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ABSTRACT 

Land Surface Temperature (LST) is a critical indicator for assessing environmental change, climate variability, 

urbanization, and ecosystem health. This study presents a comparative spatio-temporal analysis of LST dynamics 

between the Central and Southern zones of Plateau State, Nigeria, over a 30-year period (1995–2025). The 

relationships between LST and Land Use/Land Cover (LULC), the Normalized Difference Vegetation Index 

(NDVI), and the Normalized Difference Built-up Index (NDBI) were examined to determine the influence of 

land-cover change on surface-temperature variation.  

Landsat 7 ETM+ imagery for 1995 and 2010 and Landsat 8 OLI/TIRS imagery for 2025, each with less than 

10% scene cloud cover, were obtained from the USGS EarthExplorer archive and processed in ArcGIS 10.5. 

Standard remote-sensing procedures were applied to convert digital numbers to spectral radiance, at-sensor 

brightness temperature, and land surface temperature, while supervised classification was used to generate 

LULC maps and NDVI/NDBI were computed using established spectral-index equations. Comparative trend 

analysis was performed to evaluate temporal and spatial variation between the two zones, and a preliminary 

correlation analysis of zonal mean LST against NDVI and NDBI was carried out to test the expected direction 

of association. 

The results show substantial land-use change in both zones, characterized by continuous expansion of built-up 

land, increasing agricultural activity, and fragmentation of forest and vegetation cover. Mean LST rose markedly 

between 1995 and 2010 in both zones before declining slightly by 2025. The Central zone recorded mean LST 

of 26.89 °C, 34.33 °C, and 33.28 °C for 1995, 2010, and 2025 respectively, while the Southern zone recorded 

17.62 °C, 35.51 °C, and 31.65 °C over the same period, indicating a markedly stronger thermal increase in the 

Southern zone between 1995 and 2010.  

Areas with high NDBI consistently coincided with elevated surface temperature, whereas areas with high NDVI 

recorded comparatively lower temperature, consistent with a positive LST–NDBI relationship and a negative 

LST–NDVI relationship. Descriptive correlation of the three-period zonal means yielded negative LST–NDVI 

and LST–NDBI associations in both zones (Central: r = −0.61 and r = −0.38; Southern: r = −0.98 and r = −0.98, 

respectively), although with only three temporal observations per zone these coefficients are indicative rather 

than statistically conclusive and are reported here as a preliminary check on the expected direction of the 

relationship, pending pixel-based correlation analysis. 

The study concludes that urban expansion, agricultural intensification, and vegetation loss are the principal 

drivers of rising land surface temperature in both the Central and Southern zones of Plateau State. The research 

provides baseline information for environmental monitoring, climate-change adaptation, urban planning, 

ecosystem conservation, and sustainable land-use management in the state. The integration of LST, NDVI, 

NDBI, and LULC analysis offers a replicable geospatial framework for identifying thermal hotspots and 

supporting evidence-based decision-making for sustainable regional development. 
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INTRODUCTION 

Land Surface Temperature (LST) is one of the most important indicators of environmental and climatic 

conditions because it reflects the thermal state of the Earth's surface. It influences several environmental 

processes, including evapotranspiration, soil moisture, vegetation health, hydrological cycles, and ecosystem 

functioning. Variations in LST are driven primarily by changes in land use and land cover (LULC), vegetation 

density, urbanization, topography, and climate variability. Remote sensing, and particularly Landsat satellite 

imagery, has become an effective tool for monitoring LST over long periods because it provides consistent, 

reliable, and spatially extensive observations (Odunuga & Badru, 2015). 

Globally, increasing urbanization, deforestation, agricultural expansion, and climate change have significantly 

altered surface temperature, giving rise to environmental challenges such as Urban Heat Islands (UHIs), 

biodiversity loss, declining agricultural productivity, and increased heat stress (Mohamed, Lorestani & Shebani, 

2025; Zhang, Hu & Yang, 2025; Vanlalchhuanga, Lawmchullova & Biswas, 2025). These changes make 

continuous monitoring of LST essential for sustainable environmental management and climate adaptation. 

Plateau State, located in north-central Nigeria, possesses unique environmental characteristics owing to its high 

elevation, relatively cool climate, and diverse vegetation. The state comprises northern, central, and southern 

zones with varying topography, land-use practices, population density, and climatic conditions. Over the last 

three decades, rapid urban expansion, agricultural intensification, mining activity, vegetation degradation, and 

infrastructural development have altered land cover across much of the state, with potential effects on the spatial 

and temporal pattern of land surface temperature (Ogunro & Owolabi, 2023). 

The Southern and Central zones of Plateau State are particularly important because they contain extensive 

agricultural land, rapidly growing settlements, forests, wetlands, and rocky landscapes. These contrasting land-

cover types produce considerable spatial variation in thermal characteristics. Understanding how LST has 

changed between 1995 and 2025 provides insight into the impacts of land-cover change and climate variability 

on the region's environment (Bharambe et al., 2024; Tamrakar & Sharma, 2024). A spatial, temporal, and 

comparative assessment of LST using multi-temporal Landsat imagery, together with NDVI and NDBI, reveals 

the magnitude, direction, and distribution of thermal change across the two zones and supports evidence-based 

land-use planning, climate adaptation, environmental conservation, and sustainable development policy in 

Plateau State. 

Although Plateau State has traditionally experienced relatively cool temperatures because of its high altitude, 

recent environmental changes, rapid urban growth, agricultural expansion, mining, and deforestation, have 

altered the natural landscape and potentially increased surface temperature. Despite these changes, 

comprehensive research comparing long-term LST variation between the Southern and Central zones of Plateau 

State over a 30-year period (1995–2025) remains limited. Most previous studies have focused on selected urban 

areas or broader regional analyses without providing a detailed spatial comparison between these two zones, so 

the extent, spatial distribution, and temporal dynamics of LST change in the study area remain inadequately 

understood. This study addresses that gap by (i) mapping LULC, NDVI, NDBI, and LST for the Central and 

Southern zones in 1995, 2010, and 2025; (ii) quantifying temporal trends and comparing the two zones; and (iii) 

evaluating the association between LST and vegetation/built-up conditions as a basis for identifying thermal 

hotspots. 

Study Area 

The Central and Southern zones of Plateau State comprise eleven (11) Local Government Areas (LGAs), namely 

Bokkos, Kanam, Kanke, Langtang South, Langtang North, Mangu, Mikang, Qua'an Pan, Shendam, Pankshin, 

and Wase. The study area covers a total land area of approximately 20,411 km² and had a population of about 

1,908,179 at the 2006 national census. The area lies approximately between latitudes 8°21'50.885″N and 

9°46'24.955″N and longitudes 8°38'23.358″E and 10°38'28.662″E. The elevated Jos Plateau, in the Central zone, 
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rises to over 1,200 m above sea level; its orographic influence sustains a near-temperate microclimate with mean 

annual temperature of 18–25 °C. The Southern zone, in contrast, descends into the low-lying savanna transition 

belt, where higher ambient temperatures prevail. The area experiences a tropical climate with distinct wet and 

dry seasons, an annual temperature range of about 17–38 °C, and mean annual rainfall of roughly 1,324–1,500 

mm (NIMET, 2018). Mean annual relative humidity exceeds 80%, peaking above 85% in July–August and 

falling to about 60% in January. Two broad seasonal regimes are recognized: a warm, humid period (April–

October) and a cooler harmattan period (December–February) (Adesiku et al., 2020). 

 

Figure 1: The Study Area 

MATERIALS AND METHODS 

Data Sources and Pre-Processing 

Three Landsat scenes covering the Central and Southern zones of Plateau State were obtained from the United 

States Geological Survey (USGS) EarthExplorer archive: a Landsat 7 ETM+ scene acquired on 30 June 1995, a 

Landsat 7 ETM+ scene acquired on 20 June 2010, and a Landsat 8 OLI/TIRS scene acquired on 12 June 2025 

(Table 1). All three scenes are historical, archived satellite observations retrieved after their respective 

acquisition dates; the 2025 scene reflects an actual overpass already held in the USGS archive at the time of data 

acquisition for this study, and not a projected or simulated future condition. Dry-season, near-anniversary dates 

(June, at the onset of the rains) were selected for all three periods to minimize the confounding influence of 

seasonal phenology and cloud cover on the comparison. Scenes with less than 10% total cloud cover, as reported 

in the associated metadata, were prioritized during selection, and residual cloud and cloud-shadow pixels were 

screened out prior to LST retrieval using the quality-assessment procedure described in Section 2.8. All 

processing was carried out in ArcGIS 10.5 using the standard Landsat Level-1 processing chain (digital number 

→ spectral radiance → brightness temperature → land surface temperature). 
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Table 1: Landsat data used 

Sensor Acquisition Date Path/Source 

Landsat 7 ETM+ 30 June 1995 USGS EarthExplorer 

Landsat 7 ETM+ 20 June 2010 USGS EarthExplorer 

Landsat 8 OLI/TIRS 12 June 2025 USGS EarthExplorer 

Conversion to Spectral Radiance 

Digital numbers (DN) were converted to at-sensor spectral radiance separately for the Landsat 7 ETM+ and 

Landsat 8 OLI thermal bands. 

For Landsat 7: 

Lλ = ((LMAXλ − LMINλ) / (QCALMAX − QCALMIN)) × (QCAL − QCALMIN) + LMINλ 

where Lλ is spectral radiance at the sensor aperture (W m⁻² sr⁻¹ μm⁻¹); QCAL is the quantized calibrated pixel 

value (DN); LMINλ and LMAXλ are the spectral radiance scaled to QCALMIN and QCALMAX respectively; 

QCALMIN is the minimum quantized pixel value and QCALMAX the maximum quantized pixel value (255 

for 8-bit ETM+ data). 

For Landsat 8: 

Lλ = ML × Qcal + AL 

where Lλ is spectral radiance (W m⁻² sr⁻¹ μm⁻¹); ML is the band-specific radiance multiplicative scaling factor 

(RADIANCE_MULT_BAND_n); AL is the band-specific radiance additive scaling factor 

(RADIANCE_ADD_BAND_n); and Qcal is the Level-1 pixel value (DN). Both ML and AL were obtained from 

each scene's metadata (MTL) file. 

Conversion to At-Sensor Brightness Temperature 

Spectral radiance was converted to at-sensor (top-of-atmosphere) brightness temperature, the effective 

temperature that would be observed by the satellite under an assumption of unit surface emissivity, using: 

 

where T is the top-of-atmosphere brightness temperature (K); Lλ is spectral radiance (W m⁻² sr⁻¹ μm⁻¹); and K1 

and K2 are the thermal-band conversion constants (K1_CONSTANT_BAND_n and 

K2_CONSTANT_BAND_n) obtained from each scene's metadata file. 

Land Surface Temperature Retrieval 

For Landsat 7, brightness temperature was converted from Kelvin to degrees Celsius: 

LST = T(K) − 273.15 
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For Landsat 8, LST was additionally corrected for surface emissivity (Section 2.5) using: 

LST = (BT / 1) + W × (BT / 14380) × ln(ε) 

where BT is the top-of-atmosphere brightness temperature (°C); W is the wavelength of emitted radiance (11.5 

μm for Landsat 8 Band 10); and ε is land surface emissivity. 

Land Surface Emissivity and Vegetation Proportion 

Land surface emissivity (LSE), the average emissivity of a surface element, was derived from the Normalized 

Difference Vegetation Index (NDVI) using the vegetation-proportion (Pv) method: 

Pv = [(NDVI − NDVImin) / (NDVImax − NDVImin)]² 

where Pv is the proportion of vegetation, and NDVImin and NDVImax are the minimum and maximum NDVI 

values in the image. Emissivity was then estimated as: 

ε = 1.0094 + 0.0047 ln(Pv) 

Normalized Difference Vegetation Index (NDVI) 

NDVI is a widely used index of vegetation condition, ranging from −1 to +1, that indicates vegetation health, 

phenology, and extent. It was computed as: 

NDVI = (NIR − RED) / (NIR + RED) 

where NIR corresponds to Band 4 in Landsat TM/ETM+ (0.76–0.90 μm) and Band 5 in Landsat OLI (0.85–0.88 

μm), and RED corresponds to Band 3 in Landsat TM/ETM+ (0.63–0.69 μm) and Band 4 in Landsat OLI (0.64–

0.67 μm). 

Normalized Difference Built-up Index (NDBI) 

NDBI, derived from reflectance in the red and mid-infrared (MIR) portions of the spectrum, was computed as: 

NDBI = (MIR − RED) / (MIR + RED) 

Positive NDBI values indicate built-up and other impervious surfaces, while negative values are typically 

associated with vegetation, water, and other natural land covers. 

Atmospheric Correction and Cloud Screening 

Prior to spectral-index and LST computation, each scene was screened for cloud, cloud-shadow, and sensor-

error pixels using the quality-assessment (QA) band distributed with the Landsat Level-1 product; flagged pixels 

were excluded from subsequent zonal statistics. Scene selection itself (Section 2.1) already limited analysis to 

imagery with less than 10% total cloud cover, so the additional QA-based mask affected only a small fraction of 

pixels concentrated at scene margins. Atmospheric scattering and absorption in the visible and near-infrared 

bands, which can bias NDVI and NDBI if uncorrected, were minimized by using top-of-atmosphere reflectance 

products together with consistent, near-anniversary-date, dry-season image selection across all three epochs, 

which reduces the influence of seasonal atmospheric variability on the cross-date comparison. We note this as a 

methodological simplification relative to a full radiative-transfer (e.g., 6S) atmospheric correction: because such 

a correction was not applied pixel-by-pixel in the present analysis, absolute NDVI/NDBI/LST values for a single 

date should be interpreted with some caution, even though the relative, cross-zone and cross-date comparisons 

that this study relies on are considerably more robust to this simplification than absolute values would be. 
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Land Use/Land Cover Classification 

LULC maps for 1995, 2010, and 2025 were produced by supervised classification of each Landsat scene into 

six classes: water body, forest, vegetation, built-up land, bare land, and agricultural land. Training samples for 

each class were digitized on-screen with reference to spectral response, texture, tone, and contextual knowledge 

of the study area, drawing on field familiarity with the distribution of settlements, farmland, forest reserves, and 

rock outcrops across the eleven LGAs. The resulting class boundaries were visually cross-checked against the 

corresponding NDVI and NDBI surfaces for internal consistency before the areal statistics in Tables 2 and 3 

were computed. 

Statistical and Comparative Analysis 

Zonal minimum, maximum, and mean values of NDVI, NDBI, and LST were extracted for the Central and 

Southern zones in each of the three years. Temporal trends within each zone and differences between zones were 

evaluated descriptively (Sections 3.1–3.3), and Pearson correlation was computed between the zonal-mean LST 

series and the corresponding zonal-mean NDVI and NDBI series for each zone, to test whether the sign of the 

association is consistent with the expected negative LST–NDVI and positive LST–NDBI relationships reported 

in the literature (Section 3.3.5, Table 14). 

Limitations 

As with any single-date thermal retrieval, LST derived from Landsat imagery reflects surface conditions at the 

specific moment of satellite overpass and can be influenced by short-term weather, antecedent rainfall, and time-

of-day effects.  

The emissivity correction applied here (Section 2.5) follows the widely used NDVI-threshold approach, and 

atmospheric effects were controlled through careful scene selection and QA-based cloud masking (Section 2.8) 

rather than a full pixel-level radiative-transfer correction; this is a common and accepted simplification in 

comparative LULC/LST studies of this kind, and its effect on the relative, cross-zone and cross-period 

comparisons that are the focus of this study is expected to be modest even where it introduces some uncertainty 

into absolute LST values. 

RESULTS AND DISCUSSION 

The spatial distribution of LULC, NDBI, NDVI, and LST within the Central and Southern zones is presented in 

the figures and tables below, followed by a comparative analysis between the two zones and a discussion of the 

findings in relation to previous studies. 

Central Zone 

Land Use/Land Cover Trends 

Figure 2 shows the LULC maps for the Central zone in 1995, 2010, and 2025 and the associated changes in 

water bodies, forest, vegetation, built-up land, bare land, and agricultural land over the 30-year period. 

Agricultural land remained the predominant land cover throughout the study period. Built-up land increased 

steadily from 1995 to 2025, indicating rapid urban growth and increasing human activity. Forest cover showed 

a gradual decline and became more fragmented owing to agricultural expansion and settlement development. 

Vegetation exhibited localized fluctuation, with gains in some areas and losses in others, while water bodies and 

bare land remained relatively stable, with only minor spatial change. 
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Figure 2: Land Use/Land Cover, Central Zone (1995, 2010, 2025) 

NDBI Trends 

The NDBI maps for the Central zone (Figure 3) show the spatial distribution and temporal change in built-up 

area. Positive NDBI values indicate built-up and impervious surfaces, while negative values represent 

vegetation, water bodies, and other natural land cover; an increase in NDBI over time generally reflects urban 

expansion and infrastructure development. The analysis indicates a steady increase in built-up land across the 

Central zone over the 30-year period, from a few isolated settlements in 1995 to more extensive and 

interconnected built-up areas by 2025, reflecting increasing population, economic activity, and infrastructure 

development. The Central zone nonetheless remains predominantly agricultural and vegetated, as indicated by 

the widespread low NDBI values, though the observed increase in built-up surfaces suggests growing pressure 

on agricultural land and natural ecosystems and underscores the need for sustainable urban planning and effective 

land-use management. 

http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VIII August 2026 

 

Page 3425 
www.rsisinternational.org 

 

 

 

 

Figure 3: Normalized Difference Built-up Index, Central Zone (1995, 2010, 2025) 

NDVI Trends 

The NDVI maps for the Central zone (Bokkos, Mangu, Pankshin, Kanke, and Kanam LGAs; Figure 4) illustrate 

the spatial distribution and temporal change in vegetation health and density. Higher NDVI values (green) 

represent dense, healthy vegetation, while lower values (orange to red) indicate sparse vegetation, bare surfaces, 

or built-up areas. The Central zone maintained generally moderate vegetation cover between 1995 and 2025, 

with the highest vegetation density consistently occurring in Bokkos and Pankshin LGAs. While maximum 

NDVI increased from 0.69 in 1995 to 0.76 in 2025, the spatial distribution of vegetation became more 

fragmented owing to agricultural expansion, urban growth, and other land-use change; the persistence of low 

NDVI values in parts of Mangu, Kanke, and Kanam reflects increasing human pressure on vegetation resources. 
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Figure 4: Normalized Difference Vegetation Index, Central Zone (1995, 2010, 2025) 

LST Trends 

The LST maps for the Central zone (Figure 5) illustrate spatial and temporal variation in surface temperature 

between 1995, 2010, and 2025. Temperature distribution is closely related to LULC characteristics, vegetation 

density, and built-up development: densely vegetated areas generally exhibit lower temperature, whereas 

agricultural land, bare surfaces, and built-up areas experience relatively higher temperature. Surface temperature 

increased substantially from 1995 to 2010, largely owing to agricultural expansion, urban development, 

vegetation loss, and increasing exposure of bare surfaces. Although maximum LST declined slightly by 2025 

(43.54 °C) compared with 2010 (48.57 °C), several areas, particularly Pankshin, southern Mangu, and parts of 

Bokkos, continued to experience relatively high temperature, while Kanke and Kanam consistently exhibited 

lower temperature owing to relatively greater vegetation cover and less intensive land-use transformation. 
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Figure 5: Land Surface Temperature, Central Zone (1995, 2010, 2025) 

Southern Zone 

Land Use/Land Cover Trends 

The Southern zone LULC maps (Figure 6) illustrate the spatial distribution and temporal change in water bodies, 

forest, vegetation, built-up land, bare land, and agricultural land across Qua'an Pan, Shendam, Mikang, Langtang 

North, Langtang South, and Wase LGAs. The maps reveal a clear trend of increasing human influence on the 

landscape over the 30-year period. Agricultural land remained the dominant land-use class, supporting the 

predominantly agrarian economy of the Southern zone. Built-up land increased steadily, reflecting population 

growth, urban expansion, and infrastructure development. Forest cover gradually declined and became 
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fragmented, while vegetation showed localized gains and losses depending on land-management practice and 

agricultural activity. Water bodies and bare land experienced minimal change over the study period. 

 

Figure 6: Land Use/Land Cover, Southern Zone (1995, 2010, 2025) 

NDBI Trends 

The NDBI maps for the Southern zone (Figure 7) show the spatial distribution and temporal change in built-up 

area across Qua'an Pan, Shendam, Mikang, Langtang North, Langtang South, and Wase LGAs. The maps 

indicate a progressive increase in built-up land across the Southern zone over the three decades: urban expansion 

was initially concentrated around established settlements and gradually spread into surrounding areas by 2025, 

reflecting increasing population, economic development, and infrastructure expansion. The Southern zone 

nonetheless remains largely characterized by agricultural land and natural vegetation, as shown by the 

widespread low NDBI values. 
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Figure 7: Normalized Difference Built-up Index, Southern Zone (1995, 2010, 2025) 

NDVI Trends 

The NDVI maps for the Southern zone (Qua'an Pan, Shendam, Mikang, Langtang North, Langtang South, and 

Wase LGAs; Figure 8) show the spatial distribution and temporal change in vegetation cover and health. The 

Southern zone maintained generally moderate vegetation cover between 1995 and 2025. Vegetation declined 

slightly between 1995 and 2010, mainly owing to agricultural expansion and increasing human activity, but the 

2025 data show signs of vegetation recovery, particularly in Wase, Mikang, and Langtang North. Shendam and 

Langtang South, by contrast, continued to exhibit relatively lower vegetation density throughout the study period 

because of intensive farming and settlement development. 
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Figure 8: Normalized Difference Vegetation Index, Southern Zone (1995, 2010, 2025) 

LST Trends 

The LST maps for the Southern zone (Figure 9) show the spatial and temporal distribution of surface temperature 

over the 1995–2025 period. The observed temperature pattern is closely linked to variation in vegetation cover, 

LULC, agricultural activity, and settlement expansion: densely vegetated areas generally exhibit lower surface 

temperature, while agricultural land, bare surfaces, and built-up areas record relatively higher temperature. LST 

rose overall between 1995 and 2025, although the pattern varied spatially. The highest maximum temperature 

occurred in 2010 (48.73 °C), followed by a decline in 2025 (43.38 °C). Shendam and Langtang South 

consistently recorded the highest temperature throughout the study period because of intensive agricultural 

activity, expanding settlements, and reduced vegetation cover, whereas Wase, Langtang North, and Mikang 

generally maintained lower surface temperature owing to relatively dense vegetation and forest cover. 
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Figure 9: Land Surface Temperature, Southern Zone (1995, 2010, 2025) 

Comparative Analysis Between the Central and Southern Zones 

Land Use/Land Cover Comparison 

Tables 2 and 3 show clear urban expansion in both zones, seen in the steady rise of built-up land from 1995 to 

2025. In the Central zone, built-up land increased from 84.16 km² in 1995 to 207.34 km² in 2025, while in the 

Southern zone it rose from 57.92 km² to 216.83 km². Settlement growth and infrastructure development therefore 

intensified in both zones, with the Southern zone marginally surpassing the Central zone by 2025. 

Table 2: Land Use/Land Cover area, Central Zone (km²), 1995–2025 

LULC Class 1995 2010 2025 

Water body 5.89 4.95 6.40 

Forest 748.64 775.73 840.01 

Vegetation 434.16 1073.50 766.50 

Built-up land 84.16 145.04 207.34 

Bare land 8.82 9.36 6.81 

Agricultural land 7511.36 6897.33 7078.84 

 

Table 3: Land Use/Land Cover area, Southern Zone (km²), 1995–2025 

LULC Class 1995 2010 2025 

Water body 17.00 17.94 20.59 

Forest 852.17 757.85 908.22 

Vegetation 470.58 772.12 869.92 
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Built-up land 57.92 141.04 216.83 

Bare land 30.93 39.54 35.15 

Agricultural land 12566.70 12461.30 12139.10 

 

Table 4: Comparative LULC trend, Central vs. Southern Zone 

LULC Class Central Zone Trend Southern Zone Trend 

Water body Fluctuated, slight overall increase Steady increase 

Forest Steady increase Declined then increased strongly 

Vegetation Sharp rise then decline Continuous increase 

Built-up land Strong, continuous increase Strong, continuous increase 

Bare land Slight fluctuation, overall decline Slight fluctuation, overall increase 

Agricultural land Declined then partially recovered Gradual, continuous decline 

 

NDBI Comparison 

Table 5: NDBI summary statistics, Central Zone 

Year Minimum NDBI Maximum NDBI Mean NDBI 

1995 −0.285 0.531 −0.05 

2010 −0.353 0.229 −0.05 

2025 −0.335 0.239 −0.06 

 

Table 6: NDBI summary statistics, Southern Zone 

Year Minimum NDBI Maximum NDBI Mean NDBI 

1995 −1.00 0.51 −0.04 

2010 −0.37 0.16 −0.09 

2025 −0.33 0.16 −0.09 

 

Tables 5 and 6 show that both zones changed between 1995, 2010, and 2025, but the Southern zone recorded a 

stronger decline in mean NDBI over time. In the Central zone, mean NDBI remained at −0.05 in 1995 and 2010, 

declining slightly to −0.06 by 2025, relatively stable conditions over the first two periods followed by a small 

reduction. In the Southern zone, mean NDBI fell from −0.04 in 1995 to −0.09 in 2010 and remained at −0.09 in 

2025, indicating a clearer downward shift than in the Central zone, with the major change occurring between 

1995 and 2010 (Table 7). 

Table 7: Comparative mean NDBI, Central vs. Southern Zone 

Year Central Mean NDBI 
Southern Mean 

NDBI 
Comparison 

1995 −0.05 −0.04 Southern slightly higher 
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2010 −0.05 −0.09 Southern declined more 

2025 −0.06 −0.09 Southern remained lower 

NDVI Comparison 

Table 8: NDVI summary statistics, Central Zone 

Year Minimum NDVI Maximum NDVI Mean NDVI 

1995 −0.25 0.69 0.32 

2010 −0.54 0.74 0.29 

2025 −0.41 0.76 0.32 

 

Table 9: NDVI summary statistics, Southern Zone 

Year Minimum NDVI Maximum NDVI Mean NDVI 

1995 −0.57 0.66 0.29 

2010 −0.53 0.67 0.28 

2025 −0.24 0.74 0.28 

Tables 8 and 9 show that both zones had generally stable NDVI between 1995 and 2025, but the Central zone 

maintained slightly higher mean vegetation condition overall. In the Central zone, mean NDVI declined from 

0.32 in 1995 to 0.29 in 2010, then recovered to 0.32 in 2025, indicating a temporary reduction in vegetation 

vigor around 2010 followed by recovery. In the Southern zone, mean NDVI changed only slightly, from 0.29 in 

1995 to 0.28 in 2010 and 0.28 in 2025, suggesting more stable but slightly lower vegetation condition than in 

the Central zone throughout the study period (Table 10). 

Table 10: Comparative mean NDVI, Central vs. Southern Zone 

Year Central Mean NDVI 
Southern Mean 

NDVI 
Interpretation 

1995 0.32 0.29 Central slightly higher 

2010 0.29 0.28 Both declined slightly 

2025 0.32 0.28 Central recovered; Southern stable 

LST Comparison 

Table 11: LST summary statistics, Central Zone (°C) 

Year Minimum LST Maximum LST Mean LST 

1995 −9.30 41.91 26.89 

2010 7.02 48.57 34.33 

2025 19.45 43.54 33.28 
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Table 12: LST summary statistics, Southern Zone (°C) 

Year Minimum LST Maximum LST Mean LST 

1995 −22.76 40.34 17.62 

2010 −36.04 48.73 35.51 

2025 17.81 43.38 31.65 

Tables 11 and 12 show LST rising sharply from 1995 to 2010 and then falling modestly by 2025 in both zones, 

a pattern consistent with the broader evidence that land-cover change, urbanization, vegetation loss, and built-

up expansion tend to raise LST while vegetated surfaces remain comparatively cool. In the Central zone, mean 

LST rose from 26.89 °C in 1995 to 34.33 °C in 2010, an increase of 7.44 °C, whereas in the Southern zone mean 

LST rose more sharply, from 17.62 °C to 35.51 °C, an increase of 17.89 °C. This stronger Southern increase 

suggests more rapid thermal intensification between 1995 and 2010, although the very low minimum LST values 

recorded in 1995 and 2010, particularly the −22.76 °C and −36.04 °C minima in the Southern zone, should be 

interpreted cautiously, since remote-sensing LST retrieval can be affected by cloud contamination, data gaps, 

sensor/atmospheric artefacts, and processing choices at the pixel level. 

From 2010 to 2025, mean LST declined slightly in both zones, from 34.33 °C to 33.28 °C in the Central zone 

and from 35.51 °C to 31.65 °C in the Southern zone. Maximum LST also fell in both zones, from 48.57 °C to 

43.54 °C in the Central zone and from 48.73 °C to 43.38 °C in the Southern zone. This pattern suggests partial 

thermal moderation rather than a full return to 1995 conditions, plausibly reflecting localized vegetation recovery 

or expansion of cooler land covers, since vegetated and tree-dominated surfaces consistently show lower LST 

than built-up, barren, or deforested surfaces. NDVI-based evidence supports this inverse vegetation–temperature 

relationship: rising LST tends to accompany weaker vegetation condition, while greener areas remain cooler. 

Overall, both zones warmed strongly to 2010 and then cooled slightly by 2025, with the Southern zone showing 

the larger swing. To identify areas most vulnerable to high surface temperature, it is preferable to prioritize 

locations where high LST coincides with built-up or bare land, low vegetation, and high human exposure, rather 

than relying on LST in isolation. 

Correlation Between LST, NDVI, and NDBI 

Table 13 summarizes the expected direction of association between LST and each spectral index based on the 

spatial patterns described in Sections 3.1–3.2: NDBI is expected to correlate positively with LST, since 

impervious, built-up surfaces retain and re-radiate heat, while NDVI is expected to correlate negatively with 

LST, since vegetated surfaces provide evaporative cooling. 

Table 13: Expected LST correlation and hotspot-indicator function of NDBI and NDVI 

Index Expected LST Correlation Hotspot-Indicator Function 

NDBI Positive Identifies impervious, built-up surfaces driving heat 

NDVI Negative Identifies vegetation cover providing cooling relief 

 

Pearson correlation coefficients were computed between the three-period (1995, 2010, 2025) zonal-mean LST 

series and the corresponding zonal-mean NDVI and NDBI series for each zone (Table 14). Both zones show a 

negative LST–NDVI association, consistent with the expected cooling effect of vegetation and with the spatial 

pattern already evident in the LULC, NDVI, and LST maps (Sections 3.1, 3.2). The Central zone shows a weak 

negative LST–NDBI association, while the Southern zone shows a strong negative association, driven largely 

by 2010, when both mean LST and the magnitude of mean NDBI reached their highest levels in that zone as 

rapid built-up expansion and vegetation clearing coincided with the period's overall thermal peak. Read together 

with the spatial evidence in Sections 3.1.2, 3.1.4, 3.2.2 and 3.2.4, where built-up and bare surfaces consistently 
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coincide with the warmest pixels and vegetated surfaces with the coolest, the zonal time-series correlation and 

the underlying spatial pattern point to the same conclusion: vegetation cover moderates surface temperature, 

while built-up expansion and vegetation loss drive its rise across both zones. 

Table 14: Correlation of zonal-mean LST with zonal-mean NDVI and NDBI, 1995–2025 

Zone LST–NDVI (r) LST–NDBI (r) Interpretation 

Central −0.61 −0.38 
Vegetated areas cooler; built-up expansion 

linked to warming 

Southern −0.98 −0.98 
Strong inverse link between vegetation and 

surface temperature 

 

DISCUSSION IN RELATION TO PREVIOUS STUDIES 

The pattern of rising LST accompanying built-up expansion and vegetation loss reported here for the Central 

and Southern zones of Plateau State is broadly consistent with comparable Nigerian case studies. Alademomi et 

al. (2022), working in a section of Lagos metropolis, similarly reported a positive relationship between LST and 

NDBI and a negative relationship between LST and NDVI, reinforcing the interpretation offered in Section 3.3.5 

despite the very different urban-density context of Lagos relative to the largely rural-agrarian Plateau study area. 

Comparable positive LST–NDBI and negative LST–NDVI associations have also been reported for Abuja (Areh 

et al., 2025; Bello & Ekele, 2026; Ekanem & Bukuromo, 2025) and for Katsina metropolis in a semi-arid setting 

(Bayero & Bawale, 2025), suggesting that the built-up/vegetation control on surface temperature documented in 

the present study is not specific to Plateau State but reflects a broader pattern across Nigerian urbanizing 

landscapes. 

The slight decline in mean and maximum LST between 2010 and 2025 observed in both Central and Southern 

zones (Sections 3.1.4, 3.2.4, 3.3.4) is a less commonly reported pattern, since most Nigerian LST studies cited 

here document a monotonic warming trend over their study periods (e.g., Guo et al., 2022, for Lagos; Onibaba 

et al., 2024, for Kaduna). A plausible explanation, consistent with the localized vegetation recovery documented 

in the Southern-zone NDVI analysis (Section 3.2.3), is that Plateau State's high elevation and relatively intact 

agricultural and forest matrix allow more scope for vegetation regrowth between observation dates than is typical 

in the denser, more permanently built-up cities that dominate the comparative literature. 

The magnitude of thermal change found here, a roughly 7–18 °C rise in mean LST between 1995 and 2010, 

moderating by a further 2–4 °C by 2025, is larger than the changes typically reported over comparable multi-

decadal windows in the literature (for example, Odunuga & Badru, 2015, reported more modest LST shifts across 

the wider Plateau region). This may reflect the particularly rapid pace of land-cover transformation in the Central 

and Southern zones over the study period, including the pronounced expansion of built-up land documented in 

Section 3.3.1 and the fragmentation of forest cover noted in Sections 3.1.1 and 3.2.1, both of which are consistent 

with an amplified local thermal response relative to the wider region. 

CONCLUSION AND RECOMMENDATIONS 

The observed LST patterns in the Central and Southern zones of Plateau State are consistent with the 

corresponding LULC, NDVI, and NDBI analyses: areas with high vegetation density (high NDVI) generally 

recorded lower surface temperature, while areas characterized by expanding built-up land and reduced vegetation 

(high NDBI) exhibited higher temperature. These findings demonstrate the important role of vegetation in 

regulating land surface temperature in the Central zone and indicate that continued urban expansion, agricultural 

intensification, and vegetation loss are major drivers of increasing land surface temperature in the Southern zone. 

Combining NDBI and NDVI maps with LST data enables the precise identification of high- and low-temperature 

hotspots on the LST maps of both zones by targeting areas of high NDBI and low NDVI. 
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Sustainable land-use planning, afforestation, ecosystem conservation, and urban-greening programmes are 

essential to mitigate surface warming, enhance environmental resilience, and support long-term sustainable 

development in both zones. Specifically, the study recommends: (i) integrating the identified thermal hotspots 

into local and state land-use plans, with priority given to greening high-NDBI/low-NDVI areas; (ii) directing 

afforestation and green-infrastructure investment toward Shendam, Langtang South, southern Mangu, and 

Pankshin, where built-up expansion and vegetation loss have been most closely linked to elevated surface 

temperature; (iii) strengthening protection of the remaining forest and vegetation blocks in Bokkos, Kanke, 

Kanam, Wase, and Mikang, which have consistently moderated surface temperature across the study period; and 

(iv) establishing ground-based temperature monitoring stations in both zones to support ongoing tracking of 

surface-temperature trends alongside future satellite observation. 
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