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Abstract  

 
Efficiently monitoring the events happening over the pipeline corridor, or right-of-way (ROW), is one of the major 

concerns for pipeline operators. Such events can include physical intrusions such as encroachment from growing 

settlements, encroachment of vegetation and other Geohazards, but also potential impacts to the environment from 

pipeline leakage. A variety of techniques incorporated in both design (e.g. burial) and operation (e.g. surveillance) are 

used to try to prevent damage. New technologies that can help prevent damage may offer significant benefits to pipeline 

operators. Advances in satellite technology have resulted in both greatly improved data resolution as well as availability, 

and can provide an efficient and low cost solution to access and quantify change. This paper reports on environmental 

change analysis using high resolution satellite images. Analysis results and maps produced during this work provide an 

insight into landcover change throughout the study area and expected to support in on-going pipeline management 

practices. Vegetation index differencing and post classification comparison have been implemented to identify change 

areas in the study area. NDVI differencing shows increase or decrease of overall vegetation within the study area, with a 

special focus on large areas of increase and decrease (> 0.2 ha).  

Further analysis of change was conducted with post classification comparison method that uses land cover 

classification results of year 2010 and 2013. An overall change of 10% has been observed throughout the study area 

with large area change of approximately 5%. Results obtained from post classification comparison method were further 

analyzed with 6 focus areas and compared with the existing soil data and rainfall data. It is expected that he methods 

adopted during this study can provide a base for environmental change analysis in similar pipeline corridors to support 

decision making.  

 

1. Introduction 
 

Linear corridors such as pipeline right-of-ways are an important part of modern infrastructure, as the linear traverse 

covers large landscapes from urban centers to unpopulated areas including forest, agriculture and pastures. Events 

happening within ROW corridors include physical intrusions such as encroachment from growing settlements, 

encroachment of vegetation and other Geohazards, but also potential impacts to the environment from pipeline leakage. 

Monitoring and Surveillance of these areas has in the past predominantly been in the form of foot patrols or aerial 

patrols supplemented by vehicles.  

Change detection refers to identifying the change in state of an object or a process by observing it at different 

time interval. Understanding changes in land cover in a spatial and temporal context is the fundamental base for 

environmental change analysis. Some changes such as long term changes in land cover occur due to natural causes while 

in others, human activity plays an important role. Change information of landcover is helpful to identify human activities 

over a specific area and forms a reference base for applications including forest and rangeland monitoring, support in 

decision making for planning and investment, biodiversity, climate change and predicting future changes and 

trajectories. Satellite imagery can provide an efficient data source to assess and quantify these phenomena.  

Remote sensing image classification provides the ground cover information that can be interpreted over a 

period of time to retrieve change. The fundamental concept of remote sensing lies in the observation of reflected 

electromagnetic spectrum. These reflected spectrums are stored in different spectral bands arranged in the form of pixels 

and considered major source of information that describes the character of object being observed.  This information can 
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be classified into groups using image classification methods and thus it can be a major source of information for 

studying environmental change over a time. 

The most generic methods for change detection follow the process of feature extraction from imagery such as 

image classification and use of decision function to identify the change vs. no change situation (Hussain, Chen et al. 

2013). The common procedure is to (a) pre-process of the imagery for radiometric, atmospheric and geometric 

corrections with image registration (b) select appropriate change detection method based on the objective of study and 

(c) accuracy assessment. 

 

2. Location of study area 

 
The study area is situated on the West Coast of the North Island of New Zealand, on the upper left half of the volcanic 

peak of Mt. Taranaki. With the presence of rich volcanic soil, the region is considered to be extremely fertile with a 

number of oil and gas deposits. The area mainly consists of large pastures and grazing lands, forest, urban areas, river 

and few agriculture croplands. The area of interest is the 2.5km buffer zone of the pipeline measuring 43.7 km as 

highlighted in the location map (see Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Context map of the study area. 

 

 

3. Implementing environmental change detection 

 
Satellite images for 2010 and 2013 were sourced, and a pixel based change detection algorithm was employed to 

identify change areas along the pipeline using two methods: Vegetation index differencing and Post Classification 

Comparison (Singh, 1989; Coppin et al., 2004; Hussain et al., 2013). The process flow diagram illustrates the 

methodology followed (Figure 2).  

 

3.1. Acquisition of Satellite imagery 

 

The following factors were considered for the acquisition of imagery: 

 Complete coverage of study area 

 Minimum cloud cover (<5%) with nadir viewing angle  

 Ground sampling distance 

 Availability of Near Infrared (NIR) band for vegetation 

 Image attributes including sensor angle, and azimuth  

 Cost of image acquisition 

 

Based on these above, RapidEye images of 5m resolution with 5 channels of multispectral data was acquired for the year 

2010 and 2013. Additional image information is given in Table 2 of Annex A. 
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Figure 2: Environmental change detection methodology 

 

Besides satellite imagery, existing thematic data, reports and relevant resources were collected from various sources 

such as the Taranaki Regional Council, Landcare Research Database and National Land Resource Centre. 

 

3.2. Identifying change indicators 

 

Considering pipeline integrity, identification of environmentally sensitive areas in the right-of-way of pipeline is 

important. Major aspects to be assessed during a change detection study includes vegetation status (increase/decrease), 

changes in landcover classes (from/to), identification of hotspot areas such as settlement growth, pipelines leakage areas, 

hazard areas such as landslide erosion etc. Identification of vegetation stress along the pipeline corridor using indices 

such as Normalized difference vegetation index (NDVI) can provide an overview of vegetation increase or decrease on 

specific areas. Further, using image classifications methods, these areas can be identified with specific class groups and 

change can be quantified. Considering above approach and review of literature, the following indicators have been 

considered as a baseline for change interpretation and analysis: 

 Changes in vegetation status 

 Growth of settlement and intrusions 

 Determine presence of hotspots such as erosion and landslides 

 Physical and human intrusions along the ROW 

 

Change detection was implemented using two methods: Vegetation index differencing and Post classification 

comparison. Vegetation index differencing was used to produce change areas and statistics. The Normalized Difference 

Vegetation Index or NDVI was used to determine increase and decrease in vegetation without landcover class 

information.  

Normalized Difference Vegetation Index (NDVI) =
RNIR
RNIR




 

 

Here, NIR is the near infrared band and R is the red band of multispectral imagery. The vegetation index difference 

transformation and thresholding have been applied to quantify the change. NDVI maps for years 2010 and 2013 were 

generated separately in ENVI EXELIS 5.1 using the band calculation tool. These separate raster layers for vegetation 

indices were used for change detection using Image change workflow tool in ENVI. Differences in input NDVI and RVI 

images were evaluated based on thresholding, and a majority filter of size 3x3 was applied for aggregation on final 

output. 

 The Post classification comparison method is capable of producing detailed change results to derive from-to 

change class statistics and change maps. For this purpose, maximum likelihood image classification (MLC) was 

performed in subset satellite images of year 2010 and year 2013 using training samples earlier collected. Classified 
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output files from MLC were used as input data for post classification comparison. For this purpose, the thematic change 

workflow tool in ENVI 5.1 was used. Again a majority filter of size 3x3 was applied for aggregation on final output. 

 

4. Analysis Results 

 
Analysis was performed at three levels, using two methods. Firstly, using vegetation index differencing, NDVI maps and 

statistics provide an overview of vegetation in years 2010 and 2013, with changes sown as increase or decrease in 

vegetation. Secondly, detailed change analysis based on landcover classification is presented with post classification 

comparison. Finally, from the results of post classification comparison, specific areas are selected for change 

interpretation that exists within a 200 meter buffer zone either side of the pipeline. 

 

4.1. Vegetation index differencing 

 

Vegetation indices such as NDVI represent the presence of vegetation (Kriegler et al., 1969). Information in changes of 

vegetation status can help to determine vegetation stress that may occur along the right of way of pipeline. Further, these 

indices can serve as a base for determining crop chlorophyll content, leaf area index and biomass thus supporting the 

study of crop growth cycle along the right of way. Site specific measures can be applied depending on the location and 

status of vegetation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Bar chart of Vegetation changes between year 2010 and 2013 

 

Changes in the presence and absence of vegetation in 2010 and year 2013 were identified. The following figures show 

classified NDVI values and statistics. Classes have been generated based on NDVI values representing presence and 

absence of vegetation. 
 

 
Figure 4a: NDVI for 2010. 
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A total of six NDVI classes have been identified and mapped. The NDVI maps of year 2010 and 2013 (Figures 4a and 

4b) show the presence of a higher amount of vegetation on the upper right region of study area, while the lowermost 

region has less vegetation in both years. The areas with little or no vegetation are mostly barren and urban land, while 

most of the pasture and grazing lands have low and medium vegetation density. The following table shows the statistics 

of NDVI classes for year 2010 and 2013. 

 

 
Figure 4b: NDVI for 2013. 

 
The images were further analyzed to determine significant areas of change. Specifically, direct differences of NDVI 

values were calculated to determine change. In total 10.60% of change can be observed within the study area (including 

all major and minor changes). The total area which is ‘highly vegetated’ has decreased significantly in general terms. To 

further refine the change areas, large areas of increase and decrease have been determined using NDVI differencing 

between 2010 and 2013. These large increase or decreases represent change areas greater than 80 pixels (0.2 hectare) 

together, and are shown in Figure 5 below. 

 

 
Figure 5: NDVI differencing 2010-2013. 

 
4.2. Post classification results 

Post classification comparison is the most commonly used and preferred pixel based change detection method as it 

provides “from-to” change information by comparison of classification from two different images. This method can 



Rio Pipeline Conference & Exposition 2015 

 

 

 

6 

produce change maps with a complete matrix of changes (Singh 1989; Kennedy, Townsend et al. 2009; Hussain, Chen 

et al. 2013; Jin, Yang et al. 2013). For identifying change areas based on image classification, post classification 

comparison was done. Image classification was applied with earlier collected training samples in satellite images from 

2010 and 2013. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Bar chart of landcover change 2010-2013. 

 

Results of direct comparison in landcover of year 2010 and 2013 shows high increase in grazing land areas and decrease 

in forest and cropland which justifies the previous results from NDVI change where low vegetation areas such as 

grazing and pastures have increased while high vegetation areas such as forest and crops have decreased.  

 

 
 

Figure 7: Bar chart illustrating from-to change statistics for classified 2010-3013 images. 

 

The above chart illustrates interesting figures as major change of slightly above 2% have occurred from barren land to 

grazing land and vice versa. Change from grazing land to cropland, forest to grazing land and builtup to grazing land 

also show significant values of change. Total 10.16% of change with high area change of 5.27% and low area change 

with 4.88% can be observed. These figures correlate with results obtained from vegetation index differencing method 

where total change of 10.6% and large area change of 5.96% were observed. 

 

4.3. Evaluation of change: Accuracy and error 

Accuracy assessment of landcover classification was performed based on a stratified random sampling method. A total 

of 9402 pixel samples were collected automatically throughout the study area and manually verified on the respective 

images of year 2010 and 2013 to create separate reference datasets for year 2010 and 2013. This method was adopted 

since the images are from two different years and the use of a single reference image for accuracy assessment is 

inappropriate. Class level error classification matrices are presented in the supplementary tables in Annex A (Table 3a 

and 3b). 
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4.4. Focus area analysis 

Several focus areas were identified based on visual interpretation of change areas obtained from post classification 

comparison. These areas show major changes within the 200m buffer of the pipeline, and cover major parts of change. 

Interesting changes can be observed as on area 1, as large amount of cropland has changed to grazing land while on area 

2 we can clearly see encroachment on the pipeline (change from grazing land to builtup). These changes cover specific 

parcels and hence suggest human activities such as farming or land clearance. Area 3 shows major change from grazing 

land to barren land in a significant area suggesting large area clearance has taken place. 

 Analysis shows that the reasons for vegetation change along the right of way is a combination of man-made 

intrusions, natural increase-decrease of vegetation, existing soil and rainfall conditions. No severe hotspot areas for 

landslides or large areas of erosion have been detected within the study area. 

 

 
Figure 6: Detailed change analysis in three areas. 

 

Considering the pipeline safety and integrity, the following three major types of changes have occurred within the 

pipeline study area: 

 Natural or man-made increase in vegetation as barren land has been changed to grazing land and vice versa. 

 Human activities such as farming as cropland have changed to barren land and vice versa. 

 Settlement intrusions (encroachment) with the increase in built-up areas. 

 

5. Summary and Conclusion 
 

In this study, Environmental Change Analysis (ECA) methods were applied using RapidEye satellite images of two 

different time periods. Vegetation index differencing and post classification comparison methods were implemented in 

the study area. Vegetation indices such as NDVI provide an overview of presence of vegetation related to the crop stress 

and NDVI differencing can be used to identify areas for large change in vegetation along the pipeline ROW.  

 Within the study area, no severe hotspot areas for landslides or large areas of erosion have been detected. 

Vegetation index differencing shows a total change of 10.6% with large area change of 5.96%. More detailed analysis 

was conducted using a post classification comparison method to generate detailed change statistics. Major change areas 

have been focused from the results of post classification comparison for interpretation of change and to identify possible 

reasons for change. Results from post classification comparison show a total 10.16% of change with high area change of 

5.27% and low area change with 4.88% have been observed. Major changes in vegetation from grazing land to barren 

land and vice versa have been observed suggesting both natural and human contributions to change within the vicinity of 

pipeline. As a general summary of the findings, the following three major types of change were identified: 

 Increase or decrease in vegetation 

 Human intrusions from agriculture and farming 

 Settlement increase, including pipeline encroachment  

 

This study shows that by using remote sensing analysis, potential areas of encroachment and intrusions along the 

pipeline can be identified relatively easily. The maps and data produced can be directly implemented into the pipeline 

1 2 3 
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monitoring and management cycle. Areas where significant change is identified can be directly marked for more detailed 

survey or investigation by field teams. 

 While this study focuses upon environmental issues in the form of landcover change, these analyses can be 

calibrated to focus upon other phenomena, including physical changes such as disturbances that indicate leaks, digging 

and other disturbances. The further development and automation of such analysis workflows can assist as a rapid and 

effective screening measure to prioritize activities for ground teams.  
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ANNEX A 

SUPPLEMENTARY TABLES 

 

 
Band Description Wavelength (µm) 

Band 1 Blue 0.45 - 0.51 

Band 2 Green 0.51 - 0.59 

Band 3 Red 0.63 - 0.69 

Band 4 Red Edge 0.69 - 0.73 

Band 5 Near Infrared 0.76 - 0.85 

Table 2: Spectral characteristics of RapidEye images. 

 

 
Year 2010 

Overall Accuracy = 74.20% 

Kappa = 0.6195 

 

CLASSES Barren 

Built-

up Cropland Forest Grazing Sand Total 

Producer 

(%) 

User 

(%) 

Barren 1230 125 0 0 12 0 1367 62.56 89.98 

Built-up 25 1721 0 2 1 14 1763 55.05 97.62 

Cropland 0 3 47 2 13 0 65 46.08 72.31 

Forest 0 66 25 485 36 0 612 80.43 79.24 

Grazing 711 1200 30 114 3523 0 5578 98.27 63.16 

Sand 0 10 0 0 0 6 16 30 37.5 

Total 1966 3126 102 603 3585 20 9402   

Table 3a: Accuracy assessment error matrix of year 2010. 

 

 

Year 2013 

Overall Accuracy = 70.31% 

Kappa = 0.5593 

 

CLASSES Barren Built-

up 

Cropland Forest Grazing Sand Total Producer 

(%) 

User 

(%) 

Barren 1103 123 0 0 7 0 1233 56.1 89.46 

Built-up 29 1492 0 2 6 14 1543 47.73 96.69 

Cropland 0 3 40 3 13 0 59 39.22 67.8 

Forest 0 61 24 480 31 0 596 79.6 80.53 

Grazing 834 1433 38 118 3528 2 5953 98.41 59.26 

Sand 0 11 0 0 0 4 15 20 26.67 

Total 1966 3126 102 603 3585 20 9402   

Table 3b: Accuracy assessment error matrix of year 2013. 

 




