FERUM

GEOGRAFIC

Forum geografic. Studii si cercetari de geografie si protectia mediului
Volume XV, Issue 1 (June 2016), pp. 80-90
http://dx.doi.org/10.5775/fg.2016.018.i

Derivation of ecological indicators for assessing
landscape health and habitat disturbance in Lower
Barpani watershed of Assam (India)

Ahmed RAIHAN?, Sajjad HAROON?"

1 Department of Geography, Faculty of Natural Sciences, Jamia Millia Islamia, New Delhi, India

* Corresponding author, haroon.geog@gmail.com

Received on <29-02-2016>, reviewed on <25-04-2016>, accepted on <05-05-2016>

Abstract

Landscape health is a primary concern for management of
resources and restoration of habitats of various fauna and
avifauna in watershed. We derived landscape health index using
Landsat Thematic Mapper satellite data of 1987 and 2011.
Standard precipitation index, normalized difference water index,
normalized difference moisture index, normalized difference
barren land index, normalized difference vegetation index,
human disturbance, height, slope, land use/ land cover were
integrated to assess landscape health and habitat disturbance
in Lower Barpani watershed in India. Landscape health was
categorized into five groups, i.e. very good, good, moderate,
poor and very poor.

Spatial-temporal variation of landscape health revealed that the
area under very good health has degraded from 45% in 1987 to
only 1% registering a decrease of 97.26%. The area under good,
moderate, poor and very poor categories of landscape health
experienced positive change. Habitat disturbance in forests and
wetlands has also increased due to shifting agriculture,
deforestation and cultivation in wetlands. Remotely sensed indices
of landscape health and habitat disturbance can effectively be
utilized for prioritizing ecological restoration across space at
various scales.

Keywords: /andscape health, habitat disturbance, remote
sensing, GIS, watershed

Introduction

Watershed is a natural unit of planning and
development for enhancing ecology, biodiversity and
livelihood in a holistic manner. Watersheds
possessing freshwater ecosystems assume greater
significance in social development (Naiman et al.,
1998; Liu et al., 2008), but anthropogenic activities
induced development within watersheds have
negative impact on ecosystem structures, processes,
and functions (Western, 2001). Human intervention
with freshwater ecosystem may cause loss to
keystone species and functional groups. It may also
result in high rate of nutrient turnover, low level of
resistance, high porosity of nutrients and sediments.
Therefore, any restoration scheme of aquatic
ecosystem should be made keeping in view the
relaton  between  watershed changes and
corresponding impact on aquatic ecosystem and
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Rezumat. Derivarea indicilor ecologici pentru
evaluarea sanatatii peisajului si deranjarea habitatelor
in bazinul inferior al raului Barpani, Assam (India)

Sandtatea peisajului este un element extrem de important pentru
managementul corespunzator al resurselor si pentru restaurarea
habitatelor naturale dintr-un bazin hidrografic. Cu ajutorul datelor
satelitare oferite de Landsat Thematic MApper din 1987 si 2011, a fost
determinat indicele sanatatii peisajului. Pentru evaluarea sanatatii
peisajului si a gradului de deranjare a habitatelor naturale din bazinul
inferior al raului Barpani din India, am realizat o analiza integratd a
indicelui standardizat al precipitatilor, indicelui normalizat de
diferentiere a umiditadtii, indicelui normalizat de diferentiere a
terenurilor neproductive, indicelui normalizat de diferentiere a

.....

terenurilor. Starea de sandtate a peisajului a fost impartita in cinci
categorii, i.e. foarte bund, bund, moderata, proasta si foarte proasta.
Variatiile spatiale si temporare ale sanatatii peisajului indica faptul
ca arealul cu o sanatate foarte bund a peisajului s-a restrans de la
45%, cat ocupa in 1987, la doar 1%, ceea ce implicd o scadere cu
97,26%. Celelalte patru categorii au finregistrat o crestere a
suprafetelor. Degradarea habitatului forestier si a zonelor umede
s-a accentuat ca urmare a agriculturii itinerante, defrisarilor si
ludrii in culturd a zonelor umede. Utilizarea teledetectiei pentru
evaluarea sanatdtii peisajului si deranjarii habitatelor poate fi
foarte eficienta pentru prioritizarea  corespunzatoare a
reconstructiei ecologice a spatiului la diferite scari.

Cuvinte-cheie: sénatatea peisajului, deranjarea habitatelor,
teledetectie, SIG, bazin hidrografic

congenial habitat environment especially wetlands and
forests (Kramer et al., 1997; Beaulieu et al., 1998;
Oglethorpe & Sanderson, 1999; Roe & van Eeten,
2002). Anthropogenic activities have deleterious
effects on forests and wetlands (Tiner, 2004).
Availability of data on the condition of river and
stream corridors, wetlands buffer zones and general
environmental condition for whole watershed is
requisite for strategic planning and management.
Land use/land cover transformation, environmental
pollution and fragmentation in forest are affecting
health of flora and fauna (Ortigosa et al., 2000).
Excessive hunting and poaching are also responsible
for the extinction and decline of several species in
many places (Dobson, 1995). Several studies have
advocated the significance of maintaining vegetated
buffers along streams and wetlands for fish and
wildlife habitats (Osborne & Kovacic, 1993; Spackman
& Hughes, 1995; Kilgo et al., 1998; Semlitsch &
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Jensen, 2001). Hence, it is important to conserve the
remaining suitable habitat and precisely manage these
units for the survival of species (Duncan et al., 1995).

Monitoring and assessment of landscape changes
and ecological implications has attracted the
attention of many scholars globally (Malczewski et
al., 2003; Lichtenberg & Ding, 2008; Suo et al.,
2008; Zha et al., 2008; Shanwad et al., 2012). A
number of studies have demonstrated the
significance of landscape change in analyzing the
environmental and ecological dynamics (Kumar,
1999; Sujatha et al., 2000; Jones et al., 2002;
Jabbar et al., 2006; Tejpal, 2014). Irrational use of
natural resources without any conservation scheme
is a significant contributing factor for the watershed
degradation. Deforestation and population pressure
in the hills of Karbi Anglong district resulted in rapid
change of the land use/land cover in the recent
times. Boro paddy cultivation in the wetlands also
aggravated watershed degradation by reducing
wetland area in Nagaon district. Therefore,
restoration of wetlands and sustainable use of
resources is necessary for the management of
ecological footprints of the landscape.

Several scholars have attempted to explore site
specific indicators for assessing and monitoring
landscape ecological conditions in watersheds.
Aspinall and Pearson (2000) proposed landscape
ecological indicators based on land cover matrix,
biophysical conditions and biophysical trends. Rapport
et al. (1998) evaluated landscape health through
integrating societal goals and biophysical processes.
Recently, the study of the relationships between land

uses and water quality characteristics were
considered spatial configuration to assessing
landscape ecological health (Lee et al., 2009). Many
scholars have attempted to analyze the impact of
landscape transformation on habitat. Tiner (2004)
proposed habitat extent and habitat disturbance
indicators for assessing watershed condition.
Ortigosa et al. (2000) described habitat suitability
model in GIS environment by making use of
meteorological, morphological, trophic, vegetation
and anthropogenic indicators. Groom et al. (2006)
explored the application of image data in specific
landscape elements, general landscape habitats and
landscape types and structures. Menon and Bawa
(1997) examined application of remote sensing, GIS
and landscape ecology approach to wildlife
conservation. They used land use/land cover, habitat
fragmentation, socio-economic drivers of land use/
land cover change, deforestation indicators for
conservation planning. Osborne et al. (2001)
presented landscape scale habitat model using high
resolution satellite data and GIS. In this study, we
have derived a set of remotely sensed indicators of
‘landscape health’” and ‘habitat disturbance’ to assess
the general ecological condition of Lower Barpani
watershed in Assam, India.

Study area

The Barpani River is a tributary of Kopili River of
central Assam in India. Lower Barpani watershed is
located mostly in Nagaon district and in some hilly
terrain of Karbi Anglong district of Assam (Fig. 1).
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Fig. 1: Location of study area
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The watershed extends from 25° 52' N to 26° 11"
N latitudes and from 92° 29' E to 92° 44' E
longitudes and covering an area of 47,272 hectares.
All India Soil and Land Use Survey (1990) delineated
watershed code of Lower Barpani River as 3B2A5.

The study area experiences monsoon type of
climate enjoying average annual rainfall ranging
from 1,000 mm to 2,000 mm. About 68% of the
annual rainfall occurs during June — September with
July being the rainiest month of the vyear
(Department of Agriculture  Assam, 2012).
Topography of the study area is mostly plain in
Nagaon district and undulating surfaces are
dominant in Karbi Anglong district. Forests spread
over undulating surface of Karbi Anglong district and
cover 41% of the total watershed area. Agriculture
is the dominant activity in the watershed where it
shares almost 46% of total watershed area.
Numerous wetlands are found in the plain region of
Nagaon district which are surrounded by agricultural
fields and settlements. Agriculture is also practiced
in the wetlands during pre-monsoon season and
locally known as Boro paddy cultivation.

Methodology

Landsat TM (Thematic Mapper) data of
December 1987 and November 2011 were used in
the present study. The watershed was demarcated
using Survey of India Topographical sheets (83 B/12
and 83 B/13) based on the area and stream flow
direction. Height and slope maps of the study area
were prepared through ASTER DEM. Four
meteorological stations, i.e. Chaparmukh, Lumding,
Silchar and Guwahati were selected for collecting
rainfall data for 1987 and 2011 (Statistical Handbook
Assam, 1991, 2012). Different thematic layers were
generated to analyze the health of the watershed.
Land use / land cover classes were prepared to
analyze the surface changes in both years. Other
thematic layers like Normalized Difference Bare Land
Index (NDBaI), Normalized Difference Moisture
Index (NDMI), Normalized Difference Vegetation
Index (NDVI), Normalized Difference Water Index
(NDWTI) and Standard Precipitation Index (SPI) were
generated to measure the intensity of these factors
over the landscape. Rainfall is an important and
basic indicator for assessing ecological status of the
landscape. Intensity of precipitation was derived
through Standard Precipitation Index (SPI) where
positive SPI value indicates greater than median
precipitation and negative value indicates less than
median precipitation or drought condition (McKee et

al.,, 1993). Standard Precipitation Index was
calculated using equation (1):

Rainfalljmm}-Mean Rainfall
SPI= (1)

SD
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Normalized Difference Bare Land Index (NDBal)
is based on high dependence between bare soil and
vegetation status. By combining both these, a range
is derived. The status of vegetation and exposed soil
condition can be assessed on a continuum ranging
from high to low (Rikimaru et al., 2002). The index
is expressed as:

] (SWIR. - Red) - (NIR - Blue) )

NDBal o R + Red) + (NIR + Blug) 1 2

NDMI is characteristics of different land use /
land cover identified in near infrared and mid
infrared band based on their moisture content
(Wilson & Sader, 2002). Near infrared is sensitive to
reflectance of leaf chlorophyll content while mid
infrared to the absorption of leaf moisture (Gao,
1996). NDMI is calculated as:

(NIR - MIE)
" (NIR + MIR)

NDVI is the widely-used vegetation index and is
basically the difference of vegetation reflectance in
Near Infrared and Red bands (Rouse et al., 1974). It
may be enumerated as:

) (MNIR - Red) )
NDVI='J1R + Req) )

Many methods are used to delineate water like
thresholding and spectral water index method using
single band (Sakamoto et al., 2007). NDWI has
advantage over these methods since water pixels
can easily be discriminated using two bands and
there are few chances of merging water pixels with
pixels of other classes (Mcfeeters, 1996).

_ {Green - NIR) .
NDWT (Green + NIR) =)

The landscape health index is an important tool
assessing management and planning perspectives
within watershed. We gave comparative weight to all
the land use / land cover classes for examining the
landscape health in the watershed. Water bodies
which are significant features in watershed were put
under highest weight category followed by agricultural
land, vegetation, bare land and settlements. In order
to get spatial pattern of Standard Precipitation Index,
interpolation was done by ordinary kriging of spatial
analysis and subsequently isopleths were prepared for
study periods. The output raster layers were
superimposed through weight overlay (Equation 6)
method and the final landscape health map was
generated. Landscape health is expressed here as:

=D (S ) 1004 (SN ) a00s (SWa/,) <100] @)

NDMI (3)

Where,
LH = Landscape Health
C = Area under different classes (1----------- n)
W = Weight assigned to classes (1----------- n)

A = Total area of watershed
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Habitat disturbance (HD) in forests and wetlands
was assessed as a function of different
environmental factors (terrain morphology, land use,
vegetation cover, meteorological conditions and
spatial distribution of human activities). These
factors determine the habitat disturbance for species
and their distribution (Morrison et al., 1992). Height,
slope, NDVI, SPI, NDMI and human disturbance
layers were generated for assessing forest habitat
disturbance. Height and slope layers were generated
from DEM data and spatial distribution of rainfall
was generated through interpolation of station data.
Human disturbance layer was prepared by taking
disturbance objects (roads, settlement, agriculture,
etc.) and generating buffer according to their
disturbance capability. Habitat disturbance in
wetlands was assessed through NDWI, NDVI, SPI
and human disturbance layers. Habitat disturbance
index was then assessed through integrating all
these layers and giving weight to each layer and
following equation 7.

HD-= [z (DL, W, (DLW, ........(DLW,)/N|7)

Where,
HD = Habitat disturbance
DI = Disturbance index of different layer (1-------- n)
W = Weight assign to index (1-------- n)

N = Total number of layers

Results and Discussions

Landscape Health (LH)

Five thematic layers, i.e. land use/ land cover,
NDWI, NDMI, NDBal and NDVI were prepared and
integrated to derive landscape health index. Six
prominent classes of land cover during 1987 and
2011 were classified, i.e. agricultural land, Jhum
cultivation, forest, built up area, barren land and
water body. A close perusal of land use/ land cover
maps across two dates shows that agricultural land
has increased substantially followed by barren land,
built-up and Jhum cultivation (Fig. 2).

0 2 4 8 12
I | omelers

Land Use/ Land Cover
Lower Barpani Watershed

Index

| Agricultural Lund [ Waterbody
] shum Cuttivation [l Forest

B suils-up B Ganen Land

Fig. 2: Land use/ land cover change during 1987-2011 (also taken as indicator of landscape health)
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Deforestation and agricultural practices in
wetlands are significant causes of increase in
agricultural area within the watershed (Fig. 2). A
conspicuous change was observed in barren land.
It has increased from 66 hectares to 3567
hectares in 2011, thus increasing 54 times since
1987, partially due to deforestation in Barpani
Reserve Forest and partially due to non-utilization
of this land for other activities such as agriculture
and afforestation in particularly in the southern
part of the watershed (Fig. 2). Deforestation due
to Jhum cultivation (shifting cultivation) has also
accelerated intensity of landscape degradation in
the watershed.

Standard Precipitation Index (SPI) values over
study area revealed almost drought like
conditions during 1987, since SPI values were

negative. Contrary study area experienced
positive SPI values exerting great influence on
land uses/ land cover during 2011. The values
registered by the Normalized Difference Bare Land
Index during 1987 showed larger area under
barren land due to drought conditions; therefore,
it was considered as a temporary barren land, but
in 2011 its area increased due to deforestation
and hence it was considered as a permanent
barren land (Fig. 3a). The Normalized Difference
Moisture Index indicated a significant amount of
surface moisture during 1987 and 2011 (Fig. 3b).
The area under vegetation showed less moisture
in 1987 than 2011. Moisture was sufficiently
available in wetlands in 1987, but it reduced to
minimum in 2011 mainly because of practicing
agriculture in wetlands.

Table 1: Area under Land use/ land cover and their change

Land use/land 1987 2011 Change
cover Areain Areain Areain Areain Area in | Percentage
Hectare | Percentage | Hectare | Percentage | Hectare | of Change |

Agricultural land | 9049 18.21 17424 35.07 +8375 +92.59
Jhum cultivation | 198 0.41 529 1.06 +331 +158.54
Built-up 3337 6.72 4124 8.30 +787 +23.51
Water body 5471 11.01 2854 5.74 -2617 -47.87
Forest 31560 63.52 21183 42.64 -10377 -17.13
Barren Land 66 0.13 3567 7.18 +3501 +5423.07

Source: Authors’ calculations from land use/ land cover classification

The spatial-temporal distribution of the
Normalized Difference Vegetation Index shows
variation in vegetation. It can be clearly seen from
the map that NDVI is low in agricultural landscape
due to larger extent of fallow land in 1987 (Fig.
3c) the status of surface vegetation Condition in
2011 was found very good due to agricultural
activity in that year. Some area under forest and
wetland was transformed into agricultural land.
This condition of land transformation contributed
negative weight to assessing landscape health and
habitat disturbance.

The Normalized Difference Water Index revealed
a significant decrease in the area under surface
water bodies during the study period (1987-2011).
In 1987, wetlands were filled up with water and
they provided nutrition to watershed and helped in
ground water recharge, while in 2011 NDWI showed
a reduction in area under water bodies though the
rainfall this particular year was better than the
preceding year (Fig. 4a).

Practice of agriculture in wetlands and
deforestation retarded water holding and ground
water recharge capacity of watershed. Alteration in
the landscape affected aquatic and forest wildlife

© 2016 Forum geografic. All rights reserved.

habitat through destruction and degradation in the
watershed. Table 1 shows that area under forest
and water body (mostly waterlogged wetlands) has
decreased during the study period. Fragmentation
and reduction of habitat by human developmental
activities created major problems for maintaining
habitat suitability (Fig. 4b).

The spatial and temporal analysis of landscape
health (LH) shows degradation in landscape (Fig. 5
and Table 2). Very good status of LH has decreased
from 45% in 1987 to 1% in 2011 registering a
decrease of 97%.

Jhum cultivation in the south western and
western part of watershed affected landscape
health to a great extent. Jhum cultivation is a
shifting agriculture practiced by clearing forest in
the hilly slope and when soil fertility is reduced
after two to three years, then another land is
cleared for cultivation. This practice has not only
degraded forest cover, but it has also increased soil
erosion. Good status of ecological health has
conspicuously augmented from 18% in 1987 to
52% in 2011, experiencing an increase of 186%.
This tremendous increase in the category was
gained from very good status.
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Fig. 3: Indicators of landscape health: (a) barren land, (b) surface moisture and (c) vegetation cover
Indicators of habitat disturbance in forest: (b) surface moisture and (c) vegetation cover.
Indicators of habitat disturbance in wetland: (c) vegetation cover
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Fig. 4: Indicator of landscape health: (a) surface water.
Indicators of habitat disturbance in forest: (b) human disturbance and (c) height and slope.
Indicators of habitat disturbance in wetland: (a) surface water and (b) human disturbance
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Fig. 5: Landscape health (1987-2011)

Table 2: Area under landscape health

LEH index 1987 (in %) 2011 (in %) Percentage of Change
Very good 45.27 1.24 -97.26
Good 18.08 51.74 +186.17
Moderate 21.46 23.84 +11.09
Poor 10.80 16.74 +55.00
Very poor 4.38 6.43 +46.80

Source: Authors’ calculation from LH map

Nearly half of the watershed has good status of
landscape health while the rest is under moderate,
poor and very poor categories of LH. Area under
poor ecological heath has increased from 10.1% in
1987 to 16.7% in 2011. It has occurred mainly in
northern and eastern parts of the watershed due to
the occupancies of wetlands for agricultural
purposes. Very poor status has also increased from
4% in 1987 to 6% in 2011. The change in this
category was observed in those areas where
landscape has been transformed into agriculture and
built-up. Moderate ecological status has remained
same during 1987-2011.

Habitat Disturbance

Application of habitat disturbance indicators during
1987-2011 helped in analyzing extent of habitat area

within the watershed. Habitat disturbance in forests
and wetlands has been assessed in this study (Table
3). Of the total forest area of the watershed (41%),
only 9% was disturbed free in 1987 and further
reduced to 4% in 2011 (Fig. 6). Thus, a loss of 57%
area has threatened the habitat of wild Asiatic
elephant, leopard, wild cat, wild pigs, and barking
deer during 1987-2011. Consequently, many animals
sought new habitats and food sources which
triggered conflict between humans and wild animals.
Field visit revealed that such conflict is a common
problem in south western part of the watershed.
Many villages namely Rajagaon, Lutumari,
Madhabpara and Singimari are under frequent attack
of wild elephants. The elephants move out for food
and damage agricultural crops.
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Table 3: Area under disturbed free habitat within watershed
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Habitat 1987 (%) 2011 (%) Percentage of Change
Forest 9.08 3.90 -57.04
Wetland 5.44 2.51 -53.86

Source: Authors’ calculation from disturbance map

Wetlands experienced a loss of 53.8% habitat
area of varied avifauna and aquatic animals during
1987-2011 (Fig. 7). These wetlands have
transformed into agricultural fields over the years.
Wintering of major species of avifauna mainly
migratory birds, i.e. geese, ducks, kingfisher,
herons, shanks, terns and cranes in the watershed
has been reduced. These wetlands are also a
source of livelihood and food for local inhabitants
through fishing and hunting. Water holding
capacity has reduced and ground water level has
lowered due to human intervention in wetlands
affecting surrounding landscape. These wetlands
require urgent attention for arresting
environmental stability and ecological sustainability
in the watershed.

Conclusions

Degradation of watershed landscape due to
anthropogenic activities is a major consequence to
habitat disturbance in forests and wetlands. Habitat
disturbance in forests in the watershed resulted in
conflict between man and wild animals. Also,
agricultural activity in wetlands and surrounding
areas has reduced habitat for aquatic animals and
avifauna.

Sustainable development of land and ecological
management  through  participatory  planning,
generating awareness, building institutions and
supporting integrated farm is the basic need of
Lower Barpani watershed. Land cover changes in
forests and wetlands have implications for
biodiversity conservation and livelihoods and
interrelationship between them in the watershed.

The current national and state policies along with
the strategies being implemented by the
government, multilateral agencies and other
organizations need to focus on landscape ecology
and habitat suitability.

Remotely sensed indices of landscape health and
habitat disturbance provided a useful methodological
framework of spatial-temporal monitoring and
environmental assessment. The  site-specific
indicators based on weight overlay in GIS
environment can effectively be helpful in assessing
landscape health and habitat disturbance and
prioritizing potential areas for ecological restoration
at various scales in other areas.
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