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‘Land use and land cover change’ is a dynamic process, its magnitude and direction of change is
highly vulnerable to human actions. Human beings are the core agent that promotes this dynamic
landscape transformation. These conversions occurred due to the expansion of human employment
on land at the cost of natural cover, which simultaneously faced disappearance. This journey of
landscape transformation includes expansion and disappearance of land use and land cover
categories with reference to different points in time. In Punjab Satluj floodplain this changing
transformations can be noticed from the changing land cover to land use ratios, which was 54:46
during 1975 and reduced to 12:88 for 1989 and this pattern continued for succeeding years with
8:92, 7:93 and 5:95 for 2000, 2005 and 2012 respectively. Land cover categories lost their land,
whereas land use categories gained it. This gain loss agorithm highlights the need of setting the
threshold limit of land use and land cover transformations.

Land use land cover; floodplain; land
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loss-gain algorithm; categorical
transformation matrix.

Copyright © Harsimrat Kaur Gill., 2016, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

Land use and land cover change takes place over time. Land
use is adescription of how people utilize the land, whereas land
cover refers to the physical and biological cover over the
surface of land (Ellis and Pontius, 2010). Whole landscape is
covered under either land use or land cover. Changes in land
use and land cover (LULC) pattern depict the development and
modification status of landscape. This change can be a natural
process, which occurs at an ‘ecologically acceptable pace’.
Human interventions over the natural landscape have
drastically modified and transformed the natural cover (Turner
et al., 2007; Lambin et al., 2001; Olson et al., 2008; Gibbes et
al., 2009; Mallinis et al., 2011; Mendosa et al., 2011;
Radcliffe, 2012; Strand et al., 2012; Sohl et al., 2012; Classidy
et al., 2013; Stoebner et al., 2014; Kane et al., 2014 and
Grecchi et al., 2014). The pace, intensity and magnitude of this
change depends on the site specific attributes such as elevation,
water availability, soil fertility, climatic conditions (Dale et al.,
1993 and Wear and Flamm, 1993) and socio economic
conditions, which involve human growth and pressure,
government policies and infrastructural development (Turner et
al., 1996; Barbier, 1997; Lambin et al., 2001; Priess, 2001;

*Corresponding author: Harsimrat Kaur Gill

Moseley, 2004; Rudel, 2005 and Munroe et al., 2014), that
create imbalances through the conversion of natural landscape
(Lee et al., 1995; Verburg et al., 2009 and Verburg et al.,
2013).

A river is a natural attraction for settlement — be it agriculture,
village or urban settlement; the Satluj River is no exception
(figure 1). The floodplain of thisriver offersimmense scope for
development. This area is attributed with physical unity of
resources, which makes floodplains attractive for regional
development (Wengert, 1957). This process of development
includes controlling the river through dams, river bandhs and
barrages, which reduce the downstream flow of water (Kaur
and Brar, 2013). Controlling the river has opened up
possibilities of colonizing the floodplain. Most of the wetlands
were drained to make way for agriculture. The absence of the
overpowering presence of the river and its flood events made it
increasingly attractive for agriculture and settlement. Human
initiatives through government policies and plans, promotion of
agricultural research and development of infrastructure and
technology expanded and intensified the agriculture and built
up area expansion at the cost of natural cover.
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Figure 1 Study Area: Punjab Satluj Floodplain Study Area The area selected for conducting the present study lies in the floodplain of the Satluj, stretching
from 30°52” N to 31°03’ N and 75°39’ E to 76°30° E latitudes and longitudes respectively. This natural entity covers 104275.1 hectares, which includes part of
Phillaur tahsil of Jalandhar district, Nawanshahr and Balachaur tahsils of Shahid Bhagat Singh Nagar district, Rupnagar tahsil of Rupnagar district and
Ludhiana West, Ludhiana East and Samrala tahsils of district Ludhiana, Punjab (India).

Here loss gain algorithm has been used to calculate the to-from
pattern of land use and land cover categories.

METHODOLOGY

Land use and land cover maps generated from the 1975, 1989,
2000, 2005 and 2011 satellite imageries. Unsupervised
classification technique has been applied for preparing land use
and land cover transformation maps.

Methodology adopted for preparing the data set for land use
and land cover trend analysis has been shown through figure 2.

Data set has been formed, while employing following steps:

Prepared land use and land cover pattern maps for
1975, 1989, 2000, 2005 and 2011 are overlaid for
analyzing the land use and land cover trends.

Land use and land cover Change Analysis

Land use and Land cover Patterns
1975 Lavout: LANDSAT 2 MSS

1989 Layout: LANDSAT 5 TM

2000 Layout: LANDSAT 7ETM +
2005 & 2011 Layout: IRS Po LISS I

Topographical

Survey She E:lN

Drata Input
/ --_-_ < Field Verification

Ancillary

Il

LU categorical
Transformation
Matrix

| 19751989
| 1989.2000
| 2000-2005
2005-2011

Accuracy
Assessment

LULC  categorical
Transformation:
Spatial Trend

1975-1989 |
19892000 ]
2000-2005 |
2005-2011

Figure 2 Methodology used for Analyzing Land use and Land cover Change
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Generated figures are combined in the matrix form for RESULTS AND DISCUSSION

comparative analysis. This matrix helps in ) .
interpretation of the category wise transformation Land use and land cover change: categorical transformation

through to and from procedure calculated from loss- ~ analysis

gain algorithm. Categorical modification and transformation of individual
All the main diagonal figures represent area with no LULC class framed in transformational matrix e_xhibits the
change and off diagonal figuresindicate change. Rows ~ ¢h@nge and no change land use and land cover at disaggregate
represent LULCC origin/ source or change from scale with respect to spatially explicit modeling approach.
figures and columns indicate LULCC destination or LULC transformational analysis: 1975-1989

changeto figures.

Land use and land cover category wise transformation
map has been formed, while congtituting categories
having no change, less than 1% change and more than
1% change.

In the year 1975 the ratio of land cover to land use was 54: 46
(table 1). In 1989 this ratio became highly imbalanced in favor
of land use with 12: 88. The clear dominance of human
activities over the floodplain became apparent.
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Figure 3 Land use and Land cover Change in Punjab Satluj Floodplain from 1975 to 1989
Table 1 Punjab Satluj Floodplain: Land use and Land cover Transformational Matrix 1975-1989

. . Total
. Water Satluj . Agricultural . Barren Sandy . Year 1975
Categories Bodies  River Vegetation Land Wetland  Built Up Land Forest Area Trﬁr:)ssfser. Total
: 6517 035 575 85.1 0.98 07 o1 121 14594
waterBodies 3587 (017)  (27.24) (40.31) ©046) (033 (05 © ©0s57) (6913 2t
. 582 28347 37157 535.95 386 346 217 26667 11895
Satluj River 04) (1924) (2523) (36.39) 0 026) (023 (015 (181)  (80.76) 47297
Venetation 1406 23386 132714  14050.87 3463 25956 2506 5920 28303 1496536 oo
& 009 (L44) (815 (86.24) ©021)  (159) (015 (036) (L77)  (9L85) :
Aot Lend 26 19947 138905 4371906 15193 95546 12027 13328 37699 33305 ...
g 001) (042) (295 (92.91) 033 (203 (0.27) (028  (08) (7.1) :
138 4511 1499.99 905 4385 041 1361 87 161305
Wetland O 00 (@m (92.47) (056 (27 (003 (0.84) (054)  (9944) 16221
Bt 0 0.29 87 43376 052 166 012 669 282 4529 oo
P (0.06) (185 (92.39) ©01l) (354 (003 (142 (06)  (9646) :
Barren Lend 21 60757  1677.74  28339.33 7115 67943 6816 14860 7901 3231611 oo
001) (188  (5.18) (8751) ©02) (1) (021) (046) (244  (99.79) :
0.17 1137 266.37 07 646 046 100719 104 28657
Forest 0 ©01) (082 (19.25) (005)  (047) (003) (7929 (008)  (2071) 138376
55235 93443 9789 248 1197 242 461 89458 248716
Sandy Area O (163 (63 (28.95) 007)  (035) (007) (014) (2645) (7355  SooL74
ot Tronger: G, 2458 15954 449547 4619027 26239 19613 1613 36834 17356 5679464
: (2738) (8491)  (77.21) (51.37) (9666)  (99.16) (7029) (25.13) (6598)  (54.47)
Year: 1989 104275.1

Total 89.75 187891  5822.61 89909.33 271.44 1977.89 229.46 146553 2630.14

Values are in hectares and parentheses val ues represent percentage

Sour ce: Data extracted from LANDSAT MSS 1975 and LANDSAT TM 1989 Satellite Images
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Increasing human use were reflected through the positive
change in agricultural and built up area. This spatial expansion
of land use has been done at the cost of natural scape, which
included vegetation, wasteland, wetland and water bodies.
During this period Satluj River area and forest cover increased
by 405.94 hectares (27.55%) and 81.27 hectares (5.9%)
respectively (table 1 and figure 3). Expansion of area under
Satluj River happened due to the release of water from Bhakra
Dam (Ray, 2010). In these fourteen years 54.47% total land use
and land cover transformation was noticed (Table 1).

Categories that underwent maximum loss to other categories
included barren land (99.79%), wetland (99.44%), built up area
(96.46%), vegetation (91.85%), sandy area (73.55%) and water
bodies (69.13%). Less than quarter transformation for other
categories was recorded in agricultural (7.1%) and forest area
(20.71%). Dominant share of each land cover has been
transformed to agricultural area such as 88% share of barren
land, 92.47% of wetland, 86.24% of vegetation, 40% of water
bodies, 36% of Satlyj River, 30% of sandy area and 19% of
forest area transformed and utilized for agricultural purposes.
Spatial expansion of built up area was contributed by the
transformation of 2.7% of wetland, 2.1% of barren land, 2.03%
of agricultural land and 1.59% of vegetated area. Decreased
spatial distribution of vegetation cover happened due to its
transformation to other categories, which included 86%
transformation to agricultural land, 1.77% to sandy area, 1.59%
to built-up area and 1.44% to Satluj River. Barren land
reflected 99.29% reduction in spatia extent with maximum
share went to agricultural land. Vegetation cover and sandy
area had been found on 5.18% and 2.44% land respectively
near the main channel, which was earlier categorized as barren.
Sandy areas reduce by 751.6 hectares (22.22%). Sandy area
lost its 27.63% and 16.34% area for vegetation and Satluj River
respectively. Wetland categorized as seasonal and perennial
faced reduction in their spatial distribution with 84.76% and
73.48% respectively. Its prominent transformation went to
agricultural land followed by vegetation and built up area as
reflected from table 1and figure 3.

LULC transformational analysis. 1989-2000

Statistical variation during this eleven year revealed LULC
transformation in similar direction, but at distinct magnitude.
There was increase in agricultural land and built up area with
2320.4 hectares (2.58%) and 1827.83 hectares (92.41%)
respectively and significant reduction in spatial extent had been
noticed in the vegetation, wetland, forest, riverine and sandy
area with 2135.17 hectares, 55.7 hectares, 102.47 hectares,
358.22 hectares and 1279.63 hectares respectively (figure 4).
Area under barren land was totally transformed and maximum
transfer i.e. 96% went to agricultural land, followed by 2.31%
to built up area, 1% to wetland, 0.3% to Satluj River, 0.2% to
vegetation, 0.06% to water bodies, 0.03% to sandy and forest
area (table 2).

Area under wetland category was reduced by 55.7 hectares
(20.52%). Its 96% share went to agricultural land, 1.46% to
built-up area and 0.37% to vegetation. 85% sandy area was
transformed to other categories. Its 13% area spread along the
Satluj river channel got transformed and becomes part of this
category. Satluj River reflected diminishing trend in their

spatial distribution with 358.22 hectares reduction. Its 33%
share went to agricultural land, 26% to vegetation and 13% to
sandy area. 72% vegetation cover transformed to other
categories and its spatial extent reduced by 36.67%. Its 57%
share was transferred to agricultural land, 7% to Satluj River,
6.64% to sandy area, 1% to built up area, 0.26% to water
bodies, 0.14% to wetland and 0.05% to forest area. Built up
area was increased by 1827.83 hectares (92.41%). This spatial
addition happened with 2.75% contribution of agricultural land,
2.31% of barren land, 1.46% of wetland, 0.68% of vegetation,
0.14% of sandy area, 0.06% of forest and 0.01% of Satlyj
River. Although its 35% area was transformed, with its 34.43%
conversion to agricultura land, 0.66% to vegetation, 0.12% to
wetland, 0.06% to forest and sandy area and 0.03% to Satlyj
river (Table 2 and figure 4).

Water bodies incorporating surface water increased by 12.45
hectares (13.87%), which occurred due to its less i.e. 17.65%
transformation for other categories. This category was
benefited by the 0.26% share of vegetation, 0.06% of barren
land and 0.01% of agricultural land. Forest area was reduced by
102.47 hectares (7%). 9.44% land under forest cover was
transformed to other categories. Its 8.97% share went to
agricultura land, 0.38% to vegetation, 0.06% to built-up area,
0.02% to Satluj River and 0.01% to wetland. Agricultural area
expanded as significant part of each category got transferred
into this category. Although agricultura land was aso
transformed to other categories with 4.63% transformation and
its 2.75% share contributed to built up area, 1% to vegetation,
0.35% to sandy area, 0.27% to Satluj River, 0.22% to wetland,
0.03% to forest area and 0.01% to water bodies (Table 2 and
figure 4).

LULC transformational analysis: 2000-2005

Human endeavor towards the resource exploitation can be
measured and explicitly noticed through this five year LULC
change detection (table 3 and figure 5), which reflects the
positive change in agricultural land and built up area with
1353.04 hectares (1.47%) and 151.33 hectares (3.98%)
respectively and disastrous implication of this change was
depicted from the emergence of barren land with 37.32 hectares
spatial expansion, specificaly 24.5 hectare area earlier under
agricultural land was transformed under this category.

Although, there was also increase in riverine area with 136.98
hectares (9%) due to the breaching of Parichu Lake in 26"
June, 2005 (Sharma, 2006). Area covered under sand was also
increased with 327.95 hectares (24.28%). Negative change was
calculated for vegetation, forest area, wetland and water bodies
with 1927.53 hectares (52.27%), 36.12 hectares (2.64%), 31.14
hectares (14.43%) and 11.83 hectares (11.57%) respectively
(figure 5). In this period 10.38% land use land cover
transformations was noticed for whole study area. 82%
vegetation area was transformed to other categories. Its 49.3%
area transferred to agricultural land, 16.4% to sandy area, 15%
to Satluj River, 0.41% to built up area, 0.36% to water bodies
and 0.23% to barren land. Noticeable change was detected in
sandy area. 80.63% sandy area transformed to other categories,
whereas 36.64% area added to this category from others.
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Figure 4 Land use and Land cover Changein Punjab Satluj Floodplain from 1989 to 2000

Table 2 Punjab Satluj Floodplain: Land use and Land cover Transformational Matrix 1989-2000

Total

. Water Satluj . Agricultural . Barren Sandy . Year:1989
Categories Bodies  River Vegetation Land Wetland  Built Up Land Forest Area Trﬁr;ssfser. Total
7301 14.46 138 15.84
Water Bodies (535 O a6y o 0 0 0 0 0 ey 875
. 108 5245 48197 6188 0.8 028 091 25119 135441
SatlyRIVer (105 (2792)  (25.65) (32.93) ©o01)  (0.01) 0 ©05) (1337) (r21) 87891
. 1541 40556 165534  3300.05 8.18 299 38673  4167.27
vegettion 06 (697)  (2843) (56.83) 014y 3935068 0 ©05) (664 (7157 02261
Agricultural 1168 24611 8921 8574833 19698  2473.74 0 054 30085 416l oo o
Land ©001)  (0.27) @ (95.37) 02 (7 (003) (035  (4.63) :
101 261.49 4.9 395 266.45
Wetland 0 0 (0.37) (96.33) 184  (146) 0 0 0 (9816 21
. 053 13.03 680.97 24 127855 128 114 69935
Built Up 0 003  (0.66) (34.43) 012  (6464) 0 ©006) (0.06) (336 2779
012 069 0.47 220.49 222 531 008 008 22946
BarenLand 56 (03) 0.2) (96.1) ©097)  (231) 0 ©003) (003 (100 2294
0.22 5,62 13139 018 0.92 13072 13833
Forest O ©00m) (039 8.97) ©01)  (0.06) 0 @56  ° 944y 146553
34308 62344  1257.83 061 363 006 40149 222865
SdyArea 0 (q30n (237 (47.83) (0.02) (0.14) 0 ©  (1527) (sa7a) 203014
Total Transfer: 2829 99619 20321 64814 21075 2527.17 0 3585 94901 13260.76
Gain (2768) (6551)  (55.11) (7.02) 9768)  (664) (263) (7027) (1272)
ver2X0 1022 152060 368744 9222073 21574 380573 0 136306 13505 104275.1

Values are in hectares and parentheses val ues represent percentage.

Source: Data extracted from LANDSAT TM 1989 and LANDSAT ETM 2000 Satellite Images.

It gained 36.64% share of Satluj River, 16.4% of vegetation,
0.27% of agricultural land, 0.06% of built up area and 0.01% of
forest area, while land previousy under sandy area got
transferred to other categories, which included 47.82% to
agricultural land, 17.7% to vegetation cover, 14.51% to Satlyj
River, 0.6% to built up area and 0.01% to wetland. More than
half i.e. 56% of Satluj River channel area was transformed to
other categories with a prominent sharei.e. 37% going to sandy
area, 15% to agricultural land, 5% to vegetation, 0.1% to
wetland, 0.05% to barren land, 0.01% to forest and built up
area. This category was 9% expanded.

During this period 15% of vegetation cover, 14.5% of sandy
area and 0.25% of agricultural land was submerged under the
Satluj River channel (table 3 and figure 5). 54% built up area
was transferred with its 53.71% part was encroached by
agricultural land, 0.2% by wetland, 0.1% by vegetation and
barren land, 0.06% by sandy area and 0.01% by forest. Built up
area was expanded by 3.98%. This category benefited by
2.37% of agricultural land, 0.6% of sandy area, 0.41% of
vegetation, 0.18% of wetland, 0.05% of forest and 0.01% of
Satluj River. Wetland area decreased by 14.43% and 48% of its
area was transferred to other categories, which includes 47% to
agricultural land, 1% to vegetation, 0.2% to built up area and
0.01% to forest cover.
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Figure5 Land use and Land cover Change in Punjab Satluj Floodplain from 2000 to 2005

Table 3 Punjab Satluj Floodplain: Land use

and Land cover Transformational Matrix

2000-2005
Categories Water Satluj Vegetation Agricultural Wetland Built U Barren Forest Sandy Area Trgﬂtsefder' Year:2000
& Bodies River &9 Land P Land Y Loss ' Total
: 6989 004 25.02 7.25 3231
Water Bodies  goag)  (004)  (2448) 7.1 0 0 0 0 0 @Ley 1022
. 66745 6898 22424 164 0.14 081 01 55733 85324
Satluj River 0 (439)  (454) (14.74) (0.11) (001)  (005) (001) (3664)  (s6.11) 102089
. 56124 66389  1817.77 154 153 832 143 60452 302355
Vegetation  1343(036) (1555 (1) (49.3) (0.04) ©041) (023 (004  (164) @2 308744
. 705 23297 75698 8865813 6200 218869 2448 4687 25247 35716
Agricultural Land 5y 925 (0.82) (96.13) 0.07) 237y (003 (005  (027) 387y 9222973
168 102.18 11148 038 0.02 104.26
Wetland 0 0 (0.78) 4736 (5167  (0.18) O (oo 0 (4833 2574
. 0.06 357 2044.29 757 174386 371 028 239 2061.87
Built Up 0 ©) ©0.1) (53.71) ©02) 4582 (01  (001)  (0.06) (Galg ~— 073
Barren Land 0 0 0 0 0 0 0 0 0 0 0
081 8311 01 0.63 127824 017 84.82
Forest 0 0 (0.06) 6.1) (0.01) (0.05) O w7  (©o 622 136306
19591  233.98 645.8 0.18 8.06 26158  1088.93
Sandy Area 0 (1451)  (17.7) (47.82) (0.01) 0.6) 0 0 (1936)  (8063)  13°051
Total Transfer: 2048 99022 109602  4924.64 7312 2132 3732 487 141688 1082058
Gain (2266) (59.73)  (62.27) (5.26) (3061)  (5593)  (100) (367) (8441  (10.38)
Yea:2005Total 9037 165767 175091 9358277 1846  3957.06  37.32 132694 167846 104275.1

Values are in hectares and parentheses values represent percentage.

Sour ce: Data extracted from LANDSAT ETM 2000 and IRS P6 LISS |11 2005 Satellite |mages.

Water bodies faced 11.57% gpatial reduction with 32%
transformation for other categories. Its 24.5% share went to
vegetation, 7% to agriculture and 0.04% to Satluj River (table 3
and figure 5). Reserved and protected forest area faced only 6%
transformation due to its Government implemented restriction.
Agricultural area with 1353.04 hectares increase attributed by
the 54% share contribution of built up area, 49% of vegetation
cover, 48% of sandy area, 47% of wetland, 15% of Satluj river,
7% of water bodies and 6% of forest area. Agricultural area
faced 4% transformation for other categories. Its 2.37% share
went to built up area, 1% to vegetation, 0.27% to sandy area,
0.25% to Satluj river, 0.07% to wetland, 0.05% to forest cover,
0.03% to barren land and 0.01% to water bodies (table 3 and
figure 4).

LULC transformational analysis. 2005-2011

Land use and land cover transformation was decreased with
1.33% for study area, as it was 10.38% in 2000-2005 and
reduced to 9.05% in 2005-2011(table 4 and figure 6). During
this interval of time specific negative change of 2571.41
hectares (2.75%) was calculated for agricultural area (figure 6)
with its 3.6% spatial extent was turned into built up land.
Except agricultural land other categories followed the similar
change, but at low magnitude. Categories with negative change
included vegetation 49.26% (866.89 hectares), sandy area
1.28% (21.45 hectares), wetland 10.35% (19.1 hectares) and
forest area 0.06% (0.73 hectares), where as categories with
positive change include built up area 64.15% (2538.64
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hectares), Satluj River 55.35% (917.63 hectares) and water
bodies 67.04% (60.59 hectares).

bodies, 1% to built up area, 0.1% to wetland and 0.02% to
forest area. 67.49% wetland area was transferred to other
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Figure 6 Land use and Land cover Change in Punjab Satluj Floodplain from 2005 to 2011

Table 4 Punjab Satluj Floodplain: Land use and Land cover Transformational Matrix

2005-2011
Categories Water Satluj Vv etationAgricultural Wetland Built U Barren Forest Sandy Area Tr-;ﬁts?ler' Year:2005
€ Bodies River € Lan P Land Y L oss * Total
: 5432 2177 1054 368 0.06 36.05
Water Bodies (60.1) O a8 @7 0 (4.06) 0 0 ©006) (3989 0¥
. 167 9oll46 6722 26756 011 121 40844 74621
Satluj River 01) (5498 (406)  (1614)  (001)  (0.07) 0 0 (2464) (4502 105767
. 2114 2709 48706 75669 173 1682 020 20528 127285
Vegetation (12) (1539 (2767) (43 ©01)  (09) 0 ©002) (1166) (7232 179991
. 5096 58758 20575 8858496 938 33643 7468 61174 499781
Agricultural Land 006) (063 (022  (9466) (01  (36) 0 008 (065 (534 998277
144 062 012 10996 6002 1215 0.17 012 12458
Wetland 078) (034) (006)  (5957)  (3251) (658) 0 ©1) (006 (6749 1846
Bt U 11 06 063 8074 951 30821 0.75 046 BT .o o
P 028 (002 (002 22) 0.24) (774 002  (001)  (2259) :
006 294 26,44 7.65 0.23 37.32
Barren Land ©016) (7.87) 0 (70.85) 0 (205) 0 0 062 (100 30
104 023 66.07 8.48 125009 103 76.85
Forest ©007)  (0.02) 0 (4.98) 0 (0.64) O 9421y (008 (579 132694
023 80101 11047 3184 033 1814 023 42065 124881
Sandy Area 001) (47720 (66) (1896 (002 (108 0 001)  (256)  (744) 1067846
ot Tronger: G, 9664 166384 40596 24264 1055 343244 7612 122737 943427
: (6401) (6461) (4546)  (267)  (6373) (5284) (G5.74)  (7407)  (9.05)
Year:2011 Totdl 15096 25753 89302 9101136 1655 64957 132621  1657.01 104275.1

Values are in hectares and parentheses values represent percentage.

Sour ce: Data extracted from IRS P6 LISS 111 2005 and IRS P6 LISS I11 2011 Satellite Images.

Hundred percent transformation of barren land was observed.
Its 71% share was distributed to agricultural land and 21% to
built-up area and 8% to Satluj River. 74% transformation for
other categories was recorded for sandy area.

Its 48% area went to Satluj River, 19% to agricultural land,
6.6% to vegetation, 1.1% to built-up area, 0.02% to wetland
and 0.01% to water bodies and forest area. 72% vegetated area
was transformed to other categories, calculated share
distribution to various categories were 43% to agricultural land,
15.4% to Satluj River, 11.7% to sandy area, 1.2% to water

categories with 60% share shifted to agricultural land, 6.58% to
built up area, 0.78% to water bodies, 0.34% to Satluj River,
0.1% to forest and 0.06% to vegetation and sandy area. Satluj
River channel area gained 47.72% share of sandy area, 15.39%
of vegetation, 7.87% of barren land, 0.63% of agriculture,
0.34% of wetland and 0.02% of built up area and forest area.
Encroachment over other categories happened due to the
increased water in Satluj River because of release of 50,000
cusecs of water from Bhakra Dam in Satluj River in 2011 (The
Express Tribune, 2011).
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Along with this addition, its 45% part was transferred to other
categories. Sand carried by Satluyj River was deposited in
24.64% of its channel path. 16.14% area earlier under Satluj
River was used for agricultural purposes during this period. Its
4% area was transferred to vegetation cover, 0.1% to water
bodies, 0.07% to built-up area and 0.01% to wetland (table 4
and figure 6). Area under water bodies was increased. This
category was spread over about 1.2% of vegetation cover,
0.78% of wetland, 0.28% of built up area, 0.16% of barren
land, 0.1% of Satluj River, 0.07% of forest, 0.06% of
agricultural land and 0.01% of sandy area. Along with this
gain, it confronts around 40% spatial loss for other categories.
Its 24.08% share went to vegetation cover, 11.7% to
agricultural land, 4.06% to built-up area and 0.06% to sandy
area. In this period built up area was expanded. This expansion
was contributed by barren land with 20.5% share transfer,
wetland with 6.58%, water bodies with 4.06%, agricultural land
with 3.6%, sandy area with 1.08%, forest with 0.64% and
Satluj River with 0.07%. 23% area under built up category was
changed and transferred to other categories. Its share
distribution was 22% to agricultural area, 0.28% to water
bodies, 0.24% to wetland, 0.02% to Satluj River, vegetation
and forest area and 0.01% to sandy area. During these six years
spatial pattern of agricultural land reflected inverse trend with
comparison to previous time periods. Its spatial distribution
was reduced and 5.34% area was transferred to other
categories. 3.6% of its share was transferred to built up land,
0.65% to sandy area, 0.63% to Satluj River, 0.22% to
vegetation, 0.1% to wetland, 0.08% to forest area and 0.06% to
water bodies (table 4 and figure 6).

CONCLUSION

‘Floodplain’, a fragile segment on this earth, which is prone to
two types of natural event i.e. gush of water in the form of
flood and huge human population for fulfilling their ever
increasing requirements through resource exploitation. Land
use and land cover transformation analysis exhibits trends of
change. It was 54.47% for 1975 to 1989 and for subsequent
eleven yearsit was 12.72%, for 2000 to 2005 and 2005 to 2011
it reduced to 10.38% and 9.05% respectively.

Thus, from 1975 to 2011 collective 56.55% categorical
transformation happened and consequent totally transformed
and dominantly modified land cover categories incorporates
barren land with 100% replacement, while wetland, vegetation,
sandy area and water bodies are transformed with 99.56%,
98.25%, 85.6% and 80.13% respectively, which results into the
positive spatial expansion of land use categories such as
agricultural land and built up area, which was increased from
1975 to 2011 with 93.4% and 87.17% respectively at the cost
of natural cover. Layout pattern extraction analysis for distinct
temporal phases revealed that athough human endeavor
towards land transformation was moving in same direction but
its magnitude varied with time, depending upon the channels of
change. Analysis extracted from statistical figures revealed that
every inch of available fertile part of this |andscape was totally
transformed for agricultural land at the cost of natural cover.
Inherited natural physical features were disappeared from the
Satluj floodplain frame with every passing interpreted temporal
phase. These trends facilitate the smooth path for
understanding the dynamic interactions and underlying

mechanism between the mother earth and human. That may
help in understanding the sustainability in a particular region
and provide inputs for framing policies for sustainable
development. It also shows the direction of changing human-
environment interactions.
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