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ABSTRACT 

The study focused on investigating the seasonal and spatiotemporal relationship between 

the relationships of LST with four spectral indices (MNDWI, NDBaI, NDBI, and NDVI) in 

and around Manipur City of India using eight cloud-free Landsat data from the summer and 

winter seasons for 1991, 2001, 2011, and 2021. These spectral indices respond differently to 

the change of LST in an urban landscape. Pearson's linear correlation coefficient was the 

basis of the correlation analysis. The study finds that LST builds a moderate negative 

relationship with NDVI (R = -0.42) and MNDWI (R = -0.42), a moderate positive 

relationship with NDBaI (R=0.48), and NDBI (R = 0.61). The relationship is more stable in 

the winter season (CV = 7.31, 7.04, 10.45, and 28.71 for MNDWI, NDBaI, NDBI, and 

NDVI, respectively) than in summer (CV = 44.46, 36.09, 23.67, and 29.71 for MNDWI, 

NDBaI, NDBI, and NDVI, respectively). The strength of the relationship is gradually 

increasing in the winter season while there is no such effect noticed on the trend in the 

summer season. The LST-NDBI relationship is the most consistent (CV = 18.19), while the 

LST-NDVI relationship is the most variable (CV = 30.37). 

Keywords: Imphal city; LST; MNDWI; NDBaI; NDBI; NDVI. 

 

 

INTRODUCTION 

Nowadays, land surface temperature (LST) estimation is considered the most important 

task in the study of thermal infrared remote sensing where the thermal status of varying land 

use/land cover (LULC) may control the generation of heat island effect in mixed urban 

landscapes (Arnfield, 2003; Rizwan et al., 2008; Rinner & M. Hussain, 2011; Mirzaei, 2015; 

Zhao et al., 2016). Various spectral indices based on different bands of satellite images were 

applied in LST-related research to evaluate the changing orientation of LST in various types 

of physical and cultural landscapes (Li et al., 2011; Song et al., 2014; Peng et al., 2016). 

Some new relevant articles described statistical methods between LST and spectral indexes 

in different cities (Feyisa et al., 2016; Nie et al., 2016; Deilami & Kamruzzaman, 2017; 

Lopez et al., 2017; Pearsall, 2017).  
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Currently, the relationships between LST and various normalized difference spectral 

indices were constructed using thermal infrared remote sensing; e.g., the LST-NDVI 

relationship (Ferelli et al., 2018; Jamei et al., 2019); LST-MNDWI relationship (Guha & 

Govil, 2021; Taripanah & Ranjbar, 2021); LST-NDBI relationship (Feng et al., 2018; Filho 

et al., 2019; Son et al., 2020); LST-NDBaI relationship (Chen & Zhang, 2017; Equere et al., 

2020; Nimish et al., 2020). However, a seasonal analysis of the LST-spectral index relation 

in northeast India is rare.  

It is very essential to build the LST-spectral index relationship for sustainable urban 

planning. The positive value of each index extracts a particular type of land surface material. 

The land surface material influences the rise or fall of LST in a certain area. These spectral 

indices were generated by using different spectral bands of remotely-sensed data. They 

respond differently to different land use patterns. LST depends heavily on various types of 

landscapes. Built-up areas, dry soil, rocks, metalled roads, and concrete infrastructure 

enhance the value of LST whereas water, wetland, forest, grassland, scrubland, and 

cultivated land reduce the LST value. The health and coverage of these various types of 

landscape structures vary in every season. Consequently, the strength of these LST-spectral 

indices relationships can change seasonally.  

Thus, to evaluate the specific features of seasonal variation of LST-spectral indices 

correlation in a mixed urban area, Imphal city was selected as it is not influenced by harsh 

environmental conditions and is a fast-growing city. Imphal of Manipur is an important and 

emerging multifunctional city in northeast India. It consists of a large percentage of 

forest-covered areas inside and the surroundings of the city. Available research works on 

Imphal city are rare. Kalota (2016) retrieved the surface temperature of the whole Manipur 

State by using some physical and cultural variables. Mondal et al. (2021) identified the urban 

heat island zones of Imphal and focused on its ecological status. The present study analyses 

the nature, strength, and trend of the effect of LST on NDVI, MNDWI, NDBI, and NDBaI in 

the summer and winter seasons with a gap of ten years. This work is very helpful for land use 

planners and environmentalists because each of these indices can identify a special type of 

land use (e.g., MNDWI for water bodies, NDBaI for bare land, NDBI for built-up surface, 

and NDVI for green vegetation) on which the LST varies significantly (Guha et al. 2017). 

The primary objectives of the research are (i) to find out the seasonal values of LST and the 

four indices of the study area for the study span; and (ii) to investigate the seasonal status of 

the spectral indices-LST relationship.  

 

 

MATERIAL AND METHODS 

Study area 

Imphal city and the adjacent region was the selected area for the present research activities. 

The study area extends from 24o53'47"N to 24o41'43"N and from 93o51'00"E to 94o01'00"E 

(Figure 1) and it roughly covers an area of 420 km2. The average elevation of the area is more 

than 780 m. The elevation is quite high (>900 m) in the northwest part whereas it is low 

(<800 m) in the southern portion. Imphal and Nambul are the two major rivers in the study 

area. The city has a humid subtropical climate where winter is cool and dry while the summer 

remains hot and wet. Imphal city experiences the summer season from April until August. 

During winter (November to February), the weather remains cool, comfortable, enjoyable, 

and characterized by a clear sky. The average maximum temperature of the summer months 

is around 29o C whereas the average minimum temperature of the winter months is around 

5o C. The mean annual temperature is around 20o C and the mean annual rainfall is 
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145 cm. The soil of the study area is alluvial and it is slightly acidic. The main forest types 

are tropical wet evergreen, tropical moist deciduous, montane wet temperate, and 

sub-tropical pine. It is a famous tourist place in northeast India. Keibul Lamjao National Park 

is an important tourist spot. The total population of the city was 268,243 according to the 

2011 census report.  

 

Fig. 1: The study area (SRTM DEM image and Google image) 
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Data 

 

Table 1: Specification of the used Landsat satellite images 
 

 
 

To analyse the relationship of LST with spectral indices Landsat data is selected as the 

sensor provides the thermal band of 100 m or 120 m spatial resolution every sixteen days 

intervals and this data is freely downloadable. Eight (two each from 1991, 2001, 2011, and 

2021) almost cloud-free (<10 % cloud coverage) Landsat satellite imageries of Imphal city 

were taken from the United States Geological Survey (http://earthexplorer.usgs.gov/) that are 

used in this study (Table 1). Red and near-infrared (NIR) bands were used to determine the 

NDVI and the thermal infrared (TIR) band was used to estimate the LST. Shuttle Radar 

Topographic Mission (SRTM) Digital Elevation Model (DEM) data 

(http://earthexplorer.usgs.gov/) with 30 m spatial resolution was also used to determine the 

surface elevation. Imphal Municipal Corporation (https://imc.mn.gov.in/) provides spatial 

information about the city. Moreover, the Google Earth Image 

(https://earth.google.com/web/) verifies the classified images of various LULC types. The 

entire research work has been processed in ERDAS Imagine and ArcGIS software. 

 

Description of the spectral indices 

The study aims to investigate the seasonal and spatiotemporal changes of LST, NDVI, 

MNDWI, NDBI, and NDBaI in the study area from 1991 to 2021. Besides, the relationships 

between the spectral indices with the LST have also been determined. The whole study has 

been conducted during the summer and winter seasons. NIR and Red bands are used to 

determine NDVI. MNDWI is computed by using the Green and SWIR1 bands. SWIR1 and 

NIR bands are used to determine NDBI. SWIR1 and TIR bands are required to calculate 

NDBaI. Moreover, the TIR band is used with the Red and NIR bands to estimate the land 

surface emissivity and LST. After finding the spectral indices and LST of all eight images 

(summer and winter images for 1991, 2001, 2011, and 2021), the relationship of the 

individual spectral index with LST has been determined for each image. 

Various types of spectral indices extract different types of LULC. The major LULC types 

in the urban land are green vegetation, water, wetland, barren land, and settlement. Thus, 

MNDWI (Xu 2006), NDBaI (Zhao & Chen, 2005), NDVI (Tucker, 1979), and NDBI (Zha 

et al., 2003) were the chosen spectral indices as these can extract water body, bare land, 

settlement, and vegetation by applying their numerical thresholds (Chen et al., 2006). These 

four indices (Table 2) were used for seasonal investigation of the relationship with LST. 
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Table 2: A detail description of four spectral indices 
 

Acronym Description Formulation References 

NDVI Normalized difference vegetation index NIR-Red/NIR+Red Tucker 1979 

MNDWI 
Modified normalized difference water 

index 
Green-SWIR1/Green+SWIR1 Xu 2006 

NDBI Normalized difference built-up index 
SWIR1-NIR/SWIR1+NIR 

Zha et al. 

2003 

NDBaI Normalized difference bareness index 
SWIR1-TIR/SWIR1+TIR 

Zhao and 

Chen 2005 

 

LST estimation  

LST computation by using Landsat TIR band follows some sequential algorithms. First, 

spectral radiance is calculated by Eq. 1 (Artis & Carnahan, 1982):   

 

                      (1)L RadianceMultiBand DN RadianceAddBand =  +  

L  = the spectral radiance in Wm-2sr-1mm-1. 

After that, at-sensor brightness temperature is estimated by Eq. 2: 
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Where, BT = brightness temperature in Kelvin (K), L  = spectral radiance in 

Wm-2sr-1mm-1; 2K and 1K = calibration constants. 

Thereafter, fractional vegetation is computed by Eq. 3 (Carlson & Ripley, 1997).  
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Where, mI inNDV  = minimum NDVI, mI axNDV  = maximum NDVI. vF = fractional 

vegetation. 

Next, land surface emissivity , is computed by Eq. 4 (Sobrino et al., 2001; 2004): 
 

* 0.986vF =  +                                           (4) 
 

Where,  = surface emissivity. 

Finally, LST is computed by Eq. 5 (Weng et al., 2004): 
 

( )( )1 / ln

B

B

T
LST

T hc 
=

+
                                   (5) 

 

Where,   = effective wavelength,   = Boltzmann constant (1.38x10-23 J/K), h  = 

Plank’s constant (6.626x10-34 Js), c  = velocity of light in a vacuum (2.998x10-8 m/sec),   

= emissivity.  

The detailed picture of the methodology is shown by a flowchart in Figure 2: 
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Fig. 2: Flowchart showing the entire methodology of the present study 
 

 
 

 

RESULTS  

Changing status of LST  

A significant spatial distribution of LST is observed from 1991 to 2021 with 10 years 

intervals (Figure 3). A gradual rise is observed in the mean, minimum, and maximum LST 

because of the variety of land surface materials. The forest and water areas declined whereas 

the settlement increased and this change of LULC is reflected in the distribution of LST. 

Northeast and central parts of Imphal obtain more LST every successive decade. In the 

winter season, the whole study area becomes hotter except in some parts of the north-western 

sides. The core part of the city is constantly getting warmed due to a fast rate of urbanization 

and land conversion. 
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Fig. 3: Spatial distribution of LST 
 

 

 

Table 3: Year-wise distribution and decadal change of LST (oC) 
Temporal 

distribution 

 Summer  

Year LST(Min) LST(Max) LST(Mean) 

1991 13.31 32.47 24.80 

2001 17.02 32.05 25.59 

2011 20.62 35.26 27.77 

2021 21.66 34.75 28.37 

  Winter  

Year LST(Min) LST(Max) LST(Mean) 

1991 8.01 27.95 15.71 

2001 9.97 30.44 19.09 

2011 9.39 27.08 17.80 

2021 11.39 30.36 18.80 

    

Decadal change  Summer  

Year LST(Min) LST(Max) LST(Mean) 

1991-2001 3.71 -0.42 0.79 

2001-2011 3.60 3.21 2.18 

2011-2021 1.04 -0.51 0.60 

1991-2021 8.35 2.28 3.57 

  Winter  

Year LST(Min) LST(Max) LST(Mean) 

1991-2001 1.96 2.49 3.38 

2001-2011 -0.58 -3.36 -2.29 

2011-2021 2.00 2.28 1.10 

1991-2021 3.38 2.41 3.09 
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Table 3 presents the year-wise LST distribution and decadal changes of LST in Imphal city 

for the entire period. The table shows that in summer, the minimum LST increases by 8.35 oC 

(from 13.31 oC to 21.66 oC), and in winter, it increases by 3.38 oC (from 8.01 oC to 11.39 oC). 

The maximum LST increases 2.28 oC (from 32.47 oC to 34.75 oC) in summer and 2.41 oC 

(from 27.95 oC to 30.36 oC) in winter. The mean LST increases 3.57 oC (from 24.80oC to 

28.37 oC) in summer and 3.09 oC (from 15.71 oC to 18.80 oC) in winter. Hence, LST 

substantially raises from the earlier decade to the next decade. In the meantime, the built-up 

area increases more than any other land use type, and forest area declines the most among the 

different land use types. 

 

Seasonal and spatiotemporal status of four indices 

Figures 4 and 5 show the spatial values of NDVI and MNDWI for summer and winter. 

Northern and eastern parts indicate a thick cover of natural vegetation. The summer image 

presents the true picture of the change in NDVI value. In 1991, the NDVI value was much 

higher than in 2001. 2001 image has more NDVI value than 2011 and obviously, the 2021 

image indicates the lowest NDVI value among the four years. Apart from the loss of 

vegetation, greenness has also declined. It indicates that the dense forests become sparse and 

the nature of trees is also being changed. In the winter season, the NDVI values remain more 

constant. Moreover, agricultural activities can be considered as one of the controlling factors 

for the differences in NDVI values between the summer and winter. Several sizes of water 

bodies are developed in the eastern, north-central, and south-western portions of the having 

higher MNDWI values. The water surface area in the city remains almost the same during the 

period. Some water bodies have been developed along the eastern side of the study area and it 

is clearly shown in the 2021 image. The central part of the city has a moderate value of 

MNDWI.  

 

Fig. 4: Spatial distribution of NDVI 
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Fig. 5: Spatial distribution of MNDWI 
 

 
 
Fig. 6: Spatial distribution of NDBI 
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Fig. 7: Spatial distribution of NDBaI 
 

 
 

Figures 6 and 7 show the spatial distribution (1991-2021) of NDBI. and NDBaI for the two 

seasons. In both seasons, NDBI values are constantly rising. NDBI values are higher in the 

inner and outer peripheries of the core city. However, in 2021, the central part also shows 

a high NDBI value. Winter images show higher NDBI than the summer. From 1991 to 2021, 

the NDBaI values increase rapidly. Except for the central part of the study area, every corner 

witnesses a high NDBaI value. This is due to higher vegetation and water coverage in the 

middle part of the core city. A very high NDBaI value is observed along the outskirts of the 

city where the soil is dry and the land is comparatively bare. 

Figure 8 shows the scatter plots of NDVI with LST in summer and winter. The relationship 

is moderate negative throughout the study period. Generally, the summer season (R = -0.39, 

-0.25, -0.61, and -0.54 for 1991, 2001, 2011, and 2021, respectively) has a slightly better 

correlation compared to winter (R = -0.21, -0.42, -0.46, and -0.48 for 1991, 2001, 2011, and 

2021, respectively). During the summer, the chlorophyll content in vegetation is much higher 

than in the winter season and it directly has an impact on the NDVI-LST relationship. 

Moreover, the strength of the negative relationship is continuously increasing during the 

winter, but it shows a neutral appearance in summer. 
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Fig. 8: Scatter plots of NDVI (x-axis) against LST (y-axis) 
 

 
 

Fig. 9: Scatter plots of MNDWI (x-axis) against LST (y-axis) 
 

 
 

Figure 9 shows the scatter plots of MNDWI with LST for both seasons of the study span. It 

shows an inverse relationship with moderate strength for all eight images. However, the 

seasonal effect on the MNDWI-LST relationship is fluctuating in the summer season 

(R = -0.51, -0.17, -0.50, and -0.25 for 1991, 2001, 2011, and 2021, respectively). This is 

mainly because of the fluctuation of moisture content in the air, wind speed, and evaporation 

rate. Winter season reflects a steady moderate inverse relationship (R = -0.50, -0.54, -0.46, 

and -0.45 for 1991, 2001, 2011, and 2021, respectively). The negativity trend remains almost 

constant in winter. However, it has no such significant effect in the summer season. 

Figure 10 shows the scatter plots of NDBI with LST in summer and winter for the study 

period. The relationship is moderate positive throughout the study period. The winter season 

(R = 0.53, 0.67, 0.66, and 0.69 for 1991, 2001, 2011, and 2021, respectively) indicates a more 

stable NDBI-LST relationship than the summer (R = 0.68, 0.38, 0.76, and 0.56 for 1991, 
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2001, 2011, and 2021, respectively). It means that despite the growth of population and 

settlement the road and building materials and conditions are not so much changed. The 

strength of the relationship is constantly rising in the winter season while it has almost no 

effect in the summer.  

 

Fig. 10: Scatter plots of NDBI (x-axis) against LST (y-axis) 
 

 

 

Fig. 11: Scatter plots of NDBaI (x-axis) against LST (y-axis) 
 

 

Figure 11 shows the scatter plots of NDBaI with LST in summer and winter from 1991 to 

2021. It shows a moderate positive relationship. However, the seasonal effect on the 

NDBaI-LST relationship is more fluctuating in summer season (R = 0.48, 0.21, 0.60, and 

0.36 for 1991, 2001, 2011, and 2021, respectively). Condition and coverage of fallow land 
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and dry soil are varying and are irregular during the summer season. However, the winter 

season indicates a very stable moderate positive relationship (R = 0.57, 0.58, 0.60, and 0.50 

for 1991, 2001, 2011, and 2021, respectively). It happens due to the dryness of the area 

during this season. The strength of the relationship is slightly increasing in the winter season. 

However, the summer season reflects an irregular trend. 

The results also show that all the relationships are more consistent in the winter season 

(values of the coefficient of variation are 7.31, 7.04, 10.45, and 28.71 for MNDWI, NDBaI, 

NDBI, and NDVI) than in summer (values of the coefficient of variation are 44.46, 36.09, 

23.67, and 29.71 for MNDWI, NDBaI, NDBI, and NDVI). Moreover, among the spectral 

indices, NDBI builds the most consistent (CV=18.19) relationship with LST while NDVI 

builds the most variable (CV = 30.37) relationship. 

 

 

DISCUSSION 

Results of the entire study show that each of the four spectral indices is comfortably related 

to LST and it is explicitly expressed in both summer and winter seasons. These correlations 

between LST and spectral indices indicate that the variation of LST primarily depends upon 

the land surface materials which can be extracted from the spectral indices. The moderate 

positive relationship of LST with NDBI and NDBaI supports the results found in the earlier 

studies. Similarly, the moderate negative relationship of LST with NDVI and MNDWI also 

supports the earlier observed results. 

Liang et al. (2012) and Guha et al. (2022) observed a negative NDVI-LST correlation. 

Again, Yue et al. (2007) showed that the LST-NDVI relationship in Shanghai City, China 

was negative and was highly dependent on LULC types. Sun & Kafatos (2007) stated that 

this correlation was negative in the summer season. This relationship was also negative in 

Mashhad, Iran (Gorgani et al., 2013). The relationship was strongly negative in Berlin City 

irrespective of any season (Marzban et al. 2018). This correlation tends to be more negative 

with the increase in surface moisture (Prehodko & Goward, 1997). The current study on 

Imphal also indicates the negative status of LST-NDVI correlation for summer (average 

correlation coefficient is -0.45) and winter (average correlation coefficient is -0.39). The 

value of the correlation coefficient is inversely related to the surface moisture content, i.e., 

the negativity of the relationship increases with the increase of surface moisture content.  

The LST-NDBI correlation found in the current study is stable and moderately positive in 

both seasons (the average correlation coefficient during summer is 0.64 and during winter is 

0.60) for the entire period of study. This result significantly supports many other earlier 

LST-NDBI related research works performed in Fuzhou City, China (Zhang et al., 2009), 

Bahir Dar City, Ethiopia (Balew and Korme 2020), Melbourne City, Australia (Jamei et al., 

2019), Metropolitan Area of Bangladesh (Roy et al., 2020), San Salvador City, El Salvador 

(Son et al., 2020), Kunming, China (Chen & Zhang, 2017), Wuhan City, China (Chen et al., 

2013). 

LST built a moderate negative relation with MNDWI for summer (average correlation 

coefficient is -0.36) and winter (average correlation coefficient is -0.49) throughout the 

study. It signifies past research works. Ma & Peng (2022) showed that LST correlates 

moderately negative (-0.63) with MNDWI in Kunming, China. The relationship was 

negative in Sepidan County, Iran (Taripanah & Ranjbar 2021). Guha & Govil (2021) also 

showed that LST and MNDWI built a negative correlation in Raipur, India. Moreover, 

Mashiella et al. (2020) established that LST builds a strong negative (-0.78) relation with 

MNDWI in Sleman Regency, Indonesia.  
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The current study indicates that LST builds a moderate positive correlation (average 

correlation coefficient during summer is 0.41 and during winter is 0.56) with NDBaI in 

Imphal City, India. This research output reflects similar nature to the previous works. Essa 

et al (2012) also showed a moderate positive LST-NDBaI correlation (0.39) in the Greater 

Dublin region, Ireland. A strong positive LST-NDBaI relationship was also observed in 

Kunming, China (Chen and Zhang 2017). LST and NDBaI built a weak positive correlation 

in London and Baghdad (Ali et al., 2017). Nimish et al. (2020) investigated a positive 

(R2=0.21) relationship in Kolkata, India. This correlation was weak and positive (0.06) in 

Harare, Zimbabwe (Mushore et al., 2017). In the National Capital Region of India, the 

relationship was moderate positive (Sharma and Joshi 2016).  

The study reflects the scenario of LST change and variation of the relationship of LST with 

the four spectral indices. Moreover, NDBaI extracts bare land, NDBI extracts built-up area, 

NDVI extracts green vegetation and MNDWI extracts water bodies with wetlands. As these 

four indices help in delineating various types of land use, the landscape ecology of the city 

significantly depends on the values of these indices. The low LST zones are certainly found 

in the forest or wetlands or water bodies (areas with high NDVI or high MNDWI values) 

whereas the high LST values generate in the built-up surface and barren land surface (areas 

with high NDBI or high NDBaI values). If the barren or fallow lands are converted into green 

or water areas, the ecology of the city will be healthier. Thus, urban planners should follow 

the basic conversion of the city so that the landscape ecology of the city becomes 

environmentally rich.  

 

 

Conclusion 

The paper evaluates the seasonal and spatiotemporal relation of LST with MNDWI, NDVI, 

NDBaI, and NDBI using multi-temporal Landsat satellite images in and around Imphal city. 

During the whole span, LST raises at 14.39 % decadal rate in summer and at 19.67 % decadal 

rate in winter. The central part of the city is the most heated part due to the high concentration 

of commercial and industrial infrastructure.  

Furthermore, the relationships of LST with these spectral indices were quantified. For the 

whole study area in the last thirty years, NDVI and MNDWI build a moderate negative 

relation with LST; NDBI and NDBaI build a moderate positive relation with LST. These 

relationships are more consistent in the winter season than in summer. The negativity trend is 

gradually increasing for the NDVI-LST relationship in the winter season, but in summer it is 

fluctuating. The negativity trend is slightly decreasing for the MNDWI-LST relationship in 

winter, but in summer there is no such type of increasing or decreasing trend has been 

noticed. In winter, the positivity trend of the NDBI-LST relationship is rising gradually, but 

the trend is fluctuating in summer. In the case of the NDBaI-LST relationship, the positivity 

trend is also slightly increasing in winter, but the trend is irregular in summer. The results 

indicate that the variability of the spectral indices-LST relationship is more in the summer 

season due to the high variability of moisture content in the air. Regarding consistency 

among the all the spectral indices, NDBI is considered the most reliable while NDVI is 

considered the most variable index. 
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