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Introduction  
 

Vegetation cover provides a vital role in the mitigation of climate change through the cooling effects of 
shading, high albedo and evapotranspiration [1]. Decrease in vegetation cover as a result of urban expansion and 
other anthropogenic activities contribute to an increase in surface temperature [2-4]. Land Surface temperature 
is the radiative temperature of the surface that is derived from solar radiation [5-6].  

Remote sensing is one of the effective tools used for studying LST because of its ability to record emitted 
energy from the surface [4]. Moreover, vegetation cover can be studied from the remotely sensed data using an 
index [7]. Nimbia Forest reserve located in Kaduna, Nigeria experiences a decline as a result of anthropogenic 
activities [8]. The degradation of the forest affects both the surface and air temperature. This study analyses the 
effect of the forest change on LST.   

 
Materials and Methods 
 
Study area 

 

Nimbia forest reserve located in Jema’a Local Government Area of Kaduna State, Nigeria lies between 

longitudes 8°30’ and 8°35’ E and latitudes 9°29’ and 9°31’ N (Figure 1). It is located in the Guinea Savanna 

vegetation zone with an approximate area of 2, 282.4 hectares. The natural vegetation was cleared in 1976 and 

replaced with much teak (Tectona grandis) and a few gmelina arbirea stands. The minimum temperature ranges 

between 11°C and 12.9°C, while a maximum temperature of 25°C is recorded in March [8]. July and August are the 

months with the highest relative humidity because of the high rainfall [8-9].  
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 Vegetation cover regulates the surface temperature through shading and  
evapotranspiration. The loss of vegetation cover is a major factor causing higher Land 
Surface Temperature (LST). This study analyses the effect of forest cover change on LST 
in Nimbia forest reserve, Nigeria using Landsat data. Maximum-likelihood algorithm 
was used to classify the area into vegetation and non-vegetation areas. Single-channel 
algorithm and Normalised Difference vegetation Index (NDVI) were used to extract LST 
and vegetation density respectively. The relationship between vegetation cover and LST 
was quantified by correlation analysis. The results revealed that from 2013 to 2020, the 
forest area decreased from 11.50km2 (81.28%) to 10.14 km2 (71.68%). The average NDVI 
also declined from 0.63 to 0.42 which led to the increase in the mean LST from 30°C to 
34.5°C. There is a need for monitoring the forest reserve for proper conservation. 

http://aed.mersin.edu.tr/
http://aed.mersin.edu.tr/
https://orcid.org/0000–0003–3959–876X
https://orcid.org/0000%20–%200002%20–%207521%20–%207365


1st Advanced Engineering Days (AED) – 23 December 2021 – Mersin, Turkey 

 

91 
 

 

Figure 1. Location of the study area 

Data  
 

In this study, satellite data acquired by Landsat 8 Operational Land Imager (OLI) and Thermal Infrared 
Sensors (TIRS) were obtained from the United States Geological Survey Earth Explorer data portal. Imageries 
dated 11 November, 2013 and 30 November, 2020 were used for the extraction of LST and vegetation cover. 

 

Methods 
 

The study area was classified into vegetation and non-vegetation using a maximum likelihood supervised 
classification. Normalised Difference Vegetation Index (NDVI) was employed to extract the vegetation density, 
Single channel algorithm was used to retrieve the LST and finally, the relationship between LST and vegetation 
cover was quantified using correlation analysis. The satellite imageries were processed using Semi-Automatic 
Classification Plugin (SCP) for QGIS.  

 

Results  
 

The results revealed that in 2013, the area was dominated by vegetation that covered 11.50km2 (81.28%), 

while the non-vegetation area accounted for 2.65km2 (18.72%). In 2020, the forest decreased to 10.14 km2 

(71.68%) as a result of the expansion of the non-vegetation area that increased to 4.01 km2 (28.32%). Generally, 
from 2013 to 2020, the forest reserve decreased by 1.36 km2 (13.45%) while the non-forest area expanded by 
1.36 km2 (33.87%). The density of the vegetation indicated by the NDVI values shows a spatial and temporal 
variation (Figure 2). In 2013, the lowest value was 0.43, while the highest was 0.83. There was a decline in 2020 
with 0.19 and 0.65 as the lowest and highest values respectively.  

The spatiotemporal pattern of the LST varied over the forest reserve or the study period (Figure 2). A surface 
temperature ranges from 26oC to 34oC was recorded in 2013 with an increase in 2020 that range from 29oC to 
40oC. There is a negative correlation between vegetation cover and LST with -0.79 and -0.81 for 2013 and 2020 
respectively.    
 

 
Figure 2. (a) LST map for 2013 (b) LST map for 2020 (c) NDVI map for 2013 (d) NDVI map for 2020                                              
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Discussion 
 

The decrease in the forest reserve is a result of anthropogenic activities like clearance for agriculture and 
collection of wood from the forest. The decrease in the density of the forest indicated by the NDVI values can be 
attributed to such anthropogenic activities. A previous study by [8] also found a decline in the forest reserve as a 
result of the anthropogenic activities. An increase in the spatiotemporal pattern of the LST is connected with the 
decrease in vegetation as a result of decrease in shade, albedo, and evapotranspiration. Moreover, heat emission 
from the cleared part of the forest contributed to the increase in the surface temperature. The negative 
correlation between the vegetation cover and LST shows the effect of vegetation in mitigating the LST.  
 

Conclusion  
 
 

This study examines the effect of vegetation cover change on LST in Nimbia forest reserve, Nigeria. Landsat 
data were used to extract vegetation and LST single-channel algorithm and NDVI respectively. Maximum 
likelihood supervised classification was applied to classify the area into vegetation and non-vegetation areas. 
Correlation analysis was used to quantify the relationship between vegetation and LST. The result revealed a 
decrease in the area of the forest as a result of anthropogenic activities that led to a decline in its density. There 
was an increase in the spatiotemporal pattern of the LST caused by the decrease in the vegetation cover. A 
negative correlation indicated the effect of forest in mitigating LST. Remote sensing is a powerful tool for 
evaluating the influence of vegetation cover change on LST. 
 

Acknowledgement 
 

We wish to thank the United States Geological Survey (USGS) for the satellite imageries made freely available. 
 

Funding:  This research received no external funding. 
 

Author contributions: 
 

Bello Abubakar Abubakar: Conceptualization, Methodology, Writing-Original draft preparation, Writing-
Reviewing and Editing. Sani Abubakar Abubakar: Data curation, Software, Validation, Visualization, 
Investigation.  
 

Conflicts of interest: The authors declare no conflicts of interest. 
 
References  
 

[1] Alavipanah, S., Wegmann, M., Qureshi, S., Weng, Q., & Koellner, T. (2015). The Role of Vegetation in Mitigating 
Urban Land Surface Temperatures: A Case Study of Munich, Germany during the Warm Season. 
Sustainability, 7, 4689-4706.  

[2] Bokaie, M., Zarkesh, M., Arasteh, P. D., & Hosseini, A. (2016). Assessment of urban heat island based on the 
relationship between land surface temperature and land use/land cover in Tehran. Sustainable Cities 
and Society, 23, 94–104. 

[3] Pal, S., & Ziaul, S. (2017). Detection of land use and land cover change and land surface temperature in English 
Bazar urban centre. The Egyptian Journal of Remote Sensing and Space Science, 20, (1), 125–145. 

[4] Zhi, Y., Shan, L., Ke, L., & Yang, R. (2020). Analysis of Land Surface Temperature Driving Factors and Spatial 
HeterogeneityResearch Based on Geographically Weighted Regression Model. Hindawi Complexity, 
2862917, 1-9. 

[5] John, J., Bindu, G., Srimuruganandam, B., Wadhwa, A., & Rajan, P. (2020). Land use/land cover and land 
surface temperature analysis in Wayanad district, India, using satellite imagery. Ann GIS. 

[6] Imran, H. M., Hossain, A., Saiful Islam, A. K. M., Rahman, A., Md Abul Ehsan, B., Paul, S., & Alam, A. (2021). 
Impact of Land Cover Changes on Land Surface Temperature and Human Thermal Comfort in Dhaka City 
of Bangladesh. Earth Systems and Environment, 5, 667-693. 

[7] Alshaikh, A. (2015). Vegetation Cover Density and Land Surface Temperature Interrelationship Using Satellite 
Data, Case Study of Wadi Bisha, South KSA. Advances in Remote Sensing, 4, 248-262. 

[8] Ismaila, M. T., Mohammed, Y. T., Hussaini, Y., Zakari, M. S., Musa, I., & Ezra, V. L. (2014). Analysis of Forest 
Cover Changes in Nimbia Forest Reserve, Kaduna State, Nigeria Using Geographic Information System 
and Remote Sensing Techniques. International Journal of Environmental Monitoring and Analysis, 2(2), 
91-99. 

[9] Ayuba, S. M. (2006). Evaluation of Soil Properties and Development under Teak (tecton grandis linn F.). 
Dissertation, Ahmadu Bello University, Zaria. 

 


