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A B S T R A C T  

Natural and anthropogenic influence affects directly ecologic equilibrium and hydro morphologic symmetry of riverine 

surroundings. The current research intends to study the hydro morphologic features (meanders, shape, and size) of 

Indus River, Pakistan by using remote sensing (RS) and geographical information science (GIS) techniques to calculate 

the temporal changes. Landsat satellite imagery was used for qualitative and analytical study. Satellite imagery was 

acquired from Landsat Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+) and Operational Land Imager 

(OLI). Temporal satellite imagery of study area was used to identify the variations of river morphology for the years 

1988,1995,2002,2009 and 2017. Research was based upon the spatial and temporal change of river pattern with respect 

to meandering and flow pattern observations for 30 years’ temporal data with almost 7 years’ interval. Image 

preprocessing was applied on the imagery of the study area for the better visualization and identification of variations 

among the objects. Object-based image analysis technique was performed for better results of a feature on the earth 

surface. Model builder (Arc GIS) was used for calculation of temporal variation of the river. In observation many natural 

factor involves for pattern changes such as; floods and rain fall. The object-oriented classification was applied for land 

use/land cover (LULC) features of the study area for the years 1988 and 2017 and abrupt change observed. Overall, 

1988 to 2017 the Indus River in the study area has changed its path and pattern. 
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I N T R O D U C T I O N  
 

Water is the renewable natural resource because it can 

be replenished after used. The Rivers flow the water from 

one place to another. The River channel normally 

contains a single stream of water but some river flow as 

multiple streams that are interconnected 1.  River water 

flows from upstream to downstream area with respect to 

elevation or topographical change. Indus River (IR) lies in 

northwestern (NW) part of southern Asia within the 

boundaries of China, Pakistan, India and Afghanistan 2. 

Northern area of Pakistan contains Pamir mountain 

ranges and the Karakoram which make enough 

substantial topography of Indus River 3. Indus River is a 

main tributary of Pakistan its starts from the northern area 

of Pakistan and end in Arabian Sea 4,5. At the downstream 

of Panjnad upper side of Mithankot five major rivers from 

east (Jehlum, Chenab, Ravi, Beas and Sutlej) meets with 

Indus River. These five rivers fall into the Arabian Sea 

with the flux of sediments 5. These Rivers are flowing 

through the Punjab Province densely populate and 

agricultural areas. At the downstream of Mithankot, Indus 
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River has no dam and water flow with high magnitude 

without any interruption. River pattern changes take place 

at above the delta, especially near Kashmore and 

Sehwan and old paths can be recognized towards the 

Indus Delta in lower Sindh 6. Due to the climate change 

heavy floods occurred in Indus River. The rise in 

temperature is the major cause of snow melting as well as 

change in rainfall cycle on the watershed area of Indus 

River cause of floods. In Indus River thirteen super 

floods and high floods occurred in the years 1955, 1956, 

1957, 1958, 1959, 1964, 1973, 1975, 1976, 1978, 1983, 

1986, 1988, 1989, 1992, 1995, 1997 and 2010 7. Remote 

sensing and GIS (Geographic Information System) 

approach is very useful in river morphological changes 

detection. GIS and remote sensing are used to calculate 

scattering of unusual and difficult areas to monitor in a 

cost-effective way with a high accuracy level 8. Rivers are 

the natural feature on the earth surfaces that change the 

shape and size either by increasing or decreasing flow 

with the passage of time due to erosion, sedimentation 

and deposition. The gis-based analysis allows the river 

management and decision-making process 9. Monitoring 

of the temporal morphological changes is not easy with 

the traditional methods. Remote sensing and GIS 

provides a possible solution to evaluate these changes in 

less time with quality work. Accurate, fast and cost-

effective information can be achieved easily 10. Remote 

sensing and GIS are essential to identify these changes 

in a cost-effective way. Satellite imagery of the land 

surface with the passive sensors allows the detection and 

perception of ground objects 11. GIS technique used for 

the observation of spatial and temporal trend of river and 

its association with other features 12. In object-oriented 

classification, exported data in vector format in form of 

polygons that contain all the attribute information 13. Land 

use planning do not possible without the satellite imagery. 

GIS and Remote sensing method used for change 

detection of land 14. Remote Sensing is a tool to help in 

detecting the degree of land use land cover change that 

has taken place on river watershed 15. On the other hand, 

statistical analysis performed by using Arc GIS: Model 

builder that is a graphical user interface that represented 

by diagrams to create, edit and execute the geospatial 

work 16. The purpose of this research is to observe the 

Indus River (Chahcran-Guddu) temporal flow pattern and 

meandering changes because the variations in river flow 

pattern occur due to flow of water with passage of time. 

Temporal pattern of river flow identification is the main 

purpose of the study. Land cover changes will be 

identified after the object-oriented classification of an area 

of interest to establish the scenario of land cover 

changes. 

M A T E R I A L  A N D  M E T H O D  

Study Area 

Geographically study area is located at 28.31°-28.99° N, 

69.54° - 70.49° E (see Fig. 1). The length of the study 

area is around 88 km from Chachran to Guddu Barrage. 

This study area was chosen because of the water flow is 

very high due to all river of Punjab meet at the point that 

near to study area. Table 1 is showing the major 

settlements around the study area. Guddu Barrage was 

constructed to distribute the flow of water. Indus River is 

the biggest river in Pakistan that fall into the Arabian 

Sea 4, 17. The study area was chosen for flow pattern 

observation by using Landsat satellite images. Guddu 

Barrage is located near Kashmore alongside of Indus 

River. The construction of Guddu Barrage was completed 

in 1962. The maximum discharge capacity of Guddu 

Barrage is 1200000 cusecs (m3 / s-1) 18. Main purpose of 

Guddu Barrage is to distribute the water flow for 

irrigation 19. 

 

Fig. 1: Location map of the study area, Indus River 

(Chachran to Guddu Barrage). 
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Table 1: Major settlement around study area (Indus 

River). 

Northern West Southern East 

Mithankot Chachran Sharif 

Rojhan Dilkusha 

Shahwali  

Data and Analysis 

Multispectral Satellite images of 151 paths and 40 rows 

were downloaded from the free available website of 

United States Geological Survey (USGS). Satellite 

images from 1988 till 2017 with the gap of almost 7 years 

were downloaded. Landsat-5 TM (Thematic Mapper) 

images were acquired for the years of 1988, 1995, 2009 

and Landsat-7 ETM+ (Enhanced Thematic Mapper Plus) 

for the year 2002 was downloaded. Meanwhile, Landsat-8 

OLI (Operational Land Imager) data was used for the year 

2017 (see Table 2). The Landsat data used in the process 

were already geo-referenced with the world geodetic 

system (WGS-84) and Universal Transverse Mercator 

(UTM), zone 42, north projection. The satellite images 

were obtained of only for the summer season to avoid 

seasonal water variations. Because in monsoon season 

river is under flooding consequently variations and 

changes of the river may not be easy observed. In the 

summer season, there is a controlled water flow in the 

river and flow pattern changes are easily identified using 

satellite images. Image preprocessing performed on the 

acquired satellite imagery. Atmospheric corrections and 

subset of satellite imagery of the area of interest were 

done by using the shape file of the study area. 

Table 2: Landsat sensors specification. 

Satellite Sensor Resolution Date 

Landsat 5 TM 30 meters 

06/12/1988 

15/05/1995 

22/06/2009 

Landsat 7 ETM+  26/05/2002 

Landsat 8 OLI  27/05/2017 

Object Based Image Analysis 

Object-oriented classification technique has a higher 

accuracy level to classify the satellite imagery as opposed 

to old traditional classification techniques 20. The object-

oriented classification was performed on pixel’s values of 

Landsat data of 1988, 1995, 2002, 2009 and 2017 only on 

the study area. Overall observation based upon the 

temporal changes reliable due to the accuracy of results 

to enhance calculations results which are also the main 

objective of the research. The resultant image detected 

the river water, vegetation, barren and built up areas.  

Segmentation Based Classification 

Segmentation of the objects depends upon shape 

parameters that indicate how objects are created. It will 

depend upon the size of the segments, the larger the 

segments smoothing is also required, compactness value 

and shape size have an important role to create 

appropriate segments. Compactness is basically the 

procedure of merging features segment. The image 

displays clear segmentations with the targets (features). 

This may be realized that water has differences in 

reflectance because it could be clear, muddy and or 

intrusions. The segments are generated when the object-

oriented process has been run, and they based on the 

target clustering (pixels). The image is divided into many 

objects and it is based upon the standard of nearest 

neighbor. Every image of Landsat has a number of pixels 

of different intensity but in object-based classification, 

objects are generated on the base of pixel values of same 

target or the pixels that have the almost similar intensity 

and increase the feature deficiency. Two algorithms used 

in the object-oriented method; one is a multi-resolution 

segmentation and the second is knowledge-based 

classification. In the first step of segmentation, the desired 

segmentation of that object is made. 

 

Fig. 2: Hierarchy of raster dataset in object-oriented 

classification (source: Benz et al. 21). 
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Later using the merging technique, the neighboring similar 

objects are merged to form bigger object (Fig. 2). Then, 

these bigger objects are merged on the basis of color 

(intensity), shapes and digital numbers of the objects. 

Knowledge-based (shape, size, texture and DN values) 

classification on the generated segments. Yu describes 

that object-based classification is based upon the object 

segments. He describes that the classes of features and 

segments for the classification of remotely sensed data 

generated according to the objects 22. The scale 

parameter directly depends upon the segments, when the 

number of segments increase than the scale parameter is 

small because objects creation depends upon the value 

of scale parameter 23. In this research, the multi-resolution 

segmentation algorithm is used to generate the segments 

according to the dataset. To generate accurate segments, 

the value of the scale parameter is set at five on the basis 

of the targets (features) in imagery. According to 

requirement, the scale parameter is necessary to achieve 

the goal that is used to increase or decrease the 

segments. For the composition of homogeneous criterion, 

the values that are used for shape and compactness is 

0.1 and 0.3 respectively. Algorithms that are applied on 

the data are nearest neighbor; geometry and layer value 

standard applied. For the purpose of classification; 

algorithm is named as classification which is used to 

execute the classification results. To obtain reliable 

results 0.3 factor value is applied to avoid any mixed pixel 

effect. Segmentation of the objects is depending upon 

shape parameters that indicate how objects are created. It 

will depend upon the size of the segments, the larger the 

segments smoothing is also required, if the segments are 

smaller in size, it is necessary to apply the smoothness. In 

this research compactness and shape size value have 

been used 0.3 and 0.1 respectively. The smoothing was 

required for balance the homogenously of segments 

shape. The classes were labeled as water, vegetation, 

built-up, barren land after the segmentation process. 

Sampling of the objects was carried to separate the 

classes. The nearest neighbor algorithm was applied 

based on the layer (band) value and the geometry of the 

object. After the sample selection; algorithm of 

classification is used to execute classification results 

when all the sampling has been done. Later, the result 

could be exported into shapefile to use in GIS software.  

Modal Builder (Arc GIS) 

A detailed analysis has been carried out for the change of 

course of the river i.e. meandering, change of flow pattern 

etc. For the observation of change in pattern for the years 

1988 and 2017 in the study area has noticeable. The 

study was carried out to observe the temporal changes 

according to its meandering and flow pattern. The study 

region has tremendous changes due to flow in form of its 

path to the area of the river in this research divided into 

several zones with respect to its meandering changes in 

multiple directions as observed in the results selection. 

Division of study region in multiple zones is useful to 

observed multi-variations in the large study area 24.   

These changes were studied and analyzed using the 

overlay operations such as intersect, erase, and union to 

calculate the changed area. The influence of various 

factors over the river sinuosity was studied using the 

overlay analysis in the GIS. Three overlay operations, 

intersect, erase and the union was applied 

simultaneously. 

R E S U L T S  &  D I S C U S S I O N S  

In this research, the flow pattern of Indus River (Chachran 

- Guddu) for the period of 30 years from 1988 to 2017 

was observed. The object-oriented classification was 

applied on Landsat satellite for extraction of the results 

according to the shape of river body. The only reason for 

using object-oriented classification is that segments are 

generated according to the targets (features) specified. 

Object-oriented classification technique is applied to the 

imagery of Landsat 1988. The area of water body in 1988 

was 195.9 km2. Fig. 3 shows the Indus River flow pattern 

from northeast to southwest and the area of the river in 

1995 was 193.3 km2. From the above results in 1988, the 

area of water body was large as compared from the year 

of 1995. In 1995 the area of water body decreased with 

the difference of 2.6 km2. The area of water body in 2002 

was 248.3 km2 and the area of the water body increased 

to 55 km2 according to the comparison of 1995 imagery. 

The flow pattern of water body from Chachran to Guddu 

Barrage in 2009 has variations and the area of water body 

in 2009 was 285.2 km2. The difference between the water 

bodies of 2002 and 2009 was 36.9 km2 that observed. 

Fig. 2 also shows the flow pattern of water body in 2017 

that indicates the river in 2017 was 207.4 km2. 
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Fig. 3: Resultant map of object oriented classification for 

change detection.  

Summarizing the results of all the maps that are 

generated from object oriented classification technique, 

Table 3 showing change in specified time frame. 

Table 3: Results of temporal variations that occurred 

in observed period. 

Observed Period 
Overlapped Area 

(%) 
Spatially 

Changed (%) 

1988-1995 39.81 60.19 

1995-2002 40.62 59.38 

2002-2009 47.62 52.38 

2009-2017 52.31 47.69 

Meandering and Flow Patten Observation for the 

Years 1988 and 2017 

Area of the river increased up to 11.5 km2 in 2017 which 

makes the total area of water body 207.4 km2. The modal 

that builds (Fig. 4) to observe the change in river pattern 

indicates the abrupt variations such as; an area of 

25.49 % of the river in 2017 overlapped with the old 

position of the river 1988 However, abrupt changes could 

be observed in Fig. 5 where it can be seen clearly that 

74.51% area of the river in 2017 has changed its flow 

pattern due to the temporal variations as compared to 

1988. Overall scenarios in results show the temporal 

variation in river flow pattern and meandering within 30 

years’ gap.  An observed variation indicates that there are 

many factors involved in the changed in the condition of 

water level and path change processes such as rainfall 

and floods. According to Memon flash flood is the main 

reason that involves in erosion on the river bed, because 

of the (catchment area of province Baluchistan) flow of 

water towards Indus River, eventually spatial and 

temporal changes occur caused by the floods. Mainly, 

Jacobabad, Kashmore and Shahdadkot areas get 

affected in floods and eventually the agricultural land, 

roads, forest, and other damages occur 25. Also, he 

indicates the factors that may involve in the water flow in 

this region so, the results of the research show the abrupt 

change in the resultant map (Fig. 5). Consistency flow of 

the river in its channel is the source of energy which 

removes every object that falls in its way as the resulting 

shape of the river changed 26.   

 

 
Fig. 4: Model builder process for identification of river 

pattern changes in between the years 1988 and 2017. 

 

 

Fig. 5: River flow pattern in 2017, Model builder result 

shows the red color that indicate the remain of river 1988 

and blue color indicate river path that changed till 2017. 

Salma divided the study area into five zones according to 

the means and median of climate to observe the climate 

change 24. In this research, the study area is divided into 5 

zones based on a meandering, flow pattern and direction 

of temporal variations in the path of the river. In this 

research, the study area is divided into 5 zones based on 

a meandering, flow pattern and direction of temporal 
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change path of the river. Zone 1 in Fig. 6 shows the 

temporal trend of the river in zone 1 where the river 

shifted up to 2.7 km, the trend of river pattern/meandering 

changed towards the South East direction. It is clearly 

observed in zone 2 that the river changes the trend of flow 

in NW direction and changed the path to almost 2.8 km 

away from the original path. Moreover, in zone 3 and 

zone 4 respectively river flow pattern changed in SE and 

in NW that also has an abrupt change in form of 

meandering of the river. The river changed the path up to 

7.7 km that is a large deviation from the original path. In 

zone 5 it is observed that the river shifted its path slightly 

in NW direction again. River pattern and path of the river 

changed up to 2.5 km in this region.  

 

Fig. 6: Positional variation in flow of Indus River 

(Chachran-Guddu) from 1988 to 2017. 

The floods are caused by the fluvial hazards in the current 

study area. He also describes that the unpredictable 

floods were observed at Guddu Barrage from 1973 to 

1995 and also in 2010. It also faced ten super floods from 

1973 to 2010 (an average of five years’ gap) and seven 

very high floods (an average of seven years gap) from 

1981 to 2015. Superfloods peak discharge varies from 

26,740 to 33,951 (m3 / s) while a very high flood 

discharge varied from 20,077 to 23,524 (m3 / s). 

Eventually, these variations in flooding cause severe 

meandering and changes in the flow pattern, trend, and 

directions. The floods at Guddu Barrage receive heavy 

rainfall in the northern areas of Pakistan is the major 

cause of rising water level in Indus River 7. Graph (Fig. 7) 

shows the temporal trend of rainfall that derived from 

annual average rainfall (mm) of Punjab Province 

observatories for the years 1988 to 2017. Rainfall data 

acquired from the Pakistan Meteorological Department 

(PMD). Rainfall data based on the measurement of 

Bahawalpur, Bahawalnagar, Islamabad, Faisalabad, 

Rawalpindi, Jehlum, Khanpur, Lahore, Mianwali, Multan, 

Murree, Sargodha, Shorkot and Sialkot stations. Change 

in rainfall has effects on channel movement and these 

variations are the main cause of river positional change.  

 

 

Fig. 7: Graph showing Punjab annual average rainfall 

(mm) for observation of rainfall changes from 1988 to 

2017 (PMD 27). 

Satellite Based Land Use / Land Cover Change 

Detection 

Due to the temporal variations in the flow pattern of the 

river; land use and land cover changes occur. Fig. 8 

displays the map of land use/land cover classification for 

the years 1988 and 2017. Temporal changes can be 

observed in the land cover where the vegetation has 

decreased while the built up, barren land and water body 

have increased with the passage of time.  

Table 4: Descriptions of land use/ land cover classes. 

Serial Number Classes Name Class color 

1 Built up Dark Brown 

2 Barren Land Olive 

3 Vegetation Green 

4 Water Blue 

 

GIS is an important technology for temporal analysis 

otherwise change detection is very difficult. Change 

detection is possible with this technology in less time and 

cost 10, 28. In this research four LULC classes were used to 

observe the change (see Table 4). Fig. 9 shows the bar 

graph of the year 1988 and 2017 where it can be 

visualized increasing and decreasing trend of targets 

which are classified from Landsat satellite imagery by 
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using the object-oriented classification. In 1988 vegetation 

can be seen in classified results, vegetation exists along 

the river. Abrupt changes occurred in 2017 where the 

vegetation became as barren land and converted into 

built-up areas. Temporal changes occurred in the 

downstream area (study area) after Panjnad Barrage due 

to the high flow of water 5. The research also established 

a loss of vegetation has occurred where the river changed 

its flow path and pattern. 

 
Fig. 8: Object oriented classified results of land use/ land 

cover change for the years 1988 and 2017. 

 

 

Fig. 9: Graph of temporal changes in land use/ land cover 

change in km2 for the years 1988 and 2017. 

The research work also establishes that the ratio of 

barren land, built up and vegetation in 1988 was 39.08 %, 

0.49 %, and 49.14 % respectively. Barren land, built up 

and vegetation covered area as; 48.31 %, 1.35 % and 

38.74 % in 2017 the research shows that the built up and 

barren land increased but the vegetation deceased in the 

observed time period. Built up and barren land have been 

also increased 0.86 % and 9.23 % respectively. 

Vegetation cover in 2017 has decreased up to 10.4 % 

with respect to the vegetation in 1988. The water of the 

river and built up area increased during the 30 years’ gap. 

C O N C L U S I O N S   

In this research, Indus River (Chachran to Guddu 

Barrage) flow pattern and land use / land cover changes 

are analyzed. The results show that the water body has 

increased based upon the object-oriented classification. 

Water flow pattern changes (shape, size and path) occur 

over the years according to its flow as analyzed using the 

Landsat imagery of 1988 to 2017. Indus River (Chachran 

to Guddu Barrage) has variations in flow pattern with 

respect to the time. Large variations are observed in flow 

pattern and meandering since last 30 years in the 

between zones 3 and 4 of the study area yet starting and 

ending points of path of river encountered less changes 

with respect to middle of the study area. Object-oriented 

classification technique is best fit to detect the river 

morphology and results are satisfactory because image 

classified on the bases of their targets (objects) segment. 

The results show variations have occurred about 2.7 to 

7.7 km in the river flow pattern. Study area fall at the 

border of Punjab Province and receives a huge flux of 

water flows towards the Guddu Barrage and eventually, 

variation occurs due to erosion or deposition. The 

research established that the vegetation has decreased 

and the water, built up and barren land have increased in 

observed time period. 
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