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ABSTRACT: Evaluating the vegetation cover change is significant for establishing relations between policy 

decisions, regulatory procedures, and land management plans. This paper encompasses the vital role of Remote 

Sensing and Geographic Information System (GIS) in assessing the change of vegetation cover in Tubay, Agusan 

del Norte. The study site is well-known for its gold and nickel mining operations which serves as one of the major 

source of livelihood among residents situated in the area. However, this manifestation implies with land 

degradation which is detrimental to vegetation. This research aims to assess quantitatively the ability of Normalized 

Difference Vegetation Index (NDVI) to extract meaningful vegetation abundance information by acquiring satellite 

images (i.e. Landsat Thematic Mapper ™, Enhanced Thematic Mapper Plus (ETM+), and Operational Land Imager 

(OLI)). The Landsat 5 TM imagery for 1995, Landsat 7 ETM+ for 2001, and Landsat 8 OLI for the year 2014 were 

employed for the study and underwent pre-processing techniques (TOA and DOS Reflectance). NDVI differencing 

is used to come up with land/vegetation cover change detection analysis. Satellite image classification is conducted 

to generate land cover maps by using Maximum Likelihood Classification. For the purpose of determining if the 

existence of mining entity is associated to the vegetation cover change of the areas concerned, mining tenement 

maps at three various time targets was overlaid to the generated land cover maps. The results showed a tremendous 

increase in mining areas at the cost of decrease in vegetation. This study will be of great aid to the local government 

of Tubay as well as the mining authorities to undertake proper protocols to achieve the sustainable development of 

its community and environment. 

 

1. INTRODUCTION 

 

The human impact on the biosphere has 

altered natural vegetation. Over the last 

two centuries, economic progress and 

population growth have produced fast 

variations to the Earth’s vegetation and 

there is a probability that the pace of these 

changes will accelerate in the posterity. 

Studies have shown that there remain only 

few landscapes on the Earth that is still in 

their natural state due to anthropogenic 

activities (Zubari, 2006). Generally, land 

use/land cover pattern of a particular area 

is a result of natural and socio-economic 

factors and their utilization by man in time 

and space. Such activities include industry, 

agriculture, construction, transportation, 

deforestation, habitation, and mining.  

    

                               Figure 1. The Description of the Study Area 
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Nowadays, mining industry is prevalent anywhere due to its continuing investments among interested public and 

private sectors. It supplies materials that are needed to progress the socio-economic well-being of the people. 

However, this undertaking encumbers the agricultural and forested production in which no one can oppose nor 

repel its overwhelming momentum. According to Mercado (2011), in the basic reality, land resources are limited 

and finite, majority under deplorable and unsustainable use. Fast growth of mining operations can also be ascribed 

as one of the causes of land degradation; hence, it is essential to discern proper protocols to achieve the sustainable 

development and ecological protection. Commonly, valuable mineral ores exist below the surface of the vegetation 

area and mining processes are to be conducted which result into depression of the said extent. Thus, it is 

indispensable to oversee such alterations on the ground surface. 

 

In this paper, the researcher aims to assess quantitatively the ability of Normalized Difference Vegetation Index 

(NDVI) to extract meaningful vegetation abundance information from Landsat image datasets (i.e. Landsat 5 TM 

for 1995, Landsat 7 ETM+ for 2001, and Landsat 8 OLI for 2014) in mining areas of Tubay, Agusan del Norte. 

Remote Sensing and GIS approaches are applied for generating land cover change maps for change detection 

analysis. Existing mining tenement maps of the area are provided to evaluate the rate of change in land/vegetation 

cover due to mining entity. 

 

2. MATERIALS AND METHODS 

 

2.1 Methodological Framework 

 

Figure 2 shows the systematic processes of undertaking the study. The following approaches employed were 

shown, as well as the inputs and outputs of each technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

   

Figure 2. Methodological Flow Chart 

 

2.2 Landsat Imagery, Preprocessing, and Satellite Image Classification 

 

Landsat 5 TM imagery for 1995, Landsat 7 ETM+ for 2001, and Landsat 8 OLI for the year 2014 were downloaded 

and employed for the study. All satellite images obtained underwent radiometric calibration (conversion of DN 

values to Top of Atmosphere (TOA) Reflectance) and Atmospherically- Corrected Calibrated Reflectance or Dark 

Object Subtraction (DOS) Reflectance. 
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After acquiring raw Landsat image datasets from the online source, the next step is to prepare or pre-process these 

images to make them useable for extracting information especially in land cover map derivation. Image pre-

processing is an essential and requisite procedure in remote sensing image analysis. When an image is captured by 

the satellite sensors and other air and space-based sensors, it is always associated with geometric, radiometric and 

atmospheric errors. To recompense this constraint, the basic image pre-processing techniques are developed which 

provides corrections such as radiometric calibration and atmospheric correction. 

 

Satellite image classification is the procedure of categorizing all pixels in a digital image into one of several land 

cover classes such as built-up areas, forest, grassland, bare soil and many other classes that are identifiable in the 

image. This classified data is then employed to create thematic maps of the land cover present in the image. There 

are several methods for image classification; in this study, the proponent used the supervised classification, 

specifically the Maximum Likelihood Classification. In actual image classification applications, ground truth data 

are gathered through the conduct of GPS surveys in every sampling locations comprising of various land cover 

classes. 

 

The classified image was done using ENVI Classic and ENVI 5 Software Application. Clouds and cloud shadows 

were digitized and masked to exclude from classification and these missing data were then supplemented using 

other Landsat images with the same year and Google Earth. Ground truth data was used to attain the overall 

accuracy and kappa coefficient of each land cover from confusion matrix method. Contextual editing in ArcMap 

10.1 was used to compensate with the misclassified portion of land cover classes. A total of 3 land cover maps were 

generated based from the target time periods of the study site. 

 

2.3 Normalized Difference Vegetation Index  

 

NDVI is a simple numerical indicator that can be used to measure the vegetation cover change. NDVI is calculated 

by the equation: 

 

                                                                                    
         

       
                                                                                         

 

where NIR and RED stand for the reflectance values in the near infrared and visible red regions (Yang et al, 2009). 

To derive the NDVI, the calibrated NIR and RED bands of the Landsat images were utilized. A total of 3 NDVI 

images would be produced representing 1995, 2001 and 2014 conditions of the study areas. The NDVI calculations 

for three different sensors are as shown in Table 1. 

 

Table 1. NDVI Calculation 

Years Image Type NDVI Function NDVI Range 

1995 Landsat 5 TM (Band 4 – Band 3) / (Band 4 + Band 3) -0.64 – 0.83 

2001 Landsat 7 ETM+ (Band 4 – Band 3) / (Band 4 + Band 3) -0.4 – 0.85 

2014 Landsat 8 OLI (Band 5 – Band 4) / (Band 5 + Band 4) -0.9 – 0.86 

 

2.4 Mining Tenement Maps 

 

Generically, mining tenement is the pegging or notification of exploration 

licenses during the area selection process. It is a permit, claim, license or 

lease that may authorize prospecting, exploration, mining, processing or 

transport of minerals and may be applied by an eligible person. Tenement 

maps were generated based from the existing tenement type code in a 

particular region such as Mineral Production Sharing Agreement 

(MPSA), Application for Production Sharing Agreement (APSA), 

Exploration Permit (EP), Exploration Permit Application (EXPA), and so 

forth.  
 

After generating results from land cover and NDVI, the existing mining 

tenement maps of three various year targets are going to be overlaid in 

order to evaluate if the presence of mining activity has a great impact 

towards the change in vegetation of the study sites. 

 Figure 3. 2014 Caraga Mining 

Tenement Control Map 
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3. RESULTS AND DISCUSSION 

 

The land cover classes derived from the image were the following: barren, built-up areas, cropland, exposed river 

beds, grassland, shrubs and trees, and water. In 1995, the overall accuracy was equivalent to 98.4226% and has a 

kappa coefficient of 0.9761; while in 2001, the overall accuracy and kappa coefficient values are 94.30% and 

0.9315 respectively. The 2014 Tubay Land Cover was obtained from CSU Phil-LiDAR 1.2.14 Project.  

 
                              Figure 4. Land Cover Maps of Tubay in the Years 1995, 2001 and 2014 

 

The results as shown in Table 2 signified that during the period from 1995 to 2014, barren areas (including mine 

areas) increased by 7.06 km
2
.  Cropland decreased during the same period from 5.99 to 2.58 km

2 
due to the 

conversion of certain portions of these lands into grasslands. Shrubs and trees showed an increase of area from 

1995 to 2001 but lead to a tremendous decrease during 2001 to 2014. Conversely, grasslands indicate an opposite 

trend from shrubs and trees, same also with exposed river beds. Built-up areas display a similar pattern with barren 

which depicts the increase of settlement resulting from rapid population growth. Water body has not seen much 

change over the years as can be seen from the graph in Figure 5. 

 

     Table 2. Areas Occupied by Each Class Years in Tubay 

 

Table 3 displays the change percentage of each land cover 

classes at three different time intervals. As perceived, the values have positive and negative signs which indicate the 

increase and decrease of alteration in every land cover types. For example, during 1995-2014, barren has +391.45% 

which signifies that during 2014 its extent increased 3.91 times its actual area in 1995; also, for cropland seeing the 

same time gaps, it implies with 57% reduction of its area from 1995.      

 

Considering the three different time targets and seven land cover classes, it was found out that there are 317 out of 

336 possibilities and 273 out of 336 possibilities for the cause of changes in land cover for Tubay and Claver areas, 

respectively. As shown in Figure 6, for Tubay pie graph, the leading cause of change is the grassland-shrubs and 

trees-shrubs and trees with a percentage of 12%, which denotes a good bearing to the environment; followed by 

shrubs and trees-shrubs and trees-grassland with 11%, grassland-shrubs and trees-grassland with 10%. These three 

changes occurred since these two vegetation classes prevailed in Tubay. However, barren areas also influenced the 

Years 1995 2001 2014 

Barren 1.805 km
2
 4.6613 km

2
 8.8662 km

2
 

Built-Up Areas 1.2598 km
2
 1.4353 km

2
 2.4143 km

2
 

Cropland 5.993 km
2
 2.8419 km

2
 2.5846 km

2
 

Exposed River 

Beds 
1.694 km

2
 0.9943 km

2
 2.2186 km

2
 

Grassland 26.0723 km
2
 17.3084 km

2
 21.1941 km

2
 

Shrubs and Trees 45.6547 km
2
 55.2346 km

2
 44.9774 km

2
 

Water 4.4904 km
2
 4.4933 km

2
 4.7140 km

2
 

Total 86.9692 km
2
 86.9692 km

2
 86.9692 km

2
 Figure 5. Bar Graph Showing the Change in 

Area of Land Cover 
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alteration of land cover, which are the grassland-grassland-barren with a total percentage of 7%, grassland-barren-

barren with 4%, shrubs and trees-shrubs and trees-barren and grassland-shrubs and trees-barren are both with 3%. 

To visualize the extent of change ratio for the other land cover type, see Figure 6. 
 

 Table 3. Percentage of Change in Each Land Cover Classes 

 

           

With the help of the ICT4RM Research Project, the proponent was able to acquire mining tenement maps from the 

Mines and Geosciences Bureau (MGB) – Caraga Region. These maps had been already digitized and had attributes 

indicating the name of the holder, the date applied and date approved, area (in hectares), and so on. These data were 

utilized to determine the degree of change in vegetation due to mining activity.  

 

Figure 7 below shows the areas of each land cover type that are involved with the presence of mining entity while 

Tables 4 and 5 reveal the amount of area as well as the percentage to discern considerably the rate of conversion 

into barren given the fixed time intervals. The percentage is obtained by including the whole extent of each 

tenement types. 

 

 
 

          Figure 7. Land Cover with Mining Tenement Maps of Tubay in the Years 1995, 2001 and 2014  

 

 

 

 

 

 

 

 

 

Year Intervals 
1995-2001 2001-2014 1995-2014 

Barren +158.24% +90.21% +391.2% 

Built-Up Areas +13.93% +68.21% +91.64% 

Cropland -52.58% -9.05% -56.87% 

Exposed River 

Beds 
-41.30% +123.13% +30.97% 

Grassland -33.61% +22.45% -18.71% 

Shrubs and 

Trees 
+20.98% -18.57% -1.48% 

Water +0.06% +4.91% +4.98% Figure 6. Pie graph showing the percentage of change 

in each land cover classes at three time periods 
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Table 4. Land Cover Change due to MPSA and APSA 

 MPSA APSA 

Year Intervals 1995-2001 

(km
2
) 

2001-2014 

(km
2
) 

1995-2014 

(km
2
) 

1995-2001 

(km
2
) 

2001-2014 

(km
2
) 

1995-2014 

(km
2
) 

Built-Up Areas-

Barren 
0.025 0.0069 0.0049 - 0.0012 0.0003 

Cropland-Barren - 0.0018 0.0081 0.0003 - 0.0018 

Exposed River Beds-

Barren 
- - - 0.0009 - 0.006 

Grassland-Barren 1.770 3.582 5.72 0.005 0.047 0.048 

Shrubs and Trees-

Barren 
0.419 2.149 1.65 0.053 0.149 0.14 

Water-Barren 0.0006 0.015 0.0095 - - - 

Total 2.2146 5.7547 7.3925 0.0592 0.1972 0.1961 

Area of MPSA 27.00 38.89 38.89 7.22 7.55 7.55 

Percentage 8.20% 14.80% 19.01% 0.82% 2.61% 2.60% 

 

Table 5. Land Cover Change due to EP and EXPA 

 EP EXPA 

Year Intervals 2001-2014 

(km
2
) 

1995-2014 

(km
2
) 

2001-2014 

(km
2
) 

1995-2014 

(km
2
) 

Built-Up Areas-Barren 0.0006 0.0006 0.014 0.010 

Cropland-Barren - 0.005 0.022 0.037 

Exposed River Beds-

Barren 
- - 0.004 0.007 

Grassland-Barren 0.126 0.154 0.059 0.041 

Shrubs and Trees-Barren 0.111 0.084 0.070 0.071 

Water-Barren - - 0.014 0.017 

Total 0.2376 0.2436 0.183 0.183 

Area of MPSA 5.35 5.35 27.80 27.80 

Percentage 4.44% 4.55% 0.66% 0.66% 

 

After the calculation, subsequent NDVI maps will be generated. Figure 8 below shows the NDVI maps of Tubay in 

1995, 2001 and 2014.  

 

Figure 8. NDVI Maps of Tubay in 1995, 2001 and 2014 

 

The NDVI values of Tubay boundary varied mostly from -0.4 to 0.8. As it can be seen, the forest or the shrubs and 

trees area has the maximum NDVI values then followed by the non-forest area (i.e. grassland) then by settlements, 

barren and finally water body shows the least. From Figures 14 to 16, it reveals that most of the area at three 

various time targets are covered with vegetation (i.e. shrubs and trees, grassland, and cropland). In 1995, only a 
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small area was covered by bare soils. In the 2001 and 2014 NDVI maps, the gradual increase of barren can be seen 

which causes the vegetation cover to decline its extent. The areas occupied by mines and built-ups have low NDVI 

values nearer to zero. Furthermore, clouds were not masked at this time and have almost the same NDVI values 

with barren and some parts of built-up areas. 

 

Figure 9 displays the vegetation cover of the area during 1995, 2001 and 2014. These are then analysed to attain its 

corresponding areas and percentage as shown in Table 6. 

 

Figure 9. Tubay Vegetation Cover Maps Derived from NDVI 

 

Table 6. Areas and Percentage of Vegetation Cover Derived from NDVI 

 

Similarly, Figure 10 and Table 7 provide the information which is the determination of the areas that have been 

affected by mining activities by superimposing the available mining tenement maps during the years 1995, 2001, 

and 2014. 

 

Figure 10. Vegetation Cover with Mining Tenement Maps of Tubay 

 

 

 Area  Percentage 

Years 1995 2001 2014 1995-2001 2001-2014 1995-2014 

Vegetation 61.326 km
2 

62.062 km
2 

57.574 km
2 +1.20%

 
-7.23%

 
-6.12%

 

Non-Vegetation 2.665  km
2
 2.608  km

2
 5.746 km

2
 -2.14% +120.32% +115.61% 

Water 3.635 km
2
 2.956 km

2
 4.306  km

2
 -18.68% +45.67% +18.46% 

Total 67.626 km
2
 67.626 km

2
 67.626 km

2
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Table 7. Vegetation to Non-Vegetation Change in Tubay 

 

From the above information, mining tenements expanded with respect to time increment; hence, more area of 

vegetation cover would be affected. As provided, the total area of vegetation that has been disturbed in 1995 at 

Tubay was 3.109 km
2
 by the APSA region, 23.369 km

2
 in 2001 which was operated by both APSA and MPSA, and 

54.633 km
2
 in 2014 by four tenements. Table 7 provides the statistics analogous to the preceding matter which is to 

determine the rate of change in vegetation cover caused by the presence of mining entity. It displays the quantity of 

area as well as the percentage to discern considerably the rate of conversion from vegetation to non-vegetation 

given the particular time intervals. Likewise, the percentage is acquired by involving the area of each tenement 

types derived from the generated vegetation cover overlaid with mining tenement maps. 

 
4. CONCLUSIONS AND RECOMMENDATIONS 

 

This study aims to evaluate the vegetation cover change in Tubay, Agusan del Norte using Normalized Difference 

Vegetation Index (NDVI) and generating land cover classification based from satellite images. 

 

The result of the work signified that there was a rapid change of land/vegetation cover during the period from 1995 

to 2014. Therefore, it concludes that increase of mining activities will cause damage to vegetation. NDVI is 

indispensable in determining vegetation abundance information because it accounts for variations in shadow due to 

sun elevation angle and is least influenced by topography. The analysis of multiple time-series satellite images may 

allow a non-stop monitoring of mining activity over the areas under scrutiny. Furthermore, it has a potential of 

predicting future trends in land/vegetation cover dynamics over the studied regions. 

 

In the light of findings and conclusions drawn from this study, it is highly advisable that the use of proper mine 

closure plan and land reclamation practices must be adapted to bring the area at least closer to its original landscape 

cover. The outcomes of this study will be of aid to the local government of Tubay while formulating land 

management plan to their locality. The present study can be useful to identify the vegetation areas which are at risk 

due to mining activity especially to other places wherein mining is prevalent. To derive accurate vegetation index, 

the in-situ spectral measurement of pseudo-invariant objects (e.g. roads, bridges) identified and common to any 

available images must be conducted since it calibrates the TOA reflectance values to represent ground or surface 

reflectance. 
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Year Intervals 1995-2001 % Change 2001-2014 %  Change 1995-2014 % Change 

APSA 0.0021 km
2
 0.07% - - - - 

EP - - 0.0045 km
2
 0.23% 0.0045 km

2
 0.23% 

EXPA - - 1.519 km
2
 5.81% 1.517 km

2
 5.80% 

MPSA 0.044 km
2
 0.21% 2.849 km

2
 9.55% 2.822 km

2
 9.46% 
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