, and plants, potentially altering the water cycle.

b) Drier air: Decreased RH can lead to drier air, potentially increasing the risk
of bush fires and land degradation.

c) Disrupted ecosystems: Changes in RH can impact ecosystems, potentially af-
fecting biodiversity and wildlife habitats.

(2) Crop Production Implications:

a) Water stress: Decreased RH can lead to increased water loss through transpi-
ration, potentially causing water stress in crops.

b) Reduced yields: Water stress can result in reduced crop yields, decreased
quality, and lower productivity.

c) Shifts in growing seasons: Changes in RH can disrupt growing seasons, po-
tentially requiring adjustments in planting dates and crop selection.

d) Increased pest and disease pressure: Drier conditions can lead to increased
pest and disease pressure, potentially impacting crop health.

In Tamale and its environs, these implications may be particularly significant
for:

1) Agriculture: Impacts on crop yields, quality, and productivity.

2) Water resources: Impacts on water availability, quality, and management.

3) Ecosystems: Impacts on biodiversity, wildlife habitats, and ecosystem ser-
vices.

Stakeholders may need to adapt strategies to address these implications, such
as:

1) Irrigation management: Implementing efficient irrigation systems to miti-
gate water stress.

2) Crop selection: Choosing drought-tolerant crop varieties or adjusting plant-
ing dates.

3) Soil conservation: Implementing conservation agriculture practices to reduce
soil moisture loss.

4) Ecosystem restoration: Restoring degraded lands and promoting ecosystem
service.

The observed monthly decrease in relative humidity (RH), with the exception
of March, in northern Ghana particularly in Tamale and its environs has far-
reaching implications for environmental stability and crop production. As relative
humidity plays a key role in maintaining ecological balance and supporting agri-
cultural activities, its steady decline presents a pressing concern. These changes
are particularly significant in tropical zones where smallholder agriculture and

natural ecosystems are highly sensitive to climate variability.
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Environmentally, reduced RH enhances evaporation rates from water bodies
and soil surfaces. According to Nkrumah et al (2020) [45], prolonged low humid-
ity increases evaporation in northern Ghana, thereby reducing the retention of
moisture in soil and open water sources critical for both agriculture and domestic
use. Similarly, Anyadike (2009) [46] notes that in arid regions of West Africa, de-
clining RH leads to increased atmospheric dryness, which in turn escalates the risk
of bushfires and contributes to the degradation of vegetation cover. These findings
are consistent with observations by Owusu and Waylen (2013) [25], who highlight
that lower RH disrupts natural moisture cycles and can diminish ecosystem resil-
ience in the savannah ecological zone. Compared to areas in southern Ghana
where higher RH levels contribute to more stable microclimates [47], the north is
evidently more vulnerable to climatic extremes, making environmental manage-
ment more urgent.

From an agricultural perspective, decreasing RH results in increased crop water
loss through transpiration, which places considerable water stress on crops. Ac-
cording to Antwi-Agyei et al (2012) [16], low RH conditions exacerbate water
stress and significantly affect maize and sorghum productivity in the Upper East
Region. Similarly, Sarr (2012) [48] identifies that in the Sahelian belt, reduced RH
coupled with higher temperatures leads to shorter growing periods, thereby re-
ducing yield potential. These results are echoed in the work of Laube et al (2012)
[34], who found that in northern Ghana, water stress during the growing season
frequently leads to crop failure, particularly among resource-poor farmers. Com-
pared with areas like southern Nigeria where RH remains relatively stable and
supports longer growing seasons [49], the north faces a more constrained agricul-
tural calendar, making traditional farming practices less reliable.

Furthermore, decreasing RH affects pest and disease dynamics. Drought-like
conditions often favour the spread of certain pests such as the fall armyworm, as
observed by Tambo et al (2021) [50] in Ghanaian maize fields. In contrast, wetter
environments tend to favour fungal and bacterial infections. Waha et al (2013)
[51] corroborate this finding in their regional climate-agriculture analysis across
Sub-Saharan Africa, noting that reduced RH can shift the pest population spec-
trum and increase vulnerability to outbreaks, especially when coupled with poor
adaptive capacity among smallholder farmers.

The implications of these changes are human as well as ecological. In Tamale
and nearby communities where agriculture serves as the primary livelihood, re-
duced RH directly translates into food insecurity, income loss, and heightened
poverty. Access to water becomes more constrained, and communities reliant on
rain-fed farming struggle to sustain productivity. As Acheampong et al (2014)
[52] argue, climate-related stresses such as humidity fluctuations disproportion-
ately affect rural populations with limited access to irrigation and adaptive tech-
nologies.

In response, adaptation strategies must be locally relevant and scientifically in-

formed. Efficient irrigation systems, such as drip irrigation promoted by Badu-
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Apraku et al (2010) [53], can help manage water stress, while the adoption of
drought-tolerant crop varieties as suggested by Partey et al (2018) [54] offers a
longer-term solution. Soil conservation measures, including mulching and zero
tillage, can also improve moisture retention and buffer the effects of RH decline.
On the ecological front, restoring degraded lands and protecting tree cover activ-
ities emphasized by Codjoe and Owusu (2011) [55] can help moderate microcli-
mates and sustain biodiversity.

MONTHLY RELATIVE HUMIDITY (RH (%))
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Figure 5. Monthly trend plots of relative humidity.

Table 5. Trend analysis of temperature, rainfall and relative humidity.

Average relative

Tmax Tmin Rainfall o
humidity
M-K M-K
Month Theli Theli Theli Theli
M-K Test Test Test M-K Test
Sen  Trend Sen  Trend Sen  Trend Sen  Trend
Value (S) Value Value Value (S)
Slope Slope Slope Slope
(S) (S)
Jan 93.00 0.00 + 84.00 0.00 + —39.00 0.00 N -82.00 0.00 —
Feb 62.00 0.00 + 218.00 0.00 + 33.00 0.00 N 140.00 0.00 —
Mar —112.00 0.00 N 246.00 0.00 + 91.00 0.00 + 118.00 0.00 N
Apr 45.00 0.00 N 155.00 0.00 + —39.00 0.00 N 36.00 0.00 —
May 55.00 0.00 + 303.00 0.00 + —-173.00 0.00 N —4.00 0.00 -
Jun 25.00 0.00 N 351.00 0.00 + —11.00 0.00 N -152.00 0.00 —
Jul 77.00 0.00 + 380.00 0.00 + 41.00 0.00 N -227.00 0.00 -
Aug 58.00 0.00 N 426.00 0.00 + -79.00 0.00 - —-248.00 0.00 -
Sept -63.00 0.00 — 377.00 0.00 + 49.00 0.00 N -252.00 0.00 —
Oct —14.00 0.00 N 330.00 0.00 + —42.00 0.00 N —198.00 0.00 —
Nov 112.00 0.00 + 234.00 0.00 + —41.00 0.00 N -212.00 0.00 —
Dec 135.00 0.00 + 107.00 0.00 + —56.00 0.00 - -212.00 0.00 —
N = “no trend”, + = “Increase trend”, — = “negative trend”.

5. Conclusions

The trend analysis of minimum temperature, maximum temperature, rainfall, and
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relative humidity in Tamale and its environs reveals significant changes in the
local climate. The findings indicate: a consistent increase in minimum tempera-
tures, with implications for heat stress and crop development, variable trends in
maximum temperatures, with increases in some months and no trends in others,
no significant trends in rainfall, except for increases in March and decreases in
August and December, decreasing relative humidity throughout the year, except
for no trend in March. These changes have important implications for agriculture,
water resources, and ecosystems in the region. The observed trends suggest a need
for: climate-smart agriculture practices to address heat stress and changing rain-
fall patterns, enhanced water management strategies to adapt to changing rainfall
and humidity conditions, ecosystem conservation and restoration efforts to main-
tain biodiversity and ecosystem services. This study contributes to the under-
standing of climate trends in northern Ghana and provides valuable insights for
policymakers, agricultural practitioners, and environmental managers to develop
adaptive strategies for a changing climate.

In conclusion, the study provides compelling evidence of evolving climatic pat-
terns in Tamale and its surrounding areas, marked by distinct shifts in tempera-
ture, rainfall, and relative humidity. Minimum temperatures have shown a con-
sistent upward trend throughout the year, suggesting widespread nocturnal
warming. This development carries implications for agricultural productivity, wa-
ter use, and human health, especially in regions where livelihoods are closely tied
to climate-sensitive sectors. The trends in maximum temperature, while less uni-
form, reflect a seasonal and spatial complexity that underscores the dynamic na-
ture of local climate systems. The rise in maximum temperatures during the dry
season and early rainy months contrasts with the decreasing trends observed in
September, hinting at the influence of broader atmospheric and land surface
changes.

Rainfall trends appear largely stable across most months, though isolated in-
creases and decreases highlight localized shifts that can influence farming sched-
ules, water availability, and food security. Notably, the decline in rainfall during
key months such as August and December points to a growing challenge in man-
aging agricultural and domestic water needs, particularly among communities
that lack irrigation infrastructure or alternative water sources. The increased rain-
fall in March, while potentially beneficial, may not offset deficits in later months,
complicating crop planning and threatening harvest reliability.

The observed decline in relative humidity is particularly concerning, given its
central role in maintaining soil moisture, reducing plant water stress, and regulat-
ing local climate stability. Lower humidity not only exacerbates evapotranspira-
tion and crop desiccation but also alters the distribution and severity of pests and
diseases, compounding the risks to agricultural output. For human populations in
the study area, these changes translate into greater exposure to food insecurity,
water scarcity, and economic vulnerability.

The Northern Regional Directorate of the Ministry of Food and Agriculture
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should implement a climate-smart extension program that aligns farming prac-

tices with the observed increases in temperature, declining humidity, and shifting

rainfall patterns in Tamale. This should include promoting heat- and drought-

tolerant crop varieties, moisture conservation techniques, and timely agronomic

advice based on local climate data. Engaging farmers through participatory ap-

proaches will ensure that adaptation strategies are practical and rooted in their

lived experiences.
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