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Abstract: Changing climate has a great impact on northern area of Pakistan’s environment and is more prone to environmental 
changes impacts than rest of the country due to its high elevation. However, melting glaciers effect not only the local environment 
but also the whole country with frequent and heavy floods. Remote sensing (RS) from Satellites and Airplanes used in Geographical 
Information Systems (GIS) are technologies that can aid in understanding the on-going environmental processes. Furthermore, help 
researchers to observe, understand, forecast and suggest response to changes that occur. It can be natural disasters or man-made 
disasters and human induced factors. Still analysis accuracy issues play a vital role for the formulation of any strategy. To achieve 
better results, object based analysis methods have been tested. Various algorithms are developed by the analysts to calculate the 
magnitude of land cover changes. However, they must be evaluated for each environment that is under observation as mountainous 
areas. Here were object-based methods evaluated in comparison with pixel based. Landslides, soil moisture, soil permeability, snow 
cover and vegetation cover can be effectively monitored by those methods.  
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1. Introduction 

Massive scale disturbance in topological, 

morphological, meteorological, hydrological and 

biological phenomena that cause considerable change 

to the environment reported in the Karakoram Range 

Northern Pakistan. Detection, forecasting, planning 

and management play an important role for the 

conservation and reduction of the prevailing 

environmental threats. For this purpose, availability, 

accuracy and reliability of spatial data is considered as 

the most important factors [1]. Data collection, analysis, 

interpretation and presentation are the basic domains 

of geo-informatics as a subject. This is important as 

mankind is living in an era of revolution in space or 

satellite imaging techniques for data acquisition and 

quick sharing of authentic information [2]. 
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Historically, 18 major flooding events have 

occurred in Pakistan in the Indus down stream areas 

since 1935. From these ten worst flooding events 

(1992, 1993, 1994, 1995, 1996, 2001, 2003, 2005, 

2008 and 2010) observed during last twenty years, it 

is including the most recent 2010 flooding [3]. Glacier 

retreat phenomena are another alarming sign in global 

warming and regional climate change context and 

such retreat lead to development of glacial lakes in 

those particular retreated regions [4]. 

Medium resolution imagery, as Landsat TM and 

ETM imagery, is considered as more effective for the 

analysis of such land cover changes that have occurred 

on vast areas [5]. There are about 5,218 glaciers that 

are located on the 15,040 km2 area of Pakistan, 

providing 50% to 80% of the fresh water during 

summer snow melting season. North Pakistan that has 

one of the world’s most difficult terrains to reach is 
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the hub of three very well known mountain systems, 

Hindu Kush, Himalaya and Karakoram [6]. Studies 

show that about 2,500 glacial lakes have been formed 

during the last few decades due to rapid snow melt [6, 

7]. These glacial lakes are more prone to outburst 

phenomena that may lead to immense damage to 

human settlements, agriculture land and live stock. It 

has also concluded that the last decade (2001-2010) 

was the warmest for Karakoram Himalaya region in 

the national history by comparing it with meteorological 

data from the past three decades 1971-2000 [6]. About 

13% of the total area of Pakistan comprises of glaciers 

but recent research shows that 13,700 km2 glacial 

zones would disappear by 2035 due to global climatic 

change effects (Fig. 1). Statistical data collected from 

these different sources shows the numbers of affected 

population from natural disasters, specially flooding, 

landslides and avalanches etc. during the last two 

decades. These numbers are much higher than 

previous six decades [8]. 

1.1 Problem Statement 

Five major glacial lake outburst flooding events 

occurring in Hunza River Basin Gojal were reported 

during the period 2007-2008 [9]. 

Northern glaciers of Pakistan is considered as the 

life line for Pakistani agriculture based economy 

because almost all water from these glaciers are used 

to irrigate the fertile lands from province Punjab to 

Sindh and Baluchistan. During the last few years’ rare 

phenomena, like the Atta-Abad artificial lake incident 

on Hunza River due to a combination of flood and 

landslides. Changes in vegetation cover also could 

partly explain such extreme events. Knowledge about 

where and how the change in glaciers occurs is 

essential to take counter measures and prepare against 

floods and other potential dangerous incidents. 

Analyse methods through remote sensing is here 

suggested to overcome the problems in monitoring the 

high mountains that are affected by the climate change 

and changing hydrological regimes. 

Table 1  Glacier depletion record survey [23]. 

Glacier  
Depletion ratio  
(% area) 

Study period 

Batura 15 1992-2001 

Biafo 9.0 1992-2000 

Yazghil 5.0 1992-2007 

Jutmau 28 1992-2007 

Passu 7.0 1992-2008 

Ghulkin 12 1992 -2008  

1.2 Aim of the Study/Objectives 

The specific aim of this study is the detection and 

observation of change of ice, snow and vegetation 

cover over the last twenty years for the Karakoram 

range using satellite images as suggested by Gamanya 

et al. and Khalsa et al. [9, 10]. 

The specific objectives of this study are: 

(1) Analysis of climate change impact using GIS 

and Satellite data for the study area; 

(2) Investigating methods to analyse vegetation, ice 

and snow using both object and pixel based 

techniques and spectral bands combinations; 

(3) Surface changes like landslides, soil 

erosion/land erosion, glacial lake formation and lake 

outburst phenomena; 

(4) Investigate the two major types of methods to 

calculate the changes to the different mountainous 

land scape objects like change enhancement methods 

and change information extraction algorithms [11]. 

2. Materials 

2.1 Data and Methods 

There are different types of remotely sensed data 

available on different spectral resolution—up to 200 

spectral wave bands between 0.4-2.5 µm [12]. For this 

study, Landsat thematic and enhanced thematic 

mapper imagery is used because of its availability 

during the research period. Furthermore, the scenes 

are easily obtained directly from United States 

Geological Survey and University of Maryland. For 

the elevation model analysis, SRTM data with a 

resolution of 3 arc nodes was obtained from the same 
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portal for this study.  

Both pixels and object based analysis 

methodologies have certain advantages and 

disadvantages depending on the data used for the 

study. For example, pixel based technique shows 

certain flaws at the pixel’s spatial scale level [13]. 

Mixed pixels is another well-known problem 

occurring during pixel based analysis [13, 14]. 

Problems with actual representation or size of the real 

world object and pixel size [13] are few known 

problems. While, on the other hand, object oriented 

approach is not good for the analysis of low-resolution 

imagery. Accuracy in the pixel-based analysis 

approach can be attained if the object of interest 

operates at a spatial scale level rather than at the pixels 

spectral level only [13, 15]. Therefore, object based 

analysis is considered more accurate because it 

possesses the capacity to analyse image objects at 

several levels including spatial, spectral and temporal 

[13]. Well-structured object oriented analysis 

procedures allows the data parameters to be defined 

by interpreting the object typology and texture 

information. This is because object texture parameters 

contain information about spatial relationship that 

exists among image objects and analysis of variance 

among neighbouring pixels [16]. 

2.2 Object Oriented Image Analysis 

Objects often refer to an individual resolvable entity 

of an image because it represents the real world 

phenomena, event or object [10, 17]. Although object 

based image analysis sometime depends on the low 

level processing procedures (multi-resolution 

segmentation) and algorithms by adopting high level 

classification approach like pattern recognition, 

knowledge based and fuzzy approaches [18], object 

typology and texture which are considered as the basic 

ingredients of accurate analysis [16, 19]. Secondly, 

unlike the pixel-based analysis approach, newly 

developed object-based techniques have increased 

spatial internal variability that extended mapping 

capabilities in many ways [19]. Segmented areas, 

image objects or set of homogenous pixels, bears both 

spatial and spectral properties while on the other hand, 

it is quite difficult in pixel-based analysis to extract 

complex information only from spectral mix input or 

from single pixel [20, 21]. Object oriented analysis 

focuses on the representation of meaningful objects in 

the remotely sensed data that corresponds true spatial 

pattern unlike traditional approaches where uniform 

pixels have a unique representative entity [22]. 

3. Results and Discussion 

Landsat data analysis clearly indicates that global 

warming has affected glacier ecosystems of northern 

Pakistan. Twenty years record portraits that these 

adverse climatic effects are in the form of snow 

depletion, landslides, artificial lakes formation and 

increase in the vegetated land in the area. 

Meteorological records related to the study area also 

confirm that global warming has effects on the 

regional climate of northern Pakistan. Meteorological 

records archive categorizes 2009 as the top 5th 

warmest year since 1850 with the decade (2000-2009) 

recorded as the hottest [6, 23]. Therefore, a consistent 

decrease in overall mass balance of glacier snow cover 

has been observed in the analysis of Landsat imagery 

of the study area. Esbah et al. [21] categorically 

explain that after careful study of historical data of 

Himalayan region, the temperature of this region has 

been increasing considerably during the last century 

and it is also currently much higher than average 

global temperature [6, 21]. World meteorological 

organization’s technical reports confirm that 

greenhouse gas-emissions were at their highest level 

during 2012 and previous decade since 2012 was the 

warmest in metrological history [23]. 

In the object-based analysis, various characteristics 

like colour, shape, compactness and smoothness of the 

objects are the basic parameters of the segmentation 

process. Moreover, it also takes accounts to the 

spectral heterogeneity and homogeneity of image 
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objects. Classification takes segmented image  

objects at optimal scale level and testifies any 

classifier either supervised or unsupervised on it for 

analysis purpose. 

Analysis of Landsat imagery clearly depicts the on 

ground gradual decrease in the natural resources 

including various non-vegetated classes like ice and 

snow. Various studies find the receding ratio of 

Himalayan zone is much faster than any other glacier 

system on the earth [24]. Interpretation of the analysed 

data clearly indicates that last ten years were the worst 

in the history of Karakoram and Himalaya because 

significant changes in the snow cover over the glaciers 

which can be clearly observed in the adjacent valleys. 

These changes brought certain calamities during last 

few years like the most recent Atta Abad lake 

incident.  

As explained earlier, segmentation provides strong 

foundation to classification process, Landsat TM and 

ETM imagery segmentation purpose same parameters 

of similarity and area. For this study, segmentation 

parameters selection was primarily based on the 

careful data handling for best or accurate results by 

avoiding various flaws like over-segmentation and 

under-segmentation. Segmented image context file 

that contain particular set of Landsat TM (Bands1, 4, 

5 or Bands 3, 4, 5) and Landsat ETM (Bands1, 4, 5 or 

Bands 3, 4, 5) images leads to the region extraction 

stage. In this stage, properties of the regions is 

analysed on the basis of applied algorithm by using 

statistical parameters like mean, correlation and 

standard deviation etc. (Fig. 1). 

3.1 Segmentation and Classification 

For the segmentation of enhanced thematic mapper 

(Landsat ETM), same parameters of similarity (30) 

and pixel area (75) algorithm “region growing” were 

selected. 

Landsat imagery object based classification results 

shows clearly gradual change in the overall mass 

balance of ice/snow covered in the study area between 

1992 and 2012. A consistent and gradual decrease in 

the non-vegetative classes, particularly in different 

snow classes (permanent snow, ice, per glacial snow 

debris and supra-glacial snow debris), was as a regular 

increase in the vegetation class observed in the area. 

The reason could be persistent moisture due to snow 

or ice loss that provides favourable condition for the 

growth of herbs, shrubs and dwarf plants. Secondly, 

chances of soil displacement or soil erosion increase 

in the area due to snow retreat and it also brings 

various problems to the community because risks of 

landslide, mudslide and avalanches increased in 

mountainous region considerably. Classification 

results of Landsat data (Fig. 2) shows increase in the 

dry bare land cover class from 1992 to 2012. After 

analysis of Landsat TM and ETM data Bands 1 (Blue), 

Band 4 (Near Infrared) and Band 5 (Shortwave 

Infrared Band) by using Bhattacharya distance 

classifiers in TM1992 data. The 388,640 features 

marked as dry bare land that increased to 473,783 

features in ETM 2000 data, 890,813 in TM 2011 and 

890,989 features in Landsat ETM 2012 data. Such 

variation or increase also observed in other land cover 

classes like glacier’s rock. 

Clear decreases in the other Land cover classes, like 

ice and permanent snow was observed after analysis. 

Ice class decreased from 458,769 features in TM year 

1992 data while 440,567 in TM year 2011 and 

390,961 features in ETM 2012 respectively. 

Permanent snow class exhibit similar behaviour and 

it also decrease gradually except in the year ETM 

2000 where as it shows slight variation. From 

literature review came to know that from the near the 

year 2000, a strange expansion in Karakoram glaciers 

mass balance was observed but later in the decade 

most harsh climatic conditions or warmest weather 

was observed there. After the analysis of the Landsat 

bands those are recommended for the exploration of 

snow and ice cover changes like Band 3 (Red), Band 4 

(Near Infrared) and Band 5 (Mid Infra/Shortwave 

Infrared). 
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Fig. 1  Segmentation results of Landsat enhanced thematic mapper data set. 
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Fig. 2  Landsat blue, near and mid infrared bands analysis accuracy graphs as an example on object based analyse (besides 
was also (blue+near infra red +mid infra read) and (red+near infrared + mid infra) analysed). 
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4. Conclusion 

Data analysis clearly indicates the changes in 

vegetation and non-vegetation parts of the study area. 

Meteorological record of last two decades clearly 

shows increase in the average temperature particularly 

during last decade from the year 2000 to year 2010.  

Slow but gradual adverse effects of climate changes 

on the region are visible in the statistical as well as in 

analysed image data.  

Landsat imagery’s interpretation either by 

traditional classification approach or by using any 

specialized algorithm like NDSI or NDVI disclosed 

this fact that change in the climate directly affected 

ice/snow cover, vegetation and geo-morphological 

structure of the study area in one way or another. 

Remotely sensed data analysis procedures often 

follows statistical parameters and lacks the ability to 

interpret structural/contextual properties of the land 

cover objects particularly urban areas or man-made 

features like buildings, roads etc. But emerging object 

oriented analysis approaches use spatial and thematic 

reasoning approach to provid the opportunity for 

structural analysis [25]. As depletion of the snow/ice 

cover leads to slightly increase in the vegetation ratio, 

this was proven in the vegetation index analysis of 

Landsat Imagery from 1992-2011. Recent calamities 

like flooding, earthquakes, landslides and drought 

provides ample evidence of climate changes in the 

region. 

Considerable decrease in the snow/ice cover 

observed in the analysed data from 1992 to 2012. 

Although there’s little change observed in other land 

cover classes of the study area, but analysed data 

calculations shows from 2000 to 2012 glaciers in the 

Hispar and Hunza Nagar faced serious problems due 

to global warming.  

The findings are as following: 

(1) Object based analysis shows better accuracy 

ratio as compared to pixel-based analysis. With the 

help of object based analysis, various non-vegetative 

classes were identified in the Landsat imagery; 

(2) Slow but gradual depletion of snow/ice cover 

was observed in the study area of Karakoram region; 

(3) Massive landslides/mudslides phenomena 

observed in the study area in 2010 and 2012 in 

Landsat imagery. Artificial lake on the river Hunza 

was clearly visible in TM and ETM 2010, 2011 and 

2012 imagery. Therefore, it was easy to figure out the 

actual damage done by the landslide episode in this 

area after the analysis; 

(4) Snow and ice melting catalyse floods, mudslides, 

landslides and lake outburst episodes in the area 

during the last two decades. This can be clearly 

observed in the analysed imagery and survey data as 

well; 

(5) Vegetation area increased due to glacial retreat. 

Therefore, gradual increase in the vegetation can be 

observed from the year 1992 to 2011.  
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