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Abstract. A remote sensing strategy was investigated to evaluate how temperature and rainfall affect the 

deforestation of economically important tree species in Wudil, Kano Nigeria. The research was carried out 

in Wudil. To assess the vulnerability of the study area to desertification and the abundance of economic 

tree species. Landsat satellite products (Landsat 5, 7, 8. were used as the sources of remote sensing 

imageries. These products were sourced for intervals of ten years, from 1986 to 1999, 2006 to 2016, and 

2020. Standardized temperature anomaly and precipitation index from 1986 to 2020 were analyzed using 

primary and secondary data obtained for information on temperature and rainfall, a hundred questionnaires 

were used to analyze how much anthropogenic activity has contributed to desertification in the area by 

looking at their socioeconomic activities, roads, and infrastructural development. To determine the quantity, 

distribution, growth, and yield of all the species, a transect of one square kilometer was surveyed using 

regional techniques in each of the four cardinal directions. Principal component analysis revealed that the 

activity variables and activity observations for 1999, 2006, 2016, and 2016 were all negative, while the 

years 1986 and 2020 were positive. Increased trends in temperature and decreasing trends in rainfall are 

evident using the Mann-Kendall analysis, with P-values of 0.0 and 0.003, respectively, which are smaller 

than the alpha value of 0.05. The main causes of drought and desertification vulnerability according to the 

findings include variations in the characteristics of rainfall, human activities, and overgrazing. More tree-

planting initiatives should be encouraged, ideally making them an annual event in the study region. 

Keywords: drought, desertification, temperature, rainfall, over-grazing, human activities 

Introduction 

Desertification is a form of land degradation that occurs when biological productivity 

in fertile parts of dry lands decreases as a result of natural or human-induced processes 

(Rossi, 2020). It is the expansion of dry regions brought on by several factors, such as 

soil over-exploitation. Deforestation and climate change were consequences of the 
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expansion of urban and other related infrastructural activities (Ortiz et al., 2022). More 

than 2 billion people live in dry lands (Nichols et al., 2007) which make up around 40 to 

41 percent of the planet's surface area (UNCCD, 2007). According to estimates, between 

6 and 12 million square kilometers of drylands have been affected by desertification, 

between 10 and 20 percent of those areas are already degraded, 1 to 6 percent of dryland 

residents reside in deserted areas, and a billion people are at risk from further 

desertification (Davies, 2017). According to certain research, during the past 50 years, 

Africa has lost around 650,000 km2 of its fertile agricultural land. This indicates that this 

region's desertification process has advanced significantly (Nicholson et al., 1998). 

Trees are valuable to human beings not only economically, environmentally, and 

industrially, but also spiritually, historically, and aesthetically because they maintain 

human life through direct and indirect benefits by providing a diverse range of items for 

survival and success (Seth, 2003). Many small creatures need trees as shelters to protect 

them from predators, and forests provide a habitat for the diverse range of organisms that 

inhabit the planet (Wakawa, 2016). Some well-known shrub and tree species can be found 

in Nigeria's northern region, and they do quite well there. These species' availability is 

influenced by various edaphic, geomorphic, anthropogenic, and climatic influences. 

Additionally, this region is distinguished by its high temperatures, scant precipitation, low 

humidity, and loose sandy soil. When the weather is dry, high temperatures are common 

(Salami and Lawal, 2018). Trees Demand Investment----Although trees offer numerous 

environmental, social, and economic advantages, they also have expenses, just like any 

other living thing or piece of infrastructure. Trees gain value and advantages as they get 

larger. When a tree is young, investing in periodic maintenance will help to reduce future 

expenditures, enhance benefits, and lengthen its functional lifespan (Thelma, 2015; Audu 

and Adie, 2018). Unfortunately, this investment is under threat in the majority of Nigeria's 

northern states (Abdulrashid and Yaro, 2014) and while this study focuses on one of the 

most agriculturally practiced towns in Kano state (Wudil), that is to say, the study area 

incorporates almost all aspects of agriculture, including farming, fishing, and livestock 

production. The frontline desert-threatened states of Nigeria make up 40% of the total 

land area in the country. The worst affected states include Kano, Jigawa, Borno, Sokoto, 

and Katsina which share a common border with the northern Niger Republic, with most 

of the areas covered by the Sahara Desert. It is becoming more and more challenging to 

achieve sustainability in the management of vulnerable lands. Rising pressure from 

desertification has been aggravated by a period of continuous drought for nearly 20 years 

(Gadzama and Ayuba, 2016). Due to dunes and insufficient water, most sources have 

decreased in volume, leading to poor economic conditions, and farmers losing their access 

to farmlands (Thelma, 2015). Remote sensing with a high-resolution spatiotemporal 

imageries system was used to detect the changes in biophysical parameters using land use 

land classification together with survey techniques in analyzing economically important 

tree species in Wudil. Furthermore, the study aims to achieve spatial-temporal land use 

classification in Wudil from 1986 to 2020 by gaining access to desertification drivers as 

well as the frequency, distribution, density, and relative density of economic tree species. 

Materials and Methods 

Study area 

The study was conducted in Wudil Local Government Area, latitude 11° 47' N and 

longitude 8° 50' E, Kano state, Nigeria with an estimated land area of 362 km² (Dambatta 
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et al., 2021) and an approximated human population of 314,520 (Gwaison, 2019) 

(Figure 1). The town is located on the outskirts of the Kano metropolis and is among the 

most populous local governments of the state’s 44 local government councils Census, 

2006 (Muhammad, 2011). 

 

Figure 1. Map of the study area 

 

 

Data sources 

Landsat Thematic Mapper (TM) Landsat 5 and Landsat Enhanced Thematic Mapper 

(ETM+) systems Landsat 7 & 8 sourced from the United States Geological Survey (USGS) 

for the periods 1986, 1999, 2006, 2016, and 2020 were used in the mapping of Land Use 

Land Cover (LULC). Supervised classification was conducted to track the pattern of 

changes in the LULC using Environmental Visualizing Imaging (ENVI). Annual mean 

temperatures were obtained from the Nigerian Meteorological Station (NIMET) and the 

National Aeronautics and Space Administration (NASA). Frequency distributions were 

generated using standardized precipitation index (SPI), standardized temperature 

anomaly (STA) combined graph analysis (CCA), with descriptive and inferential 

statistical methods. Principal component analysis (PCA) was conducted between 

variables using (XlSTAT) to see the relationship between variables and observe the 

association or correlation between active variables and active observations. 

javascript:;
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Principal component analysis 

The following mathematical equation or algorithm was used to perform (PCA): 

In PCA, given the mean-centered X with n Samples and P variables, the first Principal 

component PC1 is given by the linear combination of the original variables X1, X2…. Xp 

PC1 = w11X1 = w11X1 + w12X2 +……. +w1pxp. The first principal component PC1 represents 

the component that retains the maximum variance of the data w1 corresponds to an 

eigenvector to the covariance matrix. 

 

 
 

(Eq.1) 

 

Loadings Matrix 

 

 
XTX =  

(Eq.2) 

 

This means that the principal axes V are eigenvectors to the covariance matrix and 

 

 𝐸 =
𝑠2

𝑁
− 1 … … … … 3 (Eq.3) 

 

are its eigenvalues. 

The standard context for PCA as an exploratory data analysis tool involves a data set 

with observations on p numerical variables, for each of n entities or individuals. These 

data values define p n-dimensional vectors x1... Xp or, equivalently (Jollife and Cadima, 

2016). Primary and secondary data were sourced on temperature and rainfall. A hundred 

questionnaires were distributed to measure the human activities' influence on 

desertification and major economic tree species. A transect of one square kilometer was 

measured using local methods to determine the number, distribution, growth, and yields 

of the key economic tree species. 

Mann-Kendall test 

The Mann-Kendall (MK) statistical test (Mann, 1945; Kendall, 1975) was used for 

spotting trends in hydro-meteorological time series like groundwater. According to Wang 

et al. (2020), the tool is a rank-based non-parametric technique and is frequently used in 

statistical analyses. The Mann–Kendall trend test is based on the correlation between the 

ranks and sequences of a time series. For a given time series {𝑋𝑖,  𝑖 =  1, 2 … ,  𝑛}, the null 

hypothesis H0 assumes it is independently distributed, and the alternative hypothesis H1 

is a monotonic trend. The test statistic S is given by: 

 

 
S = ∑n − 1i =  1∑nj =  i + 1sgn (Xj − Xi)    (1) S

= ∑i =  1n − 1∑j =  i + 1nsgn (Xj − Xi) … … … ….  
(Eq.4) 

 

where Xi and Xj are the values of sequence i, j; n is the length of the time series. 
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Decadal mean (% change from normal), frequency of rainfall, and temperature over 

Wudil from 1986 to 2020 

From 1986 to 2020, the cumulative decadal temperature and rainfall change was 

computed using the following equation. As utilized by Patra et al. (2012), in Detecting 

rainfall trends in twentieth century from (1871–2006) over Orissa State, India. The 

decadal metrological change is generally used to detect an increase or decrease in climatic 

data during a 10-year or longer timeframe. 

 

 𝐴 −
𝐵

𝐴
∗ 100 (Eq.5) 

 

where A= Current Value, B= Starting point. 

Supervised classification 

The remote sensing image data were preprocessed with the envi5.0 program, and the 

specific approach used is shown in Figures 2 and 3. The first training images were mostly 

divided into flora, waterbodies, built-up areas, and bare fields. We got five remotely 

sensed images of multiple settings from the USGS website (http://glovis.usgs.gov/) on 

seasonally similar days of April 19, 1986, April 30, 1999, April 12, 2006, April 24, 2016, 

and April 20, 2020. Image quality is frequently higher in cloudless and dry-season 

photographs (Table 1). 

 

Figure 2. (LULC) of Wudil 1986 & 1999 
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Figure 3. (LULC) of Wudil 2006, 2016 & 2020 

 

 
Table 1. The study's data for remote sensing images 

Year 1986 1999 2006 2016 2020 

Sensor Landsat5 TM Landsat 7 ETM+ Landsat 7 ETM+ Landsat OLI 8 Landsat OLI 8 

Path/ Row 188/052, 188/053 
188/052, 

188/053 

188/052, 

188/053 

188/052, 

188/053 
188/052, 188/053 

Date 1986/4/19 1990/4/30 2006/4/12 2016/4/24 2020/4/20 

Cloud cover 0 0 0 0 0 

 

 

Surveying of economic tree species in four cardinal directions of the study area 

Wudil Local Government Region in Kano State was comprehensively surveyed for the 

existence of economic tree species along the research region's four cardinal directions—

north, west, east, and south. Using the transect mapping technique, the number of each 

species of economic tree identified at each of the four cardinal points was counted across 

a one-kilometer-square area. The following formulae were used to calculate the frequency, 

relative frequency, distribution, abundance, and relative abundance of the economic tree 

species: 

 

 Frequency (relative dispersion) =
No.of line transect in which spp occurred

Total no.of line transect studied
∗ 100 (Eq.6) 

 

 Relative frequency =
Freq.of spp

Total freq.of all spp
∗ 100 (Eq.7) 

 

 Density =
Total no.of individuals of a spp in all Line transects

Total no.of all line transects studied
 (Eq.8) 
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 Relative Density =
Density of the spp

Total Density of all species
∗ 100 (Eq.9) 

 

 Abundance =
Total no.of individuals of a spp in all line transects

Total no.of line transects in which spp occurred
 (Eq.10) 

 

 Relative Abundance =
Abundance of spp

Total Abundance of all the spp
∗ 100 (Eq.11) 

 

 

Results and Discussion 

Spatio-temporal change of Wudil 

The assessment of land cover change in this study was done over a forty-year period 

(Symeonakis and Drake, 2004; Nwilo et al., 2020) analyses gradual desertification and 

land degradation using time series data. Land cover data for Wudil was extracted from 

Landsat satellite images in 1986, 1999, 2006, 2016, and 2020. From 1986 to 1999 band 

pictures, the ten-year interval distributions were not fully met. The band pictures of Wudil 

were not detected in 1996 and 1998, primarily due to Landsat problems in some years. 

To detect changes in vegetation, bare fields, built-up areas, and waterbodies, 5 band 

images were used (Table 1). Due to the low spatial resolution of the long-term spam 

period, categorizing the various sets of vegetation, such as farmlands, forestland, 

cultivated land, grassland, and shrubs, is difficult. We do our best to maximize the land 

use land cover analysis in order to map out the changes in the research region (Ismail and 

Abubakar, 2015) utilized a supervised classification algorithm to detect changes in land 

use and land cover from 2000 to 2014 in Kano, Mukhtar (2016) employed supervised 

classification to detect land use and land cover change using a remote sensing approach. 

Koko et al. (2022) and Surajo et al. (2023) employed supervised classification to detect 

changes in land use and land cover and found the strategy compelling and reliable in 

change detection. Past and existing trends of the vegetation of the study area to access 

desertification vulnerability are presented in Figures 2 and 3. Based on the LULC maps 

in Figure 2, in 1986, the vegetation cover of the study area was 88.47%, waterbodies were 

2.44%, bare land was 0.85% and the built-up area was 8.24%. This particular year in the 

study area was characterized by high rainfall, and low temperature, with a precipitation 

index and temperature anomaly figure of 0.5 and -1 respectively. Which can be 

interpreted as adequate soil moisture and cool temperature (Figures 4-7). In 1999, the 

LULC classification of the area of study had 88.43% vegetation cover, water bodies 

decreased slightly to 1.09%, barren lands increased to 27.62%, and the built-up area 

decreased slightly by 5.31%. Figure 3, LULC 2006 categorization in the research region 

recorded a large vegetation reduction of 62.15%, which may be attributed to an increase 

in temperature and a drop in rainfall with figures of 27.36 °C and 458 mm (Figures 4 

and 6), respectively, it can further be interpreted in Figures 5, 7, 8, and 9 all of which 

indicate the rise of temperature and reduction of rainfall in the study area, moreover, the 

population of Kano increases to 9,401,288 according to the 2006 census (National, 

Bureau of Statistics, 2013). In essence, this year is marked by drought characteristics such 

as minimal rainfall, high temperatures, and a rise in population. Water bodies had a 

percentage of 0.77%, barren lands had a percentage of 27.62%, and built-up areas had a 

percentage of 11.84%. In 2016, the percentages of vegetation, waterbodies, barren lands, 

and built-up areas were 86.67%, 0.96%, 0.53%, and 11.84%, respectively. Figure 3 
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depicts the last band image of the research region in the year 2020, with vegetation 

accounting for 84.17%, waterbodies accounting for 3.08%, barren lands accounting for 

1.00%, and built-up area accounting for 11.75%. Wudil's vegetation and bare plains have 

been decreasing and escalating respectively in recent years (Isma’il and Abubakar, 2015). 

Table 2 depicts the changes in land use and land cover categorization in Wudil from 1986 

to 2020, as well as the changes in each of the aforementioned characteristics after 

conversion to kilometer square km2. 

 

Figure 4. Inter-annual rainfall distribution Wudil from 1986-2020 

 

 

Figure 5. Standard precipitation index (SPI) over Wudil from1986-2020 

 

 

Discussion 

Driving factors of desertification 

Rainfall and temperature 

The current study used 34 years of precipitation and temperature data from 1986 to 

2020 to conduct a trend analysis of the Wudil local government region. The Mann-

Kendall trend test was employed to determine the trend. Figures 8, 9 show the yearly 
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rainfall and temperature over 34 years, with the maximum rainfall coming in 2020 with 

a total precipitation of about 1291.78 mm and the minimum rainfall occurring in 1999 

with a total of roughly 269.78 mm. The average rainfall in Wudil Kano Nigeria over the 

34-year period is 719.826 mm, while the average temperature is 26.1789 °C. Climatic 

Time series analysis has been widely used by various academics all over the world; most 

scholars find this analysis useful in accessing or studying changes in the variability of 

rainfall and temperature. Time series and man-Kendall trend analysis were employed by 

researchers such as Mondal et al. (2012) to determine the trend and slope magnitude using 

monthly precipitation trend for forty years span. Sa et al. (2017) used the Mann– Kendall 

(MK) test along with modified Mann–Kendall (m-MK) test to assesses the spatial pattern 

of changes in rainfall extremes of Sarawak in recent years (1980–2014). Achugbu and 

Anugwo (2016) used standard precipitation index (SPI) in` Drought Trend Analysis in 

Kano Using Standardized Precipitation Index from (1911-2010), Variations and Trends 

in Annual Rainfall Amounts and the Onset of the Rainy Season for Kano for 87 Years 

(1916-2002) was conducted by Ati et al. (2008). Mustapha (2014); Sawa et al. (2014); 

and Umar et al. (2019) all used dynamics of hydrological analysis and climate variability 

from rainfall and temperature in the semi-arid region of Kano. 

 

 

Figure 6. Inter-annual mean daily temperature over Wudil from 1986-2020 

 

 

Figure 7. Trends of Temperature anomaly over Wudil from1986-2020 
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Figure 8. Mann- Kendall trend test of Annual Rainfall of Wudil 1986-2020 

 

 

Figure 9. Mann- Kendall trend test of the average temperature of Wudil 1986-2020 

 

 
Table 2. Spatiotemporal Land Use and Land Cover Distribution for Wudil 1986–2020 In km² 

LULC 1986KM² 1999KM² 2006KM² 2016KM² 2020KM² CHANGES 

Vegetation 320.2614 320.1166 224.983 313.7454 304.6954 -15.566 

Waterbodies 8.8328 3.9458 2.7874 3.4752 11.1496 2.3168 

Bare lands 3.077 18.7154 99.9844 1.9186 3.62 0.543 

Built-up Area 29.8288 19.2222 34.209 42.8608 42.535 12.7062 

Total 362 362 361.9638 362 362 0 

Source: Author Analysis 2020 

 

 

The study area's total annual rainfall intercept (mm) for the years 1986 to 2020 was 

calculated as shown in Figure 4, with years 1988, 1994, 1996, 1998, 2002, and 2020 

recording annual rainfall totals exceeding 1000 mm, which is higher than Wudil's annual 
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mean rainfall. While the year 1999 2000, 2005, 2005, 2006, 2014, 2015, 2016, 2018, and 

2019 had the lowest Rainfall distribution. 

This can be interpreted as changes in rainfall variability as the millennia set in unlike 

in the ’90s, possibly because of the introduction of anthropogenic activities (Table 3) and 

population increase. 

 
Table 3. Economic Activities of Respondents 

Sources of income Frequency Percentage 

Farm 49 49 

Firewood selling 09 09 

Off-farm 28 28 

Tree selling 14 14 

Total 100 100 

 

 

This analysis of inter-rainfall distribution coincides with the reduction of the 

vegetation in land use land cover classification in the year 2006 (Figure 3). The 

standardized precipitation index in Wudil L.G.A. (Figure 5) indicates that the research 

area has an absolute wet climate from 1986 to 1998, but has negative values in 2000, 

2002, 2004, 2005, 2006, 2010, 2012, 2014, 2016, and 2019. The year 2020 had the highest 

recorded rainfall, with a standardized precipitation index exceeding 2.0 values in an 

extraordinarily rainy season, which confirms the LULC 2020 analysis, as shown in 

Figure 2 (vegetation recovery from 2006 to 2020, 62.15% to 84.17%). 

As indicated by the average temperature analysis in, the Mann-Kendall test 

demonstrates an increasing trend in temperature (Figure 9) from 1986 to 2020 in Wudil 

Kano, Nigeria. This is because the p-value (two-tailed) is lower than the alpha value (0.05) 

(Table 4). In this scenario, we accept Ha instead of Ho. Wudil Kano, Nigeria, in particular, 

experienced an increase in average temperature between 1999 and 2019. 

 
Table 4. Mann-Kendall trend test / Two-tailed test (Average of Temperatures) 

Kendall's tau 0.439  

S 261  

Var(S) 4958.333  

p-value (Two-tailed) 0.000 *** 

alpha 0.05  

An approximation has been used to compute the p-value, Signification codes: 0 < "***" < 0.001 < "**" 

< 0.01 < "*" < 0.05 < "." < 0.1 < " " < 1, Test interpretation: H0: There is no trend in the series, Ha: There 

is a trend in the series. As the computed p-value is lower than the significance level alpha=0.05, one 

should reject the null hypothesis is H0, and accept the alternative hypothesis Ha 

 

 

The yearly rainfall research in Wudil Kano, Nigeria, reveals a decreasing tendency 

from 1986 to 2020 according to the Mann-Kendall test. This is because the p-value (two-

tailed) of 0.003 is lower than the alpha value of 0.05. (Table 5). We accept Ha while 

rejecting Ho in this regard. Wudil Kano, Nigeria's annual rainfall is falling, particularly 

between 1999 and 2019. 
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Table 5. Mann-Kendall trend test / Two-tailed test (Rainfall in mm) 

Kendall's tau -0.358  

S -213  

Var(S) 4958.333  

p-value (Two-tailed) 0.003 ** 

alpha 0.05  

An approximation has been used to compute the p-value, Signification codes: 0 < "***" < 0.001 < "**" 

< 0.01 < "*" < 0.05 < "." < 0.1 < " " < 1, Test interpretation: H0: There is no trend in the series, Ha: There 

is a trend in the series. As the computed p-value is lower than the significance level alpha=0.05, one 

should reject the Null hypothesis H0, and accept the alternative hypothesis Ha 

 

 

From 1986 to 1999, the location's annual mean daily temperature was below 25°C 

(Figure 6). This suggests that the high rate of precipitation seen in these years justified 

the brief time of low temperatures. From 1999 to 2019, the temperature began to shift, 

rising from 25°C to above 27°C in the years 1999, 2004, 2005, 2006, 2014, 2015, 2016, 

and 2019. The annual mean daily temperature decreases to 25°C in the year 2020, which 

has the highest rainfall intercept and precipitation index (Figures 4 and 5), although these 

are the years with the lowest rainfall intercept and precipitation index. 

Figure 7 indicates the yearly temperature variance from the mean in the study area 

shows a negative anomaly for the 1980s and 1990s, while it shows a positive anomaly for 

the 2000s and 2010s. This suggests that the decades with positive anomalies have a mean 

annual daily temperature that is greater than the research location's baseline temperature 

and is generally warmer. General, it demonstrates the reality that after millennia, activities 

that weren't there in the 1980s and 1990s finally caused dryness and drought, perhaps 

another factor that contributed to the decline in the number and yields of some economic 

trees. After observing the climatic parameters of Wudil from 1986 to 2020 and calculating 

the decadal changes, it was discovered that the temperature of Wudil increased by 0.39% 

over the four decades (Figure 9). As for Rainfall decadal change, the analysis was 

conducted in two ways from 1986 to 2019 & from 1986- 2020 this is because the year 

2020 comes with a special case in the study area it has an annual minimum Rainfall of 

1291.78 mm and a precipitation index of 2.418. Figures 4, 5 possibly because of the El 

Niño and La Niña events which occur every two to seven years, on average, as said by 

Timmermann et al. (2018) El Nino occurrences, which occur every few years, are 

characterized by surface warming of the tropical Pacific Ocean and a weakening of the 

equatorial trade winds. These conditions are accompanied by changes in atmospheric and 

oceanic circulation, which affect global climate, marine and terrestrial ecosystems, 

fisheries, and human activities; nevertheless, they do not occur on a regular basis. El Nino 

occurs more frequently than La Nina. With this, the decadal precipitation change in Wudil 

in the first trench reduces by -70.62 mm (Table 6) while increasing by 31.57 mm in the 

second trench. 

 
Table 6. Decadal precipitation change over Wudil from 1986-2019 and 1986-2020 (Rainfall 

in mm) 

1ST (trench) 2ND (trench) 

1986- 1996    A 1986- 1996    A 

1996- 2006    B 1996- 2006    B 

2006-2016     C 2006-2016     C 

2016- 2019    D 2016- 2020    D 
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Human activities 

Growth of population 

The population of Wudil increased by almost double when compared to the population 

in 2006, according to the National population commission (NPC). Moreover, according 

to Mohammed and Bawa (2023) the majority of the population of Kano rejects the family 

planning program due to their faith and the effects that come with it. A man is entitled to 

marry from one to four wives, among them each wife is expected to have at least 5 

children. The field assessment of rapid urbanization that was conducted between Ibadan 

and Kano shows the rapid increase in urbanization between these two cities (Ifeoma et 

al., 2023). The establishment of Kano State University of Science and Technology Wudil 

(K.U.S.T) in the year 2001 leads to the coming together of various people across the 

country (Isma’il and Abubakar, 2015), as a lot of deforestation was observed for land 

clearing which leads to the destruction of many economic trees across the city. Also, the 

540 km dualization of the road from Kano to Maiduguri, which goes through the research 

area, results in the extinction of numerous tree species. 

A structured questionnaire is a document that consists of a set of standardized 

questions with a fixed scheme, which specifies the exact wording and order of the 

questions, for gathering information from respondents (Cheung, 2014). This research uses 

the structural questionnaire in the study area in the four cardinal locations of the town, 

North, west, south, and east. 100 respondent were selected and 99 percent of the 

respondents are male due to the fact that women in the study area are mostly housewives 

(Aderounmu and Falana, 2020) and have no experience in agricultural and climatic 

considerations. The questionnaire is divided into four sections, a) Demographic 

information, b) economic activities, c) crop production, most of the respondents engage 

in Agricultural activities d) 80% of respondents received no benefits from non-

governmental organizations, while 20% heard about empowerment but did not receive 

i.e.) 80% of respondents received no benefits from non-governmental organizations, 

while 20% heard about empowerment but did not receive it. e) Respondents are asked if 

they have planted or logged trees such as mango (Mangifera indica), baobab (Adansonia 

digitata), African locust bean (Parkia biglobosa), and date palm (Phoenix dactylifera) in 

the past 5 to 10 years. According to them, economic trees take several years to mature 

and are becoming increasingly scarce in the research region. According to respondents, 

the majority of economic trees were discovered naturally prior to deforestation, and the 

only economic trees they were able to plant were mango and some date palm, the latter 

of which takes 50 years to mature and bear fruit except for the improved variety, which 

is very expensive to obtain. 

The majority of Wudil's residents work in agriculture, and they firmly think that 

permitting trees to grow on farmland reduces the productivity of that area. Rarely do local 

farmers let the tree grow on their farms; rather, they either cut it down to supply fuel or 

to create more space (Table 3), which produces food and cash crops both during the wet 

and dry seasons using irrigation (Nababa, 2017). 

Livestock 

Although there isn't much data on the number of livestock in Wudil, it is one of Kano 

State's major cattle markets and is well-known for it. The market, which is located about 

39 kilometers outside Kano City, has been said to exist for decades. It is considered that 

in West Africa, the market is a place where the best breeds can be purchased. Every 



Ibrahim et al.: Assessment of remote sensing on deforestation of economic tree species in Wudil, Kano state, Nigeria 

- 4458 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(5):4445-4474. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2105_44454474 

© 2023, ALÖKI Kft., Budapest, Hungary 

market day, 60 truckloads of cattle enter and leave the town, according to Alhaji Nasiru 

Muhammed Wudil, Chairman of the Association of Amalgamated Livestock Traders, 

Wudil branch. The acting Sarkin Karan Wudil, Alhaji Rabi’u Garko, said the market was 

the largest in Nigeria and probably West Africa, adding that commercial activities usually 

start on Wednesday night and continue till Friday (Giginyu, 2021). Based on Abdu and 

Danbatta (2016), the frequency of cattle products is shown in his Structural Analysis of  

Cattle Market in Kano State, Nigeria. He subsequently evaluated the number of cattle 

traded as follows (1-7) 80, 8-15 (25) 16-20 (5) 21-25 (5) 26-30 (1) 31- above (4) in 

respondents of 120 traders: White Fulani (39) Red Bororo (64) Barahaje (2) Gudali (4) 

Bakoloji (11). This conforms to the findings of this study’s survey of 100 cattle producers. 

According to the respondents, the majority of livestock in the study area was cattle (43%), 

followed by sheep (26%). Goats, chickens, and donkeys have a percentage of (12%), (8%), 

and (11%), respectively. Overgrazing by cattle has a big impact, even though it may not 

necessarily be the main cause of the drought. The livestock market in Wudil, however, is 

among the oldest in all of Africa, not just Nigeria, according to past research (Bello, 2020). 

Grazing cattle can alter the soil's composition by causing erosion, land degradation, and 

the washing away of topsoil by wind and water. According to Hiernaux et al. (1999), the 

area of crusted soils decreased and fragmented as a result of grazing. The domestic energy 

source that is used by households the most is fuel wood. Considering that the vast majority 

of respondents (78%) said that wood is their main source of energy, Also, it was 

demonstrated that there is no connection between per capita income and per capita use of 

fuel wood (Tukur, 2009) According to some researchers, the Kano Close-Settled Zone's 

trees may eventually vanish due to the area's expanding population and proximity to the 

Kano Metropolitan Area (Falola et al., 1988). A 40 km radius around Kano's metropolis 

has seen the removal of the majority of trees from farms. The heavily forested reality of 

this area is completely at odds with these dreams. Instead, increased motor traffic, 

improved transportation infrastructure, and decreased fuel prices have led to the 

expansion of Kano's petroleum hinterland. As lower- and middle-income households 

switch from commercial petroleum-based energy sources to more affordable and 

accessible biomass alternatives, Kano's surrounding rural ecosystem and woodland 

resources may be under additional stress due to the nation's high inflation rate and 

economic conditions (Maconachie et al., 2009). 

Principal component analysis 

Table 7 displays the principal component analysis eigenvalues from F1 to F4. It's 

interesting to note that only the values in F1 and F2 satisfy the Kaiser requirement as the 

most significant components, while the other components have eigenvalues lower than 1. 

Given that the variable explains a unit of variance, an eigenvalue greater than 1 indicates 

that the relevant component explains more variance than the variable alone (Sheytanova, 

2015). The selection criterion didn't fit eigenvalues 3 and 4 at all. To put it another way, 

the F1 and F2 components were picked because, as shown by the highest eigenvalues, 

they have the most variables. F2 and F4, on the other hand, were discarded since they 

were unimportant components with the lowest values and scant data to explain the 

cumulative variability. Figure 10 shows the scree plot from F1 to F4 with the values of 

each component plotted on the y-axis and the cumulative variability in percentage shown 

on the x-axis. The overall values of variability have 100% and it validates the scree plot 

and eigenvalues. 
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Table 7. Eigenvalues 

 F1 F2 F3 F4 

Eigenvalue 3.610 1.555 0.800 0.035 

Variability (%) 60.162 25.920 13.335 0.583 

Cumulative % 60.162 86.082 99.417 100.000 

 

 

Figure 10. Scree plot showing cumulative variability 

 

 

The initial principal components have a strong correlation with four of the original 

variables, according to the aforementioned data (Figure 11). The initial essential elements 

rise as precipitation, water, vegetation, and built-up area do (B.U.A). In the F1 

components, the build-up area and the vegetation are orthogonal, indicating that they are 

not correlated (R is close to zero), the rainfall and water are correlated; as rainfall 

increases (0.8644), water tends to increase as well (0.94647), the bare land and vegetation 

are negatively correlated (R is-1) and the temperature and water are on the outside of the 

center, indicating a negative correlation between the variables. These elements might be 

seen as indicating that the Wudil local government region of Kano would have an increase 

in vegetation and water bodies as a result of an increase in rainfall. 

Although there are a lot of building activities in the study area most especially due to 

the creation of federal government organizations such as the University, police academy, 

and roads construction that leads to Maiduguri state, although the building activities are 

going at a steady condition it cannot be compared to the previous decades (Figure 2) and 

building activities will increase significantly in the coming decades. The second principal 

components analysis shows decreasing value in the variables of bare lands and 

temperature with a figure of -0.769227 and -0.9275 respectively. Temperature and bare 

lands show a sign of correlation as Temperature increases, bare lands increase as well. 

Bare lands and temperature show negative values in the study area, which is not a good 

sign of climatic conditions, these can be a sign of anthropogenic influence or activities by 

humans in the study area. 

According to the land use land classification (LULC) discussed earlier, the values for 

the corresponding years are shown in Figure 12 observation charts. The values for the 

years 1986 and 2020 on the first principal components are positive (1.0727) and (2.55005), 
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respectively, while the values for the years 1999, 2016, and 2006 are negative (-1.06894), 

(-0.48839), and (-2.69544) respectively. According to the findings, the observation plots 

show positive signs in F1 in the study area, which can be viewed as high vegetation, high 

rainfall, low temperature, and high water bodies, while in F2 negative signs can be viewed 

as low rainfall, reduction in water bodies, increase in bare lands, and high temperature in 

Wudil Kano Nigeria. 

 

Figure 11. Correlation circle of variables projection 

 

 

Figure 12. Observation charts of corresponding years 
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The biplots of axes F1 and F2 for the active variables and active observations are 

shown in Figure 13. There is no correlation between rainfall and build-up Area, but it can 

be interpreted as an increase in building activities in Wudil in 2020. In the year 2020, 

rainfall and water are correlated as water increases and water bodies increase as well, with 

figures of (1.97190) and (1.665819), respectively. According to the vegetation index for 

the year 1986, which is 1.4502, Wudil's climate is in better shape than it was in 1999. 

There are many woodlots and valuable trees in the city, which is in its natural state. On 

the other hand, barren lands (-1.74663) and temperature are where the second major 

component's negative values are found (-2.1061). All three of the years 1999, 2006, and 

2016, which are all connected with drought-related characteristics, come under the second 

principal component (F2), particularly the year 2006, which has an increase in bare lands 

that is evident with a figure of (-2.69544). The number, growth, yield, and distribution of 

certain important economic trees in the research region were found to be impacted by 

deforestation. 

 

Figure 13. Biplots chats of the variables 

 

 

Economic trees 

Nigeria's rich northern border is where the majority of agricultural activities, including 

farming, fish farming, raising cattle, and poultry, are carried out (Food and Agriculture 

Organization of the United Nations, 2019). Nigeria's productive land is currently 

undergoing some changes as a result of anthropogenic activity and global climatic issues 

(Ani et al., 2022). Although it will be very difficult to combat land degradation, 

deforestation, and desertification among a rapidly expanding population of 200 million 

Nigerians, primarily due to the extreme poverty that the country's residents are 

experiencing. The Northern region of the country has several economically significant 

trees, some of which have been discovered to provide health, financial, and economic 

benefits (Kumar and Navaratnam, 2013; Ebifa-Othieno et al., 2017; Aderounmu and 

Falana, 2020; Khan et al., 2020). Due to urbanization and the consequences of urban heat 

island, Kano metropolis is currently largely or entirely without economic trees (Tanko et 

al., 2017). Wudil local government area is one of Kano’s forty-four local government 
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areas, several kilometers from the metropolis. Due to increased population and 

deforestation rates, these economic trees can only be found outside of major cities. 

Despite this, the economic trees in Wudil, Kano State, Nigeria, were surveyed using 

transect sampling method techniques. The approach of sampling tree composition 

analysis is not new in tree composition, having been used by Fayolle et al. (2014) in their 

analysis of 1175 tree species' patterns of species composition in tropical African forests. 

Sagar et al. (2003) also used tree species composition in India on tree composition, 

dispersion, and diversity along a disturbance gradient in a dry tropical forest region of 

India. The approach was also used by Wittmann et al. (2006) in the Amazon forest. Tree 

species composition was also adopted by Wakawa et al. (2016) at Kano State University 

of Science and Technology Wudil. With neem tree recording the highest frequency, 

Contrary to his study the tree species composition survey was conducted at the four end 

cardinal directions of the entire study area. 

Some economically significant trees in the research area displayed poor growth, yield, 

abundance, and distribution, while Parkia biglobosa, Jujube, Baobab, Mango, and 

Eucalyptus trees showed 100% frequency. Date palm and Mahogany both show 75% 

frequency. Regarding the abundance, 14%, 4%, 66%, 11%, 5%, 3%, 3.5%, and 9% were 

observed for the species Parkia biglobosa, Date palm, Baobab, Mango, Eucalyptus, and 

Mahogany, respectively. While the relative densities of 4.111%, 74.15%, 1.0279%, 

0.88%, 3.377%, 1.0279%, and 1.9823% for Parkia biglobosa, Date palm, Baobab, Mango, 

Eucalyptus, and Mahogany were obtained respectively. Azadirachta indica (Neem tree), 

according to Wakawa (2016), has the greatest frequency of 3959 and a percentage of 

47.89% (Wakawa, 2016) which coincides with this study as neem is the specie with the 

highest frequency in the study area (Figure 14). 

 

Figure 14. Distribution of economic trees 

 

 

The aforementioned makes it clear that the factors considered (climate, human effect) 

have contributed differently to deforestation and desertification in the study area. The 

high rate of tree cutting by the indigenous population, who use firewood for cooking, 

baking, and as a common fuel source, is one indicator of how much of an impact the 

climate has had due to its influences (high temperatures, changes in rainfall 

characteristics). 
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Conclusions 

As seen in this study, remote sensing offers the capacity to evaluate how temperature 

and precipitation affect the deforestation of particular economic tree species. In the 1980s 

and 1990s, the research region had more trees due to the limitation of anthropogenic 

activities and climate change mitigation challenges, the millennium decades of the 2000s 

and 2010s featured higher temperatures and reduced rainfall intercepts. Temperature and 

rainfall both exhibit dynamic trends, in accordance with Mann-Kendall analysis, which 

leads to the rejection of Ho and acceptance of Ha. The main causes of drought and 

desertification vulnerability according to these findings include variations in rainfall 

patterns, human influence, and overgrazing. However, deforestation, road construction, 

and city growth brought on by population growth are all key contributors to the decline 

of important economic trees in the study area. If precautions are not taken, the effects of 

drought and desertification, which are occurring in the study at an imperceptible rate, 

could have devastating consequences, just as vegetation cover decreased from 88% in 

1999 to 64% in 2006. It is clear that the research area's key economic trees are diminishing, 

which has a detrimental impact on climate change as well as other environmental and 

economic problems. 

Recommendations 

➢ The government needs to strengthen compliance with the land-use act in the study 

area to seriously reduce falling trees and monitor other anthropogenic activities 

such as road and urban expansions that seem to be occurring at a high and faster 

rate in the study area. 

➢ Cities should be redesigned by urban managers and planners to incorporate a lot of 

parks, gardens, orchards, and open spaces into their physical plans. These measures 

will allow for the free movement of air and the supply of shades that will help with 

city cooling. 

➢ To educate the population about the value of economic trees in environmental 

conservation, extensive radio, television, and other mass media campaigns must be 

conducted. 

➢ More tree-planting initiatives should be supported, ideally making them an annual 

event in the study region. 

Acknowledgments. The authors wish to thank the Integration and application of appropriate technologies 

for desertification control in Africa (Grant No. SAJC202108) and the key technical talent project of Chinese 

Academy of Sciences (Research on desertification technology along the “Belt and Road”) for financial 

support to do this paper. Our thanks also goes to the support of the “Tianchi doctor program” of Xinjiang 

Uygur Autonomous Region in 2020. 

Conflicts of Interests. The authors affirm that they have no known opposing interests or subjective 

relationships that could have acted to affect the work reported in this paper. 

REFERENCES 

[1] Abdu, Z., Mustapha, A., Danbatta, A. B. (2016): Structural Analysis of Cattle Market in 

Kano State, Nigeria. – Journal of Marketing and Consumer Research 25: 24-28. Available 

at: www.iiste.org. 



Ibrahim et al.: Assessment of remote sensing on deforestation of economic tree species in Wudil, Kano state, Nigeria 

- 4464 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(5):4445-4474. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2105_44454474 

© 2023, ALÖKI Kft., Budapest, Hungary 

[2] Abdulrashid, L., Yaro, A. (2014): The Role of Shelterbelt in Desertification Control: Local 

Perspectives, Obsevations and Analysis from Semi-Arid Areas of Katsina State, Northern 

Nigeria. – The International Journal of Humanities & Social Studies 2(7): 73-77. 

https://internationaljournalcorner.com/index.php/theijhss/article/view/140419. 

[3] Achugbu, I. C., Anugwo, S. C. (2016): Drought Trend Analysis in Kano Using 

Standardized Precipitation Index. – FUOYE Journal of Engineering and Technology 1(1): 

105-110. Available at: 

http://www.repository.fuoye.edu.ng/bitstream/123456789/1432/1/Achugbu%20n%20Anu

gwo%20SC.pdf. 

[4] Aderounmu, A. F., Falana, A. R. (2020): Socio Economic Importance and Ethnobotanical 

Potentials of Parkia biglobosa (Jacq.) R.Br. ex G.Don. – KIU Journal of Humanities 5(2): 

417-421. Available at: https://www.ijhumas.com/ojs/index.php/kiuhums/article/view/935. 

[5] Ani, K. J., Anyika, V. O., Mutambara, E. (2022): The impact of climate change on food 

and human security in Nigeria. – International Journal of Climate Change Strategies and 

Management 14(2): 148-167. Available at: https://doi.org/10.1108/IJCCSM-11-2020-0119. 

[6] Ati, O. F., Muhammed, S. Q., Ati, M. H. (2008): Variations and trends in annual rainfall 

amounts and the onset of the rainy season for Kano for 87 years (1916-2002). – Journal of 

Applied Sciences Research 4(12): 1959-1962. 

Available at: https://www.researchgate.net/publication/281181509. 

[7] Audu., I. A., Adie, L. A. (2018): Desertification in Northern Nigeria: Causes and 

Consequences. – The Environmental Studies Desertification 1(2): 2-0–37. Available at: 

https://www.researchgate.net/publication/354423993. 

[8] Bello, G. (2020): Infrastructure and Spatial Concentration of Cattle in Wudil Market, Kano 

State, Nigeria. – International Journal of Science for Global Sustainability 6(3). Available 

at: https://www.researchgate.net/publication/344633781. 

[9] Cheung, A. K. L. (2014): Structured Questionnaires. – In: Michalos, A. C. (ed.) 

Encyclopedia of Quality of Life and Well-Being Research. Dordrecht: Springer 

Netherlands, pp. 6399-6402. Available at: https://doi.org/10.1007/978-94-007-0753-

5_2888. 

[10] Dambatta, M. A., Sogbesan, A. O., Dauda, A. B., Haruna, M. (2021): Length - Weight 

Relationship and Feeding Habit of Oreochromisniloticus in Wudil River, Kano State, 

Nigeria. – Global Journal of Science Frontier Research: D Agriculture and Veterinary 21: 

30-41. Available at: https://www.researchgate.net/publication/362691423. 

[11] Davies, J. (2017): The Land in Drylands: Thriving in uncertainty through diversity. – 

Global Land Outlook Working Paper, UNCCD Publication. 

[12] Ebifa-Othieno, E., Mugisha, A., Nyeko, P., Kabasa, J. D. (2017): Knowledge, attitudes, 

and practices in tamarind (Tamarindus indica L.) use and conservation in Eastern Uganda. 

– Journal of Ethnobiology and Ethnomedicine 13: 5. 

Available at: https://doi.org/10.1186/s13002-016-0133-8. 

[13] Falola, J. A., Main, H. A. C., Mortimore, M. J., Nichol, J. E., O'Reilly, F. D. (1988): Wood 

Fuel in Kano, Nigeria: The Urban-Rural Conflict. – Rural Development Forestry Network 

Paper. Available at: https://odi.org/documents/3549/942.pdf. 

[14] FAO (2019): Climate-smart Agriculture in Borno state of Nigeria. – Food and Agriculture 

Organization of the United Nations. Available at: 

https://www.fao.org/3/ca5416en/CA5416EN.pdf. 

[15] Fayolle, A., Swaine, M. D., Bastin, J. F., Bourland, N., Comiskey, J. A., Dauby, G., Doucet, 

J. L., Gillet, J. F., Gourlet-Fleury, S., Hardy, O. J., Kirunda, B., Kouamé, F. N., Plumptre, 

A. J. (2014): Patterns of tree species composition across tropical African forests. – Journal 

of Biogeography 41(12): 2320-2331. Available at: https://doi.org/10.1111/jbi.12382. 

[16] Gadzama, N. M., Ayuba, H. K. (2016): On major environmental problem of desertification 

in Northern Nigeria with sustainable efforts to managing it. – World Journal of Science, 

Technology and Sustainable Development 13(1): 18-30. Available at: 

https://doi.org/10.1108/WJSTSD-06-2015-0035. 



Ibrahim et al.: Assessment of remote sensing on deforestation of economic tree species in Wudil, Kano state, Nigeria 

- 4465 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(5):4445-4474. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2105_44454474 

© 2023, ALÖKI Kft., Budapest, Hungary 

[17] Giginyu, I. M. (2021): Daily trust. – https://dailytrust.com/kano-cattle-market-where-60-

trucks-arrive-leave-weekly/ [Preprint], (unpublished work). 

[18] Gwaison, D. (2019): Effect of Economic Recession on Purchasing Power of Consumers 

and Unemployment in Wudil, Kano State, Nigeria. – Dutse Journal of Economics and 

Development Studies (Dujeds), Department of Economics and Development Studies, 

Federal University Dutse. Available at: https://fud.edu.ng/index.php/wpfd_file/024-effect-

of-economic-recession-on-purchasing-power-of-consumers-and-unemployment-in-wudil-

kano-state-nigeria/. 

[19] Hiernaux, P., Bielders, C. L., Valentin, C., Bationo, A., Fernández-Rivera, S. (1999): 

Effects of livestock grazing on physical and chemical properties of sandy soils in Sahelian 

rangelands. – Journal of Arid Environments 41(3): 231-245. Available at: 

https://doi.org/10.1006/JARE.1998.0475. 

[20] Ifeoma, D. O., Ogunwale, A. O., Surakat, O., Akinyemi, J. O. (2023): Field assessment of 

the burden and determinants of malaria transmission to inform tailoring of interventions 

(microstratification) in Ibadan and Kano metropolis. – medRxiv. Available at: 

https://doi.org/10.1101/2023.01.20.23284766. 

[21] Isma'il, M., Abubakar, S. (2015): Geospatial Analysis of Land use/Landcover Change in 

Wudil Town of Kano State, Nigeria. – International Journal of Scientific Research in 

Environmental Sciences 3(5): 189-198. DOI:10.12983/ijsres-2015-p0189-0198. 

[22] Isma'il, M., Abubakar, S. (2015): Full Length Research Paper Geospatial Projection of 

Landuse / Landcover Change in Wudil Town of Kano State. – International Journal of 

Scientific Research in Environmental Sciences 3(11): 401-410. Available at: 

https://www.researchgate.net/publication/276453913. 

[23] Jollife, I. T., Cadima, J. (2016): Principal component analysis: A review and recent 

developments. – Philosophical Transactions of the Royal Society A: Mathematical, 

Physical and Engineering Sciences 374(2065). Available at: 

https://doi.org/10.1098/rsta.2015.0202. 

[24] Kendall, M. G. (1975): Rank correlation methods. – 4th ed., Charles Griffin, London, pp. 

202-231. 

[25] Khan, N., Fahad, S., Faisal, S., Akbar, A., Naushad, M. (2020): Socio-Economic and 

Medicinal Review of Eucalyptus Tree in the World. – SSRN Electronic Journal [Preprint]. 

Available at: https://doi.org/10.2139/ssrn.3644215. 

[26] Koko, A. F., Han, Z., Wu, Y., Abubakar, G. A., Bello, M. (2022): Spatiotemporal Land 

Use/Land Cover Mapping and Prediction Based on Hybrid Modeling Approach: A Case 

Study of Kano Metropolis, Nigeria (2020–2050). – Remote Sensing 14(23): 6083. 

Available at: https://doi.org/10.3390/rs14236083. 

[27] Kumar, V. S., Navaratnam, V. (2013): Neem (Azadirachta indica): Prehistory to 

contemporary medicinal uses to humankind. – Asian Pacific Journal of Tropical 

Biomedicine 3(7): 505-514. Available at: https://doi.org/10.1016/S2221-1691(13)60105-7. 

[28] Maconachie, R., Tanko, A., Zakariya, M. (2009): Descending the energy ladder? Oil price 

shocks and domestic fuel choices in Kano, Nigeria. – Land Use Policy 26(4): 1090-1099. 

Available at: https://doi.org/10.1016/j.landusepol.2009.01.008. 

[29] Mann, H. B. (1945): Non-parametric test against trend. – Econometrica 13: 245-249. 

[30] Mohammed, N., Bawa, S. (2023): Knowledge Attitude and Practice of Family Planning 

Methods Among Women Living in Dala Local Government Area Kano State. – 

https://www.researchgate.net/profile/Nura-Mohammed-5/publication/369146756. 

[31] Mondal, A., Kundu, S., Mukhopadhyay, A. (2012): Case Study Rainfall Trend Analysis by 

Mann-Kendall Test: A Case Study of North-Eastern Part of Cuttack District, Orissa. – Int. 

J. Geol. Earth Environ. Sci. 2(1): 70-78. 

[32] Muhammad, M. (2011): Wudil Pre-colonial Political and Economic Developments. – The 

Politics and Economy of Wudil [Preprint]. 

Available at: https://www.researchgate.net/publication/319187829_Wudil_Pre-

colonial_Political_and_Economic_Developments. 

http://dx.doi.org/10.12983/ijsres-2015-p0189-0198


Ibrahim et al.: Assessment of remote sensing on deforestation of economic tree species in Wudil, Kano state, Nigeria 

- 4466 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(5):4445-4474. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2105_44454474 

© 2023, ALÖKI Kft., Budapest, Hungary 

[33] Mukhtar, S. (2016): Land Use Land Cover Change Detection through Remote Sensing 

Approach in Kano State Nigeria. – Pyrex Journal of Geography and Regional Planning 2(2): 

16-28. Available at: http://www.pyrexjournals.org/pjgrp. 

[34] Mustapha, A. (2014): Detecting Surface Water Quality Trends Using Mann-Kendall Tests 

and Sen’s Slope Estimates. – IJAIR 2013. 

[35] Nababa, M. A. (2017): Farmers Access to Transport Services in Wudil Local Government 

Area Kano State, Nigeria. – Dutse Journal of Pure and Applied Sciences (DUJOPAS) 3(1): 

301-316. 

[36] NBS (2013): Demographic Statistics Bulletin 2013. – National Bureau of Statistics, pp. 1-

26. 

[37] Nichols, J. D. Runge, M. C., Johnson, F. A., Williams, B. K. (2007): Adaptive harvest 

management of North American waterfowl populations: a brief history and future prospects. 

– Journal of Ornithology 148(2): 343-349. Available at: https://doi.org/10.1007/s10336-

007-0256-8. 

[38] Nicholson, S. E., Tucker, C. J., Ba, M. B. (1998): Surface Vegetation: An Example from 

the West African Sahel. – Bulletin of the American Meteorological Society 79(5): 815-829. 

[39] Nwilo, P. C., Olayinka, D. N., Okolie, C. J., Emmanuel, E. I., Orji, M. J., Daramola, O. E. 

(2020): Impacts of land cover changes on desertification in northern Nigeria and 

implications on the Lake Chad Basin. – Journal of Arid Environments 181: 104190. 

Available at: https://doi.org/10.1016/j.jaridenv.2020.104190. 

[40] Ortiz, D. I., Piche-Ovares, M., Romero-Vega, L. M., Wagman, J., Troyo, A. (2022): The 

impact of deforestation, urbanization, and changing land use patterns on the ecology of 

mosquito and tick-borne diseases in central America. – Insects 13(1): 20. Available at: 

https://doi.org/10.3390/insects13010020. 

[41] Patra, J. P., Mishra, A., Singh, R., Raghuwanshi, N. S. (2012): Detecting rainfall trends in 

twentieth century (1871-2006) over Orissa State, India. – Climatic Change 111(3): 801-

817. Available at: https://doi.org/10.1007/s10584-011-0215-5. 

[42] Rossi, R. (2020): Desertification and Agriculture. – European Parliamentary Research 

Service 73(3-4): 179-186. 

[43] Sa, Z., Shahid, S., Ismail, T., Chung, E. S., Wang, X. J. (2017): Trends analysis of rainfall 

and rainfall extremes in Sarawak, Malaysia using modified Mann-Kendall test. – 

Meteorology and Atmospheric Physics 131: 263-277. Available at: 

https://doi.org/10.1007/s00703-017-0564-3. 

[44] Sagar, R., Raghubanshi, A. S., Singh, J. S. (2003): Tree species composition, dispersion, 

and diversity along a disturbance gradient in a dry tropical forest region of India. – Forest 

Ecology and Management 186(1-3): 61-71. Available at: https://doi.org/10.1016/S0378-

1127(03)00235-4. 

[45] Salami, K. D., Lawal, A. (2018): Description of Economical Trees and Shrubs species in 

Northern part of Nigeria. – Available at: 

https://www.researchgate.net/publication/343040462. 

[46] Sawa, B. A., Adebayo, A. A., Bwala, A. A. (2014): Dynamics of Hydrological Growing 

Season at Kano as Evidence of Climate Change. – Asian Journal of Agricultural Sciences 

6(2): 75-78. Available at: https://www.researchgate.net/publication/325240378. 

[47] Seth, M. K. (2003): Trees and their economic importance. – Botanical Review 69(4): 321-

376. Available at: https://doi.org/10.1663/0006-8101(2004)069[0321:TATEI]2.0.CO;2. 

[48] Sheytanova, T. (2015): A Monte Carlo Study Comparing Three Methods for Determining 

the Number of Principal Components and Factors. – Available at: http://oru.diva-

portal.org/smash/record.jsf?pid=diva2%3A896127&dswid=-6466. 

[49] Surajo, L. M., Ibrahim, A., Adetimirin, O. I. (2023): Geospatial Assessment of Land Use 

and Land Cover Dynamics and Perceptions of Farmers in Gaya Local Government, Kano 

State, Nigeria. – ACJPAS 2(1): 38-46. 

Available at: https://doi.org/10.56534/acjpas.2023.02.01.38. 



Ibrahim et al.: Assessment of remote sensing on deforestation of economic tree species in Wudil, Kano state, Nigeria 

- 4467 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(5):4445-4474. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2105_44454474 

© 2023, ALÖKI Kft., Budapest, Hungary 

[50] Symeonakis, E., Drake, N. (2004): Monitoring desertification and land degradation over 

Sub-Saharan Africa. – International Journal of Remote Sensing 25(3): 573-592. Available 

at: https://doi.org/10.1080/0143116031000095998. 

[51] Tanko, I. A., Suleiman, Y. M., Yahaya, T. I., Kasim, A. A. (2017): Urbanisation Effect on 

the Development of Urban Heat Island Over Kano Metropolis Nigeria. – International 

Journal of Scientific & Engineering Research 8(9): 293-299. Available at: 

http://www.ijser.org. 

[52] Thelma, M. N. (2015): Desertification in northern Nigeria: Causes and implications for 

national food security. – Peak Journal of Social Sciences and Humanities 3(2): 22-31. 

Available at: https://www.peakjournals.org/sub-journals-PJSSH.htm. 

[53] Teajay (2019): Wudil Friday Market. https://www.localguidesconnect.com/t5/General-

Discussion/Wudil-Friday-Market/td-p/1827021: Retrieved: 2023. 

[54] Timmermann, A. et al. (2018): El Niño–Southern Oscillation complexity. – Nature 

559(7715): 535-545. Available at: https://doi.org/10.1038/s41586-018-0252-6. 

[55] Tukur, A. I. (2009): Households Domestic Energy Sources in Wudil Town, Kano State, 

Nigeria. – Available at: https://www.academia.edu/8804193/. 

[56] Umar, D. A., Ramli, M. F., Aris, A. Z., Jamil, N. R., Aderemi, A. A. (2019): Evidence of 

climate variability from rainfall and temperature fluctuations in semi-arid region of the 

tropics. – Atmospheric Research 224: 52-64. Available at: 

https://doi.org/10.1016/j.atmosres.2019.03.023. 

[57] UNCCD (2007): Word Day to Combat Desertification 2007 Events Around the World. – 

Available at: https://www.unccd.int/sites/default/files/inline-

files/Events%20around%20the%20world%202007_0.pdf. 

[58] Wakawa, L. (2016): jfewr © 2016 - jfewr Publications. – Journal of Research in Forestry, 

Wildlife & Environment 8(2): 126-144. Available at: 

https://www.google.com/url?client=internal-element-

cse&cx=007797540432222069508:kprfz3-

g5lc&q=https://www.ajol.info/index.php/jrfwe/article/view/140803&sa=U&ved=2ahUK

EwiEuKeK9NX-AhUhslYBHYmdC-

wQFnoECAAQAg&usg=AOvVaw2OIz2JClKvaNEJS2shxX_a. 

[59] Wakawa, L. D., Adam, L. I., Bichi, A. M. (2016): Tree species composition within Kano 

State University of science and Technology Wudil, Kano State, Nigeria. – Journal of 

Research in Forestry, Wildlife and Environment 8(2): 100-111. 

[60] Wang, F., Shao, W., Yu, H., Kan, G., He, X., Zhang, D., Ren, M., Wang, G. (2020): Re-

evaluation of the Power of the Mann-Kendall Test for Detecting Monotonic Trends in 

Hydrometeorological Time Series. – Frontiers in Earth Science 8. Available at: 

https://doi.org/10.3389/FEART.2020.00014/BIBTEX. 

[61] Wittmann, F., Schöngart, J., Montero, J. C., Motzer, T., Junk, W. J., Piedade, M. T. F., 

Queiroz, H. L., Worbes, M. (2006): Tree species composition and diversity gradients in 

white-water forests across the Amazon Basin. – Journal of Biogeography 33(8): 1334-1347. 

Available at: https://doi.org/10.1111/j.1365-2699.2006.01495.x. 

 

https://www.localguidesconnect.com/t5/General-Discussion/Wudil-Friday-Market/td-p/1827021
https://www.localguidesconnect.com/t5/General-Discussion/Wudil-Friday-Market/td-p/1827021


Ibrahim et al.: Assessment of remote sensing on deforestation of economic tree species in Wudil, Kano state, Nigeria 

- 4468 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(5):4445-4474. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2105_44454474 

© 2023, ALÖKI Kft., Budapest, Hungary 

APPENDIX 

Table A1. Tree Species Composition in Wudil Local Government Area Kano State across 

North, West, East, and Southern Parts 

S/NO 
LOCAL 

NAME 

SCIENTIFIC 

NAME 

COMMON 

NAME 
WE WW WS WN TOTAL 

1. Darbejiya 
Azadirachta 

indica 
Neem 500 190 200 120 1010 

2. Tsamiya 
Tamarindus 

indica 
Tamarind 15 8 14 3 40 

3. Dorawa Parkia biglobosa 
Locust bean 

Tree 
20 6 14 16 56 

4. Magarya 
Ziziphus 

Mauritania 
Jujube 8 2 1 1 12 

5. Mangwaro Mangiifera indica Mango 30 12 9 22 73 

6. Dabino 
Phoenix 

dactylifera 
Date palm 6 5 0 3 14 

7. Gamji Ficus platyphylla Gutta-percha 1 0 2 0 3 

8. Bishiyar Kuka 
Adansonia 

digitata 
Baobab 20 18 3 5 46 

9. Giginya 
Borassus 

aethopium 

Deleb or Fan 

palm 
3 1 1 2 7 

10. Kurna 
Ziziphus 

spinachristi 
Christ’s thorn 6 2 0 3 11 

11. Baure Ficus sychomoros Fig 3 3 1 6 13 

12. 
Bishiyar 

turare 

Eucalyptus 

camaldulnensis 
Eucalypt tree 3 2 3 6 14 

13. Kalgo 
Piliostigma 

reticulatum 

Indian red 

head 
2 1 1 0 4 

14. Chediya Ficus thoningi 
Chinese 

banyan 
5 2 1 3 11 

15. Madaci 
Khaya 

senegalensis 
Mahogany 2 2 23 0 27 

16. Kaiwa 
Diospyros 

mespliformis 

African Ebony 

tree 
3 1 3 3 10 

17. Marke 
Anogeisis 

leiocarpus 
African birch 3 1 5 2 11 

Source: Field Work, 2020. Key: WE: Wudil East, WW: Wudil West, WS: Wudil South, WN: Wudil 

North 

 

 
Table A2. Satellite Imagery used in the study 

S/N Data type Obtaining year Resolution Source 

1. Landsat 5 (TM) 1986 30m USGS 

2. Landsat 7(ETM+) 1999 15m USGS 

3. Landsat 7(ETM+) 2006 15m USGS 

4. Landsat 8 (OLI) 2016 30x30 USGS 

5. Landsat 8 (TIRS) 2020 30x30 USGS 
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Figure A1. An example of a local mango tree from the study area. Source: Field survey 2020 

 

 

 

Figure A2. An example of a local Neem tree (Azadirachta indica) from the study area. Source: 

Field survey 2020 
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Figure A3. An example of a local Eucalyptus tree (Eucalyptus camaldulnensis) from the study 

area. Source: Field survey 2020 

 

 

 

Figure A4. An example of a local Tamarind tree (Tamarindus indica) from the study area. 

Source: Field survey 2020 
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Figure A5. An example of a local Date palm (Phoenix dactylifera) from the study area. Source: 

Field survey 2020 

 

 

 

Figure A6. An example of a local Baobao (Adansonia digitata) from the study area. Source: 

Field survey 2022 
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Figure A7. An example of a local Tree Deleb or Fan palm from the study area (Borassus 

aethopium). Source: Field survey 2022 

 

 

 

Figure A8. An example of a local Jujube Tree (Ziziphus mauritania) from the study area. 

Source: Field survey 2020 
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Figure A9. An overview of the cattle market in Wudil Kano, Nigeria. Source: Teajay, 2019. 

Wudil Friday Market 

 

 

 

Figure A10. An overview of the cattle market in Wudil Kano, Nigeria (Ram section). 

Source: Teajay, 2019. Wudil Friday Market 
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Figure A11. An overview of the cattle market in Wudil Kano, Nigeria. Source: Teajay, 2019. 

Wudil Friday Market 

 

 

 

Figure A12. An overview of the cattle market in Wudil Kano, Nigeria (goat section). 

Source: Teajay, 2019. Wudil Friday Market 


