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Chapter 1 Introduction 1.1. Overview The mountain environments have

emerged as one of the most important challenges to human understanding and organizational ability

since last hundred years or so. Covering large continental regions the mountains contribute by 27% (39.3 million km2) to the global landscape (Kapos et al., 2000).
They have an important role in worldwide atmospheric circulation and water cycles and contribute about 80 % to the global fresh water supplies thus recognized as
water “catchers” and water “towers” of the world (Viviroli & Weingartner, 2004; Whiteman, 2000). The mountain ecosystems are treasure houses of earth’s native
biodiversity and endemism (Hamilton, 1999; Körner & Spehn, 2002). They provide home to no less than 10% of the world's population with additional support to at
least another 2 billion individuals for food, timber, non-timber forest products, hydroelectricity and minerals and also provide recreational places to a growing number
of people (Blyth et al., 2002; Godde et al., 2000; Price, 2004). The recent increase in human impact on mountain environments has resulted in both stabilizing and
disrupting outcomes. The negative impacts, however, may be attributed to human inability to timely recognize the particularities of fragile mountain habitat and
society. These impacts resulted in a widespread human misery as the impact of such changes was not restricted to mountains alone, but concomitantly affected the
lowlands as well. Hence, the instability in the mountain environment and urgent need to ensure a sustainable habitat has made them an area of increasing concern
(Bandyopadhyay, 1992). The Chapter 13 in Agenda 21 of Rio 1992 conference was first proper recognition of the importance of mountains... that

stated: “Mountains are an important source of water, energy and biological diversity. Furthermore, they are a source of such key
resources as minerals, forest products and agricultural products and of recreation. As a major ecosystem representing the complex and
interrelated ecology of our planet, mountain environments are essential to the survival of the global ecosystem. Mountain ecosystems are,
however, rapidly changing. They are susceptible to accelerated soil erosion, landslides and rapid loss of habitat and genetic diversity. On the
human side, there is widespread poverty among mountain inhabitants and loss of indigenous knowledge. As a result, most global mountain
areas are experiencing environmental degradation. Hence, the proper management of mountain resources and socio-economic development of
the people deserves immediate action” (United.Nations,

1992) . As follow-up of 1992 Rio conference, the research initiatives and frameworks such as Mountain Research Initiative, declaring of 2002 as ‘International Year of
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Chapter 1 Introduction 1.1. Overview The mountain environments have emerged as one of the most important challenges to human understanding and organizational
ability since last hundred years or so. Covering large continental regions the mountains contribute by 27% (39.3 million km2) to the global landscape (Kapos et al.,
2000). They have an important role in worldwide atmospheric circulation and water cycles and contribute about 80 % to the global fresh water supplies thus recognized
as water “catchers” and water “towers” of the world (Viviroli & Weingartner, 2004; Whiteman, 2000). The mountain ecosystems are treasure houses of earth’s native
biodiversity and endemism (Hamilton, 1999; Körner & Spehn, 2002). They provide home to no less than 10% of the world's population with additional support to at
least another 2 billion individuals for food, timber, non-timber forest products, hydroelectricity and minerals and also provide recreational places to a growing number
of people (Blyth et al., 2002; Godde et al., 2000; Price, 2004). The recent increase in human impact on mountain environments has resulted in both stabilizing and
disrupting outcomes. The negative impacts, however, may be attributed to human inability to timely recognize the particularities of fragile mountain habitat and
society. These impacts resulted in a widespread human misery as the impact of such changes was not restricted to mountains alone, but concomitantly affected the
lowlands as well. Hence, the instability in the mountain environment and urgent need to ensure a sustainable habitat has made them an area of increasing concern
(Bandyopadhyay, 1992). The Chapter 13 in Agenda 21 of Rio 1992 conference was first proper recognition of the importance of mountains... that stated:

“Mountains are an important source of water, energy and biological diversity. Furthermore, they are a source of such key resources as
minerals, forest products and agricultural products and of recreation. As a major ecosystem representing the complex and interrelated
ecology of our planet, mountain environments are essential to the survival of the global ecosystem. Mountain ecosystems are, however, rapidly
changing. They are susceptible to accelerated soil erosion, landslides and rapid loss of habitat and genetic diversity. On the human side, there
is widespread poverty among mountain inhabitants and loss of indigenous knowledge. As a result, most global mountain areas are experiencing
environmental degradation. Hence, the proper management of mountain resources and socio-economic development of the people deserves
immediate action” (United.Nations, 1992).

As follow-up of 1992 Rio conference, the research initiatives and frameworks such as Mountain Research Initiative, declaring of 2002 as

‘International Year of Mountains’ by United Nations General Assembly
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2.1. Palas Valley The study area is part of Palas sub-division of district Kohistan (34.88 - 35.86o E; 072.70 - 073.92o N) of Khyber Pakhtoonkhwa province in Pakistan
(other two subdivisions include Dassu, the district headquarters and Pattan). It is a mountainous district with an area of 7,492 km2 located in Western Himalaya,
approximately 200 km north of Islamabad, the capital city. The district and is neighboured by Chilas, Darial and Tangir in north, Naran and Kaghan valleys on eastern
side; Alai valley on southern side and Swat district in west (GoP, 1998). The famous Karakoram Highway (KKH) passes through the district that is a major trade route
between China and Pakistan. Geographical location and Area: Palas is one of the biggest of Kohistani valleys located on eastern bank of River Indus (aka- Abba-Sin, the
Father of Rivers). It covers an area approximating 1400 km2 and stretches out in southeast direction, attaining altitude as it approaches the highest peaks close to 5200
m (Bahadar Sar and Mak Chaki peaks). Centring on 35.00º N latitude and 71.25º E longitude, the study area consist of a valley system composed of two drainage
basins isolated by a ridge draining out into Indus river The watersheds are distinguished as "Bar" (upper) (locally famous as "Daro") and "Kuz" (lower) Palas. Kuz Palas
is mainly drained by Sharakot Nalah and other small rivulets, directly to Indus

(Figure 2.1). Figure 2.1: The location of study area in

Pakistan, its altitudinal pattern, the main drainage areas, rivers and rivulets Access: The Bar Palas can be accessed from Pattan through a huge concrete Joser bridge
over the Indus River, completed in 1985. Then a narrow dirt road (Pattan-Ziarat Road) measuring c. 23 km follows the left bank of Indus that becomes even narrower
after taking a sharp turn near the Indus-main Palas river (Musha’Ga) confluence and reaches road-head near Paro village. Further ahead the only communication route
to the valley is a well-worn mule-track that weaves its way along the river and meanders into the valley, dotted at times by wooden cantilever bridges. Another
non-metalled road reaches Sharakot village from Serghaziabad at the Indus’ left bank connecting Kuz Palas to the Pattan. Rest of the valley is accessible only on
foot-paths. A cable trolley over Indus connects Kunsher area in Palas to KKH. The valley is linked to four different valleys through mountain passes viz., Allai: via
Sheryal-Ganja-Kunari-Ledi; Jalkot: via Kundal-Sartey, and Kaghan via Palandran. These mountain passes close during winter and are accessible only during late
summers. Drainage: The whole catchment has characteristic dendritic drainage pattern with a marked right angle to the main valley alignment (Figure 2.2). The valley

is drained by two main Nala/rivulets namely Musha’Ga Nala (Bar Palas) and

Sharakot Nala (Kuz Palas). The Musha’Ga is about 60 km long and originates from high mountain chain adjacent to Kaghan/Naran valleys while flowing East-Westwards
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3.1. Introduction The changes in ecosystems are pervasive and have been caused by natural as well as anthropogenic factors or sometimes a mixture of both. The
economic development activities, fires and deforestation associated with agricultural and urban expansions are the major causes of humans induced ecosystem change
(Huang & Siegert, 2006; Turner et al., 2011; Vance & Iovanna, 2006). Regardless of their causal factors, these changes have contribution to the global warming, soil
erosion, land-use as well as biodiversity; therefore, both scientists and resource managers have growing interest to derive information about these changes and track
them over space and time to ensure sustainability of ecosystem goods and services (Evrendilek & Gulbeyaz, 2008; Forrest et al., 2008; Waser et al., 2008). Since the
ecosystem structure and function is primarily related to the contribution of producers, therefore, vegetation is considered to be the best single surrogate for more
detailed habitat and ecosystem information. Therefore, understanding vegetation patterns and their changes is imperative for effective monitoring and management of
ecosystem. The satellite sensors have emerged as useful means for monitoring vegetation of remote environments at varying spatial and temporal scales (Evrendilek &
Gulbeyaz, 2008), but there is an inherent trade-off between spatial resolution and temporal resolution in sensor designs that can hinder the effective monitoring of
vegetation (Price, 1994). The single date, higher resolution satellite image used for vegetation/landcover mapping (mostly peak growing season) may suffer cloud
contamination and may risk the seasonal variations in vegetation gone unnoticed or misclassified (Cohen et al., 2010). This is particularly true with the remote sensing
at high altitudes where the growing period is usually short and its combination with snow cover hampers the frequent and repeated coverage and makes ‘wall-to-wall’
mapping of the large areas problematic (Potapov et al., 2008). This has geared an interest towards the use of coarser resolution earth observation (EO) datasets such
as Moderate Resolution Spectroradiometer (MODIS; http://modis.gsfc.nasa.gov) for vegetation monitoring of large areas since these datasets have best possibility to
provide cloud-free vegetation estimates from space due to their higher temporal resolution (Fensholt et al., 2009). These data are long-term record on
near-continuous, near-real time coverage of

key ecological parameters (habitat extent, heterogeneity or primary productivity)

and often regarded as “hypertemporal” datasets since they are comparable to hyper-spectral imagery with each timeframe sampled analogous to a different spectral
band (Piwowar & LeDrew, 1995). The hypertemporal datasets are typically

characterized by patterns like seasonality, trends and localized abrupt changes or discontinuities resulting from disturbance events
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4.1. Introduction The information on vegetation composition and structure in relation to its environment is necessary to answer a diverse range of applied and
theoretical questions related to ecology and conservation science (Elith et al., 2006; Guisan & Thuiller, 2005). The most prominent areas highlighting the importance of
vegetation environment relationships include detection and prediction of rare species

(Guisan et al., 2006) assessment of species

richness.(Simon

et al., 2004), the testing of ecological theory (Austin,

2002),

biogeographical hypotheses (Leathwick, 1998), the assessment of potential invasion risks (Thuiller et al., 2005), for conservation
planning (Araújo et al., 2005)

and assessment of global climate change impacts (Bomhard et al., 2005). The vegetation of Palas valley differs from its neighbouring western and northern valleys
since

it is reached by the last traces of monsoon and has a moister climate. The magnificent forests of the

valley have been identified among the global priority areas for biodiversity conservation (Bibby et al., 1992) and are home to a number of elusive and rare animals
such as endangered musk deer (Moschus cupreus), rare
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5.1. Introduction Alteration of forest to non-forest land-cover is one the important issues faced by our globe today. The forests undergo constant change at varying
spatial and temporal scales due to natural and/or anthropogenic factors. These changes have been categorized on the basis of their temporal character into
landcover/inter-annual changes (low temporal resolution) and seasonal/intra-annual changes (high temporal resolution) (Coppin, et al., 2004). The land-cover changes
have wide-ranging impact upon the structure and function of an ecosystem (Meyer & Turner, 1994). Precise and timely monitoring of these changes, especially under
the themes of “forest cover and forest degradation” is a precondition for forest managers to assess forest health and productivity to formulate policy and management
plans accordingly (de Gier

et al., 1999; Turner et al., 2007). The importance of forest

cover dynamics (disturbance and recovery) as a baseline requirement for their sustainable management has been emphasized in many studies such as (Diouf &
Lambin, 2001; Kurz, 2010; Mendoza & Etter, 2002; Vance & Geoghegan, 2002). The reduced forest cover has wide ranging impacts including functioning of ecosystems
(Pregitzer & Euskirchen, 2004; Song & Woodcock, 2003), loss of biodiversity, reduced cycling of water, soil and water resources, benefits obtained from forests and
contributions to global warming (Fearnside & Philip, 2005). The global annual estimates reveal that world’s forests are being converted to other land uses (non-forest;
mainly - agriculture) by 0.8% (FAO, 2009). Considering its critical nature to ecosystem processes, the forest cover dynamics still remains poorly quantified particularly
in spatial context (Cabral et al., 2011; Masek et al., 2011). The satellite remote sensing (SRS) has emerged as a superior alternate against traditional field surveys to
map spatial extent of forests and changes therein, since it can provide biophysical habitat data, covering significant areas and time periods (Kerr & Ostrovsky, 2003;
Sader et al., 2003). Remote and difficult to access areas have particularly benefited from SRS as low-cost primary data on forest cover, saving both time and monetary
resources (Ferrier, et al., 2002). The multi-temporal, multi-spectral nature of data acquired by satellite-sensors has helped to identify

and monitor forest cover changes, irrespective of their causal

factors and its digital availability has provided an opportunity to get integrated with geographic information system (GIS) and support computer-automated analysis
(Wynne & Carter, 1997). The most frequently used SRS data sources for change detection applications include medium to coarse resolution sensors viz.,
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6.1. Summary The mountain environments have posed several challenges to human understanding due to their diverse geographic, cultural and biological nature. It
was 1992 Rio conference that formally invited the research in these fragile environments while acknowledging the multitude of their roles and functions in nature. The
present research has further added to the understanding of mountain environments specifically focusing on Palas valley (NW Himalaya). The research has highlighted
the potential of MODIS and Landsat satellite datasets in observations of land surface parameters in mountainous environments. Aiming at mapping spatial vegetation
patterns, the research examines spatially explicit conservation status of forest vegetation in Palas valley using GIS, employing remote sensing data and statistical
modeling techniques. The forest vegetation was specifically chosen to map since they have crucial role in stabilizing mountain systems. 6.2. Research findings The
various aspects of study focused broadly towards answering the question… whether the forest vegetation of Palas is maintained well protected conditions. This was
achieved by using both coarse resolution and finer resolution satellite data supplemented with on-ground surveys and further authenticated with occurrence of western
tragopan as an indicator of undisturbed conditions. The results indicated that currently only few parts of the valley are affected. The conifer forests are breeding grounds
for western tragopan and were found most detrimentally affected landcover type in the regional context (section 3.3.2). Thus, largest global occurrence of western
tragopan is the successful indicator to support the fact that the forest vegetation in Palas is most preserved (conifers = c. 78.4% of total forest in Palas).The coniferous
forests have been detrimentally affected in most easily accessible parts of the valley due to which tragopan has never been observed in these regions (Figure 6.1 a, b).
The multitude of canopy forming species within forest vegetation communities are the added support to the argument that vegetation in Palas is yet maintained in
relatively pristine conditions (Appendix II). It has long been recognized that human population growth and associated increased pressure on natural resources has
resulted in ecological destructions to which the mountain environments are particularly sensitive (Zhao, et al., 2006). The present research also highlighted the
evolution of land cover in relation to human population increase in the region. The increasing population densities have triggered the conversion of previously forested
areas into agricultural landuse (Schickhoff, 1995). The Built-up/agriculture landcover was found highly correlated with human population densities, however, low
prominence of agriculture (<2%) in study area favoured the lower Palas deforestations to be explained under the ‘accessibility and altitudinal zonation model’ of the
mountain landuse (Allan, 1986). Figure 6.1: (a.) The historical sightings of western tragopan in Palas valley (1989-2003) in relation to deforestation of conifer forests
(1992-2010) (Ashraf, et al., 2004; Bean et al., 1994; Duke, 1989) (b) shows the same in relation to trends in vegetation (2000- 2011) The mapping of vegetation
communities represented the first ever endeavour to produce spatial information on vegetation patterns in Indus gorge that exploited environmental relationships of
the vegetation communities to elucidate their extent. The colours used to symbolize the vegetation communities were similar to those used in Schweinfurth (1957)
classic vegetation map of Himalayas thus can easily be integrated with this map and represent important contribution towards the spatial data needs in mountain
environments in general and Himalayas in specific. The spatially explicit environmental relationships of the vegetation communities can be used to integrate them in
global change discussions. The research also updated the existing information on vegetation of Palas valley. Though, the study was not focused specifically on floristics,
even then the thorough survey of vegetation elucidated the presence of species such as: Ailanthus altissima  Daphne mucronata  Dodonaea viscosa  Elaeagnus
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Mapping Spatial Vegetation Patterns in Palas Valley, Kohistan, 

Pakistan Using Geographic Information System 

Abstract 

The present study was carried out in Palas valley (NW Himalaya), Pakistan, known for its intact 

tracts of forests and aimed at mapping and monitoring of spatial vegetation patterns using 

Geographic Information System (GIS), Remote Sensing and statistical modeling techniques. A 

regional vegetation/landcover map was developed at 250m resolution by classifying MODIS 

normalized difference vegetation index (NDVI) images of the year 2011 into six land-cover categories 

(Glaciers, Pastures, Conifers, Broadleaves, Shrubs and Built-up/agriculture) with an accuracy of 

>92%. Trends (progressive/regressive) in the regional land-cover conditions were then evaluated 

between the years 2000 to 2011. The statistical tests highlighted conifers as the most negatively 

affected land-cover type, whereas, built-up/agriculture land-cover types were dominated by 

progressive land-cover evolution.  The tests further revealed that human population had significant role 

in modifying regional landcover conditions and associated fauna. 

A total of eight forest vegetation communities were determined in the valley through classification 

of floristic
1
 data (2004-2007). These included Salix denticulata-Bergenia stracheyi-Geum elatum 

(SAL-BER-GEU), Betula utilis-Abies pindrow –Viburnum grandiflorum (BET-ABI-VIB), Picea 

smithiana-Abies pindrow- Viburnum grandiflorum (PIC-ABI-VIB),  Juglans regia – Aesculus indica 

– Acer caesium (JUG-AES-ACC), Cedrus deodara-Quercus floribunda- Indigofera heterantha 

(CED-QUF-IND), Cedrus deodara-Parrotiopsis jacquemontiana – Pinus wallichiana (CED-PAR-

PIN), Quercus baloot - Cotoneaster bacillaris – Cedrus deodara (QUB-COT-CED) and Quercus 

baloot-Olea ferruginea-Cotoneaster bacillaris (QUB-OLE-COT).  The spatial distribution of 

communities was strongly correlated with elevation, aspect and heat load indices (p<0.05). In order 

to map the vegetation communities, generalized regression models with stepwise backward 

procedure were fitted for each community to determine its response against a set of predictor 

variables.  The final models were then implemented in geographic information system to produce 

forest vegetation communities’ maps. The mapping results indicated that potentially 97231.5 ha of 

the study area (69.27%) is under forest vegetation out of which PIC-ABI-VIB community had 

greatest contribution (27.69 %).  The forested area calculated for years 1992, 2001 and 2010 was 

43886.61 (31.27 %), 38420.19 (27.37 %) and 33491.16 (23.86 %) ha respectively. The logistic 

regression models were used to determine the driving variables of forest/non-forest transitions. The 

results showed that locations near to roads but away from settlements were particularly vulnerable to 

deforestation and spatially concentrate in lower reaches. The simulation of forest cover up to year 

2020 indicated that forest area may increase in future. 

                                                 
1 The nomenclature follows Nasir et al., (1970) 
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CChhaapptteerr  11  

IInnttrroodduuccttiioonn  

1.1. Overview 

The mountain environments have emerged as one of the most important challenges to human 

understanding and organizational ability since last hundred years or so. Covering large 

continental regions the mountains contribute by 27% (39.3 million km
2
) to the global landscape 

(Kapos et al., 2000). They have an important role in worldwide atmospheric circulation and water 

cycles and contribute about 80 % to the global fresh water supplies thus recognized as water 

“catchers” and water “towers” of the world (Viviroli & Weingartner, 2004; Whiteman, 2000). The 

mountain ecosystems are treasure houses of earth’s native biodiversity and endemism (Hamilton, 

1999; Körner & Spehn, 2002). They provide home to no less than 10% of the world's population 

with additional support to at least another 2 billion individuals for food, timber, non-timber forest 

products, hydroelectricity and minerals and also provide recreational places to a growing number 

of people (Blyth et al., 2002; Godde et al., 2000; Price, 2004). 

The recent increase in human impact on mountain environments has resulted in both stabilizing 

and disrupting outcomes. The negative impacts, however, may be attributed to human inability to 

timely recognize the particularities of fragile mountain habitat and society. These impacts resulted 

in a widespread human misery as the impact of such changes was not restricted to mountains 

alone, but concomitantly affected the lowlands as well. Hence, the instability in the mountain 

environment and urgent need to ensure a sustainable habitat has made them an area of increasing 

concern (Bandyopadhyay, 1992). The Chapter 13 in Agenda 21 of Rio 1992 conference was first 

proper recognition of the importance of mountains... that stated: 

“Mountains are an important source of water, energy and biological diversity. Furthermore, 

they are a source of such key resources as minerals, forest products and agricultural products 

and of recreation. As a major ecosystem representing the complex and interrelated ecology of 

our planet, mountain environments are essential to the survival of the global ecosystem. 

Mountain ecosystems are, however, rapidly changing. They are susceptible to accelerated soil 

erosion, landslides and rapid loss of habitat and genetic diversity. On the human side, there is 

widespread poverty among mountain inhabitants and loss of indigenous knowledge. As a result, 

most global mountain areas are experiencing environmental degradation. Hence, the proper 

management of mountain resources and socio-economic development of the people deserves 

immediate action” (United.Nations, 1992). 

As follow-up of 1992 Rio conference, the research initiatives and frameworks such as Mountain 

Research Initiative, declaring of 2002 as ‘International Year of Mountains’ by United Nations 

General Assembly and launch of ‘International Partnership for Sustainable Development in 
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Mountain Regions’ in ‘World Summit on Sustainable Development’ (Johannesburg, 2002) has 

further strengthened the importance of mountain ecosystems (Green et al., 2005). 

At present there is growing awareness that the rapid human population growth and associated 

increase in demands on natural resources, has already resulted in most extensive and intensive 

human-induced ecological destructions to which the mountain environments are particularly 

sensitive (Zhao et al., 2006). Therefore, scientific research in mountain environments has 

become ever more important while considering ecological services provided by them and under 

the scenario of ongoing global change discussion. 

1.2. The Hindukush Himalayan mountain region 

11..22..11  RReeggiioonnaall  ccoonntteexxtt  

The Asian highlands mainly Hindukush, Karakoram and Himalayas (HKH) are the largest 

mountain ranges in the world with indigenous cultures, people and habitats. Over the years there 

have been individual efforts by many researchers and explorers to know the diversity and 

uniqueness of these Asian highlands, however, consistent and long-term efforts for exploration 

and conservation of these diverse cultures and environment has only a recent history. The HKH 

region earns special significance among the mountains of world for being geologically recent and 

having largest concentration of glaciers outside the polar areas (Singh et al., 2011). Extending 

west to east from Afghanistan to Myanmar in form of some 4,000 km arc (4 million km
2
 area), 

and consisting of world’s tallest peaks (Mount Everest, K2 and Annapurna) covers around 2.9% 

of the global area and 18% of the global mountain area (Gurung et al., 2011). HKH region is one 

of the most fragile landscapes in the world due to its marginality with respect to ecological limits, 

topography, and high-magnitude, low-frequency events (Zurick et al., 2006). These mountains 

provide life support to adjoining countries (whole Nepal and Bhutan and the mountainous parts of 

Afghanistan, Bangladesh, China, India, Myanmar and Pakistan) in the form of great river systems 

such as Amu Darya, Brahmaputra, Ganges, Indus, Mekong, Yangtze and Yellow (Singh, et al., 

2011). These mountains directly provide livelihoods to 210 million people and another 1.3 billion 

people living in adjoining lowlands indirectly receive goods and services. Overall about 3 

billion people benefit from food and energy produced in the river basins (Schild, 2008). 

11..22..22..  NNoorrtthheerrnn  PPaakkiissttaann  

The northern Pakistan occupies the western edge of HKH and sets a place where three of the 

world’s famous mountain ranges (Hindukush, Himalayas and Karakoram) meet. The area holds a 

great strategic importance as it is surrounded by India in the East, China in the North, and 

Afghanistan in the West. The tract is regarded as 'Roof of the World' for some of the world’s 

highest peaks such as K2, Nanga Parbat, Rakaposhi, Haramosh and several others (Khan, 1995) 

and has been a paradise to mountaineers, climbers, trekkers and hikers. The area is also known for 

its scenic beauty, comprising beautiful valleys such as: Behrain, Gilgit, Hunza, Kaghan, Madian, 

Naltar, Naran, Skardu, Swat, the remote valleys of Chitral and many others. Gilgit, Indus, Kunar, 

Kunhar, Panjkora and Swat are the main rivers in the area. Palas valley (upper Khyber 
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Pakhtunkhwa (KP)) located on the eastern bank of River Indus is also one out of the many valleys 

in Northern Pakistan, which is known for its splendour beauty and marvel. Due to tribal culture, it 

is not open to the tourists, but the restricted range bird species Western Tragopan and best 

protected natural forests are the main fame of this valley (Duke, 1989). 

1.3. Ecological Significance and challenges 

The HKH region covers more than 10 degrees of latitude (27-38°N) with a great range of 

altitudinal variation (c. 300 m to >8000 m) and diverse climatic conditions. The eastern part of 

HKH is influenced by tropical monsoons whereas, the western portion has Mediterranean climate 

(Singh et al., 1995). The huge spatial extent , variety of climatic conditions and altitudinal 

variations have resulted in diverse ecological conditions that have been summed up into 28 eco-

regions (Dasmann, 1974). 

11..33..11..  VVeeggeettaattiioonn  

The vegetation in HKH region has attracted the attention of many researchers because of its 

particular position in the world’s vegetation pattern. The changing ecological conditions have 

resulted the vegetation (thus associated fauna) to transform within a couple of hundred kilometres 

from alluvial grasslands and subtropical broadleaf forests along the foothills to temperate 

broadleaf forests in the mid hills, mixed conifer and conifer forests in the higher hills, and alpine 

meadows above the timberline. The southern slopes of the Himalayas mark the boundary between 

Paleotropic and Indo-Malayan floristic realms as well as meeting point of the Central Asiatic, 

Irano-Turanian and Sino-Himalayan floristic regions. The distribution of floristic elements in 

vegetation correspond to major climatic patterns and not only show a gradation in structure and 

composition from wet and humid east to dry western Himalayas but also in vertical sequence 

(Schickhoff et al., 2005; Schweinfurth, 1957).  

The botanical exploration in HKH regions has been reviewed by (Kick, 1996; Singh & Singh, 

1987; Stewart, 1967, 1982), however, there is exhausting list of researchers and explorers that 

added to present day knowledge of regional vegetation. Thomas Hardwick was the pioneer to 

collect plants from the Himalayas (Gharwal region 1796); Hamilton pioneered the plant 

exploration in Nepal (1802-1803); Victor Jacquemont was the first to examine the plants of 

Kashmir (1831); Sir Joseph Hooker and Thomas Thompson started the botanical explorations in 

the eastern Himalayas (Gupta, 1981). Other notable contributions were made by Frank Kingdon-

Ward (Tibet, NW China, Myanmar and Assam 1910 – 1960), George Forrest (Yunnan and Burma 

1905 -1930), Major George Sherriff and Frank Ludlow (Himalayas 1930s). Thus by mid-19
th

 

century flora of some parts of HKH region was known and published in regional floras: Flora 

Orientalis (Boissier 1867-1888) and the Flora of British India (Hooker 1872-1897) that also 

included accounts on the vegetation - climate interaction and successional patterns of forest 
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communities (Singh & Singh, 1987). H. G. Champion was the first person to classify and describe 

the forests types in major portion of HKH (Champion, 1938). 

It has been estimated that more than 12,700 species of vascular plants belonging to 228 families 

exist in HKH (Dobremez et al., 1967-2009). The northern Pakistan (Western Himalayas) comprise 

the richest flora in country with more than 1700 reported species of vascular plants (Ali, 1978; 

Stewart, 1957). Though not an isolated biogeographic entity, most of the species endemic to 

country reside in these mountains (Mallon, 1991; Mufti et al., 1997). Though, not well explored, 

so far the Palas valley in northern Pakistan has more than 600 reported vascular plant species 

(Rafiq, 1996; Saqib et al., 2011). The adjoining areas such as Kaghan valley has been reported for 

840 species of vascular plants (Jamal et al., 2011) and the Nanga Parbat region with 962 

naturalized plants (Dickoré & Nüsser, 2000). 

It is important to mention, however, that there was a modest coverage for locations in north-west 

that were inhabited by often-hostile tribes or otherwise difficult to access, such as nexus of the 

Hindukush, Karakoram, and Himalayan ranges (Indus Gorge) (Dickoré & Nüsser, 2000), thus 

the floral inventory may still be far from complete in these regions, while a map to represent 

spatial vegetation patterns in HKH region was felt a primary need for vegetation research in the 

region (Schweinfurth, 1957, 1992). 

11..33..22..  SSppaattiiaall  vveeggeettaattiioonn  ppaatttteerrnnss  

Although the documentation of Himalayan vegetation patterns has old history, and principles of 

vertical and climatic gradients in defining vegetation patterns were discovered long ago but there 

was hardly any progress regarding the cartographic representation of vegetation patterns, 

especially in Western Himalayas (Schickhoff, 1994). The groundbreaking work on vegetation 

mapping in Himalayas was published as a map of Nanga Parbat massif (West Himalaya) at scale 

of 1:50,000 by Troll (1939) that largely relied on the cartographical achievements of 1934 Nanga 

Parbat Expedition of Germans. In addition to Nanga Parbat, Carl Troll also visited the areas in 

vicinities of Dehra Dun (Uttarakhand, India) and a tract from Darjeeling (West Bengal) to the 

Nathu La pass (Sikkim-Tibet/China border) in 1937 and noticed that the vegetation transition was 

taking place “along” the mountain ranges (Figure 1.1). Due to the second world war, the ongoing 

research on Himalayan vegetation mapping was interrupted and could not be resumed until 1952, 

when Schweinfurth started his first ever endeavour to sum up the great variety of geo-ecological 

settings within Himalayas, in the form of a map (scale: 1: 2,000,000), summarizing vegetation 

distribution in entire range from Kabul to Chang Jiang (Schweinfurth, 1957). The task of 

synthesizing all the available literature for this mission was suggested by Professor Carl Troll 

(1899-1975) for his realization of the striking differences of ecological conditions between Nanga 

Parbat and Sikkim (Figure 1.1). The map portrayed not only the three-dimensional (altitude, ‘west 

to east’ and ‘south to north’) patterns of vegetation but also the choice of colours revealed the 

basic climatic patterns as well thus conveying a regional “landscape structure”. Troll summed up 
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Schweinfurth’s map by stating: "The most important parts of the map are the blanks" 

(Schweinfurth, 1984, 1992). These botanical blanks posed a great challenge for scientific 

community to fill-up these gaps of knowledge, although few of them changed (Schickhoff, 1994; 

Schweinfurth, 1981, 1992). 

The vegetation mapping efforts carried out in Himalayas were mainly by French investigators, 

focusing Nepal that holds central position in Himalayas (Dobremez et al., 1984; Dobremez et al., 

1975; Dobremez & Shrestha, 1980; Dobremez, 1971, 1972, 1973, 1984, 1985; Dobremez & Jest, 

1970; Dobremez & Shakya, 1975; Miehe, 1991). The vegetation mapping contribution included 

eight maps at nominal scale of 1:250,000 covering the areas of Annapurna-Dhaulagiri, Biratnagar-

Kangchenjunga, Butwal-Mustang, Dhangarhi-Api, Jumla-Saipal, Kathmandou-Everest, Nepalganj- 

Dailekh and Terai central and two maps drafted at scale of 1:50,000 that cover Jiri-Thodung and 

Ankhou Khola-Trisuli areas (Figure 1.1). Other notable mapping contributions seem to be 

1:100,000 scale vegetation map of Dhaulagiri and Annapurna Himal and 1:50,000 scale maps of 

Ankhu Khola-Trisuli, Jiri-Thodung and the Khumbu Himal i.e., southern slopes of Mount. Everest 

(Miehe 1991). 

There has been no cartographic achievement in the areas of Bhutan, however, a satellite based 

vegetation types maps has been reported from Assam Himalayas (Singh et al., 2002) but the 

area is still poorly known botanically. Although the vegetation of locale is exemplified by the 

1:4,000,000 scale “Vegetation Map of China” (Hou, 1979) in Chinese claimed areas but based 

on recourse to analogy thus has to be seen critically. The depictions on Schweinfurth’s 1957 

map for the area were based upon vegetation description of Tenga Valley (Bor, 1938). 

Congruence, however, can be observed between Schweinfurth’s 1957 map and vegetation map 

of China in case of river gorges of the Mekong, Salween and Yangtsekiang. 

In case of Western HKH region, besides the “vegetation map of the Nanga Parbat group” by Troll 

(1939) and "vegetation map of the Kaghan" by Schickhoff (1994) at 1:150,000 scale are the 

important contributions whereas “Vegetation map of the eastern Hindukush” (Nüsser & Dickoré, 

2002) at 1:100,000 scale and that of Batura valley in Karakoram (Eberhardt et al., 2007) at 

1:60,000 scale are the only examples of cartographic representation of vegetation. A few satellite 

based vegetation cover mapping have been reported from the Indian part of Western Himalayas 

(Chandrashekhar et al., 2003; Joshi et al., 2006).  
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Figure 1.1: A historical overview of vegetation mapping carried out in Himalayan region  

 

Scale codes: 

 1: 50,000 1: 60,000 1: 100,000 1: 250,000 1: 150,000 Satellite Remote Sensing based mapping 
Himalayas (Schweinfurth, 1957) Kabul (west) to Chang Jiang (east) (1:2,000,000) 

Western Himalayas Central Himalayas Eastern Himalayas 
1. Nanga Parbat (Troll, 1939) 5. Annapurna-Dhaulagiri (Dobremez & Jest, 1970)  16. Siang district (Singh, et al., 2002) 

23.5 m resolution IRS data 

2. Kaghan Valley (Schickhoff, 1994b) 6. Jiri-Thodung (Dobremez, 1971)  

3. Eastern Hindukush (Nüsser & Dickoré, 2002) 7. Kathmandu-Everest (Dobremez, 1972)  

4. Batura Valley, Karakoram (Eberhardt, et al., 2007) 8. Terai central (Dobremez, 1973)  

 9. Ankhu Khola-Trisuli (Dobremez, et al., 1975)  

10. Biratnagar-Kanchenjunga (Dobremez & Shakya, 1975)  

17. Himachal Pardesh (Chandrashekhar, et al., 2003) 

23.5 m resolution IRS data 

11. Jumla-Saipal (Dobremez & Shrestha, 1980)  

12. Butwal-Mustang (Dobremez, et al., 1984)  

18. Nubra valley Ladakh (Joshi, et al., 2006) 

23.5 m resolution IRS data 

13. Dhangarhi-Api (Dobremez, 1984)  

14. Nepalganj-Dailekh: (Dobremez, 1985)  

 Indus Kohistan (Present study) 30m resolution 
15. Khumbu Himal: S. Mt. Everest (Miehe, 1991) 

 Carl Troll’s visits 

 

16 2 5 3 4 1 

1 
2 

3 4 

5 

6 

7 

8 9 10  

11  

12  

13  

14  

15  

16 

17 

18 

Scale codes: 

 1: 50,000 1: 60,000 1: 100,000 1: 250,000 1: 150,000 Satellite Remote Sensing based mapping 
Western Himalayas Central Himalayas Eastern Himalayas 
1. Nanga Parbat (Troll 1939) 5. Annapurna-Dhaulagiri (Dobremez & Jest 1970)  16. Siang district (Singh et al. 2002) 

23.5 m resolution IRS data 

2. Kaghan Valley (Schickhoff 1994) 6. Jiri-Thodung (Dobremez 1971)  

3. Eastern Hindukush (Nüsser & Dickoré 2002) 7. Kathmandu-Everest (Dobremez 1972)  

4. Batura Valley, Karakoram (Eberhardt et al. 2007) 8. Terai central (Dobremez 1973)  

 9. Ankhu Khola-Trisuli (Dobremez et al. 1975)  

10. Biratnagar-Kanchenjunga (Dobremez & Shakya 1975)  

17. Himachal Pardesh (Chandrashekhar et al. 2003) 

23.5 m resolution IRS data 

11. Jumla-Saipal (Dobremez & Shrestha 1980)  

12. Butwal-Mustang (Dobremez et al. 1984)  

18. Nubra valley Ladakh (Joshi et al. 2006) 

23.5 m resolution IRS data 

13. Dhangarhi-Api (Dobremez 1984)  

14. Nepalganj-Dailekh: (Dobremez 1985)  

 Indus Kohistan (Present study) 30m resolution 
15. Khumbu Himal: S. Mt. Everest (Miehe 1991) 

 Carl Troll’s visits 

 

2 16 5 3 4 1 

 



Chapter 1: General Introduction Page 7 of 196 

Despite profound curiosity of the scientific community, Himalayan vegetation research suffered 

many constraints such as tribal culture and inaccessibility. The decolonization in Asia and 

emergence of China as central power in the region has changed the political scenario. Himalayas 

has never been area of “peaceful research” since 1957, particularly in western Himalayas the 

Kashmir dispute between India and Pakistan intervened many areas of botanical interest. 

Though, Troll’s idea of 3D framework (altitude, ‘west to east’ and ‘south to north’) of changes in 

vegetation, landscape and climatic conditions within Himalayas was somehow fulfilled by the 

1957 vegetation map, but many of the important areas that were left blank in 1957 map that still 

could not be worked out. The Northern Pakistan exemplified the pioneering work on vegetation 

mapping in HKH region but the majority area is still a void on 1957 vegetation map… Kaghan, 

Chitral and Batura valleys were the only areas mapped in succeeding years (Figure 1.1). 

The vegetation mapping missions in the whole Himalayan region were mainly dependent upon the 

previous cartographic works e.g., ‘Nanga Parbat vegetation map’ (Troll, 1939) used the map 

resulting from 1934 German expedition of Nanga Parbat. The other vegetation maps documented 

from Pakistani Himalayan region were also based upon Chinese or Russian maps. The methods 

adopted for vegetation mapping involved manual documentation of vegetation assemblages on the 

enlarged base maps during extensive field surveys that were often supplemented with terrain 

sketches and panoramic photographic documentation. The use of remotely sensed satellite data 

was sometimes deliberately refrained in favour of traditional methods due to non availability of 

exact geo-referencing and inability of signals to sufficiently distinguish between the structurally 

similar vegetation types (Eberhardt, et al., 2007) or at times two-fold semi-quantitative approach, 

involving manual digitizing of remote sensing data based upon through groundchecks together 

with extensive floristic database was used (Nüsser & Dickoré, 2002).  

The vegetation map of 1957 also encouraged development and use of new methods and 

approaches to deal with the other phenomena such as landuse, however, it discouraged the 

arbitrary discrimination between "natural" and "human influenced" vegetation since it is hard to 

find out single area on the globe uninfluenced by humans, directly or indirectly. In the mean time 

completion of a vegetation map of Himalayas was considered the first step towards vegetation 

research in the region (Schweinfurth, 1957, 1992). 

PPrroobblleemm  ssttaatteemmeenntt  

At present there is growing realization that Himalayan vegetation resources are being 

detrimentally affected due to increasing human impact (Ives & Messerli, 1989; Ives & Messerli, 

1990) thus the previous vegetation research in Himalayas could be insufficient for biodiversity 

conservation efforts in Himalayan region due to lack of spatial information on vegetation and low 

effectiveness of conventional methods in generalizing environmental degradation processes. Only 

a few studies have been benefited from advance remote sensing and Geographic Information 

Systems (GIS) technologies to spatially analyze, model and map the vegetation patterns and their 
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change, mainly focusing small watersheds and restricted to Nepal and India with little information 

on regional scale (Gautam et al., 2004; Gautam et al., 2002; Ghosh et al., 1996; Southworth & 

Tucker, 2001). The western Himalayan region in general and northern Pakistan in specific still 

lacks reliable pertinent data with respect to spatial vegetation patterns and their change, thus a 

main obstacle in protection and rehabilitation of biologically important areas. Further, a thorough 

investigation of the processes maintaining the diversity of vegetation and affecting its 

deterioration will be required if any steps are to be taken to prevent the catastrophes which have 

ultimately threatened the biodiversity that ultimately links with human survival. 

The northern Pakistan is hub of the county’s native biodiversity and remained cut-off from rest of 

country until 1978 when first connected through Karakoram Highway (KKH). The improved 

accessibility consequent socio-economic transformation and increasing human populations 

resulted in disastrous natural resources depletion, particularly the natural forests and associated 

biodiversity (Allan, 1989; Ehlers & Kreutzmann, 2000; Grötzbach, 1990; Kreutzmann, 1989, 

1993). The recalcitrant Kohistani tribesmen resisted the construction of KKH thus some of the 

eastern bank valleys of Indus such as Palas remained geographically semi-isolated and had 

minimal contact with rest of country leaving the vegetation resources virtually untouched and 

remained unexplored and ecologically poorly documented for long time. The valley opened for 

scientific exploration a decade after the completion of KKH, when the inner parts of valley were 

connected through narrow jeep roads and was identified as hosting world’s largest population of 

western tragopan (Duke, 1989), largest population of western Himalayan elm (Ulmus wallichiana 

IUCN vulnerable) and having many other important species that are threatened elsewhere (Rafiq, 

1996; Raja et al., 1999; Saqib et al., 2006). The local inhabitants are largely dependent upon 

native vegetation resources for their day to day needs (local timber, fuelwood food, medicinal 

plants or other tradable species), however, the recent access to remote sites through advent of 

wheeled vehicle routes, track, and bridge construction and advent of commercial timber logging in 

mid-1980s has exerted the additional pressure on vegetation resources (Kohistani, 1997; Saqib & 

Sultan, 2005). The radical changes in land use including changing cropping systems, pasturing and 

economic integration into marketing networks are obvious everywhere, however, one of the most 

disastrous of these changes is illicit felling of forest trees that has threatened not only the survival 

of associated biodiversity, but will also have long lasting impacts on the local population as well 

(Saqib, et al., 2011). Thus the valley calls for immediate attention for its environmental concerns. 

Keeping the above facts into consideration, it was felt important to prepare an inventory of 

spatial vegetation patterns in Palas valley and it’s monitoring. The spatial inventory is important 

since the impact of on-ground natural resource management actions in addressing biodiversity 

objectives is essentially determined by their location in the landscape. 

The main objective of the present study is to classify forest vegetation types of Palas valley, 

Pakistan (West Himalayan mountain range) and to analyze their spatial distribution and status 
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based upon thoroughly ground truthed data. The study employs state of the art remote sensing 

(RS) and geographic information system (GIS) technologies coupled with statistical framework 

for predictive vegetation mapping to achieve the objectives. The resulting maps will not only 

provide the regional status of vegetation of Palas valley as most important habitat of western 

Tragopan but will also (supplement) fill some of the ‘voids’ on Schweinfurth’s map of Himalayan 

vegetation (Schweinfurth, 1957), that have not been worked out in previous decades (Nüsser & 

Dickoré, 2002; Schweinfurth, 1992).  

The research thesis has been divided into the following six chapters: 

 Chapter 1. “Introduction” describes context of mountain environments, their importance, 

Hindukush Himalayan (HKH) Region, ecological settings and concerns with respect to 

vegetation research and mapping in HKH and, and justification of focusing Palas Valley 

for present study and need / importance of this research; 

 Chapter 2. “Study area – The Palas Valley” includes general information about the study 

area such as: geographical location, climatic conditions, drainage patterns, flora and 

fauna; 

 Chapter 3. “How pristine is the vegetation of Palas? A regional Assessment”. This 

chapter will highlight the importance of Palas valley as habitat of western Tragopan 

through regional comparison of landcover condition. 

 Chapter 4. “Forest vegetation: environmental relationships and spatial patterns” 

describes the generalized patterns of forest vegetation communities in the valley along 

with its environmental relationships and statistical modelling to elucidate spatial 

distribution of forest vegetation communities 

 Chapter 5. “Forest cover change (1992-2020)”. This Chapter is related to the preparation 

of historic and future distributions of forest vegetation communities and attempts to 

highlight the factors responsible for deforestation. 

 Chapter 6. “General discussions” concludes the findings and talks about the conservation 

and management challenges specific to the study area. 
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CChhaapptteerr  22  
SSttuuddyy  AArreeaa  ––  TThhee  PPaallaass  VVaalllleeyy  

2.1. Palas Valley 

The study area is part of Palas sub-division of district Kohistan (34.88 - 35.86
o 

E; 072.70 - 

073.92
o 

N) of Khyber Pakhtoonkhwa province in Pakistan (other two subdivisions include 

Dassu, the district headquarters and Pattan). It is a mountainous district with an area of 7,492 

km
2
 located in Western Himalaya, approximately 200 km north of Islamabad, the capital city. 

The district and is neighboured by Chilas, Darial and Tangir in north, Naran and Kaghan 

valleys on eastern side; Alai valley on southern side and Swat district in west (GoP, 1998). The 

famous Karakoram Highway (KKH) passes through the district that is a major trade route 

between China and Pakistan. 

GGeeooggrraapphhiiccaall  llooccaattiioonn  aanndd  AArreeaa:: Palas is one of the biggest of Kohistani valleys located on 

eastern bank of River Indus (aka- Abba-Sin, the Father of Rivers). It covers an area 

approximating 1400 km
2
 and stretches out in southeast direction, attaining altitude as it 

approaches the highest peaks close to 5200 m (Bahadar Sar and Mak Chaki peaks). Centring on 

35.00º N latitude and 71.25º E longitude, the study area consist of a valley system composed of 

two drainage basins isolated by a ridge draining out into Indus river The watersheds are 

distinguished as "Bar" (upper) (locally famous as "Daro") and "Kuz" (lower) Palas. Kuz Palas is 

mainly drained by Sharakot Nalah and other small rivulets, directly to Indus (Figure 2.1). 

 

Figure 2.1: The location of study area in Pakistan, its altitudinal pattern, the main drainage 

areas, rivers and rivulets 
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AAcccceessss:: The Bar Palas can be accessed from Pattan through a huge concrete Joser bridge over 

the Indus River, completed in 1985. Then a narrow dirt road (Pattan-Ziarat Road) measuring c. 

23 km follows the left bank of Indus that becomes even narrower after taking a sharp turn near 

the Indus-main Palas river (Musha’Ga) confluence and reaches road-head near Paro village. 

Further ahead the only communication route to the valley is a well-worn mule-track that 

weaves its way along the river and meanders into the valley, dotted at times by wooden 

cantilever bridges. Another non-metalled road reaches Sharakot village from Serghaziabad at 

the Indus’ left bank connecting Kuz Palas to the Pattan. Rest of the valley is accessible only on 

foot-paths. A cable trolley over Indus connects Kunsher area in Palas to KKH. 

The valley is linked to four different valleys through mountain passes viz., Allai: via Sheryal-

Ganja-Kunari-Ledi; Jalkot: via Kundal-Sartey, and Kaghan via Palandran. These mountain 

passes close during winter and are accessible only during late summers. 

DDrraaiinnaaggee:: The whole catchment has characteristic dendritic drainage pattern with a marked 

right angle to the main valley alignment (Figure 2.2). The valley is drained by two main 

Nala/rivulets namely Musha’Ga Nala (Bar Palas) and Sharakot Nala (Kuz Palas). The 

Musha’Ga is about 60 km long and originates from high mountain chain adjacent to 

Kaghan/Naran valleys while flowing East-Westwards empty into Indus river near Keyal 

(35.14
o
N; 73.08

o 
E). Several small streams coming from either sides of the valley meet 

Musha’Ga at various locations. The prominent tributaries on the right bank include Kundel 

Gah, Pharor Gah, Gidar Na1a, Gor Khal Nala and Tangai Nala whereas on the left bank are 

Dewan Gah, Khab Kot Nala, Sukai Ser Gah, Sing Khwar, Moro Nala and Sharial Nala. 

The Musha’Ga bifurcates near Dumbela (73.31
o
 E; 34.99

o
N) into Kuz Khwar (towards Allai 

c. 40 km) and Neela Nala (towards Kaghan c. 25 km). The Kuz Khwar (c. 40 km long) drains 

the south-eastern watershed of the study area. Originating from Saigal glacier, it runs as more 

or less EW directed arc till Lari Kas from where it runs until Dumbella in approximately NS 

direction for c. 8 km. A right bank tributary known as Nikka Khatha joins the Kuz Khwar 

upstream of Gadar (73.32°E; 34.92°N) 

Shin Khwar (also known locally as Nila Gah) originate from the eastern watershed formed by 

the augmentation of flows from Ledi Nala and Nila Gah forms its confluence with Kuz 

Khwar at Dumbela downstream of Peach Bela village. Musha’Ga and flows in a north-

westerly direction, joining the Indus River upstream of the town of Patan. 

PPhhyyssiiccaall  FFeeaattuurreess:: Palas valley lies among the front ranges of the westernmost extension of 

the Himalayas -- the Kohistan Arc (Jan & Howie, 1981). Bounded on the west by Indus 

River, the entire tract of the valley consists of a series of rugged mountains and narrow 
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gorges. The narrow Bar Palas, running east-westwards broadens somewhat near Dumbela 

bifurcating into two bigger gorges viz., Chaur and Neela Nala. The boundary between Bar 

Palas and the Spat Gah catchments is formed by a high ridge with several peaks close to 5000 

masl. The Kuz Valley is separated from the Alai Valley by a narrow ridge reaching an 

elevation of 4146 masl, however, maximum elevation of the catchment boundary between 

Allai Bar Palas reaches its maximum elevation at Sukai Sar (4688 masl). All along the area, a 

series of secondary spurs spread in North-South direction. Many of these spurs descend 

abruptly towards bottom of the valley along Musha’Ga River. The continuity of the forests is 

interrupted by bare out-crops and desolate precipitous slopes, however, moderate slopes and 

flat pans can be seen near the valley bottoms where most of the habitations are situated. 

 

Figure 2.2: Drainage network in study area, showing main drains overlaid on Landsat 
satellite image dated: September 24, 2010 

GGeeoollooggyy:: No specific information on the geology of study is available; however, the following 

discourse is based on regional geological and geotechnical settings (Jan & Howie, 1981; 

Treloar et al., 1996). The geological and tectonic settings of the study area are marked by the 

presence of the Main Mantle Thrust (MMT) which is continental collision boundary between 

Indian and Asian plates. Northward movement of the Indian Plate has produced numerous 

faults and shear zones, other than MMT that consist of Hokkamabad fault, Gadar- Shariad fault 

and Patan Fault. The Patan Fault is most prominent after the MMT in the area and traverses in 

east-west direction with waterway alignment. 
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Geologically, the study area belongs partly to both Indian plate and Kohistan Arc Sequence 

(KAS) with intervening MMT suture zone. The area straddles across the MMT but is largely 

consist of strong rocks of KAS. The impact of the MMT incident is less pronounced in the 

northern portions of the study area as compared to southern parts. The rocks of the Indian 

Plate are low-grade schist, gneisses, granites, marble beds, graphite schist, and quartzite. 

These rocks are tightly folded and at places sheared due to tectonic movements associated 

with continental collision. The rocks belonging to KAS that dominate the western portions of 

the study area are meta-gabbros and meta-diorite, i.e. highly amphibolitized and altered at 

places under high stresses. Being north to MMT, these rocks are relatively less affected than 

those of the Indian Plate rocks on the southern side. 

The rocks belonging to Sub-Kohistan Arc of KAS include: Kamila amphibiolites, Sapat 

ultramafic - mafic complex and Jijal Complex and those belonging to Himalayan terrane 

include Mesozoic meta-sedimentary rocks, Late Proterozoic - Cambrian quartzite and schist 

(Tanawal & Manglaur formations) and Proterozoic meta-clastic and meta-carbonate 

sedimentary rocks. Granitic and other intrusive rocks Cabmrian - Ordovician can also be 

observed. 

EElleevvaattiioonn  RRaannggeess:: The highest peak in the study area is ‘Makchaki Peak (c. 5200 masl) that 

is situated in North of the study area separating it from Jalkot valley. Near the summits of 

these high ridges (3200-4000 masl) a vast area of somewhat undulate sub-alpine and alpine 

pastures is found. Most of these ridges have elevation raging between 1800 - 3200 masl 

(Figure 2.3). 
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Figure 2.3: A representation of altitudinal profile of the valley along the northern part (Bar 
Palas) and southern parts (mainly Kuz Palas) on backdrop of Landsat satellite image dated: 
September 24, 2010 

CClliimmaattee::  The climatic data for study area do not exist. However literature available on regional 

climate can be helpful in understanding the climate of study area. The regional thermic 

conditions range from the hot to arid-subtropical valley bottoms in colline belt up to the nival 

climates above the snow line at 4800 - 5000 masl. The general hygric conditions of the wider 

high Hindukush, Karakoram and NW Himalayas are regarded as in-between the monsoons 

influenced southern declivity of the Himalayas and the Central Asian deserts with a decreasing 

annual precipitation gradient orientated SW-NE-wards (Weiers, 1995). The southern declivity 

of the Indus valley receives a higher amount of summer rainfall from monsoonal depressions 
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while the north-western slopes are under strong influence of winter precipitation by western 

disturbances. This horizontal pattern is further modified by steep vertical thermo-hygric 

gradients affecting the amount and seasonal distribution of rainfall at various altitudinal 

positions (Miehe et al., 1996; Reimers., 1992). 

PPrreecciippiittaattiioonn:: May- June and September - November include the driest months. Winter rains 

are mainly because of western disturbances from Mediterranean Sea and the bulk of it is 

received from February through April, whereas, monsoon rains during June-July contribute 

to summer precipitation that may result in flash floods (Khan, 1989). The altitudinal variation 

of mean annual precipitation ranges between approximately 150 mm at the bottom of the Indus 

Valley to about more than 2000 mm in the vicinity of the summit of Nanga Parbat (Weiers, 

1995). The estimated mean annual precipitation in Palas range between 900 - 1350 mm (Sinnott 

et al., 1995). 

TTeemmppeerraattuurree:: The temperature shows a rapid rise from June ahead, until the monsoon 

season arrives and a steady decline in temperature can be observed thereafter. The winter 

season starts from early November, characterized by heavy snowfall constituting the major 

portion of precipitation and may last on higher peaks till May. The abrupt drop in 

temperature below freezing point results in severe frost during winter months. Summers are 

pleasant in the interior valley while it can be quite hot in locations below 900 masl. The 

climatic diagrams of meteorological stations data close to study area (Figure 2.4 a-c) and 

WORLDCLIM 50-yr (1950–2000) monthly climatological summaries
1
 (Hijmans et al., 2005) 

(precipitation, minimum temperature and maximum temperature) present a good 

approximation of climatic trends in study area (Figure 2.5 -2.6 a, b). 

 

                                                 

1 http://www.worldclim.org/ 
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a. Naran (2362 masl; 38 km SE of Palas) b. Besham (680 masl; 36km SWW of Palas) 

  
c. Balakot (991 masl; 50km SSE of Palas) Source: Pakistan Meteorological Department (1990-2000) 

Figure: 2.4. Climatic diagrams for locations adjoining Palas (altitude, distance & direction) 

 

Figure 2.5: WORLDCLIM 50 years’ (1950–2000) interpolated mean precipitation for Palas 
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Figure 2.6-a: WORLDCLIM 50 years’ (1950–2000) interpolated mean min temperature for Palas 

 

Figure 2.6-b: WORLDCLIM 50 years’ (1950–2000) interpolated mean max temperature for Palas 
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Figure 2.7 b: A village jirga being held in Bar Paro, Bar Palas (photo: courtesy PCDP) 

PPooppuullaattiioonn:: The most recent district census in 1998 estimated the total population to number 

472,570 in Kohistan with a contribution of 123,033 individuals from Palas (95 persons/ km
2
). A 

population survey by Himalayan Jungle Project (HJP) has reported the population in Palas to be 

only 60524 individuals in 1992 (Duke, 1993). There is substantial migration to the lowlands and 

population growth rate in Kohistan was only 0.09 % from 1981-1998. Out of the total population 

in Palas, 54.5% are men and 45.5 % are women. The proportion of total population in Kuz Palas 

is higher (72%) than Bar Palas (28%). The average household size is 6.4 people for the entire 

valley and is a bit higher (6.81) for Bar Palas (Figure 2.8) (GoP, 1998). 

 

Figure 2.8: The population of Palas according to Census of 1998 

EEccoonnoommyy:: The people are transhumant pastoralists and largely depend upon natural resources 

for livelihoods. In general the poverty levels are high and land based livelihoods like 

agriculture, livestock and forests form the basis of economy. There is large dependence on 
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livestock as source of revenue since only 1.5% of the land is cultivated and only maize can be 

grown at high altitudes and both maize and wheat in the low lying areas.  Although the cash 

income is rare, the people can get handsome income from sale of timber and medicinal herbs, 

fuel-wood and farm products such as walnuts and walnut bark (‘dandasa’). They keep bees as 

well as collect wild honey and morels. Non-timber forest products (NTFPs) have both 

subsistence and cash value and estimated to account for 13.2 million PKR per year income in 

the valley (Shinwari, 2002). 

LLiitteerraaccyy:: The literacy rate is extremely low (1.4 %) in comparison with the district average of 12 

% (GoP, 1998). Out of 125 schools in the valley, only 36 are considered to be functional and 

actually operating schools may be even lower (Nawaz & Khan, 2006). 

LLaanngguuaaggeess:: The locals speak Kostyo dialect of Shina, however, due to increased contact 

between the east and west banks of Indus as well as Hazara lowlands, Pashtu and Hindko are 

widely understood and spoken. The Gujar tribes speak Gujri language exclusively. The Urdu 

being instructional medium in schools and its use by government administration has further 

added to the polyglot mixture. 

LLaanndd  tteennuurree  ––  TThhee  WWeesshh  SSyysstteemm::  There is no formal leadership nor informal leaders (Malik) 

or tribal chiefs (Khan) in the valley. The large majority of population consist of ethnic Shins that 

trace their ancestry from one of the Shin patrilineages (zaat). They are known as ulsiya and are 

recognized as collective title holders to the communal estate (forest, land, and pastures), can 

own an agricultural land and can participate/speak in jirga meetings. The Shin women do not 

have formal political power, though they are recognized as legitimate shareholders and enjoy 

partial inheritance rights to the privately held land. The people who cannot trace their descent 

are identified as be'zaat, (lit. "without ancestry"); includes: agricultural labourers (Sarkhali), 

blacksmiths (Akhar) and herdsmen (Gujar) …collectively termed as faqir constitute the lowest 

rung of the society. Organised into endogamous groups, they only provide services to Shin 

patrons against cash or kind and have no political role or entitlement to the communal estate.  

The wesh (lit., "sharing out") is a fundamental concern of all ulsiya and confirms their 

belonging to the area and their concern with equality. The wesh constituted a system devised 

for the periodic re-allotment/reallocation of agricultural land, pastureland and forest among 

bonafide shareholders (ulsiya) so that there were no preferential endowment of arable land by 

according it to the share held by the adult men. This hindered se1f-enhancement and 

development of territorial power either by individuals or kinship groups. Although the last 

wesh was completed a century ago, it still remains the most dependable source and 

cornerstone of communal property rights while there is absence of any land settlement or 
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written record of land ownership in the study area. A large number of property disputes may 

stem from contradicting interpretation of last wesh and its manipulation for personal gain. 

Generally, three types of land distribution (Wesh) categories are recognized namely "Hor" , 

"Tang" and "MushBago" wesh (Kohistani, 1997). 

Hor-wesh: This is simply a distribution/allocation of a resource (e.g., agricultural land or 

forest area) equally into tribes/groups without considering the size of individual tribe or 

group. Such division benefits the smaller groups thus larger tribes would resist hor-wesh.  

Tang-wesh: The distribution of resource among tribes/groups is based on weighted 

proportion of number of individuals in each tribe/group… smaller groups may resist tang-

wesh, but seems fairly even-handed approach. 

MushBago-wesh: "MushBago" means mannish share (vern. Musha = man) i.e., only adult 

males are entitled to receive this share. This method is used under special circumstances 

such as limited collective income, commodities acquired in loot etc., whereby, the men 

having participated in the collective job will get share. 

PPooppuullaattiioonn  ddyynnaammiiccss::  The Palasi people migrate seasonally from their winter settlements to 

pastures located at sub-alpine and alpine areas during summer, usually making a couple of 

transitional stops on their way and return back to the winter settlements before the winter starts.  

Some of the people have migrated to lowlands either due to their social conflicts or poverty; 

sometimes to seek better education and other facilities. Some Khels/casts such as Ashiey-khel, 

Kharza-khel, Shawanta-khel and majority of Kuti-khels have already left the valley, while 

Shamga and Gujars are also migrating from the area (Khan, 2004). 

2.3. Ecological Settings 

VVeeggeettaattiioonn::  The valley lies in a transitional zone between monsoon and dry Mediterranean 

type of climates and a distinct altitudinal gradation in climate, landuse and vegetation is 

obvious (Saqib, et al., 2011). Figure 2.9 represents a generalized overview of altitudinal 

zonation of landuse and landcover in study area. 

The wide altitudinal range in Palas (c.700 m – c.5550 m) supports a great diversity of plant 

communities, including: subtropical woodlands and scrub; deciduous, coniferous and mixed 

temperate forests; sub-alpine birchwoods; alpine scrub and meadows; rock, scree and 

permanent snowfields; a rich variety of wetland habitats including glacial outflow and wet 

alpine meadows, fast-flowing streams and rivers, lakes and waterfalls.  

More than 600 species have been documented from the study area including three species 

unique to Palas viz., Jasminum leptophyllum, Delphinium palasianum and Pseudomertensia sp. 

Rarities include the largest known naturally reproducing population of the threatened West 
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Himalayan Elm Ulmus wallichiana, a tree species of potential economic importance as a 

furniture wood and ornamental tree.  

 

Figure 2.9: An overview of altitudinal zonation of landuse/landcover in Palas valley 

Forests types: According to (Champion et al., 1965; Khattak, 2004; Mushtaq, 1989) the 

Palas Forests fall in the following forest types (Figure 2.10). 

i. Montane Sub-tropical forests  

ii. Montane Temperate forests  

iii. Sub Alpine Forests and Alpine Scrub  

On the basis of species composition these can be classified as:  
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i. Broadleaved forests 

ii. Blue pine forests  

iii. Mixed Fir, Spruce, Pine and Deodar forests  

iv. Fir and Spruce forests  

v. Sub alpine scrub 

vi. Alpine pastures  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.10: Forest types in Palas valley based on Champion et al., 1965.  The boxes on 
right show the typical broadleaved associates 

Broadleaved forests: These forests occur in scattered patches from elevation of 1000 to 

1800 masl.. On northern aspects these forests occupy an altitudinal range up to 1500 masl 

giving way to dry sub-tropical forests coniferous forests. The principal species are 

xerophytic evergreen Quercus baloot (Oak), associated by Cedrus deodara (Deodar) 

(upper reaches only), Olea ferruginea (Olive), Acacia modesta, Punica granatum, 

Adhatoda vasica (infrequent), Ziziphus nummularia and Diospyros lotus. Undergrowth is 

generally formed by Daphne oleoides (infrequent), Cotoneaster bacillaris, Dodonaea 

viscosa, Maytenus royleana and various types of grasses.  

Blue pine forests: Blue Pine is the dominant species on North-Western aspects of Kolai 

and Batera forests at an altitude ranging from 1500 m a.s.l. to 1700 m a.s.l. These forests 

are subject to heavy felling and cultivation. On cooler aspects at higher altitudes, Fir and 

Spruce get mixed with Pine. The crop is mostly middle-aged although all age classes are 

found. The broadleaved associates include Aesculus indica, Quercus baloot, Acer caesium, 
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Juglans regia and Prunus cornuta. Undergrowth consists of Cotoneaster bacillaris, 

Viburnum nervosum, Berberis brandisiana, Indigofera heterantha, Lonicera sp., Rosa 

brunonii and Parrotiopsis jacquemontiana.  

Mixed Pine, Deodar and Fir/Spruce forests: The forests occupy an elevation zone ranging 

from 1800 to 2800 masl. The forests are composed of varying mixture of some or all the four 

major conifer species found in area depending upon aspect and altitude. The exposed 

southern aspects contain a mixture of Blue Pine/Deodar in lower reaches and Blue 

Pine/Spruce on higher altitudes. Northern aspects are covered by Fir and Spruce with Deodar 

at lower elevations due to local variation of aspect and Pine at higher altitudes. 

Major associates include Juglans regia, Quercus floribunda, Acer caesium, Aesculus indica, 

Prunus cornuta, Diospyros lotus, Populus ciliata, Parrotiopsis jacquemontiana and Taxus 

baccata. The undergrowth includes Cotoneaster bacillaris, Viburnum nervosum, Berberis 

brandisiana, Indigofera heterantha, Lonicera sp., and Rosa brunonii. 

Fir/Spruce forests: These forests occupy most of the area at an altitude varying from 2100 to 

3200 masl. Fir is the dominant species and tends to purity on Northern aspects at higher 

altitudes. Scattered Blue Pine trees are also found at higher altitudes. The forests are in the form 

of patches separated by Nalas. The major associates are Betula utilis, Walnut Juglans regia, 

Acer caesium, Corylus jacquemontii, Aesculus indica, Prunus jacquemontii and Populus 

ciliata.  Undergrowth consists of Viburnum sp., Parrotiopsis sp.  Rosa sp. and Prunus sp. 

Sub-alpine scrub: This type is found above mixed forests of Fir/Spruce and Blue Pine 

in Musha’Ga, Kolai and Kunsher Sub Valleys from 3200 to 3500 masl. The main 

species is Betula utilis. The associate shrubs are Salix sp, Juniperus sp., Rosa webbiana, 

Prunus sp. Rhamnus sp., Ephedra gerardiana and Rhododendron sp.  The plants utilize 

water from glaciated peaks. Growth is slow and plants are in stunted form due to high 

altitude, severe cold and short growth season. The bushy trees are hacked by nomads in 

summer for firewood. 

Alpine pastures: Alpine pastures occupy an elevation zone from 3300 to 4300 masl. The 

pastures extend over large areas and make watershed ridge with Kaghan and Allai valleys 

in the east and south, respectively. The area is covered by dense meadows of Kobresia 

sp., that are occasionally interrupted by patches of tall herbaceous species such as 

Swertia, Pedicularis, Potentilla, Nepeta and Primula. Other typical associates include 

Sibbaldia cuneata, Bistorta affine, Rhodiola quadrifida, Pedicularis punctata, Saxifraga 

asarifolia, S. stenophylla and Bergenia stracheyi. 
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FFoorreesstt  MMaannaaggeemmeenntt    

In 1957 the forests of the Palas valley were transferred to the Hazara Tribal Forest Division 

and the local forests declared Guzara Forests (a managed forest category as per Hazara Forest 

Act Guzara rules 1950) so that the forest management went under the control of the Forest 

Department, while the villagers have nominal ownership. As legitimate shareholders, they 

were entitled to royalties from the sale of timber ranging from 60 to 80 per cent of the 

revenues and the remainder going to the provincial government.  

In order to prevent illegal logging, commercial timber logging was banned until 1965, 

picked up again in the late 1960s and to be stopped again for a second time in 1973. In the 

early 1970s the Palas valley still had a minimal contact with the rest of country even after 

the completion of KKH in late 1970s, and it took another decade to connect the inner parts 

of valley through narrow jeep roads. This marked the dawn of large-scale commercial 

timber harvesting. The work of surveying the forests of Indus Kohistan had begun in the 

late 1960s using aerial photography (Malik et al., 1972) and the area was open for ground 

surveys only after the completion of the Karakoram Highway. In 1978 the first team of 

surveyors mapped the forests of the Palas valley in order to prepare the first forest 

management plan (Working Plan) for the valley and used to determine the spatial extent of 

the commercially exploitable forests and the amount of timber to be logged. The 

management through provincial Forest Department was accepted by the local owners but 

they refused to allow semi-autonomous agency, the Forest Development Corporation 

(FDC), to conduct the logging and sparked a revolt against the decision (Keiser, 1991). 

Ultimately the provincial government has to compromise and amend the Hazara Forest Act 

(Knudsen 1996) and allow the local shareholders to organise the timber harvesting through 

establishing Forest Harvesting Societies. 

The forest area of Palas is approximately 400.43 km
2
, divided into 235 compartments out of 

which 101 (42.5%) have been placed in selection working circle and 134 compartments 

(57.5% forest area) in improvement circle. According to the amended working plan 812,000 

cubic feet (CFT) wood was suggested annually for construction purpose (Khan, 1989).  

The preparation of the first regular Working Plan was started in 1978 (for 10 years period 

starting from 1980-81 to 1989-90). The plan covered an area of 92,090 acres comprising 

five blocks; namely Batera (5039), Kolai (10,451), Sharakot (22,417), Paro (18,555) and 

Shared (35,628) acres that were divided into 235 compartments. The improvement working 

circle comprised 34,680 acres (101 compartments 42.5% forest area) and protection 

working circle 57,410 acres (134 compartments 57.5% forest area).  The premature revision 
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of the outgoing plan was taken in hand due to resentment of owners against low prescribed 

yield. During the first decade of commercial timber harvesting, the total timber volume 

extracted from Palas valley was significantly lower than neighbouring valleys. Under this 

Working Plan less than 3% of the 5.5 million cubic feet (155,763 cubic meters) planned for 

extraction could be harvested. Following the amendment of the Hazara Forest Act, timber 

logging was then supposed to be carried out by Forest Harvesting Societies, usually 

referred to simply as "committees" (Mushtaq, 1989). 

The current Working Plan identifies grazing as the main threat to natural regeneration 

and states that immediately after completion of exploitation work and removal of debris 

the compartment must be closed for grazing. The Working Plan also specifies the 

establishment of 8 nurseries, covering a total of 50 acres, to supplement natural 

regeneration (Khattak, 2004). 

NNoonn--ttiimmbbeerr  FFoorreesstt  PPrroodduuccttss  ((NNTTFFPPss))    

There are more than 130 plant species having customary uses among the locals.  

Aconitum heterophyllum (Maniri), Geranium wallichianum (Rattan Jok), Paeonia 

emodiiemodi, Podophyllum hexandrum (Shanegoey), Rheum webbianum, (Chotyal), 

Saussurea lappa (Manyal) and Valeriana jatamansiijatamansi (Musk Bala) are some of 

the most important plant species that are sold to the market and form the important source 

of income. There are approximately 60 different plant species in Palas valley that are 

being used as medicine for both humans as well as livestock. Some plants like 

Shanegoey, Chotyal, Manyal, Musk Bala are also sold to the local markets on semi-

commercial basis (Saqib & Sultan, 2005). Morel mushrooms play a vital role in the 

economy of the people of Palas valley. Men, women and children collect them from end 

of March till mid June. These are dried and sold in local market (Woodhouse, 2006). 

FFaauunnaa
22
  

The fauna in Palas valley are representative of Paleartic and Oriental zoogeographic regions 

(Roberts, 1992).  

AAvviiffaauunnaa:: A total of 157 avian species have been recorded from Palas valley (Raja, et al., 

1999; Roberts, 1992). The valley lies within west Himalayan endemic bird area (EBA) 

out of 221 globally identified EBAs (Stattersfield et al., 1998) and represents 8 (Table 

2.1) out of 11 endemic bird species in the area  (Roberts, 1992). In addition Palas hosts 

                                                 

2 The nomenclature follows Roberts 1977, 1992 
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the largest single tract of habitat of Western Tragopan in Pakistan, most of which is 

relatively undisturbed (Duke, 1989). 

Table 2.1: West Himalayan avian endemics recorded from Palas Valley 

Family Common Name Species 

Aegithalidae 
White-cheeked tit Aegithalos leucogenys 

White-throated tit Aegithalos niveogularis 

Fringillidae 
Orange bullfinch Pyrrhula aurantiaca 

Spectacled finch Callacanthis burtoni 

Phasianidae Western tragopan Tragopan melanocephalus 

Sittidae Kashmir nuthatch Sitta cashmirensis 

Timaliidae 
Brook’s leaf-warbler Phylloscopus affinis 

Tytler’s leaf-warbler Phylloscopus tytleri 

Source: (Raja, et al., 1999) 

MMaammmmaallss::  Palas also contains many rare and/or threatened mammal species of the western 

Himalaya, including the Black Bear Selenarctos thlbetanus, Brown Bear Ursos ascots, 

Common Leopard Panthera pardus, Indian Wolf Canis lupus, Kashmir Grey Langur Presbytis 

entellus, Leopard Cat Felis bengalensis, Markhor Capra falconeri Musk Deer Moschus 

moschiferus and Snow leopard Uncia uncia.   

The other, relatively abundant species include: Birch Mouse Sicita concolor, Black Rat 

Rattus rattus, Turkistan, Burrowing Vole Hyperacrius fertilis , Giant-red Flying-squirrel 

Petaurisa petaurisa, Grey Goral Naemorhedus goral, Himalayan Ibex Capra ibex, House 

Mouse Mus musculus, Indian crested porcupine Hystrix indic, Jackal Canis aurea, long-

tailed marmot Marmota caudate, Rat Rattus turkestanicus, Red Fox Vulpes vulpes, Rhesus 

Macaque Macaca mulatta, Royle’s Pika Ochotona royle), Shrew Crocidura guldenstadtii, 

and Sorex thibetanus, Small Kashmir Flying Squirrel Eoglaucomys fimbriatus, Stoat 

Mustela erminea, Stone Marten Martes foina, Vole Alticola roylei, Weasel Mustea altaica 

White-footed weasel Altai hylopetes, Wood Mouse Apodemus sylvaticus, Yellow-throated 

Pine-marten Martes flavigula and at least two species of bat Pipistrellus sp. (Liley et al., 

1995; Roberts, 1977; Tanveer et al., 1997). 

AAggrriiccuullttuurree  aanndd  lliivveessttoocckk  

AAggrriiccuullttuurree:: In general at higher altitudes mono-cropping is a rule and Maize forms the major 

food crop in the valley (Oppligar & Ahmad, 1990). The different varieties of maize that are 

grown include Shaheen, Pahari and Sarhad White. These varieties were introduced by 

Himalayan Jungle Project in 1993. The maize production is not sufficient for the annual 
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household consumption. At lower altitudes wheat is also cultivated thus forming two crop 

system at these altitudes (HJP, 1993). 

PPuullsseess:: Red and white beans are frequently grown and usually sown together with the maize 

crop in a mixed cropping system. Other types of lentils and pulses are also grown on small 

scale. Some of these are kept for local use and rest is sold in the market. 

VVeeggeettaabblleess:: Commonly cultivated vegetables include cucumber, squashes, tomatoes, 

aubergine, chillies, okra, radish and turnips etc. Potatoes, turnips and radish are grown in 

summer in pastures at high altitudes (2500 to 3600 masl). Most of these have subsistence 

value and only sometimes these vegetables are exchanged or sold for other food items 

such as maize. 

DDiissccaarrddeedd  ccrrooppss:: Previously, crops such as rice, barley and sorghum were also grown in the 

area; however, these are obsolete now. 

LLiivveessttoocckk::  Livestock and dairy products are an important component of local economy. 

The people have been rearing livestock for decades that has provided them with security 

against uncertain crop production. Though there is no accurate census of livestock 

numbers in Palas, most households keep goats, sheep, buffalo, cows, bullocks and 

poultry, as well as mules and donkeys for transportation. A typical household in Palas has 

at least 7 goats and 5 sheep (Khan, 2002). 

FFrruuiittss:: Some scattered trees of wild persimmon and walnuts are found in the valley. Several 

orchards of cherries, apples, pears and plums are also being raised in the valley. 

IIrrrriiggaattiioonn:: Agriculture is completely dependent on irrigation due sporadic spring and 

summer rainfall. The main source of irrigation is water channels diverted from natural 

springs and streams. To traverse rocky areas, the water is carried by hollow wooden logs 

supported by wooden scaffolding.  

AAppiiccuullttuurree:: Bee-keeping and honey collection is quite common in the valley. This practice is 

traditional and it produces handsome income for many households in the valley. The honey 

produced is sold in local markets (PCDP, 2002). 
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CChhaapptteerr  33  
HHooww  pprriissttiinnee  iiss  vveeggeettaattiioonn  ooff  PPaallaass??  AA  rreeggiioonnaall  aasssseessssmmeenntt  

3.1. Introduction 

The changes in ecosystems are pervasive and have been caused by natural as well as 

anthropogenic factors or sometimes a mixture of both. The economic development activities, 

fires and deforestation associated with agricultural and urban expansions are the major causes of 

humans induced ecosystem change (Huang & Siegert, 2006; Turner et al., 2011; Vance & 

Iovanna, 2006). Regardless of their causal factors, these changes have contribution to the global 

warming, soil erosion, land-use as well as biodiversity; therefore, both scientists and resource 

managers have growing interest to derive information about these changes and track them over 

space and time to ensure sustainability of ecosystem goods and services (Evrendilek & 

Gulbeyaz, 2008; Forrest et al., 2008; Waser et al., 2008). Since the ecosystem structure and 

function is primarily related to the contribution of producers, therefore, vegetation is considered 

to be the best single surrogate for more detailed habitat and ecosystem information. Therefore, 

understanding vegetation patterns and their changes is imperative for effective monitoring and 

management of ecosystem. 

The satellite sensors have emerged as useful means for monitoring vegetation of remote 

environments at varying spatial and temporal scales (Evrendilek & Gulbeyaz, 2008), but there 

is an inherent trade-off between spatial resolution and temporal resolution in sensor designs 

that can hinder the effective monitoring of vegetation (Price, 1994). The single date, higher 

resolution satellite image used for vegetation/landcover mapping (mostly peak growing 

season) may suffer cloud contamination and may risk the seasonal variations in vegetation 

gone unnoticed or misclassified (Cohen et al., 2010). This is particularly true with the remote 

sensing at high altitudes where the growing period is usually short and its combination with 

snow cover hampers the frequent and repeated coverage and makes ‘wall-to-wall’ mapping of 

the large areas problematic (Potapov et al., 2008). This has geared an interest towards the use 

of coarser resolution earth observation (EO) datasets such as Moderate Resolution 

Spectroradiometer (MODIS; http://modis.gsfc.nasa.gov) for vegetation monitoring of large 

areas since these datasets have best possibility to provide cloud-free vegetation estimates from 

space due to their higher temporal resolution (Fensholt et al., 2009). These data are long-term 

record on near-continuous, near-real time coverage of key ecological parameters (habitat extent, 

heterogeneity or primary productivity) and often regarded as “hypertemporal” datasets since 

they are comparable to hyper-spectral imagery with each timeframe sampled analogous to a 

different spectral band (Piwowar & LeDrew, 1995). 
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The hypertemporal datasets are typically characterized by patterns like seasonality, trends and 

localized abrupt changes or discontinuities resulting from disturbance events in addition to noise 

originating from geometric errors, atmospheric scattering and clouds (De Beurs & Henebry, 

2005; Roy et al., 2002).  The noise affect the quality of information extracted from satellite 

data sometimes may even produce misleading results, thus the satellite images need certain 

pre-processing for removal/correction of erroneous data (Coppin & Bauer, 1996) and to 

improve the accuracy (Mangiarotti et al., 2010; Mangiarotti et al., 2008; Zhang et al., 2011). 

The measurability of intra-annual or seasonal variations in the landscape through hypertemporal 

datasets (Kerr & Ostrovsky, 2003) form the basis of identifying vegetation types or main land 

cover types (bare soil, natural vegetation, crops, etc.) at regional scales and inter-annual variations 

in the seasonal patterns have been used to characterize the amount, rate direction and timing of 

any changes occurring therein (Brown & de Beurs, 2008; Clark et al., 2010; Donohue et al., 2008; 

Ricotta & Avena, 2000). Only a limited number of time series change detection methods have 

been reported for hypertemporal data. These include: Breaks For Additive Seasonal and Trend 

(BFAST) technique (Verbesselt et al., 2010a; Verbesselt et al., 2010b), change metrics (Fraser et 

al., 2005; Lambin & Strahlers, 1994), curve fitting (Jönsson & Eklundh, 2004; Zhang et al., 

2003), decision trees (Zhan et al., 2002), end member and spectral signatures (Thenkabail et al., 

2005), Fourier analysis (Azzali & Menenti, 1999; Stöckli & Vidale, 2004), harmonic analysis 

(Jakubauskas et al., 2002), iterative estimation (Le Hégarat-Mascle et al., 2005), Loess regression 

(Jacquin et al., 2010), logistic regression (Fraser et al., 2003), object-based classification (Gitas et 

al., 2004) and wavelet decomposition (Anyamba & Eastman, 1996). 

Typically, the vegetation/landcover mapping and change detection studies have mainly 

focused on use of vegetation indices such as normalized difference vegetation index (NDVI) 

as proxy for vegetation/landcover (Khan et al., 2010; Redo & Millington, 2011; Wang & 

Tenhunen, 2004). These indices are mathematical transformations designed to assess the 

spectral contribution of vegetation to the multispectral response and have been found 

correlated with photosynthetic activity of vegetation thus represent the ‘greenness’ of the 

vegetation based on chlorophyll abundance and energy absorption (Myneni et al., 1995; 

Tucker, 1979) and provide a meaningful basis for comparisons of seasonal and inter-annual 

changes in vegetation growth and photosynthetic activity (Huete et al., 2002). The NDVI 

can be calculated by dividing the difference between near infrared (0.78-0.89 μm) and red 

(0.61-0.68 μm) reflectance measurements by their sum which provides the effective 

measure of photosynthetic active biomass (Coppin et al., 2004). 

Despite reservations such as sensitivity to background and saturation at intermediate leaf area 

index values, the NDVI is still attractive to use since it can be easily calculated from a variety of 



Chapter 3: How pristine is vegetation of Palas? A regional assessment Page 31 of 196 

satellite data and also available online as a ‘readymade’ product with hypertemporal coverage 

extending over 10 years or more (Justice et al., 2002). The MODIS (onboard Terra platform) 

based vegetation indices MOD13Q1 are 250m resolution composited products at 16-day 

intervals with aim to produce high quality, cloud free mosaics that are available free of cost 

since 2000 and have been focused in many studies for landcover mapping and coarse scale 

change detection (Coppin, et al., 2004; Coppin & Bauer, 1996; Fraser, et al., 2005). The 

MODIS based NDVI has successfully utilized in wide areas of research emphasizing vegetation 

monitoring and mapping such as insect damage to vegetation (Spruce et al., 2011), crop yields 

(Mkhabela et al., 2011), landcover change (Redo & Millington, 2011), vegetation degradation 

(Jacquin, et al., 2010) and phenology (Busetto et al., 2010). 

For many biodiversity studies, landcover and landcover change is basic parameter in 

understanding the habitat loss and dynamics.  The Palas valley has been identified as an area of 

special conservation importance for hosting best protected west Himalayan forests and 

providing habitat to many rare plant and animal species that are considered threatened 

elsewhere (Duke., 1989; Rafiq, 1996; Saqib, et al., 2011; Saqib & Sultan, 2005).  The discovery 

of largest global population of western tragopan pheasant (Tragopan melanocephalus) (IUCN 

Vulnerable C2a (i)) consisting of 330 pairs (global estimates: 1600 - 4800 individuals) in Palas 

is often attributed to the availability of relatively pristine habitat since it is very shy bird and 

avoids disturbance (Duke, 1989).  Other areas in Pakistan from where the western tragopan is 

reported include Kaghan valley, Neelam valley and Muzaffarabad (Table 3.1; Figure 3.1).  The 

specific habitat of pheasant include Montane to sub-alpine areas with landcover consisting of 

specific broadleaved (e.g., Aesculus indica, Acer sp. and Betula utilis) and coniferous (Cedrus 

deodara, Pinus wallichiana, Abies pindrow Picea smithiana) vegetation (Duke, 1989). The 

commercial logging activities and local resource use has threatened the habitat of many plants 

and animals including western tragopan (Ashraf et al., 2004; Chaudhry, 1992). 

Apparently Palas valley can be referred as being maintained in pristine conditions due to largest 

occurrence of tragopan but there has been no scientific study at regional level undertaken to 

provide evidence that Palas valley has really best protected landcover in the region or what 

have been the recent trends in landcover? … Is it still being maintained in pristine conditions? 

… Can abundance of western tragopan be used as indicator of undisturbed conditions? 

MODIS VI data can be very useful in explicating the landcover information and its 

monitoring in order to answer above questions as it has near real-time global coverage but so 

far it has never been utilized in such assessments in Pakistani Himalayas.  Since the MODIS 
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sensor provide data at coarser resolution, the preliminary interpretation of data can be helpful in 

identification of areas for which higher resolution imagery could be acquired. 

The main objective of this chapter is thus to prepare a map representing recent major landcover 

types (2011) based on MOD13Q1 data for the region from where western tragopan has been 

reported in Pakistan.  The second objective of the chapter is to derive the landcover dynamics 

(progressive/regressive trends) by applying time-series analysis to MOD13Q1 product from 

2000-2011 with a quest to prepare a comparative assessment of the landcover dynamics of Palas 

valley and its neighbouring valleys to decipher whether it really maintained in pristine 

conditions or not? The third objective covered in this chapter is to correlate landcover 

composition and dynamics with the abundance/distribution patterns of western tragopan in the 

region and with the human population. 

Table 3.1: A summary of Western Tragopan Surveys in Pakistan 

Region Kaghan valley Neelam valley Muzaffarabad Palas 

valley 
Reference 

Location Bichla Bhunja Nuri Nila Salkhala Kuttan  Machiara 

N
u
m

b
er

 o
f 

b
ir

d
s 

re
p
o
rt

ed
 

+ + + 

     

(Wayre, 1971) 

    

18 20 

  

(Mirza et al., 1978) 

    

5 10 14 

 

(Islam, 1982) 

    

47 0 59 

 

(Gaston et al., 1983) 

   

5 

   

330 (Duke, 1989) 

     

17 46 

 

(Chaudhry, 1992) 
 

 

Figure 3.1: The locations of Western Tragopan surveys in Pakistan  
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3.2. Research methods 

33..22..11..  DDaattaasseett  ((NNDDVVII  iimmaaggee  ttiimmee--sseerriieess))  

In order to map the regional landcover and evaluate dynamics (trends in inter-annual 

landcover activity) of each of the landcover category, NDVI image time-series dataset based 

upon MODIS (onboard the Terra platform) 16-day composite product (MOD13Q1; tiles 

h23v05 and h24v05) at 250 m resolution and ten-year period (Feb. 2000 – Feb. 2011) was 

used. The product is generated using a constrained-view angle – maximum value compositing 

(CV-MVC) method so as to constrain view angles and limit residual cloud and atmospheric 

effects (Huete, et al., 2002). The dataset consisted of 253 - 16-day composite NDVI images 

per tile (23 images/year; except 2000 and 2011). The data were obtained in HDF (Hierarchical 

Data Format) from Land Processes Distributed Active Archive Centre (LP DAAC) data pool 

(ftp://e4ftl01.cr.usgs.gov/MOLT/MOD13Q1.005/). The data was then mosaicked and subset 

to an extent covering the region with reported western Tragopan from Pakistan and their 

immediate (Table 3.1) vicinities (Figure 3.2). The subset included the areas of Allai, 

Battagram, Jalkot, Kaghan valley, Muzaffarabad, Neelam valley, Palas valley and Siran 

valley. The subset was then reprojected form original Sinusoidal projection to geographic 

projection (WGS84 datum) using MODIS Reprojection Tool (MRT) ver 004 in GeoTIF 

format. Finally The GeoTIF files were converted to 16 bit binary images in software IDRISI 

ver. 16 (Eastman, 2009) for further analysis. 

 
Figure 3.2: The extent of NDVI data processed for landcover mapping and trend analyses 

ftp://e4ftl01.cr.usgs.gov/MOLT/MOD13Q1.005/
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33..22..22..  PPrree--pprroocceessssiinngg  ooff  MMOODDIISS  NNDDVVII  iimmaaggee  ttiimmee--sseerriieess  

In order to select only cloud-free data of highest quality from NDVI time-series, quality 

assurance data available with the series were used to reject the pixels with ‘VI Usefulness’ 

index between 7 and 15 (Huete, et al., 2002). The missing values were then replaced by linear 

interpolation of neighbouring values (Verbesselt et al., 2006). The NDVI time-series images 

were then smoothed by means of temporal filtering with adaptive Savitzky–Golay filter in 

software TIMESAT (Jönsson & Eklundh, 2004) to remove noisy, irregular NDVI values before 

further analysis as the method is local and can follow more complex patterns such as a swift 

increase followed by a sudden decrease and can work properly even for the quasi-periodic time-

series (Jönsson & Eklundh, 2004). 

33..22..33..  LLaannddccoovveerr  mmaappppiinngg  

In order to generate landcover map, unsupervised classification of the NDVI images was 

conducted using Iterative Self-Organising Data Analysis Technique (ISODATA) (Duda & Hart, 

1973) which is an unsupervised classification technique to identify “naturally” occurring 

spectral clusters based upon minimum spectral distance (Campbell, 2002) and  allows their 

identification without initially knowing their thematic significance (Cihlar et al., 1998). The 

analysis was performed over the year 2010 stacked NDVI images in software ERDAS Imagine 

ver. 9.1 (Leica.Geosystems, 2006) with a pre-defined number of classes (10 to 115). The 

parameters chosen for the analysis were maximum 50 iterations and convergence threshold of 

0.95. Specifying number of iterations ensures that analysis stops at certain threshold, whereas, 

convergence threshold determines the maximum proportion of pixels whose cluster assignments 

can go unchanged between iterations, thus also prevent the analysis to run ad infinitum 

(ERDAS, 2003). 

The comparison of divergence and transformed divergence statistic (Davis et al., 1978) of 

clusters resulting from ISODATA classification showed that 13 landcover classes/clusters can 

optimally be defined. Since the NDVI profiles/signatures extracted from the NDVI image 

revealed the distinctiveness of each landcover class, a visual examination of the seasonal 

character of 13 NDVI profiles/signatures along with their spatial distribution was carried out so 

as to generalize them to similar land cover class. The identification of the respective landcover 

class was based upon comparison with the data collected from Palas valley (Chapter 4), 

vegetation map of Kaghan valley (Schickhoff, 1994) and comparison with high resolution 

imagery from Google Earth
TM

. The final landcover categories included: Glaciers, Pastures, 

Conifers, Broadleaves, Shrubs and Built-up/agriculture. 

Accuracy Assessment 

The accuracy of the resulting map was assessed through the vegetation community map of the 

Palas valley (validation dataset) generated through predictive modelling (Chapter 4). In order to 
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make the vegetation communities’ map comparable with NDVI based landcover map, it was 

resampled to a same pixel size of 250m and the vegetation communities were merged into 

landcover categories of the NDVI based landcover map and was treated as validation dataset. 

An error or confusion matrix was then created after overlay analysis of validation dataset and 

NDVI based landcover map to calculate accuracy descriptors such as kappa statistic, user, 

producer and overall accuracy (Congalton, 1991). The value of kappa as a measure of 

agreement between reference and classified data ranges between ‘-1’ (no agreement) to ‘1’ 

(perfect agreement) and ‘0’ represents random agreement. The producer accuracy refers to 

probability of a reference points to be correctly classified and can be calculated by dividing total 

number of correctly classified pixels in a category/class by total number points in the 

corresponding row/column of error/confusion matrix. The user accuracy refers to the 

probability of a randomly chosen point on the map to be same on the ground and is calculated 

by dividing total number of correctly classified points in a category/class with the total number 

of pixels classified on the same category/class. The overall accuracy can be calculated by 

dividing total number of correctly classified pixels with the total number of points used for 

assessment (Congalton, 1991; Kerle et al., 2004). 

33..22..44..  LLaannddccoovveerr  ddyynnaammiiccss  ((IInntteerr--aannnnuuaall  ttrreennddss))  

In order to discover the landcover dynamics over the 10 years, the NDVI image series was 

subjected to time series analysis. The data were decomposed using Seasonal-Trend 

Decomposition Procedure Based on Loess (STL) (Cleveland et al., 1990). It is a non-parametric 

method that is computationally simple, efficient and provides accurate and robust estimation of 

trend and seasonal components with additional capacity to deal with outliers or missing values 

within the data (Jacquin, et al., 2010; Lu et al., 2003). The STL procedure uses additive model 

to decompose time series data observed at a given point Yt at time t into seasonal (St), trend (Tt), 

and irregular/remainder or noise (εt) components (Equation3.1). 

                                     

The STL iteratively uses different types of LOcally wEighted regreSion Smoother (LOESS) to 

evaluate fit in a time-series. In order to evaluate LOESS fit at a given point Yt in the time series, 

the points are assigned tri-cubic weights such that the data points close to point Yt have larger 

weight. The fitted value of time-series parameter at point Yt will then be a polynomial fitted 

through weighted least squares of the data values of nearby points. The size of neighbourhood 

and the degree of polynomial parameters (constant, linear or quadratic) needs to be defined for 

LOESS (Cleveland, et al., 1990). 

In decomposed time-series, a seasonal component characterizes the phenological/seasonal 

cycle of vegetation/landcover for reported period while the ‘trend component’, modelled by 

piecewise linear function, provides information on the dynamics of vegetation/landcover 
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(direction and magnitude) of change during reported period. During present assessment, 

282,981 pixels representing an area of 1,216,818.30 hectares and each one representing record 

of 10 years’ landcover dynamics at its location were analysed for trends. The decomposition 

process through STL procedure for a randomly chosen pixel (a sub-alpine pasture) is shown 

in Figure 3.3 as an example. 

 
Figure 3.3: NDVI time series decomposition into seasonal (intra-annual), inter-annual (trend) 
and remainder (noise) components for a single pixel 

The ‘trend component’ for each decomposed pixel location was evaluated using seasonal Mann-

Kendall (SMK) test (Gilbert, 1987) to infer landcover dynamics i.e., to capture spatial locations 

of areas showing significant positive (progressive) or negative (regressive) evolution in NDVI 

values (used as proxy for landcover condition) in 10 years’ time. 

The SMK test is a widely used rank order based test unsusceptible to non-normality, 

heterocedasticity, seasonality, missing values, intra-annual autocorrelation and avoids loss of 

seasonal information, while inspecting for trends (De Beurs & Henebry, 2005; Healey et al., 

2006; Martínez & Gilabert, 2009). The test compares relative magnitudes of sample data 

rather than the data values themselves. First each periodic sub-annual interval is evaluated for 
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significant monotonic trends based on Kendall’s ‘S’ score and its variance and then a 

normalized test statistic ‘Z score’ and associated probability is calculated. A decreasing 

(regressive) trend is inferred if Z is negative or increasing (progressive) trend if it is positive 

at a probability greater than the level of significance (α ≤ 0.1) else considered  without 

trend/stable (Alcaraz-Segura et al., 2010). 

The SMK test shows only strength and direction of a trend (Martínez & Gilabert, 2009), the 

magnitude of trend was determined by a robust non-parametric Theil-Sen/Sen’s slope estimator 

Q.  It’s value is estimated by comparing each data pair (X, Y) of a dataset with ‘n’ pairs to all 

others in a pairwise fashion and calculating a slope ΔY/ΔX for each comparison (total n(n-1)/2 

pairwise comparisons). The median of the slopes between every pair-wise combination of 

values is then taken as Theil-Sen slope estimate (Equation 3.1) (Sen, 1968). 

        
     

     
                                                            

Area calculations 

The areas under different landcover classes and the trends (progressive, regressive, stable) 

inferred from the time-series analysis were calculated using map algebra. 

Ranking of pristine landcover status 

The areas that showed no trends at level of significance (α ≤ 0.1) were treated to be in pristine 

conditions. 

33..22..55..  LLaannddccoovveerr  ddyynnaammiiccss,,  hhuummaann  ppooppuullaattiioonn  aanndd  TTrraaggooppaann  aabbuunnddaannccee  

The relationship of Landcover dynamics and composition with human population and Tragopan 

abundance was explored using principal component analysis (PCA) (Abdi & Williams, 2010).  

A possible grouping of sub-regions on the basis of similarities landcover conditions was 

expected i.e., relatively pristine or disturbed, therefore, a set of landcover metrics was extracted 

for each of the sub-region using information on landcover categories (Section 3.2.3) in each of 

the sub-region/site showing progressive or regressive trends (Section 3.2.4) as variables in PCA.  

The landcover metrics included: proportions of landcover categories showing progressive or 

regressive trends viz., Broadleaves progressive (BAP), Broadleaves regressive (BR), Built-

up/agriculture regressive (AR), Conifers progressive (CP), Conifers regressive (CR), Potential 

habitat of western Tragopan (HB) (areas located between 1800-3200 m a.s.l. (Islam & 

Crawford, 1987)), Shrubs progressive (SP), Shrubs regressive (SR), Built-up/agriculture 

progressive (AP) and overall potential habitat of Western Tragopan showing significant (both 

progressive and regressive) Total dynamic habitat (TDH) and individually progressive or 

regressive trends Total progressive habitat (TPH), Total regressive habitat (TRH). An estimate 

of overall potential habitat lost - Habitat lost (HBL) for western tragopan was assumed to be the 
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proportion of Built-up/agriculture category. The ratios of these metrics related to Tragopan 

habitat were calculated viz., TDH/HB, TPH/HB and TRH/HB to reflect the status of potential 

Tragopan Habitat in relation to landcover dynamics. 

Pearson correlation was calculated among these variables and those having Pearson r>0.75 

were excluded from PCA to avoid colinearity. The variables qualifying the criteria included: 

HBL, TRH, SP, CP, SR, CR, AR and TPH/HB and TRH/HB (Table 3.7). The population 

related variables included human population (POP), human population density (calculated by 

excluding pasture area that approaches ecological density since people do not inhabit the 

pastures for long-term) (ED) whereas the Tragopan abundance (TA) was extracted from the 

literature available as average number of Tragopan reported from a given area (Table 3.1). 

After performing PCA, the population related variables were analysed for Pearson correlation 

with sites’ similarities (PCA site scores) so as to present a multi-criteria evaluation of 

Tragopan habitat in the sub-regions/sites (Table 3.7). The analyses were carried out in 

software R for windows (R Development Core Team, 2008). 

The statistics for human population were obtained from Population Census Division 

(according to 1998 census), Government of Pakistan. The population of the sub-region/site 

was divided with it’s total area of to get crude population density and the area excluding high 

(sub-) alpine pastures was divided over human population to calculate ecological density with 

the assumption that people do not occupy these pastures for longer period of time. For 

calculation of correlations, ecological density was utilized. The population, crude density and 

ecological density of the sites are given in Table 3.2. 

Table 3.2: Human Population and population densities for the respective sub-regions 

Sub-region 
Population 

(million) 

Crude density 

(No. of Individuals/ha) 

Ecological Density 

(No. of Individuals/ha) 

Alai 0.122 2.079 2.171 

Battagram 0.307 6.029 6.055 

Jalkot 0.185 0.815 2.014 

Kaghan 0.175 0.772 1.599 

Muzaffarabad 0.770 7.602 7.656 

Neelam 0.159 0.553 1.402 

Palas 0.166 1.186 2.287 

Siran 0.575 4.568 4.621 
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3.3. Results  

33..33..11..  LLaannddccoovveerr  mmaappppiinngg  

The final landcover map consisted of six classes that have been placed in categories of non-

forest and forest. The non-forest categories that have distribution above approximately 3000 m 

a.s.l have been treated as one group and non-forest types found below 3000 m a.s.l were treated 

as other group that included landcover dominated with open shrubs, and built-up/agricultural 

areas that often contain the relicts of original forest vegetation. The forest category was 

categorized into conifer forest and broadleaved forests.  

Seasonal trajectories 

The representative seasonal trajectories of each landcover class are summarized in figures 3.4.a-

f. The Glaciers and pastures have most distinct seasonal trajectories/signatures among the 

landcover classes. The Glaciers have consistently latent NDVI values over the calendar that are 

close to 0 (Figure 3.4-a). The Pastures, however,  show an increase in NDVI from late April, 

starting from close to zero during winters up-to the peak values approaching 0.36 during July 

(NDVI ˟ 10000=3600). A sharp dip in NDVI values is obvious in mid-July season for the 

pastures trajectory (Figure 3.4-b). The Shrubs maintain a lower value close to 0.28 for winter 

months and show a maximum value of 0.57 during month of July (Figure 3.4-e (i), (ii)). Two 

successive NDVI peaks are obvious in the seasonal trajectory of Built-up/agriculture class, one 

during April and other during August. The class shows a minimum NDVI of 0.26 that approach 

a maximum of 0.76 during August (Figure 3.4-f (i), (ii)). Among forest category, the Conifers 

maintain generally high values of NDVI and have minimum value of 0.46 and maximum of 

0.74 during July (Figure 3.4-c (i), (ii)). The Broadleaves have a response similar to Built-

up/agriculture class in character and show two marked peaks. The minimum NDVI value of 

seasonal trajectory of this class was 0.38 and maximum value of 0.72. The annual mean NDVI 

values of the landcover classes also differ and follows an order (Mean±SD) Glaciers (-

0.02±0.01) < Pastures (0.23±0.23) < Shrubs (0.42±0.09) < Broadleaves (0.51±0.11) < Built-

up/agriculture (0.53±0.16) < Conifers (0.62±0.09). 

Area calculations 

The spatial distribution of the regional landcover classes resulting from the classification of 

MODIS based NDVI time-series is presented in Figure 3.5. The area (hectares) occupied by each 

landcover class in decreasing order for the region was Pastures (374,216.10 (30.8%)) > Conifers 

(353,451.40 (29.0%)) > Built-up/agriculture (189,062.40 (15.5%)) > Glaciers (124,055.00 

(10.2%)) > Broadleaves (95,885.70 (7.9%))> Shrubs (80,147.70 (6.6%)). The overall 

contribution of Palas valley to the regional landcover was 11.47% and contribution of individual 

landcover categories in decreasing order was: Shrubs (16.9%) > Glaciers (14.3%) > Pastures 
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(13.2%) > Conifers (13.0% > Broadleaves (5.4%) > Built-up/agriculture (4.1%). The valley-wise 

breakdown of the area occupied by each landcover class has been summed up in Figure: 3.6. 

 

Figure 3.4: Seasonal trajectories of the landcover classes (X-axis represents the time at 15 
day interval starting from January and Y-axis represent NDVI values X 10000) 
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Figure 3.5: The spatial distribution of different landuse/landcover classes in the study region 

 

 

Figure 3.6: Sub-regional details of area and proportionate area of each landcover 
class  
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Accuracy assessment 

The overall accuracy of the landcover map was 92.8% with value 0.88 for Kappa quotient of 

0.88 (95% confidence interval 0.88 and 0.89). The both producer and user accuracy was greater 

than 73% for all the landcover classes except for the classes broadleaved forests and built-

up/agricultural areas that have user accuracies 68.4% and 52.6% respectively. The mapping 

accuracy for all classes was > 60.5% except agriculture/built-up areas that have 44.2% mapping 

accuracy (Table 3.3). 

Table 3.3: Error matrix for the landcover classification showing accuracy assessment of the 
results in terms of user accuracy, producer accuracy and overall accuracy Kappa=0.88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

33..33..22..  LLaannddccoovveerr  ddyynnaammiiccss  ((IInntteerr--aannnnuuaall  ttrreennddss))  

The landcover dynamics envisaged both progressive as well as the regressive trends in the 

region. A statistical summary of Sen’s slope (%) for whole region, sub-regions as well as 

individual landcover categories is presented in Table 3.4. The magnitude of landcover 

change in terms of Sen’s slope Q varied from -12.7 (severe degradation) for Kaghan sub-

region (landcover class: Conifers) to 7.8 (maximum vegetation activity) for Siran sub-

region (landcover class: Broadleaves). In general the landcover type “Built-up/agriculture” 

had the highest mean Sen’s slope value of 0.15% followed by the class Broadleaves 

(0.10%), Conifers and Shrubs (0.02% each). The mean values of Sen’s slope also varied for 

individual landcover classes as well as sub-regions. The minimum mean Sen’s slope values 

in increasing order were a minimum for Muzaffarabad: Shrubs (-0.58%) < Neelam: 

Conifers (-0.47%) < Jalkot: Broadleaves (-0.24%) < Kaghan: Built-up/agriculture (-0.19%) 

< Allai: Pastures (-0.11%) and the maximum values of mean were calculated for Jalkot: 

Pastures (0.19%) < Jalkot: Shrubs (0.29%) < Muzaffarabad: Conifers (0.40%) < Battagram: 

Built-up/agriculture (1.54%) < Battagram: Broadleaves (1.79%). 

The progressive and regressive trends also differ in their spatial locations within the region 

(Figure 3.7). In general the areas representing the borders of sub-regions had the negative 

Land cover 1 2 3 4 5 6 Total User Accuracy 

1 Glaciers 3601 

     

3601 100% 

2 Pastures 

 

13866 565 5 

 

3 14439 96.0% 

3 Conifers 

 

296 5700 

 

196 34 6226 91.5% 

4 Broadleaves 

 

2 143 693 162 12 1012 68.4% 

5 Shrubs 

 

66 203 31 1082 30 1412 76.6% 

6 Built-up/agriculture     147 42 10 221 420 52.6% 

Total Possible 3601 14230 6758 771 1450 300     

Omissions 0 366 1058 78 368 42     

Commissions 0 526 526 1012 330 199     

Correctly classified 3601 13866 5700 693 1082 221     

Producer accuracy 100% 97.4% 84.3% 89.8% 74.6% 73.6%     

Mapping accuracy 100% 93.9% 78.2% 63.5% 60.7% 44.2% Overall accuracy=92.8 %  

 



Chapter 3: How pristine is vegetation of Palas? A regional assessment Page 43 of 196 

slope values. The areas of both Muzaffarabad and Neelam valleys that borders the Indian 

occupied Kashmir showed a considerable recession in Sen’s slope. The low lying areas of 

Battagram, Siran and Muzaffarabad showed the higher slope values indication progressive 

trends in vegetation/landcover (Figure 3.7). 

The significant changes in landcover dynamics have been shown in Figure 3.8. In general 

the Glaciers and Pastures did not show any significant trend. The regressive trends were 

very obvious in the locations where western Tragopan has been reported especially in lower 

portions of Neelam, and Kaghan valleys. The central portion of Palas seems to be affected 

by regressive evolution of landcover similarly the forested portions of Jalkot valley 

especially those located close to river Indus seem to indicate significant regressive trends in 

landcover. The Machiara National Park in Muzaffarabad and its surroundings where the 

Tragopan has been reported show fairly stable trends in landcover. Though patches of 

progressive landcover evolution are obvious alongside the main rivers such as Indus Neelam 

or Jhelum, the nucleus of progressive evolution, however, remains the lower portions of low 

lying sub-regions - Allai, Battagram, Muzaffarabad and Siran valleys. 

A (sub-) regional comparison of the areas that undergone regressive or progressive 

evolution during ‘2000-2010’ have been tabulated in Table 3.5. The frequency distribution 

of Sen’s slope values at 0.5% interval have been shown in Figure 3.9.  Over all in the region, 

51066.8 ha (4.2%) of the region showed significant progressive trends with major 

contribution from Siran valley (27618.9 ha) and 18051.4 ha (1.5%) showed significant 

regressive evolution with major contribution from Neelam valley (2691.8 ha). The regional 

progressive trends in individual landcover types followed decreasing order: Broadleaves 

(31626.5 ha) > Built-up/agriculture (15445.6 ha) Conifers > (3913 ha) > Shrubs (81.7 ha) 

where as the regressive trends followed a decreasing sequence in order: Conifers (7133.7 

ha) > Built-up/agriculture (5946.9 ha) > Broadleaves (4287.1 > Shrubs (683.7 ha). The 

contribution of Palas valley to the significant progressive and regressive trends was 1333 ha 

and 1939.3 ha respectively. The evaluation of regional landcover status based upon the 

frequency distribution of Sen’s slope values revealed that overall in the region 70.03% of 

the landcover is stable or near stable. The individual sub-regions followed the sequence 

from most pristine to degraded: Jalkot (80.98%) > Neelam (75.90%) > Palas (74.78%) > 

Kaghan (72.98%) > Muzaffarabad (50.28%) > Allai (44.65%) > Battagram (41.88%) > 

Siran (36.48%) (Figure: 3.10). 
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Table 3.4: Statistical summary of Sen’s slope for whole region, sub-regions and individual 
landcover categories 

 

Region/sub-

region 

Statistics 

Landcover 

Overall Glaciers Pastures Conifers Broadleaves Shrubs 
Built-up/ 

agriculture 

Whole Region 

Min -12.78 -1.06 -2.33 -12.78 -6.67 -9.75 -11.95 

Max 7.87 1.05 2.08 5.77 7.87 2.80 6.41 

Mean 0.28 0.00 0.02 0.02 0.10 0.01 0.15 

SD 1.05 0.06 0.16 0.63 0.56 0.17 0.67 

Allai 

Min -7.67 -0.24 -2.28 -7.67 -4.76 -3.65 -5.52 

Max 6.28 0.15 0.64 4.98 6.28 1.54 5.55 

Mean 0.65 -0.07 -0.12 0.21 1.29 -0.20 1.47 

SD 1.50 0.14 0.36 1.50 1.72 0.66 1.14 

Battagram 

Min -6.00 NA -0.87 -4.42 -4.36 -3.76 -6.00 

Max 6.43 NA 0.63 5.30 6.43 1.09 6.41 

Mean 1.09 NA -0.08 0.29 1.79 -0.36 1.54 

SD 1.37 NA 0.28 1.28 1.16 0.78 1.17 

Jalkot 

Min -8.35 -0.77 -1.14 -8.35 -6.67 -3.88 -7.57 

Max 4.15 0.91 1.99 4.15 3.71 2.80 3.25 

Mean 0.14 0.00 0.19 0.27 -0.24 0.29 -0.19 

SD 0.66 0.17 0.25 0.96 1.22 0.48 1.22 

Kaghan 

Min -12.78 -0.93 -1.21 -12.78 -4.96 -9.75 -9.80 

Max 5.60 1.03 2.08 5.21 5.60 2.77 4.33 

Mean 0.16 0.00 0.05 0.17 0.85 0.16 0.57 

SD 0.91 0.20 0.27 1.20 1.43 0.66 1.58 

Muzaffarabad 

Min -10.40 -0.20 -0.80 -6.08 -6.04 -9.44 -10.40 

Max 4.83 0.29 1.54 3.87 4.80 1.76 4.83 

Mean 0.68 0.11 0.15 0.40 0.94 -0.58 0.97 

SD 1.35 0.09 0.44 1.04 1.55 2.00 1.47 

Neelam 

Min -4.90 -0.85 -1.92 -4.90 -3.08 -3.85 -4.52 

Max 4.57 1.05 1.58 4.32 3.50 2.60 4.57 

Mean -0.10 0.02 0.03 -0.48 0.53 -0.02 0.40 

SD 0.67 0.22 0.29 0.96 1.29 0.54 1.29 

Palas 

Min -7.77 -1.06 -2.33 -7.66 -4.03 -4.52 -7.77 

Max 4.09 0.91 1.51 4.09 2.72 2.72 3.03 

Mean 0.01 -0.02 0.05 -0.06 0.09 0.06 -0.06 

SD 0.76 0.20 0.29 1.05 1.13 0.60 1.32 

Siran 

Min -11.95 NA -1.21 -5.88 -5.92 -9.71 -11.95 

Max 7.87 NA 0.71 5.77 7.87 1.27 5.29 

Mean 1.25 NA 0.09 0.21 1.68 -0.32 1.34 

SD 1.51 NA 0.28 1.26 1.54 0.98 1.35 
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Figure 3.7: Sen’s slope ‘Q’ derived from NDVI time series data of forest vegetation 

 

Figure 3.8: The significance of vegetation activity trends based on Seasonal Mann-Kendall 
slope ‘S’ derived from NDVI time series data of forest vegetation 



Chapter 3: How pristine is vegetation of Palas? A regional assessment Page 46 of 196 

 

Figure 3.9: Frequency distribution of Sen’s slope in different sub-regions 

 

Figure 3.10: The evaluation of (sub-) regional landcover status in terms of proportion of the 
area having stable Sen’s slope  
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Table 3.5: Extent of landcover (area hectares) that have gone under progressive or regressive 
evolution during 2000 – 2010 (‘+’= progressive; ‘-’= regressive) 

 

33..33..33..  LLaannddccoovveerr  ddyynnaammiiccss,,  hhuummaann  ppooppuullaattiioonn  aanndd  TTrraaggooppaann  aabbuunnddaannccee  

The overall results obtained from principal component analysis (PCA) are shown in Table 3.5. 

The analysis revealed that the first two components or PCA axis (PCA1 and PCA2) accounted 

for the major portion of the variation in the data (82.54%) with major contribution by PCA1 

(49.2 %). 

The variables loadings (VL) indicated their respective contribution to variance explained along 

each of the axis. The variables CP (VL=0.344) and TPH/HB (VL=0.462) had highest positive 

loadings against PCA1, showing that the PCA1 effectively represented a gradient where the 

progressive trends in landcover class conifers increase along the axis and reverse is the case of 

landcover class conifers showing regressive trends CR (VL=-0.338), ratio of total regressive 

habitat of tragopan to habitat available TRH/HB (VL=-0.395) and regressive trends in Built-

up/agriculture landcover class AR (VL=-0.447). The variable tragopan habitat lost (HBL) that 

represented the proportion of montane agriculture maintain positive loadings for both PCA1 

(VL=0.355) and PCA2 (VL=0.397) which means that the agriculture is more prominent in the 

sites differentiating positive to the centroid of the ordination biplot along both PCA axis. The 

PCA2 effectively represented the gradients of tragopan habitat lost HBL (VL=0.397), tragopan 

regressive habitat TRH (VL=0.517) and the shrub landcover showing regressive trends SR 

(VL=0.596) in increasing sequence. 

The PCA site scores (Table 3.6) as well as visual inspection of ordination plot of PCA (Figure 

3.11) reflects that the majority of differentiation among the sites has occurred along the first 

axis (PCA1), particularly the Battagram (BG) and Siran valley (SR) distinctly segregate from 

the rest of sites, occupying the extreme right corner of the ordination diagram, similarly, the 

Trend Landcover Region 
Sub-Region 

Alai Battagram Jalkot Kaghan Muzaffarabad Neelam Palas Siran 

+ Overall 51066.8 2807.9 7851.8 2085.5 2618.7 6080.2 670.8 1333.0 27618.9 

- Overall 18051.4 860.0 399.9 4072.1 2021.0 2743.4 3022.9 1939.3 2992.8 

+ 

Glaciers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Pastures 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Shrubs 81.7 4.3 0.0 73.1 0.0 0.0 4.3 0.0 0.0 

Conifers 3913.0 442.9 1290.0 339.7 249.4 301.0 68.8 692.3 528.9 

Broadleaves 31626.5 1328.7 2756.3 524.6 1806.0 2296.2 240.8 447.2 22226.7 

Built-up/ 

agriculture 15445.6 1032.0 3805.5 1148.1 563.3 3483.0 356.9 193.5 4863.3 

- 

Glaciers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Pastures 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Shrubs 683.7 17.2 8.6 98.9 86.0 305.3 4.3 43.0 120.4 

Conifers 7133.7 490.2 279.5 1251.3 743.9 438.6 2691.8 954.6 283.8 

Broadleaves 4287.1 215.0 38.7 941.7 296.7 550.4 55.9 374.1 1814.6 

Built-up/ 

agriculture 5946.9 137.6 73.1 1780.2 894.4 1449.1 270.9 567.6 774.0 
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Jalkot sets aside at extreme left corner of the biplot. The areas with reported Tragopan i.e., 

Kaghan (KG), Neelam (NL), Palas (PA) and Muzaffarabad (MZ) occupy the centre of 

ordination biplot from where MZ departs from rest of Tragopan reported areas along PCA2. 

The Jalkot (JK) segregates from rest of sites by occupying extreme left position along PCA1 

(Figure 3.11). 

The results of ordination can be further elaborated by correlation among PCA axis scores, 

landcover dynamics attributes, the human demography and Tragopan abundance (Table 3.7). 

The PCA1 that accounted for about half of the variance explained has strong correlation with 

Tragopan’s Habitat lost (HBL: r= 0.70) and progressive landcover dynamics in potential 

Tragopan habitat (TPH: r=0.91) conifers (CP: r= 0.78) and broadleaves (BAP: r=0.88), 

whereas, it correlates negatively with regressive dynamics of Broadleaves and Built-

up/agriculture landcover. The PCA2 that accounted for 33.3% of the variance explained in the 

data was found positively correlated with the human demographic figures (Total population 

(POP) r=0.95; Population density (ED) r=0.88). The abundance of Tragopan, however, does not 

show any strong relationship with any of the ordination axis but still is negatively relates with 

PCA1) and PCA2 (r=-0.28 and -0.15 respectively) (Figure 3.11). 
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Table 3.6: Eigenvalues and variable loadings and Site scores for the principal component 
analysis 

Axis ► PCA1 PCA2 PCA3 

Eigenvalues 3.936 2.667 0.723 

Percentage 49.204 33.336 9.036 

Cum. Percentage 49.204 82.54 91.576 

PCA variable loadings (VL) 

HBL 0.355 0.397 0.158 

TRH -0.268 0.517 0.019 

CP 0.344 0.057 0.833 

SR -0.027 0.596 -0.193 

CR -0.338 -0.317 0.21 

AR -0.447 -0.036 0.385 

TPH/HB 0.462 0.01 -0.024 

TRH/HB -0.395 0.34 0.223 

PCA case scores 

Allai (AL) 0.305 -0.266 -0.222 

Battagram (BG) 1.292 -0.019 0.489 

Jalkot (JK) -1.172 -0.084 0.425 

Kaghan (KG) 0.135 -0.397 -0.382 

Muzaffarabad (MZ) -0.373 1.347 -0.147 

Neelam (NL) -0.315 -0.599 -0.218 

Palas (PA) -0.454 -0.35 0.164 

Siran (SR) 0.583 0.369 -0.109 

 

 

Figure 3.11: PCA ordination biplot showing groupings of the sub-regions. The region 
marked in red shows the locations from where western Tragopan has been reported 
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Table 3.7: The correlation half matrix showing the relationships between human population density, Tragopan abundance, PCA 
ordination and various landcover attributes (d.f. =6) 
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0.17
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0.00048
 

PCA3

0.95*** 0.15
 

0.88** 0.00017
 

PCA2

0.13
 

0.28
 

0.38
 

PCA1

0.87** 0.14
 

ED

0.16
 

TA

POP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1 Population POP 1.00

2 Tragopan abundance TA -0.16 1.00

3 Population density ED 0.87 -0.14 1.00

4 PCA1 0.13 -0.28 0.38 1.00 ≥ 0.70

5 PCA2 0.95 -0.15 0.88 0.00 1.00 ≤ -0.70

6 PCA3 -0.09 0.17 0.22 0.00 0.00 1.00

7 Habitat (Tragopan) HB 0.50 -0.06 0.59 0.54 0.53 -0.18 1.00

8 Habitat lost HBL 0.66 -0.37 0.84 0.70 0.65 0.13 0.82 1.00

9 Total progressive habitat TPH 0.34 -0.44 0.46 0.91 0.20 -0.01 0.65 0.82 1.00

10 Total regressive habitat TRH 0.74 0.02 0.54 -0.52 0.85 -0.02 0.20 0.20 -0.29 1.00

11 Total dynamic habitat TDH 0.72 -0.44 0.74 0.67 0.63 -0.02 0.76 0.94 0.88 0.21 1.00

12 Shrubs progressive SP -0.37 -0.25 -0.37 -0.51 -0.16 0.34 -0.23 -0.25 -0.34 0.13 -0.28 1.00

13 Conifers progressive CP 0.09 -0.09 0.49 0.78 0.05 0.62 0.34 0.65 0.69 -0.38 0.52 -0.23 1.00

14 Broadleaves progressive BAP 0.36 -0.47 0.44 0.88 0.21 -0.12 0.66 0.80 0.99 -0.26 0.89 -0.35 0.60 1.00

15 Built-up/agriculture progressive AP 0.45 -0.41 0.74 0.62 0.44 0.57 0.40 0.83 0.69 0.04 0.73 -0.08 0.85 0.63 1.00

16 Shrubs regressive SR 0.94 -0.11 0.82 -0.04 0.97 -0.19 0.50 0.56 0.12 0.85 0.55 -0.28 -0.09 0.15 0.29 1.00

17 Conifers regressive CR -0.56 0.12 -0.62 -0.47 -0.61 0.15 -0.67 -0.69 -0.50 -0.24 -0.63 0.28 -0.30 -0.50 -0.35 -0.54 1.00

18 Broadleaves regressive BR -0.23 0.24 -0.39 -0.87 -0.06 0.30 -0.44 -0.55 -0.72 0.40 -0.53 0.78 -0.52 -0.71 -0.41 -0.13 0.36 1.00

19 Built-up/agriculture regressive AR -0.24 0.39 -0.38 -0.87 -0.12 0.35 -0.67 -0.68 -0.83 0.32 -0.69 0.53 -0.47 -0.84 -0.45 -0.16 0.37 0.90 1.00

20 TDH/HB 0.62 -0.67 0.60 0.54 0.48 0.12 0.30 0.72 0.76 0.12 0.84 -0.17 0.49 0.76 0.77 0.38 -0.37 -0.42 -0.47 1.00

21 TPH/HB 0.21 -0.52 0.33 0.91 0.02 -0.02 0.38 0.66 0.94 -0.45 0.74 -0.41 0.68 0.93 0.65 -0.04 -0.35 -0.78 -0.79 0.78 1.00

22 TRH/HB 0.43 0.00 0.22 -0.78 0.56 0.18 -0.23 -0.15 -0.56 0.88 -0.13 0.44 -0.48 -0.54 -0.09 0.53 0.10 0.72 0.67 -0.01 -0.63 1.00

PCA axis scores

Ratios of metrics

r

Significance level 

(p-value)
0.00 0.01 0.05 0.10 1.00

Symbol *** ** * .
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3.4. Discussion 

33..44..11..  LLaanndd  CCoovveerr  MMaappppiinngg  

The main advantages of current mapping approach, included its cost effectiveness (since 

freely available datasets were used), non labour intensiveness and importantly the landcover 

classes defined had temporal dimension (phenological properties) to show their behaviour 

over the year instead of being only categorical classes. The unsupervised classification of 

MODIS NDVI using ISODATA clustering applied was found useful in creating a meaningful 

classification of the landcover since it appeared simplified approach by directly incorporating 

the full range of seasonal variation in landcover types (seasonal NDVI profiles) as opposed to 

other studies that have done additional effort to derive metrics such as:  mean annual VI, 

relative range of VI, its minimum and maximum values; start, peak and end of growing 

periods from vegetation indices (VI) to characterize landcover (Clark, et al., 2010; Fitch et al., 

2010; Ganguly et al., 2010; Gu et al., 2010; Han et al., 2004; Ozdogan & Gutman, 2008; 

Wardlow & Egbert, 2008; Zhang et al., 2008). 

The divergence statistics provided important clues regarding number of categories to classify 

at initial phases of landcover mapping (Defries & Townshend, 1994). Though the divergence 

statistics determined 13 optimal numbers of clusters at initial stage of landcover mapping, 

they were further generalized into six landcover categories on the basis of their seasonal 

character (since the detailed knowledge of the whole region was lacking) to avoid 

misinterpretations through subjective input. 

The spatial resolution of maps of 250m may well suit a regional scale assessment; however, 

the individual maps may only contain the subsets of landcover class being represented due to 

pixel resolution. A similar visual and quantitative approach was adopted to classify vegetation 

of conterminous United States on the basis of phenology and it was found that the individual 

landcover classes contained multiple pheno-classes due to altitudinal differences (Gu, et al., 

2010) or such instances may also result from genetic variations within the dominant plant 

species (Beck et al., 2006) thus the subjective input has its own value. 

The seasonal NDVI profiles of all the landcover classes except ‘Built-up/agriculture’ showed 

peak values in summers that could be due to influence of monsoon rains since NDVI fluctuates 

along the precipitation gradient (Fabricante et al., 2009; Kileshye Onema & Taigbenu, 2009). 

The low NDVI values in winter months may be attributed to snowfall at high altitudes as well 

as persistent cloud cover representing the pixels that were rejected from analysis as also 

reported by (Skidmore, 2002). 

The landcover classes representing forest vegetation had elevated NDVI values as compared to 

non-forest types that is also inline with previous findings (Feeley et al., 2005). The landcover 
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category Built-up/agriculture had double humped response for NDVI change, thus it is expected 

that the areas representing only one crop in a year will totally be missed from the map. These 

single-crop areas may be important locally, but on the regional level landscape, they must have 

only meagre contribution. Being consistent with present findings, other studies have also found 

MODIS based NDVI to show varying multi-temporal response over a variety of landcover 

types (Evrendilek & Gulbeyaz, 2008; Huete, et al., 2002; Wardlow et al., 2007).  

The accuracy measurements of the classification procedure were very encouraging. The overall 

accuracy of 92.8% meant that there was a possibility of 92.8% that the given pixels were 

correctly classified on the map and kappa statistics of 0.88 reflected that reference pixels or 

points and classified map had 88% statistical agreement (Jensen, 2000). The Kappa statistics 

was significant at 95% confidence limits which shows that the results presented in the error 

matrix were appreciably better than the random results (Congalton, 1991). The high overall 

accuracy could be explained through high user (> 68.4% except Built-up/agriculture: 52.6%) 

and producer (>73.6%) accuracies of the classified land cover classes. The low user accuracies 

of class ‘Built-up/agriculture’ could be attributed to the fact that the study region is mainly 

mountainous and agriculture is practiced in small terraces (Figure 3.12) that are difficult to be 

captured by the 250m resolution of the satellite data used, therefore, the commissions were 

mostly added from the forest landcover (Table 3.3). It was thus expected, that the ‘Built-

up/agriculture’ landcover will be little exaggerated on map at the cost of forest landcover. Given 

the objective of map to prepare a comparative (sub-) regional assessment of the generalized 

landcover types, the errors were expected to propagate equally for whole study area and can be 

well accepted to serve the purpose. 

 
a 

 
b 

Figure 3.12: Possible representations of the areas where ‘conifers’ would have been 
represented as ‘Built-up/agriculture’ landcover (b. is 3D model with a high resolution imagery 
superimposed on DEM) 

The landcover map produced was much generalized whereby the individual landcover classes 

seem to follow a well known regional climatic and altitudinal pattern as discussed in related 
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assessments (Champion, et al., 1965; Schickhoff, 1995; Schickhoff, et al., 2005)… e.g., the 

glaciers occupying the summits > c. 4500 m a.s.l pastures occupy elevations > 3000 m a.s.l. 

followed down-sequence by conifers that further down give way to broadleaves at around 1800 

m a.s.l. (Figure 3.5). The prominence of land cover class ‘Built-up/agriculture’ towards the low 

lying sub-regions/sites seems to be function of demographic conditions as well as the 

availability of suitable land for cultivation (Table 3.7). The association of greater population 

densities and associated agriculture/settlements has also been documented in low lying areas of 

Iberian peninsula (Alcaraz et al., 2006). The low lying ‘Built-up/agriculture’ landcover class in 

the study region fall well within the range of summer monsoon and occasional availability of 

canal irrigation and moderate climatic conditions may favour the cultivation of two crops in a 

season. Otherwise, in the elevated areas, the settlement and agriculture dominate along the 

major rivers and rivulets where large alluvial fans and cohesive talus slopes are available that 

support irrigated agriculture while sediment load carried by irrigation water add to the fertility 

of these alluvial soils (Brady & Weil, 1999). 

33..44..22..  LLaanndd  CCoovveerr  ddyynnaammiiccss  ((IInntteerr--aannnnuuaall  ttrreennddss))  

Mapping the landcover and understanding its dynamics is basic to habitat description and 

crucial for natural resource management and environmental planning and can act as indirect 

measure of species distributions based upon their habitat preferences (Turner et al., 2003). 

The landcover dynamics derived from MODIS VI dataset has been successfully used to 

monitor landcover throughout the globe (Clark, et al., 2010; Cuevas-GonzÁLez et al., 2009; 

Evrendilek & Gulbeyaz, 2008; Fontana et al., 2008; Olofsson & Eklundh, 2007; Spruce, et 

al., 2011; Verbesselt, et al., 2010a) and was found advantageous to the other available VI 

datasets such as AVHRR due to sensor specification as well as spatial resolution (Fontana, et 

al., 2008). The STL procedure used to derive trends in the NDVI series is well tailored 

method to determine seasonal and gradual changes (Jacquin, et al., 2010) and being based on 

weighted regression, can inherently perform better in mimicking the seasonal variations than 

other methods such as Fourier analyses, logistic and Gaussian functions (Beck, et al., 2006). 

The differences in proportion of each landcover category in respective sub-regions may be 

attributed to the prevailing ecological conditions, however, the class ‘Built-up/agriculture’ may 

reflect the human impact on original landcover, possibly the conversion/loss of original area 

under forest (Figure 3.6). The ‘Built-up/agriculture’ landcover directly relates with population 

density that itself relate negatively with the ‘forest’ to ‘Built-up/agriculture’ landcover ratio (R
2
 

0.49 and 0.41 respectively) (Figures 3.13a-b; 3.14) implying that the population densities 

triggered the intensification of ‘Built-up/agriculture’ at the cost of ‘forest’ landcover. These 
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conversions should not, however, be considered simply the changes in landcover, rather a result 

of socio-economic transformation process that would have operated over the years to make what 

can be called as current cultural landscape of the region. Nevertheless, much of empirical 

findings in literature have revealed population as primary variable expounding for deforestation, 

a number of other factors were also found positively related with deforestation such as improved 

road density, increased access and development projects, however, distance from markets has 

been found negatively associated with deforestation (Pfaff, 1999). The improved accessibility 

between mountainous areas and lowlands through advent of roads and bridges results in the 

enhanced trade followed by introduction of mechanized agriculture, new crops and crop 

varieties, pesticides and clearing of forested areas in favour of agriculture (Allan, 1986), thus the 

low lying areas that are well connected to rest of country have greater areas under ‘Built-

up/agriculture’ landcover (Figure 3.6). 

 

Figure 3.13: Relationship of human population density with (a) ‘Built-up/agriculture’ 
landcover and (b) ‘forest’ to ‘Built-up/agriculture’ landcover ratio 

 

Figure 3.14: Ratio of forest area to the Built-up/agricultural area reflecting loss of potentially 
forested area in past. Low ratio indicate prominence of agriculture and vice versa 

The time-series analysis could reveal both qualitative and quantitative aspects of landcover 

trends during reported period. The negative/regressive trends in landcover have localized 
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impact thus can be attributed to small scale forest clearings, forest fires as well as landslides 

and slope failures (Figure 3.7-8). It is also interesting to note that the regressive trends 

dominate along the political bounds of the sub-regions that can be attributed to the fact that 

these areas are accessed by the residents from either side and since the property rights are 

insecure (Puppim de Oliveira, 2008) the result is increased utilization pressure on the forest 

resources (Allan, 1986). As a matter of fact the borders are usually marked by means of some 

distinct geographical feature such as river or ridge, and rivers are easy way for transportation 

of logged timber (often illegal), therefore, regressive trends were obvious in comparative 

areas. The regressive trends in the Neelam valley and Muzaffarabad along the ceasefire line 

can be interpreted as obvious result of trans-border conflict between India and Pakistan where 

the forest has been cleared to improve surveillance. 

Among all the landcover classes, the conifers seemed to be most vulnerable to deterioration 

with more than 7000 hectares of significantly negative affected area in the region that can be 

directly related to their obvious commercial value as timber. The conifers provide core habitat 

to Western Tragopan, however, most degradation in the region was 37% for Neelam valley 

(concentrated in lower reaches), but the neighboring Muzaffarabad accounted for only 6% of 

the overall deteriorating conifers that can be attributed to conservation efforts by Machiara 

National Park administration (Table 3.5). 

Though the progressive landcover evolution are obvious in patches alongside the main 

rivers such as Indus Neelam or Jhelum, however, the nucleus of progressive evolution 

remains the lower portions of low lying sub-regions - Allai, Battagram, Muzaffarabad and 

Siran valleys (Figure 3.7-8). The progressive landcover trends in low lying sub-regions may be 

attributed to agroforestrial landuse as well as local reforestation efforts since the class 

‘Broadleaves showed maximum increasing trends (31626.5 ha) (Table 3.5). Under the 

circumstances of growing population, the agroforestrial landuse becomes a necessity since it 

provides an opportunity for diversification in production to weaken the existential risks of 

losses and the basic food supplies are thus secured and farmers are not entirely tied to local 

conditions. The valleys of Allai, Siran and Battagram that form the watershed of Tarbela dam, 

were included in an environmental rehabilitation programme under Tarbela Watershed 

Management Project (TWMP) with objective to address soil erosion and land degradation 

issues for increasing the life of reservoir. The project started in 1964-65 that in its successive 

phases during 1982-83, 1992-93 and 2003 carried out aforestation campaigns in different parts 

of the watershed, thus the progressive landcover trends can be partly attributed to the efforts of 

TWMP (Swati, 2003). Since most of the aforestation efforts were carried out in the communal 
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lands, where, people have opted to plant trees such as Populus sp. and Eucalyptus sp. that are 

fast growing and can be sold for cash but in the mean time, they could be detrimental for 

ecosystem due to their known issues of allelopathy and excessive water-use (Kohli, 1998; 

Megahan & Chima, 1980; Zahid & Nawaz, 2007). 

33..44..33..  SSiittee  ggrroouuppiinnggss,,  hhuummaann  ppooppuullaattiioonn  aanndd  TTrraaggooppaann  aabbuunnddaannccee  

The site groupings revealed by PCA seem to well represent the regional landcover dynamics. 

One of the most significant aspects revealed by the analysis is that the sites representing western 

tragopan populations were located in the middle of ordination diagram (Figure 3.11) along 

PCA1 that represents progressive landcover trends right to centroid and regressive landcover 

trends left to the centroid  i.e., these sites contained a minimum disturbances in the landcover. 

Nevertheless, whether progressive or regressive trends were seen in the landcover evolution, 

both represent functional changes to ecosystem/landcover (Baldi et al., 2008) thus it can be 

inferred that the presence of western tragopan in the middle sites relate to the relatively 

undisturbed conditions that are preferred by this shy bird and possibly some other species as 

well (BirdLife.International, 2001). The role of increasing human population densities as 

discussed in section 3.4.2, in modifying the status/trends in landcover dynamics of the region is 

further strengthened by its strong relationship with PCA2 (r=0.95). 

It is important to note, however, that the Tragopan abundance could not be effectively related to 

the PCA as a weak correlation was found only with PCA1 and tragopan abundance (r=-0.28). 

This is due to the fact that the PCA1 represented a disturbance gradient with regressive landcover 

trends dominating at left hand side of the axis and progressive landcover trends on the right hand 

side with relatively undisturbed locations (noticed for tragopan occurrence) close to the centroid, 

so the axis scores behaved as a circular variable to the tragopan abundance resulting in lower 

correlation. This can be further supported through relatively stronger negative association of 

tragopan abundance with combined proportionate area showing trends (regressive or 

progressive) (TDH: r=-0.44) and proportion of dynamic habitat within the potential habitat of 

tragopan (r=-0.67; Table 3.7).  Secondly, the integration of data acquired at different time 

scales (NDVI – 2000 to2011; Tragopan surveys – 1971 to 1992) could be a potential source 

of inaccuracy that could not be manifested in the analysis.  It was an important limitation of 

the study that there were no current tragopan census data available and the landcover 

information was worked out from MODIS sensor that is available since 2000 

(http://modis.gsfc.nasa.gov/).  The evidence does exist that the tragopan habitat was affected 

and possibly due to human population increase as suggested by the high correlation (0.72; 

p<0.05) between human population (POP) and total dynamic habitat (TDH; Table 3.7). It can 

be expected that the human population in respective sub-regions would have increased 

http://modis.gsfc.nasa.gov/
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proportionately at the constant rates since the tragopan surveys and would have influenced the 

landcover in similar fashion as depicted by the present dataset.  The relationship of human 

population increase and destruction of wildlife habitat is well established (Mather & Needle, 

2000), nevertheless, other factors such as poverty, peoples’ responses to economic 

opportunities and institutional factors also play their role in landcover dynamics (Lambin et 

al., 2001) and considering these is beyond the scope of present work. 

Finally, the decision regarding the pristine conditions is somewhat subjective since there were 

differences in proportions of individual landcover types. With respect to overall area showing 

the stable trends, it appears that the Jalkot valley is maintained in most pristine conditions (81% 

of the area) followed by Neelam (75.9%) and Palas valleys (74.8%) (Figure: 3.10). In general 

the pasture areas did not showed any significant regressive/progressive trends thus the Jalkot 

valley was rated as most pristine due to impact of vast pasture area (Figure 3.6). However, when 

seen on the basis of overall statistics of Sen’s slope it appears that the Palas valley is being 

maintained in most pristine conditions (Q = 0.01±0.76) in the region and it can be generalized 

that the sites that represented western tragopan had relatively stable landcover as revealed by 

the Sen’s slope statistics (Table 3.4). The Palas valley and Neelam valley can be identified as 

the most important sites for western tragopan due to their pristine landcover conditions and 

relatively uninfluenced by agricultural landscape (thus human population). The Palas valley has 

strict tribal culture and is not open for the tourists as eastern valleys in the region that has 

maintained the wilderness in the area and perhaps another important reason that the Palas valley 

has hosted the world’s largest population of western tragopan. 

It is hence important to highlight the importance of structure and composition of forests in the 

Palas that provide habitat to the world’s largest population of western tragopan and recognize 

environmental factors related to their establishment and maintenance in the valley and to 

identify their spatial patterns… that will be the focus of fore-coming chapter. 
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CChhaapptteerr  44  
FFoorreesstt  vveeggeettaattiioonn::  eennvviirroonnmmeennttaall  rreellaattiioonnsshhiippss  aanndd  ssppaattiiaall  ppaatttteerrnnss  

4.1. Introduction 

The information on vegetation composition and structure in relation to its environment is necessary 

to answer a diverse range of applied and theoretical questions related to ecology and conservation 

science (Elith et al., 2006; Guisan & Thuiller, 2005). The most prominent areas highlighting the 

importance of vegetation environment relationships include detection and prediction of rare species 

(Guisan et al., 2006) assessment of species richness.(Simon et al., 2004), the testing of ecological 

theory(Austin, 2002), biogeographical hypotheses (Leathwick, 1998), the assessment of potential 

invasion risks (Thuiller et al., 2005), for conservation planning (Araújo et al., 2005) and assessment 

of global climate change impacts (Bomhard et al., 2005). 

The vegetation of Palas valley differs from its neighbouring western and northern valleys since it 

is reached by the last traces of monsoon and has a moister climate. The magnificent forests of the 

valley have been identified among the global priority areas for biodiversity conservation (Bibby 

et al., 1992) and are home to a number of elusive and rare animals such as endangered musk deer 

(Moschus cupreus), rare snow leopard Panthera uncia, Indian wolf Canis lupus pallipes, the 

brown bear Ursus arctos isabellinus, grey langur Semnopithecus entellus ajex and the flying 

squirrel Eupetaurus cinereus that have been disappeared from adjacent valleys due to over-

hunting and habitat loss. Besides it supports a list of more than 130 bird species including world's 

largest known population of the endangered Western tragopan pheasant (Tragopan 

melanocephalus). It was the tragopan that attracted the attention of scientific community and 

NGOs in late 1980s and Himalayan Jungle Project (HJP) was launched in 1991 aiming to protect 

the endangered bird. The intrusion into the Kohistani society in Palas was not accepted, rather 

offended by thousands of local armed tribesmen. During September 1992, Palas was badly struck 

by mountain flashflood that wiped-away most of the maize crop, irrigation channels, water mills, 

bridges and ruined large parts of the only mule-tract connecting to the Karakoram Highway 

(KKH). The catastrophic flood not only realized the locals about their vulnerability but HJP’s 

flood-relief operation exemplified that not all forms of outside intervention were detrimental and 

led to a warm welcome to a so far ‘tolerated’ Himalayan Jungle Project. 

Three year later a team of researchers from Royal Botanic Gardens Kew visited the valley and 

botanical collections were made for the first time in Palas (Sinnott, et al., 1995). It was found that 

the valley held a list of at least 600 plants including a high proportion of flora with distribution 

range restricted to adjoining areas and also included rare species such as West-Himalayan elm 
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(Ulmus wallichiana) and new discoveries like Delphinium palasianum and Jasminum leptophyllum. 

Great variety of habitats, steep high mountains and deeply incised valleys with diversified 

topography have resulted in formation of specialized ecological niches that store large number of 

endemic species of plants and animals in Palas valley.A large proportion of species had distribution 

confined to the Northern Mountains of Pakistan, Kashmir and East Afghanistan. Only about one 

third of the flora was found to have wider distribution with palaeotropic elements, mostly 

represented in lower elevations and Holarctic and boreo-temperate elements from montane, sub-

alpine and alpine zones (Rafiq, 1996). 

The study area lies upon Main Mantle Thrust (MMT) in neighbourhood of Nanga Parbat, a regional 

contact between collider India and the overthrust Kohistan-Ladakh series in the Pakistani 

Himalayas (Treloar, et al., 1996). Topographically, Nanga Parbat and its surrounding valleys are 

supposed to be important paths for the migration of Himalayan floral elements into the Central 

Asiatic flora of the Karakorum and vice-versa (Dickoré & Nüsser, 2000). The high relief energy 

has resulted in a distinct altitudinal zonation of climate, vegetation and land use systems. There is a 

further diversification of main vegetation types due to microclimatic differences resulting in a 

mosaic appearance of the individual plant communities (Rafiq, 1996). 

Two contemporary studies on the plant associations of Palas valley by Awan (1994) and Rafiq 

(1996) have described the vegetation as consisting of dry sub-tropical zone, temperate zone and 

sub-alpine to alpine zone. These studies were based on subjective classification of vegetation 

supported with observations carried out mainly from lower (Kuz) Palas (Table 4.1-2). The study by 

Awan (1994) described the vegetation communities containing Acacia modesta, Diospyros lotus, 

Zanthoxylum armatum, Mallotus philippensis, Justicia adhatoda and Dodonaea viscosa but the 

later study by Rafiq (1996) did not mention these species in any of the association. Another striking 

difference between the studies was that Awan (1994) did not described Quercus floribunda in his 

vegetation description. These studies noticed the vegetation in Palas being affected by human 

activities. In particular, the outstanding coniferous forests that are ownership of the local 

communities were reported as continually being threatened by commercial logging, the emerging 

source of cash income. 

Pertaining to confusions led by the previous studies, it was necessary to provide a representative 

baseline on vegetation communities of the study area. Secondly the effective monitoring of 

vegetation necessitates the availability of times to time, up-to-date information on vegetation 

patterns to comprehend changes in due course and understand the process of succession and 
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climax (Kent & Coker, 1992). Another argument with the previous studies is that the vegetation 

degradation in Palas valley is only localized and not as panicked as described. 

Table 4.1: Vegetation zonation and Plant associations of Palas Valley (Awan, 1994) 

Table 4.2: Vegetation zonation and vegetation communities in Palas Valley (Rafiq, 1996) 

 

The inherent spatial nature of vegetation data accompanied by rapid developments in desktop 

modeling and GIS software has increased the interest of scientists and resource managers towards 

spatial analysis of vegetation patterns (Skov, 2000). Potentially, this can significantly contribute to 

improved understanding and monitoring of vegetation through formulation and implementation of 

more targeted and effective conservation strategies. The spatial analysis of vegetation patterns is done 

through correlating the vegetation patterns and environmental gradients under a framework popularly 

known as “predictive vegetation modelling” (PVM) that is analogous/synonymous with “predictive 

S. No zone Altitude (masl) Vegetation types/community 

I Dry sub-tropical Zone 

c. 700-1650  Acacia modesta-Olea ferruginea-Maytinus royleana 

 Diospyros lotus-Indigofera heterantha- 

 Juglans regia-Diospyros lotus-Xanthoxylum armatum 

 Mallotus phillipensis -Justicia adhatoda-Dodonaea  

 Olea ferruginea -Ziziphus sativa- Maytinus royleana 

 Quercus baloot-Cotoneaster bacillaris-Maytenus royleanus 

 Quercus baloot-Cotoneaster bacillaris-Rabdosia rugosa 

II Coniferous Temperate zone 

a. Dry Temperate Evergreen 

Oak and Deodar forest 
 

c. 1600-1700  Cedrus deodara-Quercus baloot-Crataegus songarica 

b. Blue pine and spruce 

temperate forest  

c. 1676-2800  Abies pindrow-Picea smithiana-Viburnum cotinifolium 

 C. deodara-Pinus wallichiana- V. cotinifolium 

 C. deodara-P.wallichiana-Parrotiopsis jacquemontiana 

 C. deodara-P. smithiana -V. cotinifolium 

III 
Broadleaved 

temperate forest 

c. 2072-2113  Aesculus indica-J. regia-Sorbaria tomentosa 

 C. bacillaris-Rosa webbiana- V. cotinifolium 

IV 
Sub-alpine birch 

forest  

c. 2800-3000  Betula utilis-Juniperus-Salix daphnoides 

 Betula utilus-Aesculus indica-Sorbus lanata 

 Juniperus communis-Salix flabellaris-Arnebia benthamii 

 Q. baloot-C. deodara-Fraxinus xanthoxyloides 

V Pasture land  

c.3400  Circium falconeri-Euphorbia wallichii-Caltha alba 

 Pteridium aquilinum-Trifolium 

 Sambucus wightiana-V. cotinifolium-Rumex hastatus 

 

S. No Zone Altitude (masl) Vegetation Type/community 

I Colline/Sub-montane  c. 1000-2000   Quercus baloot forest 
II Montane c. 2000-3000   Cedrus deodara forests 

 Abies pindrow-Picea smithiana forests (moist slopes: 2500-3200 m) 

 Deciduous broadleaved forests (Valley floor: 2200-2800 m) 

 Avalanche meadows 
III Sub-alpine  

and  

Alpine 

c. 2800-4500   Tall forbs rich community with Lindelofia dominating 

 Rumex-Sambucus community of disturbed habitats 

 Mixed shrub community 

 Betula utilis forests 

 Dwarf Juniper-Rhododendron scrub community 

 Rumex nepalensis community (Nitrogen rich site) 

 Sub-alpine pasture Sibbaldia cuneata community 

 Kobresia community (with moderate grazing) 

 Snow bed forbs community 

 Rock scree vegetation with Draba trinerva  
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habitat distribution models” and “species distribution models” etc. (Franklin, 2009). The PVM provide 

spatially explicit, consistent and repeatable information on vegetation (Cawsey et al., 2002) through 

quantification of vegetation - environment relationships by multivariate statistical procedures (Pearson 

et al., 2006). The main assumptions held by PVM are: (1) the relationship observed between 

vegetation distribution and predictor variables in a sample holds throughout the study area and (2) 

there is an equilibrium between vegetation and the underlying environmental gradients (Guisan & 

Theurillat, 2000). 

The PVM has theoretical foundations placed on continuum concept (Whittaker, 1951), gradient 

analysis (Whittaker, 1973) ecological niche (Austin & Smith, 1989; Hutchinson, 1957) and 

gradient modelling (Kessell, 1976). The essentials of PVM include digital maps of the predictor 

variables (PVs) for whole extent of the study area, as well as spatial information on the 

vegetation (e.g. species’ abundance, community types), sampled from the study area. The 

majority of PVM studies have focused on the individualistic response of species to environmental 

gradients/predictors and only a few have focused on distribution of communities as a whole 

(Callaway, 1997; Dirnböck et al., 2003; Ferrier et al., 2002; Hörsch, 2003; Miller & Franklin, 

2002; Vogiatzakis & Griffiths, 2006). While the ecologists continue to debate the relative merits 

of the continuum versus community model for vegetation composition (Austin & Smith, 1989; 

Collins et al., 1993), the community/association is a generalization used conventionally in 

mapping and is observable at landscape on the basis of co-occurrence of certain species (Austin 

& Smith, 1989), and can be identified by clustering techniques commonly used in vegetation 

analysis. 

The most critical part of PVM is the identification of key predictor/environmental variables that 

determine the area suitability for vegetation (Miller et al., 2007; Pueyo & Alados, 2007) and is 

one of the focal issues in ecology (Guisan & Thuiller, 2005; Pearson et al., 2007). The 

complexity and uncertainty involved in identification of environmental consequences which 

produce ecologically meaningful patterns has also been realized (Miller et al., 2004). Many 

environmental factors can be correlated with vegetation distribution but it is often not possible to 

significantly infer about causation from correlation, however, many ecological relationships can 

still be justified if ecological complexities and limitations are kept in mind (Johnson & 

Gillingham, 2005).  

Practically, the choice of predictor variables in PVM depend upon their availability, the experience 

proving their correlations with vegetation distribution and their ability to act as surrogates for more 

proximal variables and scale/resolution at which the predictions are made (Austin, 2007). If the 

predictor variables used are more process-oriented and related to the biological processes, the 

prediction become highly robust and less location-specific (Austin & Meyers, 1996). Including 

only a few number of predictor variables in a PVM may lead to omission of critical/limiting factors 
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to vegetation distribution and may result in overestimated predictions (Stockwell, 1997). 

Incorporating many variables generally improves the model performance; however, plateaus can 

exist if new information contributes little to model performance; even sometimes resulting in 

decreased accuracy since the model may get tuned for too-specific information causing prediction 

bias or over-fitting (Stockwell & Peterson, 2002). 

The scale/resolution at which PVM is being developed is one of the important considerations in 

choice of predictor variables e.g., interpolated climate data are used to build models at large scale 

(Berry et al., 2002) since at regional and global resolution, the climatic factors are accepted to 

shape the vegetation patterns (Whittaker et al., 2001; Willis & Whittaker, 2002). In comparison, the 

terrain variables have been more correlated with vegetation distribution at finer scale/resolutions 

(Franklin, 1995). The commonly employed terrain variables in PVM studies include: elevation, 

aspect and slope derived from digital elevation model (DEM) since these are very well documented 

with respect to influence on vegetation (Franklin, 1995; Tappeiner et al., 1998) as well as free of 

cost availability of DEM at higher resolutions and global coverage (e.g., SRTM and ASTER). A 

DEM is continuous digital representation of relief across space (Burrough & McDonnell, 1998) and 

has been used to derive geomorphological, environmental and pedological predictors that can be 

used in PVM (Moore et al., 1991). The primary terrain variables (elevation; aspect; slope) have 

been reported to have less predictive power than the compound (potential solar radiation; soil 

properties; topographic moisture) topographic attributes that are more directly related to vegetation 

distribution (Miller & Franklin, 2002). The terrain related variables are considered 

indirect/surrogate/proximal predictors and that correlate with vegetation distribution due to their 

relationship with direct gradients such as temperature and precipitation, physiologically affecting 

the biota (Austin, 2007; Austin & Smith, 1989). Moreover, due to complex realized niche of 

species, the terrain related variables have been found to perform better while predicting vegetation 

communities as compared to individual species (Zimmermann & Kienast, 1999).  

The satellite remote sensing (SRS) derived information has also been frequently reported to be 

used in PVM in conjunction with environmental variables to strengthen the predictions 

(Zimmermann et al., 2007) and its use is ever-increasing in this context (Kerr & Ostrovsky, 2003; 

Rushton et al., 2004; Turner, et al., 2003). SRS is a useful and efficient way to acquire habitat 

related data at larger landscape-scales and is often indispensable when the study area has difficult 

access to carry out field surveys (Estes et al., 2008). The SRS data is considered surrogate that 

integrate many ecological relationships such as structural properties of habitat and biophysical 

factors like canopy chlorophyll (Ustin et al., 2004), nitrogen contents (Smith et al., 2002) or 

growth capacity (Waring et al., 2006) and thus also referred as functional gradient (Müller, 

1998). The most commonly used SRS predictors include vegetation indices (e.g. normalized 

difference vegetation index, NDVI), band ratios (e.g., shortwave / infrared), the reflectance or DN 
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values of individual bands (referred as spectral gradient), surface temperatures and image 

transformations such as tasselled cap transformations and satellite image texture (St-Louis et al., 

2009; Zimmermann, et al., 2007). 

The inclusion of local or regionally important factors e.g., management interventions may help 

avoid the over prediction of vegetation type due to changed vegetation dynamics in such areas 

(Araújo, 2003; Midgley et al., 2003; Thuiller et al., 2003). Many significant variables (e.g., 

intraspecific interactions) do not have spatial availability thus they are difficult to incorporate in a 

PVM (Townsend Peterson & Cohoon, 1999; Wilson et al., 2003). 

A range of statistical methods are being used to quantify relationship between predictor variables 

and the vegetation attribute of interest, and have become increasingly flexible in order to describe 

non-Gaussian vegetation response curves (Austin & Smith, 1989). The quantified relationship can 

then be used to produce a vegetation map in geographic information system (GIS) to allow 

collection, analysis and display of spatial data (Miller & Franklin, 2002). Frequently used statistical 

models to quantify vegetation environment relationships include: ordination techniques such as 

principal component analysis, detrended correspondence analysis (Hill & Gauch, 1980), canonical 

correspondence analysis (ter Braak, 1986), Regression Trees (Breiman et al., 1984), Generalised 

Linear Models (GLM) (McCullagh & Nelder, 1989), and Generalised Additive Models (GAM) 

(Hastie & Tibshirani, 1990; Yee & Mitchell, 1991). Out of these methods, GAMs and GLMs 

have been found to be superior in performance (Marmion et al., 2008; Randin et al., 2006). 

However, the importance of the righteous combination of ecological expertise, local knowledge 

and statistical skills for choice of proper variables for PVM cannot be negated for using the current 

“best method” (Austin & Gaywood, 1994; Austin & Meyers, 1996). 

The GLMs and GAMs are the logistic regression methods most commonly employed in PVM 

studies (Rushton, et al., 2004) for they are well documented (Guisan et al., 2002) and can easily be 

implemented in geographical information system (Guisan et al., 1998). These models utilize 

presence-absence data and have ability to select potentially important spatial variables from a large 

list, making a powerful and attractive tool. Although use of GLMs is common in PVM, the GAMs, 

are increasingly being used recently (Araújo & Luoto, 2007; Carboni et al., 2010; Hoffman et al., 

2010; Thuiller, et al., 2003). The GAMs are non-parametric generalizations of GLMs (Hastie & 

Tibshirani, 1990) and their use can be additionally advantageous since the exact shape of a response 

variable against an environmental predictor does not need to be specified prior to model fitting, 

which make it particularly useful for investigating unknown relationships (Austin, 2002). These are 

flexible data-driven class of models based on a non-parametric generalized smoothing through 

cubic-spline with four degrees of freedom and permit both linear and complex additive response 

shapes, as well as their combination within the same model. The smooth functions are computed 

separately for each explanatory variable and added to build the final model (Marmion et al., 2009; 

Yee & Mitchell, 1991). 
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GAMs relate the mean response (μ) of a response variable to a vector of x variables as: 

          

 

   

                                        

 

whereas: 

g = pre-specified link function 

μ = mean response of response variable 

α = intercept or constant term 

 f = unspecified smooth functions estimated from the data by using smoothing scatterplot techniques 

xj = vector of p explanatory variables or covariates 

The RHS of (eq.1) is a plane in p-dimensional space. The link function transform (link) the mean of Y to lie 

on a plane in this p-dimensional space. 

So far PVM has never been utilized for mapping spatial vegetation patterns in Himalayan region. 

The only examples of cartographic representation of vegetation on a larger scale in Western 

Himalayas are "vegetation map of the Nanga Parbat group" (Troll, 1939) and "vegetation map of 

the Kaghan"(Schickhoff, 1994). These maps were produced through making terrain sketches of 

physiognomic units and extensive panoramic photographic documentation. Keeping in view the 

importance of forest in Palas valley as the only remaining best protected forests in the Pakistani 

Himalayas, the current chapter aimed at the description and analysis of forest vegetation with 

special reference to role of topographic factors in explaining the patterns of forest distribution. 

The previous studies have described the forest vegetation based upon the samples taken mainly 

from Kuz Palas and also left confusions regarding the species composition in the vegetation 

communities. Therefore, a better representative classification was aimed with utilization of 

classification and ordination techniques to elucidate their environmental relationships. The 

environmental relationships of the vegetation communities were then used to map their spatial 

pattern in the study area. 

The major objectives covered in this chapter include: 

 Description of forest vegetation communities including their: species composition, diversity, 

life-forms, leaf-forms and chorotypes 

 Investigation of the environmental factors influencing the forest vegetation patterns 

 To map the distribution of forest vegetation communities using Generalized additive models 
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4.2. Research Methods 

In order to evaluate forest vegetation communities in study area a detailed vegetation sampling 

based on plant species composition was conducted in colline to sub-alpine zone during 2004-07. 

These plots were assigned to various forest vegetation communities through numerical 

classification procedures. Visits could not be made during 2006 as the earthquake of October 2005 

resulted in destruction of many bridges and tracts. 

44..22..11..  FFoorreesstt  vveeggeettaattiioonn  pplloott  ddaattaa  

Forest vegetation plot data refers to the data collected from the individual forest vegetation 

sample plots during the study period. The collected plot data were compiled in the software 

package TURBOVEG (Hennekens & Schaminée, 2001). 

Ecological framework: The sampling approach assumed that by sampling all recognizable 

habitat and vegetation types, the response of vegetation communities (thus plants) to the 

environment will be represented, as community is an assemblage of co-occurring species in an 

area at a given time. An effort was made to distribute plots evenly, replicating the same habitat or 

vegetation type; however, most of the plots could only be sampled from easily accessible areas 

for obvious reasons.  

Sampling approach: Accessibility to study area was very difficult so the grid based sampling design 

was not possible. The gradsect approach (Austin & Heyligers, 1991; Helman, 1983) was, therefore, 

adopted to sample the forest vegetation. The approach represents a compromise between randomized 

sampling (distribution and replication) of multiple gradients along transects (stratification), 

minimizing the survey costs (accessibility), can easily be implemented in geographical information 

system and adapted to any spatial resolution (Neldner et al., 1995). 

When the survey was being conducted, the GIS database for study area was not fully developed, thus 

a manual gradsect based upon altitude, aspect and slope was designed for sampling (Figure 4.1-a). 

According to the published literature on mountainous regions of the world, it was well expected that 

the altitudinal gradient was likely to have the strongest influence on the vegetation patterns 

(mirroring the ultimate driving variables of moisture availability and temperature), followed by 

lesser influence of aspect, landform and substrate differences. Thus the sampling was conducted at 

accessible portions of the study area along an altitudinal gradient divided into eight cardinal 

directions of slope aspect (N, NE, E ,SE, S, SW, W, NW …whatever available) and each cardinal 

direction was divided into slope inclination classes (flat, moderate and steep; very steep slopes = 

inaccessible). The sampling was then done using centralized replicate sampling procedure along the 

gradsect using circular quadrats of 400m
2
 for forest vegetation and 100m

2
 for shrubberies. The plots 

were laid out in homogeneous and relatively undisturbed vegetation stands, identified in the field 

from a remote viewing location (Figure 4.1-b), considering the plant-forms and 

physiognomic/ecological plant formations. 
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Figure 4.1: (a) A representation of manual gradsect used for sampling forest vegetation (b) an 
example of a homogenous forest patch selected for sampling 

Sample Size: A total of 536 sample plots were studied at various forested parts in the study area 

(Figure 4.2). The moss and lichen layers were not recorded.  

 

Figure 4.2: Spatial arrangement of Forest vegetation plot data samples in Study area 

 

a 

 

b 
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Data collected within sample plots: Within each sampling plot following data was recorded: 

 A complete inventory of vascular plants 

 A visual estimate of cover abundance of the species (percent of the vertical projection of 

all the above ground parts of the species onto the ground) of the vascular plants. 

 In addition geographic position of each plot was recorded using Garmin GPSMAP
®

 60Cx 

handheld global positioning system (GPS) receiver. 

Nomenclature: The nomenclature follows flora of Pakistan (Nasir et al., 1970). 

44..22..22..  DDaattaa  pprroocceessssiinngg  aanndd  aannaallyyssiiss  

Classification of vegetation plot data 

For generating floristic classification of sampled forest vegetation plots (n=536), two-way-

indicator-species analysis (TWINSPAN) was used with 5 levels of divisions (Hill, 1979). The 

vegetation plot matrix contained 233 taxa consisting of 30 tree, 36 shrub, 162 herb and 5 climber 

species. 

Community (dis) similarity 

The Sørensen coefficient (Sørensen, 1948) was used as a measure of similarity between any two 

communities.  This coefficient was preferred as it gives weight to the species that are common to 

the sample plot or a community. The similarity index values were subtracted from 1 to get β-

diversity or dissimilarity index between any two communities. The values of beta diversity thus 

vary from: 0 = complete dissimilarity to 1 = complete similarity (Kent & Coker, 1992). 

The index was calculated as: 

cba

a
Ss




2

2
                        

where: Ss = Sørensen coefficient 

a = number of species common to both sample plots or plant communities 

b = number of species in sample plots or plant community 1 

c = number of species in sample plots or plant community 2 

The dissimilarity will then be: 

ss SD 1                           

Where Ds is Sørensen dissimilarity 

Community description 

The vegetation communities determined by classification analysis were correlated with the 

altitude and measures of diversity (Shannon diversity, richness and evenness) were calculated 

each of them. 

Various qualitative and quantitative traits of all the species were calculated on the basis of 

individual plant community. The qualitative traits include habit, life-form and leaf-form and 

chorology. The quantitative traits include relative frequency and relative abundance of every 

species in each plant community. 
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Species Diversity: The species diversity was calculated for each vegetation community using 

Shannon-Weaver diversity index (Hˊ) or simply Shannon index, (Shannon & Weaver, 1948). It is 

calculated as: 

i

s

i

i ppH ln
1




                         

Where: Hˊ = Shannon-Wiener diversity index 

s = number of species 

pi = the proportion of individuals or the abundance of the ith species expressed as proportion of total cover. 

ln = log basen 

Species richness: It is the total number of plant species occurring in a community. 

Evenness or Equitability: Evenness indices are used to standardize abundance and range from 

near 0 when most individuals belong to a few species, to close to 1, when species are nearly 

equally abundant (Smith & Wilson, 1996). The Shannon-evenness index (E1) was applied to 

quantify the evenness component of diversity and was calculated as: 

sHE ln/1
                      5  

Species’ qualitative traits 

Habit: The species were categorized into trees, shrubs, climbers and herbs. 

Life-forms: The general appearance of a community is caused by the life-forms of different 

plants (Rajwar, 1984). The plants were assigned different life-form according to a slightly 

modified scale of (Raunkiaer, 1934b) (Table 4.3). 

Table 4.3: correspondence of Raunkiaer life-forms categories used in study 

Life-form Sub-category Winter buds  Collapsed Category symbol 

Phanerophytes 

Megaphanerophytes > 30 m Phanerophytes 
ph 

Mesophanerophytes 8 – 30 m 

Microphanerophytes 2 – 8 m Nanophanerophytes 
np 

Nanophanerophytes 0.5 - 2 m 

Chaemophytes - - - ch 

Hemicryptophytes - - - he 

Geophytes - - - ge 

modified after Raunkiaer (1934) 

Leaf-forms: The leaf size knowledge helps in understanding physiological process of plants and 

plant communities and was useful in classifying the association. Slightly modified categories of 

Raunkiaer leaf-forms (Raunkiaer, 1934a) were assigned to the plants (Table 4.4). 

Table 4.4: correspondence of leaf size categories used in study 

Leaf-form Dimensions Collapsed category symbol 

Leptophyll <0.25 cm2 Leptophyll Lep 

Nanophyll 0.25–2.25 cm2 Nanophyll Nan 

Microphyll 2.25–20.25 cm2 Microphyll Mic 

Mesophyll 20.25–182.25 cm2 Mesophyll Mes 

Macrophyll 182.25–1640.25 cm2 
Megaphyll Meg 

Megaphyll >1640.25 cm2 

modified after Raunkiaer (1931) 
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Chorology: The plant species recorded from individual sample plot were assigned to respective 

chorotypes based upon their distribution (Table 4.5). Most important literature consulted includes: 

(Dickoré, 1991; Dickore & Miehe, 2002; Dickoré & Nüsser, 2000; Hara, 1966; Meusel, 1972; 

Nasir, et al., 1970; Nasir et al., 1972; Ohashi, 1975; Polunin et al., 1987; Rafiq, 1996). 

Table 4.5: The Chorotypes assigned to the respective species and their symbols 

Kingdom Origin Symbol Used 

H
o

la
rc

ti
c

/C
ir

c
u

m
p

o
la

r 

Eurasian EURAS 

Irano-Turanian 

Pamir… High mountain sub-group of IRAN 

IRAN 

PAMIR 

Centralasiatic CAS 

Eastasiatic or Sino-Japanese EAS 

Southeast Asiatic SE.AS 

Himalayan HIMAL 

West Himalayan W.HIM 

Endemic ENDEM 

Tibetan TIBET 

T
ro

p
ic

a
l 

Indian INDIAN 

Indo-Malayan INMAL 

Subtropical SUBTR 

Tropical TROP 

--
 

Introduced or Cultivated INTR 

Cosmopolitan COSMO 
 

Species quantitative traits 

Relative Frequency: Frequency refers to the percentage of plots a species occur in. Relative 

frequency of a species was determined as: 

Absolute frequency of 

species= 

Number of plots in which a species occur 
X  00                   6  Total number of plots 

 

relative frequency of species= 
Absolute frequency of a species 

X  00                 7  
Sum of frequencies of all species 

Relative Cover: cover abundance or simply cover refers to the proportion of area occupied by a 

species, usually expressed as percentage. 

relative cover of species= 
Total cover of a species in all plots 

X  00                8  
Total cover of all species in all plots 

Summed dominance: relative frequency and relative cover of individual species were added to 

get summed dominance value of a species in a particular community to indicate its importance. 

44..22..33..  EEnnvviirroonnmmeennttaall  rreellaattiioonnsshhiippss  

Explanatory variables (EVs) 

The forest vegetation plot data were to be correlated with some explanatory variables (EVs) so that 

their interrelationship can be used to explicate the distribution of vegetation communities. The 

choice of explanatory variables was based upon literature linking environmental gradients to 
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vegetation types and revealing general ecological relationships of significance to vegetation 

distribution and composition. Generally the abiotic factors appear more in the literature describing 

Plant community structure and composition, although biotic or historical factors do play important 

role in community structure and composition but they suffer the limitations as how to quantifying 

them. Among the abiotic factors the climate characterizes the vegetation structure and composition 

at broader scales (regional or global) through affecting solar energy and water distribution 

(Bragazza, 2006; Duckworth et al., 2000) while edaphic and topographic factors are more 

influential at local levels (Cui et al., 2009). 

A broad-spectrum guidelines for choosing explanatory variables (EVs) in PVM has been provided 

by (Guisan & Zimmermann, 2000). For topographically complex areas, they quote (Austin & 

Smith, 1989), suggesting the use of indirect variables at small spatial scales and direct resource 

gradients for larger scales. Since the study area is topographically complex but the geographical 

extent is not vast, indirect gradients were utilized. The explanatory variables considered for the 

present study included (a.) topographic and (b.) spectral explanatory variables. These variables 

were supposed to serve as metrics, or proxies for the interacting effects of climatic, topographic, 

and geologic forces.The spectral variables are not the resource gradients, however, they are chosen 

since they are related with the vegetation structure and composition and also they improve the 

accuracy of PVM (Zimmermann, et al., 2007). The variables utilized to explicate the vegetation - 

environment relationships have been summed up in Table 4.6. 

DTMs are increasingly being used for visual and mathematical analysis of topography, landscapes 

and landforms, as well as modelling of surface processes (Miliaresls & Argialas, 2000). The 

topographic explanatory variables (TEVs) were those derived from a digital terrain model (DTM) 

of the study area (continuous GIS surface representing elevation of an area). The visible and near 

infrared (VNIR) nadir and backward images (3N and 3B) of the ASTER satellite images of the 

study area were used to derive DTM at 30 m resolution in SilcAst software (SILC, 2009). 

The spectral explanatory variables (SEVs) were extracted from Landsat 7 (ETM+) satellite 

imagery (WRSII - path 150, row 36; dated 07-09-2001). The imagery of this season was 

preferred since it is the time for peak growing season in most parts of the valley, especially the 

higher altitudes as well as it also corresponds to the timing of sampling.  

The derived EVs were intersected against the forest vegetation plot locations in a GIS to extract 

corresponding value and data were exported to the R statistical package for further analyses (R 

Development Core Team., 2008). 
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Table 4.6: Summary of the explanatory variables used in study 

Attribute  Code Definition/description derivation Units Significance  

Primary topographic attributes 

Altitude  ele Elevation  DTM masl 

Climate, vegetation, potential Relative landscape 

position, flora/fauna distribution and 

abundance(Carlsson et al., 1999; Körner, 2003) 

Aspect  aspv 

Slope azimuth 

cos transformed values 

were used: -1 (NE) to +1 

(SE) 

aspv = (cos((asp-30)/180 

X 3.141)+1)/2 

DTM 

(ArcGIS 

spatial 

analyst) 

degrees 

Solar insolation, evapotranspiration, flora and 

fauna distribution and abundance (Dickoré & 

Nüsser, 2000; Schickhoff, 1994; Turner et al., 

2001) 

Slope  slp Gradient  -do- degrees 

Overland and subsurface water flow velocity, 

runoff rate, vegetation, geo morphology, soil 

depth and water contents, land capability class, 

flora/fauna distribution and abundance (Brady & 

Weil, 1999) 

Secondary topographic attributes 

Topographic 

wetness index 
twi 

     
  

    
  

(Wilson & Gallant, 2000) 

Avenue script - 

Spatial distribution and extent of zones of 

saturation for runoff generation as a function of 

upslope contributing area (Ma et al., 2010). 

Heat load 

index 
hli (McCune & Keon, 2002) Avenue script - 

direct incident radiation, snowmelt, moisture 

(Holden et al., 2009) 

Spectral Explanatory Variables 

Tasselled Cap 

Brightness 
bri 

Tasselled Cap band 1 

 

Image 

processing 

(Huang et al., 

2002) 

- 
Variations in soil background reflectance (Gómez 

et al., 2011) 

Tasselled Cap 

Greenness 
gre Tasselled Cap band 2 -do- - 

vigour of green vegetation; forest attributes 

including species, age and structure (Cohen et al., 

1995) 

Tasselled Cap 

wetness 
wet Tasselled Cap band 3 -do- - 

interrelationship of soil and canopy moisture 

(Sonnenschein et al., 2011) 

Soil Adjusted 

Vegetation 

Index 

savi 
  5         

        0 5
 

Image 

processing 
- 

Leaf chlorophyll contents and biomass (Dobhal et 

al., 2010) 

Band7 & 

Band4 ratio 
b7b4 

   

   
 -do- - Ratio drought index (Pinder & McLeod, 1999) 

 

Ordination of forest vegetation plot data 

The environmental relationships of the vegetation plot data was assessed by Detrended 

correspondence analysis (DCA) (Hill, 1979; Hill & Gauch, 1980). The analysis was performed by 

decorana function of vegan package (Oksanen et al., 2007) in software R – for Windows 

(R.Development.Core.Team, 2008) The analyses were run with options of detrending by 26 

segments and non-linear rescaling with 4 iterations. The standard deviation units were used as 

measure of compositional turnover and rare species were downweighted from fraction 1/5. The 

visual interpretation of the vegetation communities was done by overlaying TWINSPAN derived 

vegetation communities and vectors of fitted EVs over the ordination diagram. The EVs were fitted 

onto the ordination using envfit function and their significance was assessed using permutation 

test with squared correlation coefficient (r
2
) as goodness of fit. The function ordisurf was used 

to fit smooth surfaces for EVs onto ordination using thinplate splines. 

  



Chapter 4: Forest vegetation: environmental relationships and spatial patterns Page 72 of 196 

44..22..44..  TThhee  ssppaattiiaall  ppaatttteerrnnss  ooff  ffoorreesstt  vveeggeettaattiioonn  ccoommmmuunniittiieess    
The spatial patterns of vegetation communities were inferred through statistical modelling and 
implementation of these models in GIS. A generalized outline of the whole process is 
summarized in Figure. 4.5. 

 
Figure 4.3: General outline for modelling spatial patterns of forest vegetation communities 

Statistical models 
The forest vegetation plot data aggregated into eight community types through TWINSPAN 
clustering (section 4.2.2) were used as response variables (RV) against the EVs (section 4.2.3) to 
develop presence-absence based statistical models reflecting their spatial distribution. A total of 
eight individual predictive vegetation models (PVM) were fitted using generalized additive model 
(GAM) with logit link function for binomial distribution in GRASP (Generalized Regression 
Analysis and Spatial Prediction) package (Lehmann et al., 2002b) in software S-PLUS ver. 8 
(Insightful, 2008). The models were fitted with backwards elimination of predictor variables from 
full model on the basis of χ2 change in deviance tested at 5% level. After the first elimination, all 
predictors were also tested for re-inclusion in the model on each iteration. The effect of dropping 
smooth terms was tested using an analysis of variance (ANOVA; χ2-test) for the models. At each 
step, the less significant change was kept that served as starting point for the next step. 

Co-linearity of Explanatory variables: The Pearson product-moment correlation coefficient (r) 
was used to assess co-linearity among the EVs (Figure 4.3). The GRASP can handle co-linearity of 
predictors by discarding predictors from the modelling dataset having a correlation greater than a 
user-specified value (r = 0.75 for present assessment). The predictors that showed high Pearson 
correlation values were slp and twi (r-0.74; p < 0.01). However, both the variables were kept in the 
modeling process, since they were within range of 75% cut-off level (Figure 4.4). 
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Figure 4.4: Correlogram of the variables used in the modelling process (d.f. = 534) 

Model adequacy: The adequacy of the fitted models was determined by a pseudo-coefficient D
2
 

[(null deviance –residual deviance)/null deviance] that is similar to regression coefficient R
2 

(Yee 

& Mitchell, 1991). 

Allocation of the Statistical models to GIS 

After the GAMs were fitted for each forest vegetation community in S-PLUS (Insightful, 2008), 

they were exported as a ‘lookup tables’, containing the information on environmental limits of each 

community determined by GAM from predictor variables. These tables were then operated over the 

thematic GIS layers, precisely matching the predictors used in the model in ArcView GIS software 

ver. 3.1 (ESRI, 1992) using an Avenue script program ‘GRASPIT’ (available with GRASP 

package) to generate a predictive distribution map for each community. 

Production of final vegetation map: The maps of individual communities were aggregated in a 

final map with added thematic overlays of agricultural areas, roads and habitations. The predicted 

areas of overlap between two communities were handled by assigning the predicted area to a 

community that has greater probability of occurrence at that particular area (Ferrier, et al., 2002). 

Map Calculations: Map algebra was used in ArcView GIS software ver. 3.1 (ESRI, 1992) for 

calculation of area occupied by each of the vegetation communities in the final predictive map. 

Accuracy assessment 

The final models were statistically evaluated using the area under the curve (AUC) of the Receiver 

Operating Characteristic (ROC) curve (Swets, 1988), which is a measure of model accuracy and 

threshold-independent method for evaluating classification accuracy (Fielding & Bell, 1997). The 

information contained in ROC curve i.e., trade-off between Type-I error (Sensitivity) and Type-II 

error (Specificity) for different possible cut-offs, of a predictive model can be summarized by area 

under (ROC auc or AUC), which is probability that the predictive model is able to score a randomly 

selected presence response higher than a randomly selected absence response. In practice, the ROC 

auc varies between 0.5 (superimposed) and 1 (completely separated). A prefect predictive model has 

AUC equal to 1 and 0.7 or higher indicates good predictive capacity (Pearce & Ferrier, 2000). 
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4.3. Results 

44..33..11..  CCllaassssiiffiiccaattiioonn  ooff  ffoorreesstt  vveeggeettaattiioonn  

Floristic classification of the forest community dataset through TWINSPAN (Hill 1979) revealed 

eight groups or community types, characterised by different dominants and coordinated 

characteristic species. A total of 5 levels of divisions were considered and the community types 

were delimited at different levels so as to produce a classification that was better representative of 

the impression of vegetation patterns obtained during the fieldwork. A summary of classification 

procedure with number of sample plots, characteristic species and the eigen values at each 

bifurcation is represented as a dendrogram (Figure 4.5). 

 

Figure 4.5: TWINSPAN Dendrogram of Forest vegetation plot data classification showing level 
of bifurcation and its eigen value (ev); number of plots and hypsozonal sequence 

The classification of forest vegetation plots revealed eight vegetation communities representing a 

total of 233 plant species belonging to 79 vascular plant families and 179 genera that included 30 

tree species, 36 shrubs, 5 climbers and 162 herbs. In general the hemicryptophytes (108 species) 

were the most frequent life-forms and the microphyllus leaf-forms (129) were the leading leaf 

types. The flora was highly represented by Himalayan (70) and West-Himalayan (66) elements. 
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Other important representations included Eurasian (21), Irano-Turanian (19 including Pamir) and 

circumpolar elements (12). The endemic flora included only 5 species. 

At level-I (eigen value = 0.69) of TWINSPAN classification analysis the data (n=536) was split 

into two unequal groups representing montane/sub-alpine vegetation (n=372) and sub-

montane/colline vegetation (n=164). The species that form the basis for this split were Cotoneaster 

bacillaris, Fraxinus xanthoxyloides, Olea ferruginea, Plectranthus rugosus and Quercus baloot, all 

of which are the representatives of colline/sub-montane vegetation (Figure 4.6). 

At level-II a small number of plots (n= 25) belonging to krumholtz vegetation (community: I) at 

timberline was segregated (eigen value = 0.62) from montane/sub-alpine vegetation plots (n=347) 

on the basis of Bergenia stracheyi and Geum elatum that are common timberline species. 

The plots representing sub-montane/colline vegetation (n=164) were bifurcated (eigen value = 

0.44) on the basis of Artemisia brevifolia and Viola betonicifolia into a transitional community 

between sub-montane and montane vegetation (n=40; community: 7) and on the basis of Olea 

ferruginea, Oxalis corniculata and Fraxinus xanthoxyloides into sub-montane/colline vegetation 

(n=124; community: VIII). 

At level-III montane/sub-alpine vegetation plots (n=84) were divided (eigen value = 0.34) into 

two groups representing upper montane/sub-alpine vegetation (n=29) and montane forest 

vegetation (n=227). The upper montane/sub-alpine vegetation was characterized by the presence 

of Aesculus indica, Prunus cornuta and Taxus wallichiana whereas the montane forest vegetation 

was characterized by occurrence of Quercus floribunda. 

At level-IV upper montane/sub-alpine vegetation (n=120) was divided (eigen value = 0.51) into 

two plant communities representing sub-alpine Birchwood (n=29; community: II) characterized 

by Betula utilis and Rosa webbiana and broadleaved forests community (n=91; community IV) 

characterized by Aesculus indica and Viburnum grandiflorum. 

The Abies pindrow-Picea smithiana forest community (n=41; community: III) segregate form 

montane forest vegetation group (eigen value = 0.51) and was characterized by the presence of 

Sambucus wightiana. 

The level-V was the last level considered and this bifurcated (eigen value = 0.51) remains of 

montane forest vegetation group (n=186) into one Cedrus deodara forest vegetation community 

with marked presence of Quercus floribunda and characterized by the presence of Lonicera 

quinquelocularis (n=87; community: V) and lower montane vegetation zone with Cedrus deodara 

and Pinus wallichiana (n=99; community: VI). 

The most prominent feature of the vegetation in study area was its striking hypsozonal 

differentiation. The vegetation comprised of colline/sub-montane forests, montane ("boreal") 

coniferous forests, subalpine birch and willow forests and scrub. Alteration in the character of 
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vegetation due to differences in solar exposure seemed more obvious at higher altitudes. Relatively 

high amount of winter snow and extensive avalanche trails at higher altitudes form sharply 

delimited water-surplus habitats that result in further modification to the altitudinal differentiation. 

A brief preview of the communities perceived through TWINSPAN classification analysis is 

presented as Table 4.7 and their description is provided in the subsequent section. A community-

wise summary of the characteristics of the individual vegetation communities has been documented 

in Table 4.8 followed by the brief description of the community. The complete synoptic tables of 

the individual communities are placed in Appendix II. The vegetation communities have been 

described on the basis of their hypsographical sequence in the study area. 

Table 4.7: Characteristics of plant communities identified by TWINSPAN clustering analysis 

Community (dis)similarity 

The dissimilarities between the individual vegetation communities are summarized in Table 4.8. 

A cut-off of at least 35% dissimilarity has been suggested in order to declare two plant 

communities dissimilar from each other else they are the same (Mueller-Dombois & Ellenberg, 

1974). The maximum dissimilarity was found between SAL-BER-GEU (sub-alpine scrub 

community) and each of CED-QUF-PIN, QUB-COT-CED and QUB-OLE-FRA communities 

that lie at lower elevations (colline to montane zone). The minimum dissimilarity found between 

any two communities was 0.46 between CED-QUF-PIN and QUB-COT-CED communities. A 

scattergram of minimum dissimilarity to average dissimilarities of the plant communities (Figure 

Numeric 

code 

Name of the Plant community Symbolic Code Short code No. of 

Plots 

Indicator species 

I.  Salix denticulata-Berginia 

stracheyi-Geum elatum 

community 
 

SAL-BER-GEU SBG 25 Berginia stracheyi 

Geum elatum 

II.  Betula utilis-Abies pindrow -

Vibernum grandiflorum 

community 
 

BET-ABI-VIB BAV 29 Betula utilis 

Rosa webbiana 

III.  Picea smithiana-Abies pindrow-

Vibernum grandiflorum 

community 
 

PIC-ABI-VIB PAV 41 Aesculus indica 

Vibernum grandiflorum 

IV.  Juglans regia - Aesculus indica – 

Acer caesium community 
 

JUG-AES-ACC JAA 91 Lonicera quinquelocularis 

V.  Cedrus deodara-Quercus 

floribunda- Indigofera heterantha 

community 
 

CED-QUF-IND CQI 87 Vibernum grandiflorum 

Rumex nepalensis 

Frageria indica 

Pteridium aquilinum 
 

VI.  Cedrus deodara-Parrotiopsis 

jacquemontiana - Pinus 

wallichiana community 
 

CED-PAR-PIN CPP 99 Sambucus wightiana   

VII.  Quercus baloot - Cotoneaster 

bacillaris - Cedrus deodara 

community 
 

QUB-COT-CED QCC 40 Artemisia brevifolia 

Viola betonicifolia 

VIII.  Quercus baloot-Olea ferrugenia-

Cotoneaster bacillaris 

community 

QUB-OLE-COT QOC 124 Fraxinus xanthoxyloides 

Oxalis corniculata  

Daphne oleoides 

Cymbopogon jawarancusa 
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4.6) shows a better picture of the dissimilarities among the communities. It is obvious that the 

communities 5, 6 and 7 that represent lower montane vegetation zone; similarly communities 2, 3 

and 4 seem closely related to each other and form a cluster in scattergram.  

Table 4.8: dissimilarities among the plant communities based upon Sorenson measure 

 

 

Figure 4.6: Scattergram of Minimum dissimilarity vs. average dissimilarity of vegetation 
communities 

Empirical cumulative density functions (ECDF) for species presences in the vegetation communities 

were calculated in order to assess the overall distribution patterns of species. A plot of cumulative 

number of species against their mean summed dominance/importance reveals that there are at least 

150 plant species that have abundance below 0.20 (the maximum possible is 2 ≈ 100% dominance) 

and there are only few species that actually gain a high dominance values in the communities. 

Principally these species are the dominants against which the plant communities were named. 

The cumulative distribution of the species occurrences among the plant communities revealed 

 
Plant communities I.  II.  III.  IV.  V.  VI.  VII.  

I.  SAL-BER-GEU 0.00 
      

II.  BET-ABI-VIB 0.82 0.00 
     

III.  PIC-ABI-VIB 0.83 0.67 0.00 
    

IV.  JUG-AES-ACC 0.95 0.66 0.7 0.00 
   

V.  CED-QUF-PIN 1.00 0.81 0.81 0.86 0.00 
  

VI.  CED-PIN-VIB 0.91 0.62 0.67 0.74 0.54 0.00 
 

VII.  QUB-COT-CED 1.00 0.92 0.92 0.88 0.46 0.67 0.00 

VIII.  QUB-OLE-COT 1.00 0.98 0.95 0.96 0.85 0.93 0.79 
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their degree of commonness or uniqueness (Figure.4.7-a). The function reveals that there are 

about half of the species that are unique to any one type of plant community. There are 151 

species that occur in single community; 39 species in two communities; 31 species in 3 

communities; 26 species in 4 communities; 10 species in 5 communities, 8 plants in 6 

communities; 3 plants in 7 communities and only one plant is such that occurs in all the eight 

communities (Figure 4.7-b). 

 

Table 4.9: Summary of some basic characteristics of vegetation communities 

Vegetation community ► I II III IV V VI VII VIII Total 

Number of plots 25 29 41 91 87 99 40 124 536 

Min. altitude (masl) 3200 2500 1950 1700 1850 1500 1800 700 
 

Max. altitude (masl 3900 3000 3800 2800 2800 2600 2300 1788 
 

Number of Plant Families 26 32 37 34 23 27 14 32 79 

Number of Plant Genera 33 47 62 42 37 49 21 50 179 

Species richness 36 55 73 46 40 55 23 53 233 

Trees 

(Relative cover)  

7 

(0.6) 

2 

(0.57) 

10 

(0.5) 

6 

(0.476) 

7 

(0.652) 

6 

(0.45) 

12 

(0.842) 
30 

Shrubs 

(Relative cover) 

6 

(0.714) 

16 

(0.21) 

5 

(0.03) 

8 

(0.08) 

8 

(0.193) 

13 

(0.141) 

4 

(0.14) 

9 

(0.092) 
36 

Climber 

(Relative cover)    

3 

(0.05)  

1 

(0.002)  

2 

(0.002) 
5 

Herbs 

(Relative cover) 

30 

(0.285) 

32 

(0.18) 

66 

(0.36) 

25 

(0.35) 

26 

(0.335) 

34 

(0.214) 

13 

(0.38) 

30 

(0.063) 
162 

Shannon diversity  3.26 3.85 4.01 3.52 3.45 3.69 2.91 3.51 
 

Shannon evenness 0.91 0.96 0.93 0.92 0.94 0.92 0.93 0.88 
 

Life-forms 

Chaemophytes 

(Relative cover) 

10 

(0.314) 

2 

(0.01) 

2 

(0.02) 

1 

(0.001) 

3 

(0.116) 

2 

(0.038) 

2 

(0.06) 

7 

(0.035) 
18 

Geophytes 

(Relative cover) 

4 

(0.01) 

8 

(0.03) 

10 

(0.06) 

7 

(0.14) 

3 

(0.01) 

3 

(0.011) 

1 

(0) 

4 

(0.009) 
20 

Hemicryptophytes 

(Relative cover) 

18 

(0.14) 

21 

(0.13) 

49 

(0.26) 

17 

(0.21) 

18 

(0.256) 

25 

(0.16) 

10 

(0.34) 

14 

(0.038) 
108 

Nanophanerophytes 

(Relative cover) 

2 

(0.53) 

15 

(0.2) 

5 

(0.03) 

8 

(0.1) 

6 

(0.089) 

11 

(0.102) 

3 

(0.12) 

10 

(0.096) 
36 

Phanerophytes 

(Relative cover) 
 

7 

(0.6) 

2 

(0.57) 

10 

(0.5) 

7 

(0.479) 

7 

(0.653) 

6 

(0.45) 

8 

(0.808) 
26 

Therophytes 

(Relative cover) 

2 

(0.005) 

2 

(0.02) 

5 

(0.02) 

3 

(0.03) 

3 

(0.054) 

7 

(0.045) 

1 

(0.001) 

10 

(0.013) 
25 

 

 

  

Figure 4.7: (a) The cumulative species abundance distribution (b.) Cumulative occurrence 
of plant species in number of communities 
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Vegetation community ► I II III IV V VI VII VIII Total 

Leaf-forms 

Leptophyll 

(Relative cover) 

3 

(0.014) 

2 

(0.02) 

2 

(0.03) 

1 

(0.09) 

 

 

2 

(0.054) 

 

 

1 

(0.001) 
9 

Macrophyll 

(Relative cover) 

 

 

 

 

1 

(0.01) 

 

 

 

 

 

 

 

 

 

 
1 

Megaphyll 

(Relative cover) 

 

 

1 

(0.01) 

3 

(0.02) 

2 

(0.15) 
 

1 

(0.003) 
 

1 

(0.001) 
5 

Mesophyll 

(Relative cover) 

3 

(0.115) 

17 

(0.62) 

12 

(0.08) 

18 

(0.5) 

7 

(0.049) 

10 

(0.094) 

2 

(0.01) 

11 

(0.035) 
51 

Microphyll 

(Relative cover) 

21 

(0.747) 

28 

(0.17) 

42 

(0.25) 

19 

(0.15) 

26 

(0.503) 

29 

(0.335) 

16 

(0.77) 

31 

(0.934) 
129 

Nanophyll 

(Relative cover) 

9 

(0.123) 

7 

(0.17) 

13 

(0.61) 

6 

(0.09) 

7 

(0.452) 

13 

(0.523) 

5 

(0.19) 

9 

(0.028) 
38 

Chorotypes 

C AS 

(Relative cover) 

1 

(0.01) 

1 

(0.02) 

1 

(0.001) 

1 

(0.04) 

1 

(0.01) 

1 

(0.01) 
 

3 

(0.01) 
8 

CIRCPOL 

(Relative cover) 

2 

(0.01) 

5 

(0.01) 

6 

(0.06) 
 

1 

(0.01) 

3 

(0.01) 
  12 

COSMO 

(Relative cover) 
  

1 

(0.01) 

2 

(0.00) 

1 

(0.00) 

3 

(0.01) 
 

4 

(0.01) 
9 

E AS 

(Relative cover) 
    

1 

(0.04) 

1 

(0.00) 

1 

(0.04) 

1 

(0.01) 
1 

ENDEM 

(Relative cover) 
  

3 

(0.01) 
    

2 

(0.01) 
5 

EURAS 

(Relative cover) 

3 

(0.02) 

4 

(0.03) 

8 

(0.01) 

2 

(0.16) 

3 

(0.03) 

5 

(0.01) 
 

5 

(0.01) 
21 

HIMAL 

(Relative cover) 

14 

(0.24) 

20 

(0.15) 

25 

(0.14) 

21 

(0.28) 

14 

(0.38) 

20 

(0.21) 

10 

(0.38) 

9 

(0.08) 
70 

INDIAN 

(Relative cover) 
  

1 

(0.01) 

1 

(0.01) 
   

1 

(0.02) 
2 

INMAL 

(Relative cover) 
    

1 

(0.01) 
   1 

INTR 

(Relative cover) 
       

1 

(0.01) 
1 

IRAN 

(Relative cover) 
  

1 

(0.01) 
 

2 

(0.01) 

1 

(0.01) 

1 

(0.01) 

7 

(0.02) 
11 

PAMIR 

(Relative cover) 

3 

(0.07) 

2 

(0.01) 

1 

(0.01) 

1 

(0.02) 
 

2 

(0.02) 
 

1 

(0.01) 
7 

SE AS 

(Relative cover) 
 

1 

(0.00) 

1 

(0.00) 

4 

(0.12) 

1 

(0.01) 

1 

(0.01) 
 

1 

(0.01) 
5 

SE CHIN 

(Relative cover) 
       

1 

(0.01) 
1 

SINOJ 

(Relative cover) 

1 

(0.01) 
       1 

SJ/E AS 

(Relative cover) 
       

1 

(0.01) 
1 

SJ/INDM 

(Relative cover) 
       

1 

(0.01) 
1 

SUBTROP 

(Relative cover) 
   

1 

(0.01) 

1 

(0.01) 

1 

(0.01) 

1 

(0.01) 

3 

(0.01) 
4 

TIBET 

(Relative cover) 

1 

(0.02) 
 

1 

(0.01) 
     1 

TROP 

(Relative cover) 
    

1 

(0.01) 
 

1 

(0.01) 

4 

(0.01) 
5 

W HIM 

(Relative cover) 

11 

(0.63) 

22 

(0.77) 

24 

(0.71) 

13 

(0.35) 

13 

(0.53) 

17 

(0.74) 

9 

(0.54) 

8 

(0.82) 
66 

Description of vegetation communities 

I. Salix denticulata- Bergenia stracheyi -Geum elatum community (SAL-BER-GEU) 

The community SAL-BER-GEU had general altitudinal distribution ranging from 3200 to 3900 

masl, representing the timberline ecotone (Figure 4.8-a & b). Dominated by Salix denticulata and 

Bergenia ciliata, the community had species richness of 36 (26 families, 33 genera), Shannon 

diversity 3.26, evenness 0.91. The majority species were herbaceous or shrubby mainly 

belonging to Himalayan or West-Himalayan origin. The hemicryptophytic and chaemophytic 

life-forms and microphyllus leaf-forms were the dominant feature of community (Table 4.9). The 
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community could be identified as sub-alpine krumholtz scrub type vegetation, closely interlaced with 

sub-alpine forests and meadows and forming physiognomically conspicuous ecological boundary 

between them. In altitudinal sequence, usually, Abies/Picea forest communities give way to a narrow 

belt of Betula utilis stands, followed upslope by sub-alpine krummholz, however, in locations with 

intensive pastoralism (Muro and Turo Pastures) the Betula belt may be missing altogether. 

Shrubs: The community mainly contained dwarf shrubs Salix denticulata and Juniperus squamata 

that growing up to 1 m high. In some localities Lonicera myrtillus and L. obovata were also found. 

This community had high local species variations due to differences in solar exposure: e.g., on 

drier, warmer aspects the community is variably admixed with thickets to very open stands of J. 

squamata. 

Herbs: Large dense patches of Bistorta affine were common throughout the valley in sub-alpine 

and alpine areas. Bergenia stracheyi could be frequently found on moist, shady rocky habitats in 

large patches. Cushion-like growth of Cassiope fastigiata and Androsace mucronifolia could be 

observed between empty places while the carpet forming species like Gaultheria trichophylla, 

Salix flabellaris and Rhododendron anthopogon occupy more or less rocky ground. 

Dynamic processes: The community is exposed to geomorphic disturbances by moving snow 

avalanches and erosive action of wind that prevents the establishment of trees. Being on the 

edges of pastures many of the shrubs serve are collected as fuel during the summers. 

II. Betula utilis-Abies pindrow -Viburnum grandiflorum community (BET-ABI-VIB)  

The community BET-ABI-VIB ranged in altitude from 2500 to 3000 masl with Betula utilis as 

principal tree species, occupying shady, concave slopes (Figure 4.8-c). The species richness for 

the community was 55 (32 families; 47 genera) with a Shannon diversity of 3.85 and evenness of 

0.96. The majority species had hemicryptophytic, herbaceous habit with dominating microphyllus 

leaf-forms. The majority species belong to west Himalayan origin (Table 4.9). The community 

form a narrow strip between coniferous forests below (PIC-ABI-VIB community) and Salix 

denticulata krummholz upslope. The birch stands tend towards purity with thin undergrowth at 

the upper sub-alpine region while the adjacent coniferous forests already bear a considerable 

proportion of birch. The sub-alpine dwarf shrub and Betula forest communities mainly start 

appearing in the upper montane forest (c. 2800 masl) and may sometime extend up to alpine 

meadows (c. 3500 masl). The altitudinal delimitation to sub-alpine communities is, however, 

difficult to assign pertaining to avalanche trails and other relief characteristics. Although 

characteristically BET-ABI-VIB communities could be seen occupying the edges of snow 

avalanche slopes (c. 2500-3500 masl), sometimes Betula utilis can be seen as low as 1800 masl 

among the deciduous broad-leaves due to the action of moving snow avalanche (Figure 4.8-d). In 

general, the valley floor is occupied by other broad-leaved forest communities that are 
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progressively replaced and dominated by the birch communities towards the upper reaches 

Trees: Betula utilis was the dominant tree species in the community; other companions included 

Acer caesium, Prunus cornuta and Sorbus lanata. Tree trunks are typical in shape, growing 

horizontally near the ground due to action of moving snow. 

Shrubs: Common species of shrubs forming mixed vegetation included Ribes villosa, Rosa 

macrophylla, Skimmia anquetilia, Syringa emodi, Lonicera sp, Salix sp, Viburnum sp., etc.  

Herbs: The density of herbaceous undergrowth varies depending upon the degree of openness of 

the canopy. Generally it is rich where there is deeper soil enough moisture and open canopy. 

Dynamic Processes: The communities mainly expose to the moving snow avalanches and severe 

gullification. The trees are sometime eroded away through these mass movements. The pure stands of 

Betula if fail to recover are occupied by the broadleaves: Prunus cornuta¸ Acer caesium and 

sometimes Corylus jacquemontii. 

III. Picea smithiana-Abies pindrow-Viburnum grandiflorum community (PIC-ABI-VIB) 

The community was reported from elevations ranging from 1950 – 3800 masl (Figure 4.8-e). The 

winter conditions at these altitudes are characterized by a substantial and long lasting snow-cover 

which may persist on average till May and occasionally with remains of avalanche snow until July. 

This phenomenon leads to prevalence of moist conditions at these altitudes and establishment of the 

forest communities that are said to be some of the most impressive remaining forests communities of 

the Western Himalayas. The species richness in this community was 73 (37 families; 62 genera) 

with Shannon diversity of 4.01 and evenness of 0.93. The number of herbaceous species (66) found 

in the community was far more than the shrubs (5) and trees (2). The hemicryptophytic life-forms 

formed the majority of species, however, phanerophytes were dominant. The microphyllus leaf-

forms were most common and the species with west Himalayan origin were most common as well 

as dominant (Table 4.9). 

Trees: This community consists of more or less close canopy trees occupying the upper moist 

slopes along ridge crests. The forest trees may attain a height of 40-60 m. The main species 

included Abies pindrow and Picea smithiana. Occasionally, in some areas, Pinus wallichiana and 

Cedrus deodara were also found. 

Shrubs: The undergrowth is species rich as well as dense to moderate depending on the humus 

accumulation and slope inclination. Several species of shrubs form the understory, e.g., 

Indigofera heterantha, Lonicera webbiana, Rosa webbiana, Rubus irritans, Viburnum 

grandiflorum. 

The growth of tall forest trees is interrupted by the narrow strips between forest areas that are 
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created by the movement of snow avalanche. These areas have rich growth of herbaceous plants 

and low growing shrubs (Figure 4.8-f). In these disturbed habitats occasionally Pinus wallichiana 

trees occupy open spaces as a result of secondary succession. 

Herbs: A rich variety of herbaceous species appear just after the snow melt which include 

Anemone sp., , Paeonia emodi, Podophyllum hexandrum, Primula macrophylla, Pr. rosea, 

Trollius acaulis, and some species ferns. The early spring flora is later supplemented by summer 

flora forming denser herbaceous layer with species like Aconitum heterophyllum, A. laeve, 

Impatiens sp., Lindelofia longiflora, Polemonium coeruleum, Pseudomertensia sp, Sambucus 

wightiana, Silene vulgaris, Senecio chrysanthemoides and Viola sp. etc. The places with unstable 

soil showed a gregarious growth of tall herbaceous species like Aconitum laeve, Sambucus 

wightiana, Impatiens glandulifera, Paeonia emodi. Caltha alba was common along marshy areas 

around melting snow at higher elevations. 

Dynamic Processes: There are many small summer villages that are located in these forest 

communities. The transhumants that occupy these villages during summer rely on these forests 

for firewood and timberwood. During early spring, before moving to the higher alpine pastures 

these forests provide the only source of fodder to grazing animals. Signs of intense grazing are 

not uncommon in many areas of these forests. The regeneration of main tree species is also 

declining in these communities. Some patches of dead old trees were found scattered throughout 

the area. 

IV. Juglans regia - Aesculus indica – Acer caesium community (JUG-AES-ACC) 

This community comprised of deciduous broad-leaved trees of the areas below Betula forest 

communities (BET-ABI-VIB community) with an altitudinal range of 1700 to 2800 masl (Figure 

4.8-g-j). The number of plant species recorded in this community was 46 (34 families; 42 genera) 

with herbaceous flora most frequent but the trees form the dominant strata. The Shannon 

diversity of the community was 3.52 and an evenness of 0.92. Hemicryptophytic and 

phanerophytic life forms dominate the community and have microphyllus to mesophyllous leaf-

forms (Table 4.9). Generally these forest communities occupy valley floor, bordering the streams. 

These communities appear like narrow strips of broad-leaved trees interrupting the continuity of 

dense coniferous canopy along scree slopes where deeper soil and moisture was available (Figure 

4.8-i & j). 

Trees: A variety of species form more or less close canopy forests including Acer caesium, 

Aesculus indica, Juglans regia, Populus ciliata, Prunus cornuta, Ulmus wallichiana, Sorbus 

lanata, etc. The lower elevations were dominated by Juglans regia and at higher elevations the 

community merges with Betula utilis community (BET-ABI-VIB). The extent of dominance of 

individual species varies considerably from place to place. Generally there can be patches 
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dominated by one of the either species giving an appearance of dense, multi -storeyed mosaic of 

broad-leaved trees (Figure 4.8-g). 

Shrubs: The undergrowth also varies from place to place depending on the density of canopy and 

depth of humus layer and underground substrate. Typical of shrubs in these communities include: 

Euonymus hamiltonianus, Indigofera heterantha, Skimmia anquetilia, Sorbaria tomentosa, 

Staphylea emodi, Strobilanthes urticifolia, Syringa emodi and Viburnum grandiflorum. In some 

shady places, much branched, shrubby form of Taxus wallichiana grows in association with the 

broad-leaved trees and scanty herbaceous layer (Figure 4.8-h). 

Herbs: The herbaceous growth is dense and typically exaggerated towards the edges and along the 

banks of streams. Various important herbaceous species include: Actaea spicata, Adiantum 

venustum, Agrimonia pilosa, Angelica glauca, Asparagus filicinus, Circaea alpine, Dryopteris 

ramose, Galium asperifolium, Galium asperuloides, Geum roylei, Hackelia macrophylla, Impatiens 

brachycentra, Impatiens edgeworthii, Impatiens flemingii, Nepeta govaniana, Phlomis spectabilis, 

Podophyllum hexandrum, Rhynchosia minima, Stachys emodi, Stellaria monosperma, Trillidium 

govanianum, Urtica dioica, Valeriana stracheyi, Viola canescens and Viola pilosa. 

Dynamic Processes: This community is subjected to heavy grazing by passing herds which make 

their way through these forests. Young roots of Juglans regia are extracted on commercial scale 

thus killing several mature trees as well as disturbing the ecological balance. Trampling by the 

livestock prevents the establishment of herbs or shrubs at certain places. 

V. Cedrus deodara-Q. floribunda- Indigofera heterantha community (CED-QUF-IND) 

This community represents Cedrus deodara dominating forest community with general altitudinal 

distribution between 1850 to 2800 masl (Figure 4.8-k). The species richness of the community was 

40 (23 families; 37 genera) with a Shannon diversity of 3.45 and evenness of 0.94. The proportion 

of herbaceous flora is greatest; however, the trees form the dominant cover. The hemicryptophytic 

life-forms constituted the greatest proportion of species; however, the phanerophytes dominate with 

respect to cover abundance. The microphyllus and nanophyllus leaf forms are most frequent, but 

the microphyllus forms dominate. The most frequent and dominant species belong to the west 

Himalayan or Himalayan origins (Table 4.9). At its upper reaches, the community merges with the 

Abies-Picea community (PIC-ABI-VIB) and at its lower side it separates out from Quercus baloot 

communities (QUB-COT-CED). Cedrus deodara starts appearing above the elevation of c. 1800 

masl, where it forms a narrow but distinct edge community with Q. baloot  that is gradually 

replaced higher-up by the Q floribunda that itself disappear towards the upper reaches of the 

community. 

Trees: Cedrus deodara is the dominant tree in this community that may attain a height of more than 
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40 m tall at maturity. At upper reaches, Abies pindrow may sporadically occur in the community. 

Quercus floribunda marks the start of this plant community and associates with Cedrus most of the 

time. At lower reaches the trees like Celtis caucasica and Quercus baloot may occur. The 

Parrotiopsis jacquemontiana remains as a common associate throughout the community. 

Shrubs: Generally the shrub layer is not very thick, however, on shady locations relatively dense 

patches of shrubs like Cotoneaster bacillaris, Euonymus fimbriatus. Indigofera heterantha, 

Jasminum humilis, Lonicera quinquelocularis etc., may occur. 

Herbs: Due to insufficient soil moisture and exposed sunny slopes the herbs may not form an important 

component of the vegetation in this community. The noteworthy herbaceous flora include: Bistorta 

amplexicaulis, Brachypodium sylvaticum, Dactylis glomerata, Fragaria nubicola, Lespedeza juncea, 

Pimpinella diversifolia and Piptatherum gracilis that form a loose herbaceous ground layer. 

Dynamic processes: Snow fall seems to occur regularly in winter but with a short cover. Due to 

the unfavorable climatic conditions and high amounts of snow above this belt, most of the 

permanent settlements are situated in these forest communities (Figure 4.8-l). This settlement 

pattern contributes to disturbance and considerable degradation of the vegetation cover.  

VI. C. deodara-Pa. jacquemontiana-Pinus wallichiana- community (CED-PAR-PIN) 

This community was attitudinally distributed between 1500 to 2600 masl. The community generally 

occupied the moister cooler aspects favoring the establishment of Pinus wallichiana along with 

relatively dense undergrowth (Figure 4.8-m). The species richness recorded for the community was 

55 (27 families; 49 genera) and Shannon diversity of 3.69 with evenness of 0.92. Herbaceous forms 

were most frequent, but the trees had the greatest cover abundance. Hemicryptophytes were 

frequent but the phanerophytes dominate the vegetation community, mostly with microphyllus leaf-

forms and West-Himalayan to Himalayan origin (Table 4.9). 

Trees: Cedrus deodara is the leading dominant tree, accompanied by Pinus wallichiana as a co-

dominant. Other common tree species of the community included Crataegus songarica, 

Parrotiopsis jacquemontiana, and Quercus floribunda. Towards the upper reaches Abies pindrow 

and Picea smithiana blend with the community.  

Shrubs: Prevalence of moist conditions in this community provides an opportunity for a variety of 

shrubs to grow which included: Berberis brandisiana, Cotoneaster bacillaris, Indigofera 

heterantha, Jasminum humile, Lonicera caucasica, Lonicera quinquelocularis, Rosa macrophylla, 

Rosa webbiana, Rubus irritans, Salix flabellaris, Sorbaria tomentosa, Viburnum cotinifolium and 

Viburnum grandiflorum.  
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Herbs: In general the herbs form an important portion of the vegetation in this community; however, 

in some localities herbaceous layer is reduced due to the dense under storey formed by Parrotiopsis 

jacquemontiana. A total of 34 herb species were recorded from this community out of which 

Fragaria nubicola, Bistorta amplexicaulis and Pimpinella diversifolia were the most frequent. 

Dynamics: Since most of the permanent settlements were located around this type of vegetation, 

the signs of grazing and lopping and logging are common. The oaks form the major portion of 

livestock diet in winter months and thus heavily lopped during the winters. Pinus wallichiana and 

Cedrus deodara are also important for their use torchwood. 

VII. Quercus baloot - Cotoneaster bacillaris- C. deodara community (QUB-COT-CED) 

The community having 1800 to 2300 masl altitudinal distribution represents an edge community 

forming a thin fringe between Cedrus deodara dominating communities above and Quercus baloot 

dominating communities below (Figure 4.8-n). The species richness was 23 (14 families; 21 genera) 

and Shannon diversity of 2.91 with evenness 0.93. A detail of species wise qualitative and 

quantitative traits for this community is presented in Table 3.7. The Himalayan and west-Himalayan 

elements had similar proportion by number; however, the former had greater cover abundance. 

Microphyllus leaf-forms and hemicryptophytic life-forms represent the majority of flora that are 

mostly herbs (56.6%) (Table 4.9). 

Trees: Quercus baloot and Cedrus deodara and Quercus floribunda were the major tree species 

in the community, however, occasional occurrence of Abies pindrow was also observed. 

Parrotiopsis jacquemontiana and rarely Alnus nitida appeared at sites with relatively deeper soil 

accumulation. 

Shrubs: Cotoneaster bacillaris and Indigofera heterantha were common among shrubs. Other 

rarely occurring shrubs include Berberis brandisiana and Lonicera caucasica. 

Herbs: The herbaceous layer is relatively poor with occurrences of Lespedeza juncea and Viola 

canescens and few grasses. 

VIII. Quercus baloot-Olea ferruginea-C. bacillaris community (QUB-OLE-COT) 

The community QUB-OLE-COT established on moderate to steep slopes with dry, stony and 

compact soil of colline/sub-montane zone with c. 700 – 1788 masl altitude (Figure 4.8 o-p). The 

community is highly variable and there is a sharp variation in number of species from place to 

place. The species richness of the community was 53 (32 families; 50 genera) and Shannon 

diversity of 3.51 with an evenness of 0.88. The community was dominated by trees, followed by 

herbs and shrubs respectively represented by a majority of phanerophytes followed by 

hemicryptophytes. The microphyllus leaf-forms were in the majority and the floristic elements in 



Chapter 4: Forest vegetation: environmental relationships and spatial patterns Page 86 of 196 

the community were dominated by West-Himalayan, followed by Himalayan and Irano-Turanian 

chorotypes (Table 4.9). 

Trees: Along the bank of river Indus, bordering the study area, there are few scattered trees of Acacia 

modesta mixed and Olea ferruginea. With the rise in elevation, the O. ferruginea disappears and 

Fraxinus xanthoxyloides starts appearing. The locations that are edaphically drier may contain few 

scattered trees if Pistacia integerrima and Artemisia sp. giving an impression of dry steppe type 

vegetation. At shady, relatively sheltered places moisture accumulate and Rhamnella gilgitica 

becomes abundant particularly where the soil is relatively deeper with accumulation of humus. 

Shrubs: The undergrowth varies from place to place depending on the topography, soil and 

moisture availability. Some of the common shrubs found throughout the area are Cotoneaster 

bacillaris, Maytenus royleanus, Punica granatum, Rhamnella gilgitica and Ziziphus oxyphylla. 

Herbs: A variety of perennial and annual herbaceous plants form a thin ground layer in the colline 

zone. Rumex hastatus a low growing bushy perennial is common on scree slopes. Mimulus 

nepalensis, a small herbaceous plant is common in marshy and shady areas along water channels. 

Other notable species include Delphinium swatense, Dianthus sp. and Bunium persicum. 

Some open grassy patches (Figure 3.47) were common throughout the area dominated by 

Bothriochloa bladhii, Cenchrus ciliaris, Cynodon dactylon, Dichanthium annulatum and Setaria 

pumila. On dry slopes in the valley Cymbopogon jwarancusa was prevalent. 

Dynamics: The community appears to be a relatively stable on drier slopes of sub-montane zone. 

Grazing is common and some stunted trees can also be seen that showed signs of intense lopping. 

This community is also a source of fuel-wood and winter fodder to the residents of nearby village. 

The grasses that grow in these communities are important source of winter forage. Bunium 

persicum, locally known as 'hayon', an economically important species common in the lower zone. 

Its seeds are used as spice that are collected from the wild and sold in market. 
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a. Salix denticulata- Bergenia strachii -Geum 
elatum community (Photo: Toro Nallah) 

b. Another view of species in SAL-BER-GEU 
community (Photo: Toro glacier) 

  
c. BET-ABI-VIB community (Photo: Dewan Nullah) d. Occasionally Betula utilis may be found as low 

as 1800 masl (Photo: Chor Nallah) 

  
e. PIC-ABI-VIB community (Photo: Dewan Nullah) f. Narrow strips of broad-leaves created by snow 

avalanche break the continuity of forests, especially 
at warmer aspects (Photo: Sharial) 

  
g. JUG-AES-ACC community (Photo: Kabkot 
Nullah) 

h. Stunted shrubby form of Taxus wallichiana 

Figure 4.8: The forest vegetation communities  
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i. Broadleaved forests near Peech Bella j. Broadleaved forests often present a mosaic 

appearance due to local dominance of certain 
species (Photo: Near Kundal) 

  
k. Cedrus deodara-Quercus floribunda-Indigofera 
heterantha community 

l. An aerial view of vegetation degradation and 
disturbance around Bar Paro 

  
m. CED-PAR-PIN community (Photo: Kabkot 
Nallah) 

n. QUB-COT-CED community (Photo: Near 
Shukiser village) 

  
o. QUB-OLE-COT community near village Karoser 
with some open grassy patches 

p. Another view of QUB-OLE-COT community 

Figure 4.8: The forest vegetation communities (…continued) 
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4.3.2. The Ordination of forest vegetation plot data  

The total variance ("inertia") in the forest vegetation plot data was 8.76 and majority of the 

variance of species data remained unexplained. The first two ordination axis (DCA1& DCA2) 

accounted for 11.87 % of the collective variance explained, of which DCA1 held a major share 

(8.27%). The overall summary of the analysis for the first four axis has been presented as Table 

4.10. Since majority of the explained variance was along first two axis, therefore, only DCA1 and 

DCA2 were considered for correlation with explanatory variables. 

Table 4.10: Summary of detrended correspondence analysis of forest vegetation plot data  

 
DCA1 DCA2 DCA3 DCA4 

Eigenvalues 0.69 0.33 0.22 0.25 

Decorana values 0.72 0.32 0.26 0.22 

Variance explained (%) 8.27 3.60 3.01 2.48 

Cumulative variance explained 8.27 11.87 15.47 18.48 

Axis lengths 7.17 3.64 3.62 3.91 

The elevation (ele), heat load index (hli), topographic wetness index (twi) and cos-transformed 

aspect (aspv) were found significantly related with species turnover (Table 4.11). The variables savi, 

gre, and ele had strong negative correlation with DCA1, while bri had positive correlation. The 

variables showing high positive correlation with DCA2 included wet and twi, however, b7b4, wet, 

hli and slp showed strong negative relationship. The species ordination diagram (Figure 4.9-b & c) 

revealed that species number increased at mid altitudes along DCA1, similarly, along the humidity 

related gradients twi and wet, the increase in species turnover was also obvious (Figure 4.9-b). 

Table 4.11: The statistical significance of explanatory variables to ordination 

Variable DCA1 DCA2 r
2
 p-value Significance 

savi -0.96 0.29 0.02 0.30 

 b7b4 0.23 -0.97 0.01 0.54 

 gre -0.98 0.18 0.03 0.14 

 bri 0.86 -0.50 0.03 0.12 

 wet 0.16 0.99 0.01 0.50 

 ele -1.00 0.07 0.71 <0.001 *** 

hli 0.06 -1.00 0.06 <0.05 * 

twi 0.54 0.84 0.06 <0.05 * 

slp 0.67 -0.74 0.00 0.83  
aspv 0.34 -0.94 0.05 <0.05 . 

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

The fitted smooth surfaces of EVs onto the ordination showed the similar trend, however, fine 

details could be assessed regarding the distribution of a particular vegetation community in relation 

with the specific EVs (Figure 4.10 a-j). The overlays revealed that the EVs having significant effect 

on differentiation of vegetation communities show a general linear relationship with ordination that 

is more pronounced for hli and ele (Figure 4.10: b & j) than twi aspv (Figures 4.10: f & h).  
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Figure 4.9: Ordination diagrams of forest vegetation plot data with fitted environmental 
variables (a.) sample plots (b.) species data; aspv = COS transformed aspect value; b7b4 = 
Landsat band 7 and 4 ratio; bri = Tasseled cap brightness; ele = Elevation (m a.s.l.); gre = 
Tasseled cap greenness; hli = Heat load index; savi = Soil adjusted vegetation index; slp = 
Slope (°); twi = Topographic wetness index; wet = Tasseled cap wetness. The red arrows 
show the significant (p<0.05) relationship with ordination   
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Figure 4.10: Thinplate splines fitted smooth surfaces for EVs onto ordination diagram, 
representing the effect of respective EV on distribution of vegetation communities (symbols 
same as in Figure. 4.9a). 

a. Soil adjusted vegetation index (savi) 

b. Elevation (ele)  

c. Tasseled cap greenness (gre) 
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Figure 4.10: Thinplate splines fitted smooth surfaces for EVs onto ordination diagram, 
representing the effect of respective EV on distribution of vegetation communities (symbols 
same as in Figure. 4.9a). 

…….continued 

f. Slope (slp) 

e. Tasseled cap greenness (gre) 

d. Topographic wetness index (twi) 
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Figure 4.10: Thinplate splines fitted smooth surfaces for EVs onto ordination diagram, 
representing the effect of respective EV on distribution of vegetation communities (symbols 
same as in Figure. 4.9a). 

…….continued 

i. Tasseled cap brightness (bri) 

h. Aspect value (aspv) 

g. B7b4 
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Figure 4.10: Thinplate splines fitted smooth surfaces for EVs onto ordination diagram, 
representing the effect of respective EV on distribution of vegetation communities (symbols 
same as in Figure. 4.9a). 

…….continued 

 

44..33..33..  TThhee  ssppaattiiaall  ppaatttteerrnnss  ooff  ffoorreesstt  vveeggeettaattiioonn  ccoommmmuunniittiieess    

Model Selection 

The initial model to predict the distribution of individual forest communities was fitted with all 

spatial predictors smoothed with 4 degrees of freedom (Equation 4.9). 

pC ~ s(savi, 4)+s(b7b4, 4)+s(wet, 4)+s(gre, 4)+s(bri, 4)+s(ele, 4)+s(hli, 4)+s(twi, 4)+s(slp, 4)+s(aspv, 4)……(Equation 4.9) 

Where: 
pC =distribution probability of a community; s = spline smoother; 4 = degree of freedom for spline 

smoother 

The stepwise selection of statistically significant predictor variables resulted in following models: 

pSBG ~ s(savi, 4) + s(gre, 4) + s(ele, 4) + s(aspv, 4) .......................................................................................... (Equation 4.10) 

pBAV ~ s(ele, 4) + s(hli, 4) + s(slp, 4) ...................................................................................................................... (Equation 4.11) 

pPAV ~ s(bri, 4) + s(ele, 4) + s(hli, 4) ...................................................................................................................... (Equation 4.12) 

pJAA ~ s(savi, 4) + s(gre, 4) + s(bri, 4) + s(ele, 4) .............................................................................................. (Equation 4.13) 

 pCQI ~ s(bri, 4) + s(ele, 4) + s(twi, 4) ..................................................................................................................... (Equation 4.14) 

pCPP ~ s(bri, 4) + s(ele, 4) + s(twi, 4) ..................................................................................................................... (Equation 4.15) 

pQCC ~ s(b7b4, 4) + s(ele, 4) + s(hli, 4) .................................................................................................................. (Equation 4.16) 

pQOC ~ s(ele, 4) + s(hli, 4) + s(aspv, 4) .................................................................................................................. (Equation 4,17) 

Where: SBG = Salix denticulata-Bergenia stracheyi-Geum elatum community; BAV = Betula utilis-Abies pindrow -
Viburnum grandiflorum community; PAV = Picea smithiana-A. pindrow-V. grandiflorum community; JAA = Juglans 
regia - Aesculus indica – Acer caesium community; QOC = Quercus baloot-Olea ferruginea-Cotoneaster bacillaris 
community; CQI = Cedrus deodara – Q. floribunda- Indigofera heterantha community; CPP = C. deodara - 
Parrotiopsis jacquemontiana - Pinus wallichiana community; QCC = Q. baloot – C. bacillaris – C. deodara community 

Model adequacy 

The D
2
 values were highest for the communities QOC, SBG and BAV respectively. The 

coniferous forest communities had an intermediate range for D
2
 values where as the community 

JAA had the least D
2
 value. The measures for null-deviance, residual-deviance and explained 

deviance along (Figure 4.11) shows that large proportion of the deviance was explained by the 

j. Heat load index (hli) 
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predictors used in GAMs of forest vegetation communities except for the communities JAA and 

CPP (Figure 4.11). 

 

Figure 4.11: The deviance and D2 values (red) of final distribution models of the forest vegetation 
communities 

Model interpretation and predictors’ contribution 

The predictors’ space occupied by the individual plant communities represented as histograms 

and scattergrams of their response towards the predictor variables along with the partial and 

combined response curves of communities against predictors (terms smoothed with 4 degrees of 

freedom) selected in their final distribution model have been presented in Figures 4.13 to 4.44. 

The contribution of the predictor variables selected after backward elimination of insignificantly 

contributing variables from a full model (containing all predictors) for distribution of each 

vegetation community has been presented in Table 4.12. The significant predictor variable varied 

across the communities; however, the most frequently included variable was elevation. The impact 

of elevation on the distribution can be very well assessed through its drop contribution (dc) in all 

models i.e., highly significant changes in explained deviance of the models occurred when 

elevation was dropped from a full model. The elevation had unimodal response to the distribution 

of all the vegetation communities and its very highly significant relationship with occurrence of 

vegetation communities (Kruskal–Wallis H8,536 = 444.76; p <0.005) further elaborates its 

importance as key variable in distribution of vegetation communities (Figure 4.12). 

SBG BAV PAV JAA CQI CPP QCC QOC 

Null Deviance 189.84 74.64 582.23 258.68 658.53 196.00 129.69 625.81 

Residual Deviance 3.21 16.95 207.52 148.50 309.69 91.88 18.39 0.00 

Explained Deviance 167.72 57.69 342.12 72.12 310.74 71.61 86.53 619.32 

D2 0.88 0.77 0.59 0.29 0.47 0.37 0.67 0.99 
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Figure 4.12: Hypsozonal profile of forest vegetation communities in Palas valley 

The spatial distribution patterns of vegetation communities can thus be interpreted from shape of 
the response functions of distribution as distributed along the altitudinal gradient (SBG 3200 to 
3900 (dc=101.09); BAV 2500 to 3000 (dc=27.62); PAV 1950 – 3800 (dc=40.54); JAA 1700 to 
2800 (dc=23.76); CQI 1850 to 2800 (dc=285.80); CPP 1500 to 2600 (dc=233.91); QCC 1800 to 
2300 (dc=64.81) and QOC 700 to 1788 masl (dc=596.24) and further narrowed by local factors in 
respective altitudinal range (Table 4.12). 

Among topographic variables, Heat load index (hli) had significant contribution only in the 
distribution models of upper most and lowermost vegetation communities such viz., BAV, PAV, 
QCC, QOC and cos-transformed aspect value (aspv) is represented in the distribution models of 
communities SBG and QOC only. The topographic wetness index (twi) was a significant 
contributor to predictive models of communities CQI and CPP. Among SPVs, tasseled cap (TC) 
soil brightness (bri) was represented in models of all conifer forest communities; whereas, TC 
greenness (gre) and savi were represented only in broadleaved communities. 

The distribution of SBG community was further restricted between the TC gre values greater than 
10 (dc =15.05); savi values below 1.4 (dc =13.14) and. aspv of 0.053 to 0.268 (dc=10.32). The 
community BAV maintained its distribution within hli from 2700 to 4716 (dc=23.11) showing 
double humped response with a little decrease between 3000 - 4000 and slope of 23o to 37o. 
(dc=13.52). The community PAV showed a parabolic response to bri values (dc=15.32) with 
increased distribution below values of 80 and above 140. There was a positive response for hli 
(dc=20.27) values below 3000 and a little drop in distribution while approaching the value of 
near 4000 (hli; Δ deviance =20.27). The shapes of response functions for the JAA community 
model showed its effective distribution in areas with bri values from 39 to 104 (dc=10.47), savi 
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values below 1.8 (dc=11.38) and gre values above -12.58 (dc=10.36). The response of CQI 

community towards bri (dc=14.16) could be seen as a sinusoidal curve that dips down around the 

values of 120 similarly the response towards twi (dc=14.15) also shows a little decline between 

values of -4 and -5. The bri values of 43 to 100 (dc=30.13) and twi from -6.77 and -4.26 

(dc=23.48) represented the effective suitability range of CPP community. The mixed oak and 

conifer containing QCC community showed a rather flat response curve towards b7b4 ratio and 

occupied a range of 0.44 to 0.87 (dc= 38.02). The response for hli is complex which shows that 

the community avoids the hli values approaching 1000 and 5000 (dc=9.46). The lowermost 

sclerophyllous oak community QOC seem to occupy aspv ranging between -0.006 to 0.293 

(dc=16.29) and the hli values between 1000 – 6700 (11.83). 
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Table 4.12: Contribution of predictors selected in final model of respective vegetation 
communities 

Response 
function 

Contributio
n type 

Forest vegetation community 

C1 
SBG 

C2 
BAV 

C3 
PAV 

C4 
JAA 

C5 
CQI 

C6 
CPP 

C7 
QCC 

C8 
QOC 

s(savi, 4) 

Alone
3
 36.16 

 

 30.00 

    
Drop

4
 13.14 

 

 11.38 

    
(p-value)

5
 (0.01) 

 

 (0.02) 

    
Inside

6
 68.09 

 

 21.33 

    

s(b7b4, 4) 

Alone 

  

 

   

17.46 

 Drop 

  

 

   

38.02 

 (p-value) 

  

 

   

(<0.001) 

Inside 

  

 

   

14.52 

 

s(gre, 4) 

Alone 33.30 

 

 33.52 

    
Drop 15.06 

 

 10.36 

    
(p-value) (<0.005) 

 

 (0.03) 

    
Inside 93.25 

 

 30.51 

    

s(bri, 4) 

Alone 

  

11.58 13.52 12.49 91.11 

  
Drop 

  

15.32 10.47 14.16 30.13 

  
(p-value) 

  

(<0.001) (<0.001) (<0.001) (<0.001) 

  
Inside 

  

7.38 8.23 2.23 3.37 

  

s(ele, 4) 

Alone 148.27 22.46 34.98 45.11 284.23 297.62 43.25 564.95 

Drop 101.09 27.62 40.54 23.76 285.80 233.91 64.81 596.24 

(p-value) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) 

Inside 141.33 56.89 10.56 11.68 20.08 13.37 45.04 302.05 

s(hli, 4) 

Alone 

 

20.84 11.73 

   

3.58 4.36 

Drop 

 

23.11 20.27 

   

9.46 11.83 

(p-value) 

 

(<0.001) (<0.001) 

   

(0.04) (0.01) 

Inside 

 

15.44 2.11 

   

3.54 8.94 

s(twi, 4) 

Alone 

  

 

 

23.67 16.01 

  
Drop 

  

 

 

14.15 23.48 

  
(p-value) 

  

 

 

(<0.001) (<0.001) 

  
Inside 

  

 

 

2.20 3.02 

  

s(slp, 4) 

Alone 

 

11.31  

     
Drop 

 

13.52  

     
(p-value) 

 

(<0.001)  

     
Inside 

 

20.93  

     

s(aspv, 4) 

Alone 3.48 

 

 

    

17.66 

Drop 10.32 

 

 

    

16.29 

(p-value) (0.03) 

 

 

    

(<0.001) 

Inside 7.21 

 

 

    

21.00 

  

                                                 

3
 Potential contribution (explained deviance) 

4
 Selection contribution (drop in explained deviance = Δ deviance) 

5
 p-value (χ

2
 test) for drop contribution tested with ANOVA 

6
 Model Contribution (range on linear predictor scale) 
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Figure 4.13: Histograms of SAL-BER-GEU community (C1) against predictor variables 
 

 
Figure 4.14: Scattergrams of SAL-BER-GEU community (C1) response against predictor variables 

 
Figure 4.15: Partial response curves for SAL-BER-GEU community (C1) model 

 
Figure 4.16: Combined response curves for SAL-BER-GEU community (C1) model  
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Figure 4.17: Histograms of BET-ABI-VIB community (C2) against predictor variables 

 
Figure 4.18: Scattergrams of BET-ABI-VIB community (C2) response against predictor variables 

 

Figure 4.19: Partial response curves for BET-ABI-VIB community (C2) model 

 
Figure 4.20: Combined response curves for BET-ABI-VIB community (C2) model  
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Figure 4.21: Histograms of PIC-ABI-VIB community (C3) against predictor variables 

 
Figure 4.22: Scattergrams of PIC-ABI-VIB community (C3) response against predictor variables 

 
Figure 4.23: Partial response curves for PIC-ABI-VIB community (C3) model 

 
Figure 4.24: Combined response curves for PIC-ABI-VIB community (C3) model  
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Figure 4.25: Histograms of JUG-AES-ACC community (C4) against predictor variables 

 
Figure 4.26: Scattergrams of JUG-AES-ACC community (C4) response against predictor 
variables 

 
Figure 4.27: Partial response curves for JUG-AES-ACC community (C4) model 

 
Figure 4.28: Combined response curves for JUG-AES-ACC community (C4) model  

1.03 1.34 1.5 1.65 1.96

savi

c
o
u
n
t

0
5
0

1
0
0

1
5
0

0 0

2

2
9

13

9

GRASP:    JAA

0.22 0.7 0.94 1.43

b7.b4

c
o
u
n
t

0
5
0

1
0
0

1
5
0

2
0
0

21 13

1

0
0 0 0

-35.01 -18.15 -1.28 15.58

wet

c
o
u
n
t

0
5
0

1
0
0

2
0
0

0
0

2

7

19

7

0

-41.63 -24.92 -8.21 8.49

gre

c
o
u
n
t

0
5
0

1
0
0

2
0
0

0 0 0

2

9

17

7

33.02 72.71 112.41 152.1

bri

c
o
u
n
t

0
5
0

1
0
0

1
5
0

4
12

15

4

0

0 0

707 1606.14 2505.29 3404.43

ele

c
o
u
n
t

0
5
0

1
0
0

1
5
0

0

0

5

21

9

0 0

998 2641.14 4284.29 5927.43

hli

c
o
u
n
t

0
4
0

8
0

1
2
0

5

9

2 2 4

2

11

-7.05 -6.01 -4.97 -3.94

twi

c
o
u
n
t

0
5
0

1
5
0

2
5
0

6

23

3

1 2 0 0

0.72 17.76 34.8 51.83

slp

c
o
u
n
t

0
5
0

1
0
0

1
5
0

0

2

4

10 19

0

0

-0.01 0.08 0.16 0.25

aspv

c
o
u
n
t

0
2
0

6
0

1
0
0

6

2

8

3 3

10

3

1.0 1.4 1.8

0
.0

0
.4

0
.8

savi

J
A

A

GRASP:    JAA 

0.5 1.0 1.5

0
.0

0
.4

0
.8

b7.b4

J
A

A

-30 -10 10

0
.0

0
.4

0
.8

w et

J
A

A

-40 -20 0 10

0
.0

0
.4

0
.8

gre

J
A

A

40 80 120 160

0
.0

0
.4

0
.8

bri

J
A

A

1000 2000 3000

0
.0

0
.4

0
.8

ele

J
A

A

1000 3000 5000

0
.0

0
.4

0
.8

hli

J
A

A

-7 -6 -5 -4

0
.0

0
.4

0
.8

tw i

J
A

A

0 10 30 50

0
.0

0
.4

0
.8

slp

J
A

A

0.00 0.10 0.20 0.30

0
.0

0
.4

0
.8

aspv

J
A

A

1.0 1.2 1.4 1.6 1.8 2.0

-1
0

0
1
0

savi

s
(s

a
v
i, 

4
)

-40 -20 0 10

-6
0

-3
0

0

gre

s
(g

re
, 
4
)

40 80 120 160

-3
0

-1
0

1
0

bri

s
(b

ri
, 
4
)

1000 2000 3000

-3
0

-1
0

1
0

ele

s
(e

le
, 
4
)

GRASP:    JAA

1.0 1.2 1.4 1.6 1.8 2.0

0
.0

0
.4

0
.8

savi

R
e
s
p
o
n
s
e

-40 -20 0 10

0
.0

0
.4

0
.8

gre

R
e
s
p
o
n
s
e

40 80 120 160

0
.0

0
.4

0
.8

bri

R
e
s
p
o
n
s
e

1000 2000 3000

0
.0

0
.4

0
.8

ele

R
e
s
p
o
n
s
e

GRASP:   combined repsonses curves



Chapter 4: Forest vegetation: environmental relationships and spatial patterns Page 103 of 196 

 
Figure 2.29: Histograms of CED-QUF-IND community (C5) against predictor variables 

 
Figure 4.30: Scattergrams of CED-QUF-IND community (C5) response against predictor 
variables 

 
Figure 4.31: Partial response curves for CED-QUF-IND community (C5) model 

 
Figure 4.32: Combined response curves for CED-QUF-IND community (C5) model  
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Figure 4.33: Histograms of CED-PAR-PIN community (C6) against predictor variables 

 
Figure 4.34: Scattergrams of CED-PAR-PIN community (C6) response against predictor variables 

 
Figure 4.35: Partial response curves for CED-PAR-PIN community (C6) model 

 
Figure 4.36: Combined response curves for CED-PAR-PIN community (C6) model  
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Figure 4.37: Histograms of QUB-COT-CED community (C7) against predictor variables 

Figure 4.38: Scattergrams of QUB-COT-CED community (C7) response against predictor 
variables 

 
Figure 4.39: Partial response curves for QUB-COT-CED community (C7) model 

 
Figure 4.40: Combined response curves for QUB-COT-CED community (C7) model  
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Figure 4.41: Histograms of QUB-OLE-COT community (C8) against predictor variables 

 
Figure 4.42: Scattergrams of QUB-OLE-COT community (C8) response against predictor variables 

 
Figure 4.43: Partial response curves for QUB-OLE-COT community (C8) model 

 
Figure 4.44: Combined response curves for QUB-OLE-COT community (C8) model  
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Model validation 

A summary of Validation of the final fitted models of the forest vegetation communities has been 

presented as Figure 4.45. The minimum receiver operating characteristic area under curve 

(ROCauc) for simple validation of any vegetation community was 0.88 (JAA) while the highest 

auc values were observed for QOC (auc = 1) followed by auc of 0.99 for communities SBG and 

BAV. The correlation between observed and predicted values was also high (>0.69) for 

vegetation communities except for JAA (0.45) and CPP (0.52). The ROCauc for cross-validation 

also showed similar trend and range of values, low correlation values were found between 

observed and predicted values of JAA (0.39) and CPP (0.42) communities. 

 

Figure 4.45: Validation summary of the final fitted models of the forest vegetation communities  
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Figure 4.46: The probability of occurrence of individual forest vegetation communities 

 

Figure 4.47: Combined potential distribution of forest vegetation communities  
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Table 4.13: Predicted Area of occupancy of each forest vegetation community in relation to total 
area of the valley and forested area (2001) 

Community Predicted area (ha) Proportion of Total area*  Proportion of forest area 

SAL-BER-GEU  25232.85 17.98 25.95 

BET-ABI-VIB  922.14 0.66 0.95 

PIC-ABI-VIB  38871.54 27.69 39.98 

JUG-AES-ACC  405.36 0.29 0.42 

CED-QUF-IND  18480.6 13.17 19.01 

CED-PAR-PIN  94.41 0.07 0.10 

QUB-COT-CED  3167.64 2.26 3.26 

QUB-OLE-COT  10056.96 7.16 10.34 
*Total Study area (140365.8 ha): Potential forest area: (97231.5 ha) 
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Discussion 

Classification and Ordination 

The study of vegetation holds the key for understanding complexity of interactions in a 

mountainous system (Schweinfurth, 1984). The present study is the first attempt to 

comprehensively describe the forest vegetation corroborated on statistical grounds as compared to 

the qualitative or anecdotal classifications of Awan (1994) and Rafiq (1996). Furthermore an 

attempt to correlate the vegetation patterns to the environmental variables in study area has never 

been done before in the study area. The classification and ordination techniques, as applied during 

the present study have already been identified as important approaches to generate hypotheses 

regarding vegetation and environment (Wang et al., 2003).  The vegetation of study area was found 

rich and diverse; and classified to eight interpretable forest vegetation communities (Table 4.7). A 

detailed insight may be helpful in understanding of small scale patterns, yet a broader look at 

vegetation is necessary for delimitation of management units. The mountainous vegetation is often 

closely associated with topographic factors (Chang et al., 2004; Moisen & Frescino, 2002). The 

ordination analysis revealed that the topographic factors could well explain the general distribution 

of the vegetation communities in study area, especially elevation (p<0.001); aspect, heat load index 

and topographic wetness index (p<0.05) (Figure 4.9; Table 4.11). 

The horizontal distribution pattern of forest in Himalayan region is often correlated with the 

sufficient influx of humidity. It has been inferred that less than three months of summer drought 

and precipitation between c.400 and c. 500 mm  mark the presence of closed coniferous forests 

(Miehe, et al., 1996). The study area seems to occupy climatic transitional area and is influenced by 

both extratropical cyclonic precipitation regimes and last traces of tropical monsoon during the 

summer (Fort, 1996) thus it can be interpreted that the existence of magnificent forest growth in 

study area is due to sufficient amount of precipitation contributed by both regimes. 

The vertical altitudinal sequence as followed by the vegetation communities (Figure 4.12) can be 

observed throughout Himalayan mountain range (Schweinfurth, 1992) and elsewhere in the world 

(Körner, 2003).  The altitudinal gradient resulted in continually changing ecological conditions 

manifested as alterations of dominating life forms and leaf-forms and vegetation communities 

(Figure 4.9; Table 4.11).  The elevation is highly correlated with the temperature that in turn can 

affect the availability of moisture thus directly affecting the vegetation growth (Luoto et al., 2006; 

Moser et al., 2005) and plays key role in the altitudinal distribution of forests (Brzeziecki et al., 

1995; Leathwick et al., 1996).  The physiognomic change pattern of the forest vegetation 

communities with altitude seems to be in agreement with studies on ecologically similar areas 

(Schickhoff, 1995; Schweinfurth, 1984).  The conifers dominate the elevation ranges of 2000–3000 

masl, the oak forests at valley bottom (QUB-OLE-COT community) differentiate upwards into 
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coniferous forests (CED-QUF-IND and PIC-ABI-VIB communities) that further mingle with 

Betula utilis belt (BET-ABI-VIB community) and then timberline krummholz scrub (SAL-BER-

GEU community). The cooler, sheltered, valley floor of coniferous forests give way to medium-

sized hardwood trees of varied composition, (JUG-AES-ACC community) culminating upslope 

into timberline krummholz scrub. 

The forest communities are limited along the altitudinal gradient by upper timberline, one of the 

most fundamental boundaries in vertical sequence of vegetation, is indicative of a significant limit in 

continuous ecological change along the altitudinal gradient (Schickhoff, et al., 2005). The upper 

timberline (SAL-BER-GEU community) in study area ranged between 3200 to 3900 masl and a 

similar elevation (c. 3500 masl) range has been reported for the upper limit of timberline in 

neighbouring areas (Dickoré & Nüsser, 2000; Kitamura, 1964; Schickhoff, 1994; Schickhoff, 1995). 

The obvious reason for the variation in altitudinal limits of upper timberline seem to be solar 

exposure at different aspects (Figure 4.9-a). The significant correlation of aspect to DCA2 (p<0.05) 

demonstrates this phenomenon very well. At NW slopes, later snow melt, and shorter growing 

seasons result in formation of timberline at elevations lower than expected and it increases towards 

the SE slopes as also reported by Schickhoff (2005). 

Nevertheless, there are modifications to these patterns are at some places, especially open warmer 

aspects, where the remnant open coniferous forest dissolve into isolated patches or single crippled 

trees higher up and disappearing into krummholz scrub without any transitory Betula utilis belt 

(BET-ABI-VIB community). The lack of Intensive Betula utilis belt and degraded uppermost 

Abies pindrow forest (PIC-ABI-VIB community) such as sub-alpine Moro pasture (Figure 4.48) 

can be attributed to a combination of intensive pastoralism and snow avalanches. The early 

snowmelt at these warmer slopes naturally provides an opportunity to the pastoralists and their 

livestock to occupy the area earlier in the season. The frequent utilization of the shrubby junipers 

willows and rhododendrons as fuel at the high altitude has now reduced them to a critical level at 

some places. 
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Figure: 4.48: Intensive pastoralism is one of reasons for vanished Betula utilis belt 

The conifers dominate Himalayan forests at elevation ranges of 2000–3000 masl with less abundant 

angiosperm tree taxa (Schweinfurth, 1984). The TWINSPAN classification resulted differentiation 

into two main coniferous forest vegetation communities in the area. The upper montane conifer 

forests (1950-3800 masl) dominated by Picea smithiana and Abies pindrow (PIC-ABI-VIB 

community) and lower montane conifers were dominated by Cedrus deodara (CED-QUF-IND). 

The general conditions at upper montane forests are moist thus Schweinfurth (1984) designated 

these altitudes as ‘belt of higher humidity’ and so as Rafiq (1996).  Cedrus deodara seems to prefer 

Mediterranean climate and avoids generally moister conditions (Ahmed et al., 2006). Inline with 

these studies, the community PIC-ABI-VIB differentiate from CED-QUF-IND community along 

second axis of ordination diagram that correspond to ‘twi’ and ‘wet’ signifying the moisture 

gradient. In comparison with the Cedrus forests of dry, inner Himalayan valleys (Champion, et al., 

1965), the Pinus gerardiana is generally absent from the study area, however, locations in 

immediate north and north-west, such as Jalkot and northern portion of Kayal valley do have this 

species. A tint of dry Pinus gerardiana can also be found in north-western edge of the study area 

(Kunsher). Additionally, the complete absence of Pinus roxburghii, (indicator of sub-tropical 

climate) (Ahmed, et al., 2006), confirm that the study area lies in a transitional zone between sub-

tropical monsoon and dry temperate type of climate, with gradient of dryness increasing from 

southeast to northwest (Fort, 1996).  

The hardwood communities such as JUG-AES-ACC community (1700 – 2800 masl) in downward 

altitudinal sequence of Betula forests (BET-ABI-VIB communities) have also been reported from 

comparative elevations throughout Himalayas (Champion, et al., 1965; Pangtey & Rawal, 1994; 

Sharma et al., 2009). They are differentiated from coniferous forests by occupying comparatively 

moister gullies rather than open, drier slopes (Figures 4.8 f-g). The hardwood communities of 
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colline/sub-montane area (QUB-COT-CED and QUB-OLE-COT) with dominated sclerophyllous 

species like Acacia modesta-Olea cuspidata and Quercus baloot resembled Mediterranean 

vegetation in terms of physiognomy, ecology as well as floristics (Mazzoleni et al., 2004). Similar 

communities have also been reported from east Afghanistan, Western Pakistan including Safed-

Koh, Waziristan, Chitral, Swat Kohistan, Indus Kohistan, lower Kaghan, Diamir, Baltistan and 

parts of Kashmir at an altitude of around 1000 to 2000 masl (Ahmed, et al., 2006; Breckle, 2007; 

Champion, et al., 1965). The ordination diagram revealed the small clumps of plots within the main 

vegetation community as also apparent from evenness values (0.88). These small difference may be 

attributed to the highly diverse character of community reflecting sharply delimited habitats in 

very small area that are perhaps due to pedological differentiation e.g., Pistacia integrrima seems 

to occupy rocky drier patches, Olea ferruginea seems to occupy moist, sheltered places. Similarly 

the Acacia modesta also seems to occur on edaphically drier areas. 

In contrast to the previous studies on vegetation of Palas plots resembling Acacia modesta-Olea 

ferruginea-Maytinus royleana community reported by Awan (1994) at lower elevations (dry-

subtropical zone) of study area (Table 4.1) were merged with Quercus baloot-Olea ferruginea-

Cotoneaster bacillaris community (QOC) since notable differences in species composition of the 

Acacia modesta containing plots could not be inferred by classification or ordination. The sporadic 

occurrences of Acacia modesta could be observed all along the Indus gorge sometime becoming 

locally dominant where large alluvial fans and cohesive talus slopes have developed. The species 

such as Dodonaea viscosa, Mallotus phillipensis, Justicia adhatoda and Xanthoxylum armatum 

were thoroughly absent from the study area and not even reported by Rafiq (1996), however, 

these species could be observed in Trans-Indus area of Patan. Another importance difference from 

the previous studies was the occurrence of Daphne oleoides observed in upper-subtropical to montane 

communities was never reported earlier. All these differences could be attributed to the subjective 

approaches and restricted sampling efforts to classify vegetation. The general character of the 

vegetation communities was however found similar to that described by Rafiq (1996). 

Phytogeography and Diversity 

Troll (1939) considered the vegetation on dry northwestern periphery of Himalayas as 

physiognomic reminiscent of a Central Asiatic type. The study area can be well positioned in 

Himalayan floristic domain as chorographic analysis of all the forest communities showed a high 

proportion of W Himalayan elements. These elements prevail across a wide zone ranging from 

Swat to Kashmir and SW Karakorum (Dickoré and Nüsser, 2000). The widespread Eurasian and 

circumpolar elements form an important proportion of the flora after the Himalayan elements. 

The Eurasian elements show continuous distribution only towards north of the Altai and are often 



Chapter 4: Forest vegetation: environmental relationships and spatial patterns Page 114 of 196 

sparse south of it with only few examples of widely scattered but discontinuous occurrences e.g., 

in Tian Shan and Seravshan mountains. The presence of circumpolar elements seems to be more 

significant in the flora of High Asia (Dickoré and Nüsser, 2000). The Holarctic flora seems to 

occur in all forest communities out of which forms make an important proportion suggesting 

Sino-Japanese or east Asiatic types are less represented than the Irano-Turanian ones thus overall 

situation does approximates to Troll’s opinion. 

The vegetation communities followed hypsozonal sequence, and both the species diversity and 

richness increased with altitude (Table 4.9), however, the trend is not monotonic, rather apparently 

unimodal. The diversity and richness first increase, then decrease towards the upper limits of the 

forest. Similar diversity and richness pattern has been observed from mountainous regions (Levin et 

al., 2007; Wang, et al., 2003; ZhenHua et al., 2007). The exceptionally high diversity of PIC-ABI-

VIB community (H´= 4.01) can be explained through the existence of high hygric conditions as 

confirmed by ordination analysis (Figure 4.9-a). Schweinfurth (1984) recognized the comparative 

Himalayan altitudes as ‘belt of higher humidity’ and so as Rafiq (1996) pertaining to generally moist 

conditions at upper montane forests. Soil moisture and its depth were found influencing the species 

diversity and richness rather than the altitude on the basis of weak correlation of altitude with 

diversity and richness in Nubra Valley, Ladakh (Joshi, et al., 2006). The relatively drier conditions 

(precipitation <80 mm per annum) in Nubra valley might have led the high floral distribution along 

‘oasis’ formed along the water surplus habitats. The conditions in Palas are moister thus the species 

richness and diversity patterns were found similar to climatically moister regions (Bhattarai & 

Vetaas, 2003; Vetaas & Grytnes, 2002). The precipitation has also found increasing with elevation 

gradient (von Wehrden et al., 2009; ZhenHua, et al., 2007), therefore, it can be generalized that the 

altitudinal gradient affects the moisture regime and accompanied species richness and diversity. The 

patterns of richness and diversity are, however, further complicated by dispersal ability, competition, 

and environmental conditions like light availability and edaphic characteristics that themselves 

suffer microclimatic changes due to management activities, overstorey structure and dynamics 

(Brosofske et al., 1999). 

The beta diversities (Figure 4.6; Table 4.8) reveal that the communities BET-ABI-VIB, PIC-ABI-

VIB and JUG-AES-ACC (higher altitude sequence) are well within an average range of c. 600 m 

elevation to each other and share only 30-34 % of the species. In contrast the communities CED-

QUF-PIN, CED-PIN-VIB and QUB-COT-CED (lower altitude sequence) share 33-54% of the 

species, while being well within range of c. 800 m to each other. This shows that at higher altitude 

the ecological conditions are diverse as depicted by ordination analysis, differentiation of 

vegetation communities is more obvious along DCA2 at the higher elevations (Figure 4.9) and 

accordingly more specialized species occupy the specific microhabitats or niches. The snow 
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avalanches may also prevent the establishment of the propagules of the plants other than those 

adapted to grow along avalanche trails, however, at the same time they have tendency to bring the 

different vegetation communities closer as the overlap in ordination diagram suggested (Figure 

4.9). The species compositional similarities in lower altitude sequence of communities can be 

attributed to the fact that many permanent settlements lie within or around these communities and 

the livestock may carry the seeds and propagules from one community type to another where they 

have fair chance to grow and establish while there are no mass disturbances like higher altitude 

sequence communities (Adler et al., 2001). 

The spatial patterns of forest vegetation communities  

Model Predictors 

The spatial distribution patterns of forest vegetation communities were found similar to the 

relationships elaborated by ordination analysis. The highest contribution to models of all eight 

vegetation communities imparted by elevation gradient (Table 4.12) highlight that thermal 

conditions (as it relates to temperature) and harshness of the environment are the major limiting 

factors to the distributions of forest communities in study area highlighting their close abiotic 

control. The elevation is highly correlated with the temperature that in turn can affect the 

availability of moisture. The close association of mountainous vegetation with topography has 

been highlighted by other studies as well (Chang, et al., 2004; Meentemeyer & Moody, 2000). 

The elevation gradient has also been reported to be related with precipitation (Henrik von et al., 

2009; Retzer, 2007) and regional climatic studies suggest that same may apply in case of study 

area (Fort, 1996). 

The soil adjusted vegetation index (savi) and tasseled cap greenness (gre) accounted for the models 

of deciduous forest vegetation communities that may be directly attributed to marked differences in 

spectral signal from coniferous vegetation. The high importance of soil-related, Tasseled Cap 

brightness (bri) indicates the dependency of PIC-ABI-VIB, JUG-AES-ACC, CED-QUF-IND and 

CED-PAR-PIN on some soil related parameters. The overall explained deviance for these models 

was lower indicating that only topographic and remotely sensed predictors were not enough to 

account for major part of the spatial variation. This remaining information may indicate for 

example biotic interactions, variation in the habitat quality or other local processes independent of 

the explanatory variables in this analysis. The predictors variables used in the study were proxy/ 

surrogate variables and often surrogate variables in modelling studies do not reveal enough about 

the clear influences on vegetation (Tappeiner, et al., 1998). Other significantly contributing 

variables to the forest vegetation community models were ‘heat load index’ (hli) and ‘COS 

transformed aspect values’ (aspv), both of which are surrogate for light a limiting factor of 

photosynthetic activity as well as wind exposure (Austin & Meyers, 1996). 
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Model fitness and Accuracy 

The results showed that the fitness of predictive models for eight forest vegetation communities 

varied as shown by their D
2
 statistic. This statistic represents the deviance explained and its 

lowest values
 
for the models of JUG-AES-ACC (0.29) CED-PAR-PIN (0.37) and CED-QUF-

IND (0.47) can be attributed to their similar habitat occupancy as revealed by their overlap in 

ordination diagram (Figure 4.9-a). These communities had similar altitudinal range (Figure 4.2) 

and can be viewed upon as ‘matrix’ consisting of CED-QUF-IND community that is intersected 

by JUG-AES-ACC community along water channels and CED-PAR-PIN community at its lower 

altitudinal where Pinus wallichiana dominates locally due to sufficient moisture availability. 

Ideally these community should have been modelled well due to specificity of habitat (Kivinen et 

al., 2008; Maggini et al., 2006), but the low spatial resolution (30m) of the predictor dataset 

further constrained their discrimination from ‘matrix’. 

The higher D
2
 statistics accompanied with higher ROC of the predictive models (Figure 4.11 & 

4.45) suggested that they were not ‘over fit’ by an excess of predictors i.e., low ROC values would 

have indicated a probable over-fit (Maggini, et al., 2006; Zaniewski et al., 2002). The small 

difference between simple validation and cross-validation area under curve (auc) values indicate 

good model stability as well (Lehmann et al., 2002a). The accuracy achieved by models is directly 

related to the amount of information used to define the relationships between components of 

models. The ROC statistic greater than 0.7 are considered good, with values over 0.9 as very 

good (Michel et al., 2010). Therefore, the level of accuracy achieved by forest vegetation 

communities models is well acceptable (cv ROC range: 0.8 - 0.99; correlation in the models: 39 - 

98%). In comparison other studies implementing GRASP methodology obtained varying ROC 

values e.g., 0.94 (Lehmann, et al., 2002a), 0.65 - 0.98 (Lehmann, et al., 2002b) and 0.61 - 0.72 

(Zaniewski, et al., 2002). 

Although the cross-validation, correlations of models suggest that a fit can be achieved between 

modelled and observed data with relatively non-complex GAMs, some of these figures do not 

provide an evidence of strong model performance. These inherent uncertainties in the accuracy of 

the final predictions are prevalent and above all, the objective is to prepare a medium scale site 

assessment rather than to replicate all in situ conditions. 

Encouraging results have been achieved from other studies as well, that used GAMs for prediction 

of terrestrial vegetation (Cawsey, et al., 2002; Elith & Leathwick, 2007; Ferrier, et al., 2002; 

Leathwick et al., 2006; Lehmann, et al., 2002a; Lehmann, et al., 2002b; Yee & Mitchell, 1991) 

with respect to fitting and stability of the models as well as accuracy of predictions at varying 

spatial resolutions. One of the reason behind the success of these models is the use of huge amount 

of data (thousands of plots), extracted from national vegetation and forest surveys. However, 
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extraordinarily rugged and, hostile terrain of study area with additional time and cultural constraints 

did not allowed the collection of such a big dataset.  

Prediction map 

The prediction map (Figure 4.47) revealed that the spatial distribution of the communities was 

certainly over-predicted such as sub-alpine pasture areas (Moro, Gadar and Ganja), riparian tracts 

and a completely deforested area near Khaliar village (forest compartments Khaliar 5 and 6; burnt 

during an accidental fire in 1999). The most obvious reason for these ‘over-predictions’ seems to 

be the lack of discriminating absences indicating non-forested locations i.e., the data used in 

predictive models was from forested area only. The absence data in GAM is presumed to 

represent the areas of absence due to negative environmental relationships, however, extensive 

pastoralism has resulted in conversion of forest into sub-alpine pastures as the presence of 

crippled trees at the upper edge reveals (Figure 4.48) suggested that these were previously 

forested areas and converted into pastures through anthropogenic influence (Engler et al., 2004; 

Zaniewski, et al., 2002). 

While the predictive distribution models are static and probabilistic in nature and statistically 

correlate the predictor variables with distribution of species or communities (Guisan & 

Zimmermann, 2000), the sampling design and choice of predictor variables become important 

factors in the quality of predictions.  The present map representing potential distribution of the 

forest communities can be subjected to further refinements by including absence data from non 

forest locations, including relevant predictors such as phenomena related to snow avalanches, 

landslides, anthropogenic. 

Conclusions 

In general, the multitude of canopy forming species in each forest vegetation community points to the 

likely conclusion that these are relatively undisturbed from anthropogenic influence as also observed 

by Rafiq (1996); conversely there would have been vegetation stands dominated by one or a few 

canopy forming species (Lawesson, 2011). The severe forest cutting episode in upper reaches of the 

Indus tributaries to extend the road and railway network in Himalayan foreland, after the suppression 

of Indian Mutiny in 1857-58 (Schickhoff, 1995) could not reach Palas valley for being part of 

uncontrolled territory of Yaghistan (land of rebels). Even after the construction of Karakoram 

Highway (KKH), it remained socially and culturally segregated from the rest of areas that seems to be 

one of the most plausible explanation that the forest vegetation is being maintained in relatively 

pristine conditions, at the same time an era of devastating forest degradation has already started in 

lower areas after the construction of roads. The present study has provided a comprehensive 

baseline for forest vegetation communities that can be useful for comparison in such future 

studies. 
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The limited knowledge of geographic distribution of species and communities is one of the major 

constraints for biological conservation worldwide. The predictive vegetation modelling is 

particularly useful practice to obtain such information, especially for remote and inaccessible areas 

of the world where critical datasets are either not available or of poor quality. The study area is no 

exception to this and is a good contribution with respect to spatially explicit information on forest 

vegetation communities. This would further contribute towards understanding of the habitat 

preferences of forest vegetation communities in Pakistan. The resolution of the predicted 

community maps is ~30×30 metres the approach used is widely applicable and practicable, since 

the predictor datasets used during this study were extracted from the sources that are available free 

of charge worldwide. These predictive distribution models can provide basis for vegetation 

monitoring and mapping, and facilitate decision making for the management and conservation of 

biodiversity. The subsequent studies of similar focus will facilitate the conservation activities in the 

whole Himalayan region. 
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CChhaapptteerr  55  
FFoorreesstt  ccoovveerr  cchhaannggee  --  ((11999922  ––  22002200))  

5.1. Introduction 

Alteration of forest to non-forest land-cover is one the important issues faced by our globe 

today. The forests undergo constant change at varying spatial and temporal scales due to natural 

and/or anthropogenic factors. These changes have been categorized on the basis of their 

temporal character into landcover/inter-annual changes (low temporal resolution) and 

seasonal/intra-annual changes (high temporal resolution) (Coppin, et al., 2004). The land-cover 

changes have wide-ranging impact upon the structure and function of an ecosystem (Meyer & 

Turner, 1994). Precise and timely monitoring of these changes, especially under the themes of 

“forest cover and forest degradation” is a precondition for forest managers to assess forest health 

and productivity to formulate policy and management plans accordingly (de Gier et al., 1999; 

Turner et al., 2007). The importance of forest cover dynamics (disturbance and recovery) as a 

baseline requirement for their sustainable management has been emphasized in many studies 

such as (Diouf & Lambin, 2001; Kurz, 2010; Mendoza & Etter, 2002; Vance & Geoghegan, 

2002). The reduced forest cover has wide ranging impacts including functioning of ecosystems 

(Pregitzer & Euskirchen, 2004; Song & Woodcock, 2003), loss of biodiversity, reduced cycling 

of water, soil and water resources, benefits obtained from forests and contributions to global 

warming (Fearnside & Philip, 2005). 

The global annual estimates reveal that world’s forests are being converted to other land uses (non-

forest; mainly - agriculture) by 0.8% (FAO, 2009). Considering its critical nature to ecosystem 

processes, the forest cover dynamics still remains poorly quantified particularly in spatial context 

(Cabral et al., 2011; Masek et al., 2011). The satellite remote sensing (SRS) has emerged as a 

superior alternate against traditional field surveys to map spatial extent of forests and changes 

therein, since it can provide biophysical habitat data, covering significant areas and time periods 

(Kerr & Ostrovsky, 2003; Sader et al., 2003). Remote and difficult to access areas have particularly 

benefited from SRS as low-cost primary data on forest cover, saving both time and monetary 

resources (Ferrier, et al., 2002). The multi-temporal, multi-spectral nature of data acquired by 

satellite-sensors has helped to identify and monitor forest cover changes, irrespective of their causal 

factors and its digital availability has provided an opportunity to get integrated with geographic 

information system (GIS) and support computer-automated analysis (Wynne & Carter, 1997). 

The most frequently used SRS data sources for change detection applications include medium to 

coarse resolution sensors viz., Advanced Very High Resolution Radiometer (AVHRR), Landsat 

Thematic Mapper (TM), Moderate Resolution Imaging Spectroradiometer (MODIS) and Satellite 

Probatoire d’Observation de la Terre (SPOT) (Lu et al., 2004a). Out of these, the Landsat series has 
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been providing medium resolution data (15-30m; swath width~185X185 km/scene) on a regular 

and repeated basis since 1972, constituting the longest continuous record of global changes and has 

been recognized as ‘workhorse’ for analyses of forest cover and its change at local to regional and 

greater scales (Cohen & Goward, 2004; Huang et al., 2010; Wulder et al., 2008). The temporal 

resolution of the platform is 16–18 days that may sometimes further extend due to cloud 

contamination or duty cycle limitations (Ju & Roy, 2008). 

The change detection in SRS framework involves the quantitative comparison of multi-temporal 

satellite imagery or other change detection products (e.g., spectral indices, image transformations 

etc) to identify differences in state of geographic phenomenon being studied (Coppin & Bauer, 

1996; Singh, 1989) and demands them to be spectrally discernible (Castro et al., 2003; Lu, et al., 

2004a; Pedroni, 2003). Most of the change detection studies utilizing higher spatial resolution (< 

30m) have focus on comparison of short (2-5) images’ time series (Bruzzone & Prieto, 2002; Le 

Hégarat-Mascle, et al., 2005; Le Hégarat-Mascle & Seltz, 2004; Mas, 1999; Nielsen et al., 1998) 

with image differencing and linear transformations as preferred approaches (Coppin, et al., 2004; 

Lu et al., 2004b; Nordberg & Evertson, 2003). These methods establish changes but do not offer 

information on the nature of change, besides the complications related to these methods (Ridd & 

Liu, 1998; Singh, 1989). However, detailed ‘from – to’ change information is provided by other 

methods such as post classification change detection or “delta classification” is not uncommon, 

whereby two classified and labelled images from different dates are compared to analyze change 

(Chen, 2007; Howarth & Wickware, 1981; Lunetta & Elvidge, 1999; Mather & Koch, 2011). The 

inaccurate classification may limit the performance of this approach by erroneous change 

indications (Chen, 2007; Singh, 1989). 

The search for better algorithms for image classification has always been a hot issue in remote 

sensing applications because of lack of their universal applicability (Xie et al., 2008). Majority of 

these algorithms are per-pixel classifiers i.e., produce a crisp classification (assume pixels to be 

pure and belonging to one class only). Other approaches such as artificial neural networks (Moody 

et al., 1996), expert systems (Ghosh & Samanta, 2003), fuzzy set theory (Foody, 1996), linear 

mixture modelling (Settle & Drake, 1993) and probability theory (Foody, 1992; Xu et al., 2005) 

produce soft classifications and are inherently appealing for mapping vegetation transition and 

composite units, but they have unresolved issue of ‘how to best represent their results?’ (Xu, et al., 

2005). 

Since the image classification relies on spectral domain, the identification of change features may 

get hampered in the situations where ecologically important differences are spectrally similar 

(Castro, et al., 2003; Pedroni, 2003; Sesnie et al., 2008). In such cases the hybrid use of multiple 

approaches (Lo & Choi, 2004), integration of multi-sensor data (Kerr & Ostrovsky, 2003), 
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incorporation of relevant biophysical data (e.g., terrain) (DomaÇ & Süzen, 2006; Ferrier, et al., 

2002; Miller & Franklin, 2002; Pedroni, 2003; Shrestha & Zinck, 2001) and inclusion of ancillary 

and contextual information have been reported to enhance the validity of classification (Sluiter & 

Jong, 2004). 

Once a suitable forest cover information has been generated, future change scenarios can be 

simulated under a range of assumptions about the rates and patterns of change (Brown et al., 

2002). Such projections are crucial to the assessment of potential environmental impacts on 

landuse thus may be helpful in policy formulation to improve environmental issues. The future 

scenarios are created using various approaches like narrative methods, stochastic models and 

hybrid methods (Houet & Hubert-Moy, 2006). Such modelling of land-use/land-cover (LULC) 

change is frequently done using transition probability models (Burnham, 1973; Luo et al., 2008; 

Muller & Middleton, 1994). These models are usually trained using maps of observed change to 

estimate the LULC transition probabilities as a function of biophysical parameters (e.g., drainage, 

soils and terrain), location of facilities (e.g., markets) and landuse policies (Kaimowitz & 

Angelsen, 1998; Lambin, 1997; Zhu et al., 2010). The most commonly used models include 

logistic regression (Schneider & Pontius, 2001; Verburg et al., 2002), artificial neural networks 

(Cairns, 2001; Ejrnæs et al., 2002; Masocha & Skidmore, 2011), generalized additive models 

(Brown, et al., 2002) and cellular automation (Houet & Hubert-Moy, 2006; Wolfram, 1986). The 

projection are based upon current trends and often assumed that there will be no evolution of 

management policies and there is no sudden spatial management (Wood et al., 1997). 

The forest area of Pakistan is approximated to be less than 5% of its land area (4.29 million 

hectares) and contributes to global forest cover by 2.5 %. An increase in conversion rate of forest 

cover to non-forest has been observed by 0.3 % during 2000-2005 as compared to figure of 1.8 % 

during 1990-2000 (FAO, 2009). The natural forests in the country are mainly coniferous (41.4% 

of total forests) and confined to northern mountain ranges (GOP, 1992). During the past few 

decades extensive deforestation has been done and vast areas in the mountains have been cleared 

for commercial timber extraction and expanding human settlements. Almost half of the potential 

forest area has reported to be lost in some of these northern forests (Schickhoff, 1995). The Palas 

valley remained relatively isolated from these mass deforestations partly due to its difficult terrain 

and tribal culture; however, deforestation did occur in most accessible portions of the study area. 

Keeping in view, the importance of Palas forests as one of the most extensive and best-protected 

remaining areas of Himalayan natural forest, this chapter is an attempt to study the evolution of 

forest cover over three decades (1992-2020). The better management of forests would demand the 

information on their spatial extent at higher resolution as well as knowledge of the past and 

continuing ecological processes that have shaped or maintained them and their roles in local 
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landscape. The earthquake of October 2005 destroyed almost all the bridges connecting different 

parts of the valley, therefore, an attempt to correlate its effect on deforestation patterns was also 

carried out. Similarly the role of traditional land tenure system in relation to deforestation has been 

discussed as well. The specific objectives covered in this chapter include: 

 Mapping spatial distribution of forest (vegetation communities) and non-forest (range) 

areas for years 1992, 2001 and 2010 

 Simulation of future spatial distribution of forest (vegetation communities) and non-forest 

(range) areas during 2015 and 2020 

 Assessment of the rate and extent of spatial changes in forest (vegetation communities) 

and non-forest (range) cover from 1992 through 2001, 2010, 2015 and 2020 

 Assessment and comparison of spatial trends in deforestation during 1992-2001 and 2001-

2010 in relation to October 2005 earthquake 
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5.2. Research methods 

55..22..11..    SSppaattiiaall  ddiissttrriibbuuttiioonn  ooff  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--ffoorreesstt  ((rraannggee))  aarreeaass  

((11999922,,  22000011  aanndd  22001100))  

The major objectives covered in this chapter were to carry out a “hard” classification to model 

spatial distribution of forest (vegetation communities) and non-forest (rangeland/range) locations in 

the study area and detect changes in their extent from 1992 to 2001 and 2010 (the agricultural areas 

were supposed to maintain their extent and excluded from change analysis as traditionally there is 

restriction to convert forest to agricultural land in the study area). In order to achieve this, a method 

for statistical generalization based upon forest/non-forest (FNF) training samples was worked out 

rather than the approaches relying purely on the physical aspects of reflectance. The statistical 

models (Generalized additive models) were fitted using a set of predictor variables and implemented 

in a GIS to produce FNF and vegetation community maps for the years 1992, 2001 and 2010. 

Sampling of forest and non-forest areas 

The locations with effective forest cover (>40% treed) were identified in the field sampling 

(Chapter 3), however, sample locations located close to forest edges were subjectively removed 

from analysis (n=132) by visual comparison with false colour composites (bands 432 and 742) of 

1992 Landsat TM image. The non-forest locations (<40% treed) included the samples taken from 

pasture areas and some additional locations were inferred by visual interpretation of satellite 

images supplemented with GPS labelled photographic documentation, field sketches and 

videography. A total of 404 samples were used for the assessment that included 281 forest and 

123 non-forest locations (Fig. 5.1). The explanatory variable data (elevation, slope, aspect and 

topographic wetness index) corresponding to these locations were extracted in GIS and used to 

develop statistical model of FNF locations. 

 

Fig. 5.1: forest and non-forest samples locations in the study area  
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Statistical models of forest and non-forest areas (1992, 2001 and 2010) 

The GRASP (Generalized Regression Analysis and Spatial Prediction) package (Lehmann, et al., 

2002b) in software S-PLUS ver. 8 (Insightful, 2008) was used to fit generalized additive models 

(GAM) for FNF areas of the target years.  The conceptual framework and explanatory variables 

used in the models are as under: 

Conceptual model 

The conceptual background of the model was that Landsat extracted Normalized Difference 

Moisture Index (NDMI) will helpful in identifying forest cover in the study area. With the known 

hypsozonal distribution of forests in study area, it was expected that elevation and other related 

topographic variables if used in conjunction with NDMI as explanatory variables to model FNF 

areas, will impart additional refinement to the models and produce ecologically meaningful 

classification. 

Explanatory Variables 

NDMI: The major variable hypothesized to detect the forest/non-forest areas was Normalized 

Difference Moisture Index (NDMI). Previously the NDMI has been successively used to identify 

drier vegetation conditions (Vogelmann & Rock, 1988), conifer stand age and structure (Cohen & 

Goward, 2004; Cohen, et al., 1995) and partial forest harvest (Hayes et al., 2008; Healey, et al., 

2006). 

The variable was extracted from Landsat Thematic Mapper (TM) L1T processed (i.e., 

radiometrically and geometrically correct) imagery (WRS path 150, row 36) dated: 20
th
 September, 

1992, 24
th
 September 2010 and a Landsat Enhanced Thematic Mapper ETM

+
 image dated: 7

th
 

October, 2001. These images had <1% cloud cover for study area and were obtained from Land 

Processes Distributed Active Archive Center (LPDAAC) of National Aeronautics and Space 

Administration’s (NASA) Earth Observing System (EOS) Data and Information System 

(EOSDIS).  

The acquired imagery was processed in software ERDAS IMAGINE 
®
 ver. 9.1 (Leica 

Geosystems, 2006). The imagery was reprojected from UTM43 to geographic projection (WGS 

84 datum) and re-sampled with cell size of 0.0003 decimal degrees (~30m) and smoothed with 

3X3 cell moving average to account for registration errors. The images were co-registered (RMSE 

0.57± 0.38) in IMAGINE AutoSync workstation. Since all the images were to be classified 

independently as FNF areas, therefore, radiometric normalization was not necessary to apply. 

The NDMI for the respective years was calculated as: 

       
    5

    5
                               5    

Where: b5 is Short wave infrared band and b4 is near-infrared band of Landsat TM/ETM+ 
image. The suffix (yr) denotes respective year (yr = 1992; 2001 and 2010) 
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Topographic variables: The topographic variables used in the statistical model were based on 

30m digital terrain model (DTM) of the study area (Chapter 4). The variables included: 

elevation (ele), cos transformed aspect (aspv), slope in degrees (slp) and topographic wetness 

index (twi). 

Model Calibration 

The variables used to construct the FNF models were made available as raster GIS layers (GRID 

format) in software ArcGIS ver. 9.2 (ESRI, 2009). The value of each predictor raster layers at 

respective FNF sample locations was extracted and exported as text file for statistical analysis. 

Since three separate models representing FNF locations of target years were to be computed, the 

models were calibrated using respective year’s NDMI and same topographic variables (assuming 

negligible change in topography). 

The FNF models could be written as:  

Forest cover yr = s(ele,4) + s(aspv,4) + s(twi,4) + s(NDMI yr                  5    

Where: Forest cover yr = probability of a location to qualify as forest (yr = years - 1992, 2001, 2010); s = spline 
smoother; 4 = degree of freedom for spline smoother; ele = elevation; aspv = cos transformed aspect; twi = 
topographic wetness index; NDMIyr   N rm l zed D ffere ce M  s  re I dex fr m respec  ve ye rs’  m  e  

Analysis mask 

The agricultural areas, clouds, water bodies and snow covered areas were masked out from the 

analysis. The agricultural areas were digitized from survey of Pakistan 1:50,000 topographic 

map sheets and further refined through GPS surveys and visual image interpretation. The water 

bodies and the snow covered areas were identified through unsupervised classification of the 

satellite images using maximum likelihood classifier (Franklin & Wilson, 1991; Strahler, 1980) 

in software ERDAS IMAGINE 
®

 ver. 9.1 (Leica Geosystems, 2006) and then visually assigned 

to the respective class for each of the satellite image. It was observed that there were no clouds 

and snow in the forested areas; therefore, they were included with non-forest/range. 

Model validation 

The models performance was evaluated using D
2
 statistic [D

2
 = (null deviance -deviance)/null 

deviance] (Yee & Mitchell, 1991). The accuracy of models was statistically tested using the area 

under the curve (AUC) of the Receiver Operating Characteristic ROC (Fielding & Bell, 1997). 

Map production and post processing 

The fitted FNF models for respective years were exported as a ‘lookup tables’ from S-Plus software 

and processed in ArcView GIS software ver. 3.1 (ESRI, 1992) with an Avenue script program 

(GRASPIT - available with GRASP package) to produce FNF thematic maps for each year (1992; 

2001; 2010). The post processing of the these maps was done to keep only those areas in final map 

that have greater than 95% probability as forest for the respective years (Figure 5.5-a,c,e). This 
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probability cut-off level was empirically determined i.e., various cut-off levels were tested starting 

from 70% with the aim to select a cut-off with minimum errors of commission. 

The FNF thematic maps (1992; 2001; 2010) were overlaid upon with the potential forest 

vegetation communities map (Chapter 4) and the forest areas depicted in FNF maps were assigned 

to vegetation communities corresponding to the overlay. This resulted in forest vegetation 

community maps for the respective years (Figure 5.5-b, d, f). 

55..22..22..    SSiimmuullaattiioonn  ooff  ffuuttuurree  ssppaattiiaall  ddiissttrriibbuuttiioonn  ooff  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--

ffoorreesstt  ((rraannggee))  aarreeaass  ((22001155  aanndd  22002200))  

In order to simulate the forest (vegetation communities) cover for the years 2015 and 2010, a first 

order Markovian chain analysis was used. The analysis simulates the future land cover on the basis 

of observed transitions among landcover types (Brown et al., 2000; Velázquez et al., 2003). The 

transition potential was estimated from initial period (1992) landcover to a final period landcover 

(2001), using logistic regression. 

Transition potential 

The transition potential of forest to non-forest (pasture/rangeland) areas and vice versa was 

determined by regressing the areas undergone transition during 1992 to 2010 against a set of 

driver variables (i.e., those expected to drive the transition process). The driver variables used 

were those related to physical and hydrological features of terrain and accessibility to forest 

areas. In order to reduce any negative impact of spatial interdependence, 50 % of the transit 

areas were randomly chosen to train a regression model. Finally maximum likelihood method 

was used to create transition potential maps for the study area (Figure 5.7). 

Transition sub-models 

The original FNF area maps were segmented into vegetation community maps, and owing to 

prevalence of different ecological conditions among the communities, it was assumed that the 

expected drivers of transition from forest to non-forest areas (range) and vice versa may differ for 

each community. Thus overall transition of forest to non-forest areas and vice versa, was subset 

into sub-transition of each vegetation community to non-forest and opposite. Thus a total of 16 

transition sub-models were run i.e., 8 for vegetation communities to range (losses) and 8 for range 

to vegetation communities (gains) (Table 5.2-3). 

Drivers for transition sub-models 

The driver variables that were tested in each of the transition sub-models consisted of the terrain 

related variables including: aspect (asp); curvature of terrain (cur); elevation (ele); distance from 

tracks and roads (dtrk); distance from hilltops (dht); distance from settlements (dset); distance 

from streams (dstr); slope (slp); slope length factor (slf); stream power index (spi) and 

topographic wetness index (twi). These variables were incorporated as independent variables in 

regression analyses to determine transition potential of the FNF areas. 
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The Cramér's phi      (Baringhaus & Franz, 2004) was used to measure strength of association 

between a driver variable and a sub-transition. Only the variables having   > 0.15 were used to 

predict transition potential of a vegetation community. Since the driver variables were 

quantitative, they were binned to 256 categories and then tested for the association with transition.  

     
  

     
  

  

      
                                                  5    

Where:   = phi coefficient;      v l e der ved fr m Pe rs  ’s ch -square test;   = grand total of 

observations;   = number of rows or columns, whichever is less; The p-value for the significance of    is 

s me  s c lc l  ed fr m Pe rs  ’s ch -square test 
 

Regression analyses 

All the sub-transition models were fitted using binomial logistic regression and predictions of 

transition potential were made using maximum likelihood method. The forest and non-forest areas 

that underwent transition from years 1992-2010 and the areas eligible to change, but did not, were 

taken as dependent variable with binary response (Bernoulli variable) in each of the transition sub-

models and the selected driver variables as independent variables. The transition of ‘forest areas to 

non-forest ones’ and opposite could be assigned the value of the value 1 with a probability of 

success ‘’, or the value ‘0’ with probability of failure ‘1-’ in their respective sub-models. Since 

there is no assumption about the distribution of independent/predictor variables in logistic 

regression, and their relationship is curvilinear function, therefore, logistic regression function is 

used, which is the logit transformation of  (Gujarati, 2007). 

  
                       

                         
                                                   5    

Where:  = Probability of success;  = intercept;  = the coefficient of the predictor variables 1 through n.  

alternately: 

                
    

      
                                               5 5  

The positive values of estimated parameters of an explanatory variable indicate that its larger 

values will increase the likelihood of a transition; similarly, negative values of the estimated 

parameter mark that larger values of the explanatory variable will decrease the likelihood of 

transition (Serneels & Lambin, 2001). 

The model fit was assessed by the Nagelkerke R
2
, with values > 0.2 indicating a relatively fit 

model and a value of ‘1’ indicating a perfect model (Nagelkerke, 1991) and accuracy of the 

models was validated through the area under the curve (AUC) of the Receiver Operating 

Characteristic ROC (Fielding & Bell, 1997).   
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55..22..33..  SSppaattiiaall  cchhaannggeess  iinn  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--ffoorreesstt  ccoovveerr  

Forest (vegetation communities)/non-forest transitions 

Post classification change detection or “delta classification” was used to infer forest (vegetation 

communities) and non-forest (range) cover change between the years. All the non-forest areas 

were categorized as a single class rangelands/range and information on its transition ‘to’ and 

‘from’ forest (vegetation communities) i.e., gains and losses in each landcover class for successive 

years/dates were extracted through cross-tabulation and overlay analyses in a GIS (Figure 5.6 a-b). 

Rates of change 

The annual rates of change for overall forest vegetation as well as the individual vegetation 

communities was determined using the following equation (Puyravaud, 2003). 

      
 

     
     

   
   

  

Where:     = the cover of class   at an initial time   ;     = the cover of class   later time   . 

5.2.4. Spatial analysis of deforestation trend during 1992-2001 and 2001-2010 

Since the study area represented a landscape dominated by human intervention, therefore, best fit 

polynomial trend surfaces were created to generalize the complex patterns of deforestation (‘forest 

to non-forest’ transitions) during time intervals ‘1992 – 2001’ and ‘2001 – 2010’. The later 

interval marks the time period when a major earthquake (magnitude 7.6 on Richter scale) struck 

northern Pakistan. Although the earthquake occurred in October 2005, a reasonable length of time 

is enclosed within this interval to at least partially reveal its effects on deforestation. 

The areas undergone transitions during respective time interval were coded as ‘1’ and no-change 

areas as ‘0’. After recoding, a 9
th

 order trend surface was fitted over the whole extent of study 

area, reflecting the broader overview of forest change patterns during each time interval (the 

level of generalization would have been too high for lower order polynomials). The numeric 

values of the trend maps do not have any special significance and only reflect the change 

patterns in broader terms (Figure 5.9 a-b). 
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5.3. Results  

55..33..11..    SSppaattiiaall  ddiissttrriibbuuttiioonn  ooff  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--ffoorreesstt  ((rraannggee))  aarreeaass  

((11999922,,  22000011  aanndd  22001100))  

Statistical models of forest and non-forest areas (1992, 2001 and 2010) 

The GAMs fitted for detection of forest/non-forest (FNF) areas show very good performance as 

revealed by their high D
2
 values (0.89-0.96), ROC and cvROC area under curve (auc) (0.95-1) 

and simple validation as well as cross validation correlation (0.92-0.98) (Table 5.1). NDMI was 

the most important variable (55-58% drop contribution) contributing to explained deviance of 

FNF models, followed by elevation, topographic wetness index (TWI), and aspect value (Figure 

5.2). 

Table 5.1: Model performance and evaluation of the forest/non-forest models 

Model performance Model validation 

Model 
Null 

deviance 
Residual 
deviance 

Explained 
deviance 

D
2
 ROCauc cor cvROCauc cvCOR 

FNF 
1992 

496.59 19.82 96.01% 0.96 1 0.99 0.955 0.955 

FNF 
2001 

493.24 2.12 95.08% 0.99 0.99 0.95 0.98 0.95 

FNF 
2010 

496.24 50.15 95.54% 0.89 0.99 0.95 0.98 0.92 

 

Figure 5.2: The drop contribution of the variables used in FNF models of the respective years. 
The drop in explained deviance when the variable was excluded from model 

The distribution of forested areas along the explanatory variables during respective years as 

combined response curves (Figure 5.3) explain that forest cover has been deteriorated since 

1992 especially along the elevations approaching c. 1800 masl and increased after 2001 

especially below c. 1500 masl. 

  

0 

10 

20 

30 

40 

50 

60 

70 

FNF-1992 FNF-2001 FNF-2010 

D
ro

p
 c

o
n

tr
ib

u
ti

o
n

 (
%

) 
 

to
  t

h
e

 e
xp

la
in

e
d

 d
e

vi
an

ce
 

Models (Year) 

Elevation Aspect TWI NDMI 



Chapter 5: Forest cover change - (1992 – 2020)                                                                      Page 130 of 196 

 
a.1992 forest/non-forest model  

 
b. 2001 forest/non-forest model  

 
c. 2010 forest/non-forest model  

Figure 5.3: Combined response curves of forest/non-forest models of 1992, 2001 and 

2010 

Spatial distribution of forest (vegetation communities) and non-forest (range) areas 

The spatial distribution of the modelled FNF areas during the respective years and the spatial 

representation of net losses and gains in forest (vegetation communities) and /non-forest (range) 

landcover have been documented in Figure 5.4. In general, the major changes in forest area have 

occurred along the south-eastern portion of study area, along Chor Nallah and south-western 

areas, near settlements of Sherakot. 
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Figure 5.4: Observed spatial distribution of forest and forest communities during years 
1992, 2001 and 2010 and their gains and losses from 1992-2010 

(…continued) 
  

a. Forest cover 1992 

b. Forest communities 1992 
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Figure 5.4: Observed spatial distribution of forest and forest communities during years 
1992, 2001 and 2010 and their gains and losses from 1992-2010 

(…continued) 
  

c. Forest cover 2001 

d. Forest communities 2001 
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Figure 5.4: Observed spatial distribution of forest and forest communities during years 
1992, 2001 and 2010 and their gains and losses from 1992-2010 

(…continued) 
  

e. Forest cover 2010 

f. Forest communities 2010 
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Figure 5.4: Observed spatial distribution of forest and forest communities during years 
1992, 2001 and 2010 and their gains and losses from 1992-2010 

(…continued) 
 

g. Losses in Forest cover 

(1992-2010) 

h. Gains in Forest cover 

(1992-2010) 
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55..33..22..  SSiimmuullaattiioonn  ooff  ffuuttuurree  ssppaattiiaall  ddiissttrriibbuuttiioonn  ooff  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--ffoorreesstt  

((rraannggee))  aarreeaass  ((22001155  aanndd  22002200))  

Transition Potential 

The estimated coefficients for the logistic regression analyses for transition of forest (vegetation 

communities) to non-forest (range) landcover and vice versa during 1992-2010 are documented 

in Tables 5.2 and 5.3. The ROC statistic showed that these transitions can be reasonably 

explained by the driver variables (ROC>0.7), however, the models for communities BAV and 

QCC to range did not performed well (ROC<0.56). 

Table 5.2: The estimated coefficients of binary logistic regression for transition of forest 
(vegetation communities) cover to non-forest (Range) during 1992-2010 and their 
accuracy 

Table 5.3: The estimated coefficients of binary logistic regression for transition of non-
forest (Range) cover to forest (vegetation communities) during 1992-2010 and their 
accuracy 

A combined spatial representation of transition potential models of forest vegetation communities 

to non-forest (range) landcover and vice versa have been shown in figures 5.5 a-b. In general the 

valley bottoms have greater potential towards recoveries and the north/south-eastern portions 

together with the areas near major settlements in the south-western portion of study area are 

potentially more vulnerable to deforestation. 

The simulated spatial distribution of the forest (vegetation communities) revealed that the forest 

recoveries would be the dominant phenomenon in the study area, especially the areas near river 

Indus and along the southern boundary of the study area (Ganja Sar) (Figure 5.5). 

Transition: ► 
SBG to 
Range 

PAV to 
Range 

BAV to 
Range 

JAA to 
Range 

CQI to 
Range 

CPP to 
Range 

QCC to 
Range 

QOC to 
Range 

Individual regression coefficients 

Intercept -38.690 -27.570 -9.414 -14.190 -16.290 -33.220 -8.580 -16.730 

DROADS 
 

-0.037 
 

-7.585 -0.036 -8.421 -0.238 0.123 

DSET 85.653 19.747 
  

1.852 
   

DSTR 
  

24.767 
     

SLP 0.001 0.021 0.015 -0.005 0.033 0.015 0.027 0.012 

SPI 0.246 
 

0.173 
     

TWI 2.170 3.113 2.119 3.181 2.943 2.846 1.754 2.628 

Nagelkerke R
2
 0.260 0.230 0.710 0.260 0.130 0.250 0.060 0.110 

ROC 0.750 0.760 0.590 0.820 0.710 0.720 0.560 0.720 

 

Transition: ► 
Range to 

SBG 
Range to 

PAV 
Range to 

BAV 
Range to 

JAA 
Range to 

CQI 
Range 
to CPP 

Range to 
QCC 

Range to 
QOC 

Individual regression coefficients 

Intercept -9.076 -5.601 -3.827 -6.758 -2.115 -6.721 -4.227 -0.415 

DROADS -0.217 -0.091 0.041 -0.476 -0.158 0.004 -0.143 -0.275 

DSET -25.456 -27.266 -26.072 -52.954 -34.109 -25.733 -34.491 -12.244 

DSTR 
        

SLP 0.056 -0.010 0.024 0.009 0.024 -0.056 0.025 0.041 

SPI 
        

TWI 
        

Nagelkerke R
2
 0.06 0.08 0.10 0.13 0.21 0.09 0.17 0.42 

ROC 0.75 0.83 0.79 0.88 0.90 0.80 0.91 0.97 
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Figure 5.5: Combined spatial representation of transition potential model of forest 
vegetation communities to non-forest (range) landcover (a) and transition 
potential model of non-forest (range) landcover to forest vegetation 
communities (b) 

b. 

a. 
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Figure 5.6: Projected spatial distribution of forest and forest communities during years 
2015, 2020 and their gains and losses from 2010 to 2020 

 

b. Forest communities 2015 

a. Forest cover 2015 
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Figure 5.6: Projected spatial distribution of forest and forest communities during years 
2015, 2020 and their gains and losses from 2010 to 2020 

(…continued) 

d. Forest communities 2020 

c. Forest cover 2020 
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Figure 5.6: Projected spatial distribution of forest and forest communities during years 2015, 
2020 and their gains and losses from 2010 to 2020 

(…continued)     

e. Losses in Forest cover 

(2010-2020) 

f. Gains in Forest cover 

(2010-2020) 

 



Chapter 5: Forest cover change - (1992 – 2020)  Page 140 of 196 

55..33..33..  SSppaattiiaall  cchhaannggeess  iinn  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--ffoorreesstt  ccoovveerr  

The extent of observed and projected forest (vegetation communities) cover for study area from 1992-

2020 have been shown in Table 5.4 and the rates of changes in extent of forest (vegetation 

communities) during the successive years as well as whole observed and simulated period have been 

presented in Table 5.5. The year to year net changes in their extent are documented in Table 5.6. 

The forest cover during 1992 was 43886.61 hectare that decreased to 38420.19 hectare in 2001 and 

33491.16 hectare in 2010, showing that there was an overall decreasing trend in the forested area 

since 1992 with annual rate of 0.015%. The highest changes were observed in the areas of PIC-ABI-

VIB community (4271.22 ha) followed by SAL-BER-GEU community (2698.74 ha) and QUB-COT-

CED vegetation community (2238.03 ha) (Table 5.4-6). 

The forest change rate shows a minute variation in loss i.e., from -0.014% of 1992-2001 to -0.015% 

during 2001-2010, the projected change rates were positive, showing possible forest regeneration 

during the next decade (Table 6.5). The highest observed change rates were recorded for SAL-BER-

GEU (-0.645%) community followed by QUB-COT-CED vegetation community (-0.028%). 

An evolution of forested/non-forested areas in terms of gains and losses in area (hectares) of individual 

forest vegetation communities and range areas in addition to their net contribution to the non-forest 

landcover (range) have been presented in figures 5.7 a-j. During total observed period (1992-2010), the 

area wise highest contributor to range was PIC-ABI-VIB community (3007.98 ha) followed by SAL-

BER-GEU (2589.03 ha) and CED-QUF-IND vegetation communities (1375.47 ha). 

The projections for initial period showed that the community PIC-ABI-VIB will be the major gainer 

(1606.5 ha) followed by CED-QUF-IND community (768.16 ha). The later half of the forward 

landcover projection (2015-2020) showed that QUB-OLE-COT (507.06 ha) and CED-QUF-IND 

(336.69 ha) will be the principal gainers. 

 

Table 5.4: The spatial extent of forest (vegetation communities) from 1992-2020 (Hectare) 

 

  

  1992 2001 2010 2015 2020 

SAL-BER-GEU 3929.31 1999.62 1230.57 1924.20 1845.81 

BET-ABI-VIB 601.29 550.26 488.43 541.17 513.18 

PIC-ABI-VIB 19452.33 17537.22 15181.11 16784.64 16431.30 

JUG-AES-ACC 57.96 50.94 48.24 62.64 54.54 

CED-QUF-IND 14032.35 13108.95 11794.32 12581.73 12918.51 

CED-PAR-PIN 320.85 300.60 276.39 277.11 275.13 

QUB-COT-CED 943.92 649.53 570.60 655.20 769.14 

QUB-OLE-COT 4548.60 4223.07 3901.50 4078.08 4585.50 

Total forest 43886.61 38420.19 33491.16 36904.77 37393.11 
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Table 5.5: Rate of forest (vegetation communities) change (%) from 1992-2010 

 

  

  1992-2001 2001-2010 1992-2010 2010-2015 2015-2020 2010-2020 

SAL-BER-GEU -0.0751 -0.0539 -0.0645 0.0894 -0.0083 0.0405 

BET-ABI-VIB -0.0099 -0.0132 -0.0115 0.0205 -0.0106 0.0049 

PIC-ABI-VIB -0.0115 -0.0160 -0.0138 0.0201 -0.0043 0.0079 

JUG-AES-ACC -0.0143 -0.0061 -0.0102 0.0522 -0.0277 0.0123 

CED-QUF-IND -0.0076 -0.0117 -0.0097 0.0129 0.0053 0.0091 

CED-PAR-PIN -0.0072 -0.0093 -0.0083 0.0005 -0.0014 -0.0005 

QUB-COT-CED -0.0415 -0.0144 -0.0280 0.0277 0.0321 0.0299 

QUB-OLE-COT -0.0083 -0.0088 -0.0085 0.0089 0.0235 0.0162 

Total forest -0.0148 -0.0153 -0.0150 0.0194 0.0026 0.0110 
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Table 5.6: Spatial changes (hectares) in forest (vegetation communities) from 1992-2020 

Changes in area of forest 

(vegetation communities) 

From 

↓ 

To  → 

2001 2010 2015 2020 

SAL-BER-GEU 

1992 -1929.69 -2698.74 -2005.11 -2083.5 

2001 

 

-769.05 -75.42 -153.81 

2010 

  

693.63 615.24 

2015 

   

-78.39 

BET-ABI-VIB 

1992 -51.03 -112.86 -60.12 -88.11 

2001 

 

-61.83 -9.09 -37.08 

2010 

  

52.74 24.75 

2015 

   

-27.99 

PIC-ABI-VIB 

1992 -1915.11 -4271.22 -2667.69 -3021.03 

2001 

 

-2356.11 -752.58 -1105.92 

2010 

  

1603.53 1250.19 

2015 

   

-353.34 

JUG-AES-ACC 

1992 -7.02 -9.72 4.68 -3.42 

2001 

 

-2.7 11.7 3.6 

2010 

  

14.4 6.3 

2015 

   

-8.1 

CED-QUF-IND 

1992 -923.4 -2238.03 -1450.62 -1113.84 

2001 

 

-1314.63 -527.22 -190.44 

2010 

  

787.41 1124.19 

2015 

   

336.78 

CED-PAR-PIN 

1992 -20.25 -44.46 -43.74 -45.72 

2001 

 

-24.21 -23.49 -25.47 

2010 

  

0.72 -1.26 

2015 

   

-1.98 

QUB-COT-CED 

1992 -294.39 -373.32 -288.72 -174.78 

2001 

 

-78.93 5.67 119.61 

2010 

  

84.6 198.54 

2015 

   

113.94 

QUB-OLE-COT 

1992 -325.53 -647.1 -470.52 36.9 

2001 

 

-321.57 -144.99 362.43 

2010 

  

176.58 684 

2015 

   

507.42 

Forest total  

1992 -5466.42 -10395.5 -6981.84 -6493.5 

2001 

 

-4929.03 -1515.42 -1027.08 

2010 

  

3413.61 3901.95 

2015 

   

488.34 

NB. The negative figures show loss of forested area and vice versa 
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Figure 5.7: Evolution of forest (vegetation communities’) cover from 1992-2020 (gains and 
losses in forest (vegetation communities) cover and their contribution to net change in non-
forest in hectares) 
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a. The structure of houses in the study area  

 
b. deforestation in southern part of study area 

 
c. ‘Pathro’ structure made to transport wood 

 
d. deforestation near Sharakot village 

 
e. Stacked logs for Transportation  

 
f. Burnt forest near Sharial 

 
g. Transportation of logged wood through water 

 
h. transportation of logged wood 

Figure 5.8: A glimpse of forest degradation in the study area 
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55..33..44..  SSppaattiiaall  ttrreennddss  iinn  ddeeffoorreessttaattiioonn  11999922--22000011  vvss..  22000011--22001100  

The major purpose of the spatial trend analysis was to get a broader overview of the deforestation 

patterns in study area during pre-earthquake period (1992-2001) and later period (2001-2010) as a 

proxy for effects of earthquake on forest vegetation. The most obvious effects of earthquake were 

manifested in form of rock-falls and slope failures that in turn resulted in damage to infrastructure 

and small scale forest clearings through uprooting/breakage of trees (Figure 5.9). The spatial trends 

in deforestation as anticipated by fitting 9
th
 order polynomial surface to the forest areas undergone 

transitions during pre-earthquake period (Figure 5.10a) and later period (Figure 5.10b) show a 

clear-cut difference in deforestation intensity. The deforestation during pre-earthquake mainly 

occurred along the south-eastern portion (Chor Nullah) of the study area, however, the 

deforestation during later period was more concentrated in the western portions, especially around 

villages of Khaliar and Sharakot (Figure 5.6 - 5.8). 

The spatial distribution of the areas deforested during the respective time period has been shown 

in figures 5.10 c -d. During post-earthquake period there was a noticeable difference in 

deforestation pattern. The upper Palas (Darõ/Bar Palas) showed most of the deforestation along 

the Chor Nullah near Gaddar pasture, similarly a big deforested patch resulting from mass tree 

clearing can is also obvious in the same area (figure 5.8b; 5.10 c -d). Several small deforested 

patches could be seen in the valley along both sides of the main Palas River (Musha’Ga) but they 

were more conspicuous during the later period than the pre-earthquake period, specifically on the 

southern sides of the valley bottoms resulting from rock-fall and slope failures during the 

earthquake (Figure 5.9-b). In contrary to that the lower Palas (Kuz Palas) showed a bit 

exaggerated trend in deforestation during the earthquake period but patches of deforested areas are 

obvious during both the periods but are more frequent in case of later period. 

The deforestation trends could be further elaborated by examining the area deforested during both 

periods (Figures 5.11). The overall forest loss during pre-earthquake period was greater (5466.42 

ha) than that of later period (4929.03 ha). The most visible reduction in lost area was observed in 

SAL-BER-GEU vegetation community at the timberline. An increase in areas lost was observed 

in coniferous forests represented by PIC-ABI-VIB and CED-QUF-IND vegetation communities. 

The low lying vegetation communities in colline zone (QUB-OLE-COT) showed only minute 

differences in areas deforested during both periods, however, QUB-COT-CED community (upper 

colline zone) confirm a higher loss in area during pre-earthquake period. 

The proportionate area of any vegetation community lost during the respective periods in upper and 

lower Palas presented an interesting comparison (Figure 5.12). The overall area of forest lost was 

more in Bar Palas during pre-earthquake period; however, the area lost during later period was 

more for Kuz Palas. The area lost by SAL-BER-GEU, PIC-ABI-VIB and CED-QUF-IND 

communities proportionately increased in Kuz Palas during later period than the pre-earthquake 

period. 
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Figure 5.9: Aftermath of October 2005 earthquake

 
a. Slope failures and vanished oak forest 

 
 

 
b. Suspension bridge destroyed during earthquake 

 
c. Settlement destroyed due to erthquake tremors 

 
d. A Hut destroyed due to rock-fall during earthquake 
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a. Deforestation trends – 1992 - 2001 (pre-earthquake) 

 

b. Deforestation trends – 2001 to 2010 (later period) 

Figure 5.10: Deforestation trends and deforested locations in study area during 1992-
2001 and 2001-2010 
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c. Deforestation during 1992-2001 (pre-earthquake) 

 

d. Deforestation during 2001-2010 (later period) 

Figure 5.10: Deforestation trends and deforested locations in study area during 1992-
2001 and 2001-2010 
(Continued ….)  
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Figure 5.11: The forest (vegetation communities) area loss during pre-earthquake (1992-
2001) and later (2001-2010) periods 

 

 

Figure 5.12: The proportion of forest (vegetation communities) area loss in lower (Kuz) 
Palas and upper (Bar) Palas during (a.) pre-earthquake (1992-2001) and (b.) later (2001-
2010) periods 
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5.4. Discussion 

55..44..11::  FFNNFF  CCllaassssiiffiiccaattiioonn  aapppprrooaacchh  

Combining Landsat derived NDMI and topographic information in a statistical model 

represented a valuable tool for detecting forest cover and its change. Only a few studies have 

explored the usefulness of non-parametric models to changing landscape conditions (Brown, et 

al., 2002; Sesnie, et al., 2008). The response curves for NDMI based FNF models (Figure 5.3,a-

c) clearly captured the forest loss as well as recovery during 1992 - 2010 period particularly 

elevations ranging from 1800-2000 masl that are not only close to the permanent settlements but 

have jeepable road access, thus more vulnerable to deforestation. Previous studies have also 

shown the importance of the NDMI for detecting and characterizing forest harvest, disturbance 

and recovery (Cohen, et al., 2010; Goodwin et al., 2008; Jin & Sader, 2005; Wilson & Sader, 

2002).  

The excellent delineation of forested and non-forest areas using NDMI was not unexpected due to 

large differences in their spectral reflectance patterns (Lillesand et al., 2008). The studies with 

similar focus have achieved varying levels of accuracies in mapping FNF landcover e.g., 82% 

(Tirpak & Giuliano, 2010), 80% (Vogelmann et al., 2001). The cross-validation (CV) accuracies 

for FNF models for the current assessment ranged between 95% - 98%, that may be attributed to 

topographic data used to supplement the discrimination of forest and non-forest areas. The 

incorporation of ancillary data such as DEM derived variables to improve the resulting image 

classification is well established (Fahsi et al., 2000). About half of the explained deviance in the 

FNF models is attributed to NDMI (52-58%) and rest of the deviance could be explained 

through topographic variables, particularly elevation (25-27%) had major contribution among 

the rest (Figure 5.2). 

55..44..22..  SSppaattiiaall  cchhaannggeess  iinn  ffoorreesstt  ((vveeggeettaattiioonn  ccoommmmuunniittiieess))  aanndd  nnoonn--ffoorreesstt  ccoovveerr  

i. Transition models and driver variables 

The process of forest cover change in the study area is not so straight forward since it is a mix of 

both natural and human factors involving a complex land tenure system. The factors driving the 

change process of that may differ from place to place. The logistic regression models were not only 

helpful to determine of the transition potential between forest (vegetation communities) and non-

forest (range) landcover but also highlighted the causal factors of the transition. The transition 

models were fitted separately for each vegetation community owing to differences in ecological 

conditions with the assumption that the causative factors of transitions will also be different or 

would have different impact among the communities. The variation in success of regression models, 

type of variables selected in the models and their quotients was thus not unexpected (Table 5.2-3). 
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The ROC values for the transition models of vegetation communities to range were generally 

greater than 0.71 (max=0.82 for JAA community) and those of non-forest to forest vegetation 

communities transitions had above 0.75 (max=0.97 for QOC community) reflecting the 

appropriateness of variables employed. The low ROC values for transition models for 

communities BAV and QCC (0.59 and 0.56 respectively) reflected relatively poor performance 

that might have stemmed from the inadequacy of existing variables to explain the transition of 

these communities to the non-forest, however, the value is higher than the random ROC value of 

0.5 thus marginally accepted (Pijanowski et al., 2002). 

Both the accessibility variables viz., distance to roads (DROADS) and distance to settlements 

(DSET) and topographic variables (slope, stream power index, topographic wetness index (TWI) 

and slope) seemed to impact forest/non-forest inter-transition (Table 5.2-3). Many of these 

variables have been reported to impact forest cover change in other areas as well. The proximity to 

road and towns has been identified as important drivers of forest change in Cameroon (Lambin, 

1994). Elevation and proximity to road were underlined as important factors of forest change in 

Sumatra, (Linkie et al., 2004). Elevation, slope, proximity to road, settlement and proximity to 

forest/non-forest edge were the key factors determinants of forest change in Mexico (Mas, 1999). 

Elevation, Slope, topographic wetness, distance to rivers, roads and urban areas were found 

important drivers of forest change in Siberian Baikal region (Peterson et al., 2009).  

The positive quotient (β) values of the TWI for all forest to non-forest transition models suggest that 

the deforestation has occurred along the edges of the forest communities. The TWI has higher value 

at valley bottoms and lower value at hilltops thus also has coherence with the road pattern i.e., the 

main roads as well as the foot-paths follow the valley bottoms. Since the coniferous forest 

communities are widely distributed and ‘hunted’ for commercial timber that is usually transported 

through “pathro”, the rails/slides made of scantlings (Figure 5.8 c) or water courses (Figure 5.8 g), 

thus the areas nearby streams/paths become more vulnerable to deforestation due to easy access 

(Figure 5.8 b). Accordingly the negative quotient values of variable ‘distance to roads’ (DROADS) 

further supports the findings that increasing distance from roads will decrease the probability of 

transition of forest to non-forest landcover (Table 5.2). Peterson et al., (2009) also pointed out that 

increasing distance to roads decreases the probability of deforestation. The increased deforestation 

potential for communities SBG and PAV in relation to increasing distance from settlements is 

mainly due to their location i.e., they are already located at sub-alpine region - away from permanent 

settlements, therefore, it can be interpreted that the upper altitudinal limits of these communities are 

more liable to deforestation. This is due to the dual impact of snow avalanches and easy 

approach/accessibility of the transhumant graziers during stay at summer pastures. 
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The negative β values of distance to roads for PAV and CQI vegetation communities’ transition 

models that have commercial timber value suggested that most accessible portions of the 

communities have greater potential to be deforested while the positive β values for distance to 

settlements indicated that the deforestation has taken place away from the permanent settlements. 

This could be due to the fact that the locals are not well conversant with the forest logging and the 

labour from other areas has to be hired for cutting trees thus the areas closer to habitations would 

be avoided due to tribal culture and conservative society. 

In terms of forest recovery (non-forest to forest transition), as opposed to deforestation, the sites 

close to roads and nearer to the settlements show greater potential due to the obvious reason that 

the recovery has to take place where deforestation has already happened. The roads and tracts 

generally located along the valley bottoms where ample moisture availability and soil 

accumulation favours the regeneration/re-establishment of forest vegetation communities. 

Transition areas, locations and timings 

The extent and location of areas that have undergone transitions from forest to non-forest or vice 

versa and timing seem to be the function of utilitarian values as well as forest management
7
 and 

local land tenure. The tenancy of pastures is shared by all the local inhabitants including menial 

castes, however, the area of Chor pasture (southern part of the study area) that borders with Allai 

is claimed by both the people of Palas and Allai that has resulted in a long historical dispute 

(Biddulph, 1880).  The exchange of harsh words and even armed conflicts between people of both 

sides have been seen in the past and obvious deforestation nearby this part (Figures 6.5 g & 6.8 b) 

can thus be interpreted as combine result of insecure property rights (Puppim de Oliveira, 2008), 

conflict (Binswanger, 1991; Casse et al., 2004) and dual/increased access (Allan, 1986). 

The decrease in extent of sub-alpine and upper montane vegetation communities may be attributed 

to the anthropogenic utilization and partly to the snow avalanches. During seasonal transhumance 

cycle, the summer stay at pastures has exerted utilization pressure on sub-alpine forest vegetation 

(SAL-BER-GEU and BET-ABI-VIB communities) since they offer a readily available source for 

fuel and thatching material for summer houses. Additionally, the devastating impact of snow 

avalanches has further contributed to the reduction of sub-alpine forests and upper reaches of 

montane forests (PIC-ABI-VIB community) that are only timber source (Picea smithiana and 

                                                 

7 The work of surveying the Indus Kohistan forests had begun in the late 1960s using aerial photography (Malik, et al., 1972). In 

1957, the management of forests in Palas valley went under the control of provincial Forest Department and the local forests 

declared as Guzara Forests (Hazara Forest Act Guzara rules 1950) so that the villagers have nominal ownership. According to the 

Government of West Pakistan’s 1964 forest policy, the standing trees were to be sold by the owners to contractors after private 

negotiation through communal meeting (jirga) convened by the deputy commissioner. As legitimate shareholders, they were 

entitled to royalties from the sale of timber ranging from 60-80 % of the revenues and the remainder going to the provincial 

government. The management through provincial Forest Department was accepted by the local owners but they refused to allow 

semi-autonomous agency, the Forest Development Corporation (FDC), to conduct the logging and sparked a revolt against the 

decision (Keiser, 1991). Ultimately the provincial government has to compromise and amend the Hazara Forest Act (Knudsen, 

1996) and allow the local shareholders to organise the timber harvesting through establishing Forest Harvesting Societies. 
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Abies pindrow) at summer settlements. These findings are in line with other studies focusing on 

timberline vegetation communities (Nüsser, 2000; Schickhoff, 1995; Schickhoff, et al., 2005). 

The decrease in deforestation rates of SAL-BER-GEU vegetation communities during 2001-

2010 is particularly interesting (Table 5.5). This can be attributed to lessened pastoral migrations 

and preference of people to stay at their permanent settlements and reduced accessibility to the 

higher elevation forests as a result of damage caused to bridges and tracks during October 2005 

earthquake consequentially decreasing the utilization pressure. Another possible reason could be 

the decrease in amount of winter snowfall and reduced frequency of associated snow 

avalanches, though appreciated at regional level (Shekhar et al., 2010), but there is no climatic 

record available for study area to make comparison. 

The communities QUB-OLE-COT and QUB-COT-CED could be expected to be more 

detrimentally influenced by the local population since majority permanent settlements and 

agricultural areas are located within these communities.  Contrary to that the area changes in these 

communities accounted only for less than 1% of the total deforested area during 1992-2010 (Table 

5.6), that can be explained by their importance as winter fodder. The dominating oak trees in these 

communities are carefully lopped for oak leaves (buthu) in three-year rotational cycles that make 

the most important source of fodder during winters. The oaks make an essential part of agro-silvo-

pastoral life in study area that also provide an excellent fuelwood but their importance as fodder is 

rated high as the villagers choose only dead/fallen wood as fuel and there is hardly any evidence of 

over-harvesting for subsistence use. 

However, a recent development is the logging and sale of oak trees for use as firewood in the 

local markets. The new roads provide an opportunity for marketing oak trees as firewood in the 

roadside towns along the Karakoram Highway (KKH) where the local timber resources have 

become depleted. The more accessible oak forests are now being cut and sold as firewood. A 

jeep-load of the oak wood earns the seller about Rs 1000 (1US$ = c. 57 Rs in 2004). Even this 

meager sum of money is a windfall by the local standards. The villagers are cognizant of the 

long-term negative impact of felling the oak forests, but under the current circumstances see no 

other option to solve pecuniary needs. In some cases, the lure of a high profit has caused theft of 

oak trees from the forests owned by migrants and absentee title-holders who have not been able 

to protect their trees; therefore, degradation can be seen around the areas close to road. 

The majority changes occurring in coniferous forest communities (PIC-ABI-VIB and CED-QUF-

IND communities: c. 63% of total forest loss (42% and 21% respectively)) during 1992-2010 

represent their obvious harvest for commercial purpose as well as their value as local timber and 

torchwood.  The reason for the greater decline in area of the PIC-ABI-VIB community seems to 

be its vast spatial extent (60% of the commercially exploitable forests; Table 5.4) and mature to 

over mature trees of Picea smithiana and Abies pindrow that were to be felled under the 
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prescriptions of management plan (Mushtaq, 1989). During the period of 1971-72 to 1975-76 

(contractual harvest system) 676308 cubic feet (cft.) of commercial timber could be extracted 

from Palas forests that comprised 71% from the fir/spruce trees (PIC-ABI-VIB vegetation 

communities), however, under the forest working plan of 1980-81 to 1989-90 to only 18% of the 

prescribed timber volume (765531 cft.) could be extracted from the area (Mushtaq, 1989). These 

figures clearly indicate that the forest extraction was mainly prescribed within the PIC-ABI-VIB 

vegetation communities and the results also support that majority changes have occurred in this 

vegetation community during 1992-2010. 

The harvesting targets of earlier prescriptions could not be achieved timely due to difficult 

terrain and inaccessibility due to lack of proper roads as well as due to the tenancy of the forests. 

The Palas valley had a minimal contact with the rest of country even after the completion of 

KKH in late 1970s, and it took another decade to connect the inner parts of valley through 

narrow jeep roads. Thus the foremost ground surveys were conduct during 1978 to prepare first 

forest management plan (Working Plan) for the valley with information on the spatial extent of 

commercially exploitable forests and the amount of timber to be logged. This marked the dawn 

of large-scale commercial timber harvesting. With the commercial timber harvesting expected to 

commence around 1982, the rules that until then had guided ownership to and use of timber 

from the big trees were changed, first the menial castes (be'zaat) were deprived from logging 

even for their own use and declared as joint property of ulsiya (included trees growing on 

privately owned land as well) to prevent logging timber for personal benefits.  This added 

another twist to the forest extraction, the sharing of royalties i.e., what system is to be adopted 

Hor-wesh (equally into tribes/groups) or Tang-wesh (among tribes/groups based on weighted 

proportion members) (see section 2.2. Land tenure – The Wesh System). This has in a way 

obstructed the way towards deforestation in the valley since the forest could not be harvested 

unless and until there was consensus on method of sharing of royalties, but occasionally with 

dangerous outcomes such as a massive fire outbreak (possibly an intentional fire due to ownership 

disputes during commercial felling) in the cedar forest (CED-QUF-IND community) adjoining 

Sherakot and Sharial villages during mid 1990’s (Figure 5.8-f) resulted in destruction of a wide 

forest patch, distinctly recognisable in change maps (Figure 5.5-g). 

Spatial trends in deforestation 1992-2001 vs. 2001-2010 

The trends in deforestation do indicate a shift in deforestation patterns towards the lower parts of 

valley (Kuz Palas) but these may not be exclusively related to the impact of earthquake. There was 

a general decrease in area deforested during 2001-2010 (Table 5.6), however, the trend varied in 

individual vegetation communities with an apparent increase in deforestation of conifer 

dominating communities (PIC-ABI-VIB and CED-QUF-IND) which reflect that the commercially 

exploitable timber was mainly extracted from lower Palas. These forests being more accessible 
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were targeted for deforestation and possible ownership disputes and issues of distribution of 

royalties among the locals would have been resolved before these clearings. The major decrease in 

deforestation was in sub-alpine SLA-BER-GEU vegetation communities that may relate to 

decreased tendency towards pastoral migrations. The financial aid provided to the locals after 

October 2008 earthquake has strong socio-economic impact on the local economy and many 

people were able to start business of their own as well as the out migration of the people to 

lowlands has resulted in decreased utilization pressure on (sub-) alpine pastures. The hindered 

access to the remote parts of the valley due to destruction of infrastructure such as tracks and 

bridges during earthquake could also manifest by the lesser decrease in forest extent during 2001-

2010. Additionally the slope failures and rock-fall resulted in destruction of certain forest patches 

in Bar Palas where the precipitous slopes may not easily allow commercial timber logging that can 

be attributed as outcome of earthquake. It was noticed in New Zealand that despite direct 

earthquake damage, the tree mortalities also occurred due to subsequently pathogen attacks 

(Vittoz et al., 2001) and this factor cannot be disregarded to contributed for the forest loss in study 

area after earthquake. 

Future Simulation of forest/non-forest areas 

The future scenarios of forest change are based on transition potential and forest change rates. In 

general the rate of deforestation is much lower in the valley i.e., 0.01% per annum for 1992-2010 

that was expected to be -0.01% per annum for 2010-2020 that is only a meagre difference (Table 

5.5). However, the global deforestation rates of 0.8% and country’s deforestation rates of 2.1% per 

annum (FAO, 2009) are much higher than those of Palas valley. The majority forest to non-forest 

changes occurred in the lower Palas due to easy access thus creating potentially more area where 

the forest recovery has to take place (Figure 5.4). In contrast the upper parts of the valley 

demonstrated less deforestation thus less area to get recovered to forest. Thus in overall 

perspective, the reforestation dominated in the future scenario since the driver variables were static 

i.e., the extent of roads, distance to settlements streams remained the same. 

The incorporation of information such as future expansion of settlements, or future roads would 

have been helpful in making more plausible future scenarios of forest cover change.  Many other 

variables such as land-tenure, income level, education that have been found related to deforestation 

(Globevnik et al., 2005; Mundia & Aniya, 2006; Swetnam et al., 2011; Verburg, et al., 2002) that 

can also be tested for in-depth understanding of forest cover change in study area. 
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Conclusion 

The process of forest cover change in the study area is perplexed since it is a mixture of natural and 

anthropogenic factors. The snow avalanches, rock-fall and slope failures associated with 

precipitous topography are the important natural factors contributing to forest cover loss. The 

advent of commercial timber logging during early 1980s resulted in general shifts in ownership 

rights of the conifer forests, to the majority Shin population, however, the disputes over the forest 

royalties and ownership always remained. The outcome of these disputes is twofold – the forests 

either not allowed to cut or in rare cases set to fire. The shifts in deforestation patterns towards the 

lower Palas seemed to be result of decreasing trends in pastoral migrations rather than decreased in 

during earthquake of October 2005 resulted in decreased access to upper Palas forest. The 

deforestation in the study area is more or less localized to lower Palas and the forests in middle or 

upper portion of the valley are relatively unaffected. 
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CChhaapptteerr  66  

GGeenneerraall  ddiissccuussssiioonn  
6.1. Summary 

The mountain environments have posed several challenges to human understanding due to their 

diverse geographic, cultural and biological nature. It was 1992 Rio conference that formally 

invited the research in these fragile environments while acknowledging the multitude of their 

roles and functions in nature. The present research has further added to the understanding of 

mountain environments specifically focusing on Palas valley (NW Himalaya). The research has 

highlighted the potential of MODIS and Landsat satellite datasets in observations of land surface 

parameters in mountainous environments. Aiming at mapping spatial vegetation patterns, the 

research examines spatially explicit conservation status of forest vegetation in Palas valley using 

GIS, employing remote sensing data and statistical modeling techniques.  The forest vegetation 

was specifically chosen to map since they have crucial role in stabilizing mountain systems. 

6.2. Research findings 

The various aspects of study focused broadly towards answering the question… whether the 

forest vegetation of Palas is maintained well protected conditions.  This was achieved by using 

both coarse resolution and finer resolution satellite data supplemented with on-ground surveys 

and further authenticated with occurrence of western tragopan as an indicator of undisturbed 

conditions. The results indicated that currently only few parts of the valley are affected.  The 

conifer forests are breeding grounds for western tragopan and were found most detrimentally 

affected landcover type in the regional context (section 3.3.2). Thus, largest global occurrence of 

western tragopan is the successful indicator to support the fact that the forest vegetation in Palas 

is most preserved (conifers = c. 78.4% of total forest in Palas).The coniferous forests have been 

detrimentally affected in most easily accessible parts of the valley due to which tragopan has 

never been observed in these regions (Figure 6.1 a, b). 

The multitude of canopy forming species within forest vegetation communities are the added 

support to the argument that vegetation in Palas is yet maintained in relatively pristine conditions 

(Appendix II). It has long been recognized that human population growth and associated 

increased pressure on natural resources has resulted in ecological destructions to which the 

mountain environments are particularly sensitive (Zhao, et al., 2006).  The present research also 

highlighted the evolution of land cover in relation to human population increase in the region. 

The increasing population densities have triggered the conversion of previously forested areas 

into agricultural landuse (Schickhoff, 1995). The Built-up/agriculture landcover was found 

highly correlated with human population densities, however, low prominence of agriculture 

(<2%) in study area favoured the lower Palas deforestations to be explained under the 

‘accessibility and altitudinal zonation model’ of the mountain landuse (Allan, 1986). 
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Figure 6.1: (a.) The historical sightings of western tragopan in Palas valley (1989-2003) in 

relation to deforestation of conifer forests (1992-2010) (Ashraf, et al., 2004; Bean et al., 1994; 

Duke, 1989) (b) shows the same in relation to trends in vegetation (2000-2011) 

The mapping of vegetation communities represented the first ever endeavour to produce spatial 

information on vegetation patterns in Indus gorge that exploited environmental relationships of 

the vegetation communities to elucidate their extent.  The colours used to symbolize the 

vegetation communities were similar to those used in Schweinfurth (1957) classic vegetation 

a. 

b. 
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map of Himalayas thus can easily be integrated with this map and represent important 

contribution towards the spatial data needs in mountain environments in general and Himalayas in 

specific. The spatially explicit environmental relationships of the vegetation communities can be 

used to integrate them in global change discussions. 

The research also updated the existing information on vegetation of Palas valley. Though, the 

study was not focused specifically on floristics, even then the thorough survey of vegetation 

elucidated the presence of species such as: Ailanthus altissima, Daphne mucronata, Dodonaea 

viscosa, Elaeagnus angustifolia, Myricaria canescens, Myrsine africana, Myrtus communis, 

Nerium indicum, Physalis divaricata and Ricinus communis that were previously not reported 

from the Palas valley.  Additionally the information on altitudinal distribution of the individual 

plant species were also collected (Appendix I).  The vegetation communities inferred from 

numerical classification of field data by TWINSPAN algorithm followed a hypsozonal 

sequence with respect to their distribution, species richness and diversity that is typical to 

world’s mountains regions (Levin, et al., 2007; Wang, et al., 2003; ZhenHua, et al., 2007).  It 

appeared that the high altitude forests get established as result of sufficient influx of humidity 

thus the altitudinal richness patterns in drier mountain areas such as Ladakh were not observed 

(Joshi, et al., 2006).  The variations in species richness may not be attributed to a mere result of 

spatial scale of the study (Nogues-Bravo et al., 2008) thus the present study highlighted an 

important question in this regard. 

The highest species-wise diverse vegetation communities exemplified by Picea - Abies forests 

(PIC-ABI-VIB community) have life-supporting role for the locals, providing them with 

important food items, medicine and commercially valuable plants (Saqib, et al., 2011).  At the 

same time these communities were found hot target of the forest cutting episodes in lower Palas 

are matter of concern.  The locals are well aware of the fact that cutting their forests is 

economically unrewarding, illegal and have resulted in systematic loss of non-timber forest 

products.  The local people want to log their forests but the frequent intertribal disputes over 

forest ownership based on wesh system prevent them from initiating large-scale logging. 

Besides the idiosyncrasy that traditional wesh system is a hurdle to deforestation, the locals 

have one thing in common, the immediate need for cash income thus cannot afford not to log 

timber or to wait for better payment in the future.  They have pinned their hopes of a better life 

on income from timber logging as the "green gold", and rejoice even at the meagre earnings 

from logged timber that give them temporary relief from economic worries. 

The already logged timber did not alleviate their poverty because the timber logging system 

deprives the owners of the rightful share of logged trees. Following the amendment of the 

Hazara Forest Act, timber logging was supposed to be carried out by Forest Harvesting 
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Societies (FHS) that are required to pay the cost of logging timber in advance of market sale.  

The poor villagers cannot underwrite such expenditures nor the bank loan could be acquired 

since Islamic system condemns the loans with interest, thus there is no choice left but to accept 

advance payments from the forest contractors who pay often less than 10 % of the market value 

of logged timber.  The lack of forest roads necessitates the lumberjacks to make timber slides in 

order to evacuate the logged timber wasting 50-60% of the original timber volume.  

Additionally, the contractor covers risks on his investment by extensive over-cutting, often 

concentrated in the more accessible parts of the forest compartment resulting in local clear-

cutting and collateral damage to remaining trees. 

In general, the objectives to map and monitor the forest vegetation communities in Palas valley 

were successfully achieved. 

6.3. Conclusions 

 The geographic information systems appeared to be the most valuable and effective tool 

for mapping and monitoring various spatial and temporal aspects of vegetation. 

 The connected use of topographic data, statistical modelling and satellite data increased 

the potential for monitoring and mapping vegetation in mountainous terrain 

 The birds can be used as useful indicator of the vegetation conditions 

 The forest vegetation is yet maintained in pristine conditions in major areas of Palas due 

to inaccessibility and inter-tribal logging disputes 

 The increasing human population has escalated the conversion of forest areas to non-

forest 

 Poverty and distrust in forest department has tended the people to log their forests 

6.4 Recommendations 

1. Palas as a protected area  

Since original forest vegetation in the valley has been maintained in pristine conditions and 

has rich floristic diversity it deserves to be legally protected as an example one of the best 

protected West Himalayan forests. 

2. Conflict resolution 

At present the Palas has been recognized as violent society with militant egalitarianism that 

has resulted occasionally to destruction of forests due to inter-tribal ownership disputes 

during commercial forest logging and on some pasture lands between neighbouring valleys. 

These disputes have to be systematically resolved in respect of safeguarding the forest. 

At present there has been no land settlement in the area thus need to be addressed.  This 

will evade the forests to be strike with ‘tragedy of commons’. 
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2. Strengthen community natural resource management  

There is need to document indigenous knowledge of the mechanisms that have maintained 

the forests and strengthen them to ensure ecologically sustainable use. 

3. Training and confidence building 

Government should establish policies and enact laws that provide local communities with 

management capability (e.g., through training, information, and credit) and incentives for 

long-term sustainable management of natural resources.  This will be helpful in avoiding the 

locals to be misused in commercial forest logging and getting their rightful share of that. 

Where local knowledge and experience is inadequate, practical training should be provided 

to local growers, collectors, and processors of forest products to ensure sustainable and 

efficient use of the resources and to increase local income levels. 

4. Address key threats to each major vegetation zone  

The local people needed to be trained Safeguard dry scrub forest against commercial 

firewood exploitation and road construction, or where common property regimes are 

breaking down. Safeguard temperate forest against excessive commercial exploitation and 

institute community controls against excessive local use. Rehabilitate degraded alpine 

pastures and check gulleying.  

5. Introduce species specific conservation measures  

Introduce measures to safeguard Juglans regia against unsustainable collection of root-

bark ('dandasa'). Safeguard CITES listed species Saussurea costus ('menyal') and 

Podophyllum hexandrum ('shangoy') and Dioscorea deltoidea ('chalyon') against 

unsustainable exploitation. Safeguard Taxus against possible threat of exploitation (for 

taxol).  

6.2. Future prospects 
Keeping in view the scope of present work, following aspects could be taken into 

consideration for further research priorities in this field of interest 

The MODIS and Landsat data were used to map and monitor vegetation at different spatial 

scales. In context of monitoring, it would be important to know that how different trends 

depicted by one type of sensor are perceived by the other e.g., Does the significantly negative 

trends revealed by time-series analysis (Chapter 3) correlates with the deforestations as depicted 

by forest cover change analysis (Chapter 5)?  In present study the non-forest areas were 

considered those with <40% tree cover else forest, however, the analysis can be tuned to 

represent more than two categories and then compared to the trends shown by the time-series 

analysis at various significance levels. This will not only contribute towards the scientific 



Chapter 6: General discussion Page 162 of 196 

validity of one of the MODIS products that are already considered experimental by NASA but 

would also lead to development of a ‘tool-box’ approach for automatic vegetation monitoring in 

the mountain environments.  Importantly these data should be made available to the researchers 

for further evaluation/improvement and resource managers to formulate policies. 

Spatially explicit vegetation condition data such as that developed for the Palas is likely to 

become an increasingly important biodiversity decision support tool. Online availability may 

help untrained workers to make assessment to vegetation mapping in fragmented remnant 

dominated agricultural landscapes. Similarly, further research is required to determine how 

modelled condition information could be used to support management objectives. 

The change detection methodology for monitoring spatial changes in vegetation communities 

was innovation of the study that can be used to upscale and update existing information e.g., the 

previous work on Himalayan vegetation is available at varying spatial scales, therefore, these 

maps can be updated by extracting forest/non-forest area information from freely available 

Landsat satellite data and intersecting them with existing maps. 
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Appendix I 

List of vascular plant species 

PTERIDOPHYTES 

FAMILY 

Genera 
Species Short code 

Altitudinal range 

(m a.s.l) 
Habit 

1
Life-form 

2
Origin 

ADIANTACEAE 

      
1. Adiantum capillus-veneris ADICAP (900-1450) Herb He. SUBTROP 

ADIANTACEAE 

      
2. Adiantum venustum ADIVEN (1500-2000) Herb He. SUBTROP 

3. Asplenium adiantum-nigrum ASPADI (1500-2000) Herb Ge 

 
4. Asplenium ceterarch ASPCET (2400-2750) Herb He. EURAS 

5. Asplenium dalhousiae ASPDAL (900-2000) Herb He. SUBTROP 

6. Asplenium trichomanes ASPTRI (2500-3200) Herb He. CIRCPOL 

ATHYRIACEAE 

      
7. Athyrium schimperi ATHSCH (2000-3000) Herb Ge 

 
8. Athyriurn attenuatum ATHATT (2500-3000) Herb He. HIMAL 

BOTRYCHIACEAE 

      
9. Botrychium lunaria BOTLUN (2700-3500) Herb Ge CIRCPOL 

DRYOPTERIDACEAE 

      
10. Dryopteris komorovii DRYKOM (- - -) Herb He. HIMAL 

11. Dryopteris odontoloma DRYODO (- - -) Herb He. 

 
12. Dryopteris ramosa DRYRAM (1500-3350) Herb He. W HIM 

13. Dryopteris stewartii DRYSTE (2000-3200) Herb He. W HIM 

14. Polystichum lonchitis POLLON (2700-3500) Herb Ge 

 
15. Polystichum thomsonii POLTHO (2000-3000) Herb Ge 

 
EQUISETACEAE 

      
16. Equisetum rammosissimum EQURAM (2500-3600) Herb Ge EURAS 

OSMUNDACEAE 

      
17. Osmunda claytoniana OSMCLA (2400-3000) Herb Ge 

 
PTERIDACEAE 

      
18. Pteridium aquilinum PTEAQU (1800-3200) Herb Ge COSMO 

19. Pteris vittata PTEVIT (1200-1210) Herb Ge SUBTROP 

SELAGINELLACEAE 

      
20. Selaginella jacquemontii SELJAC (2600-2710) Herb Ch. W HIM 

 

GYMNOSPERMS 

FAMILY 

Genera 
Species Short code 

Altitudinal range 

(m a.s.l) 
Habit Life-form Origin 

CUPERESSACEAE 

      
21. Juniperus communis JUNCOM (2700-4500) Shrub Ch. CIRCPOL 

22. Juniperus semiglobosa JUNSEM (2800-3500) Shrub Ph. PAMIR 

23. Juniperus squamata JUNSQU (2900-4500) Shrub Ch. HIMAL 

EPHEDRACEAE 

      

                                                            
1 ph=Phanerophytes ; np=Nanophanerophytes ; ch=Chaemophytes ; he=Hemicryptophytes ; ge=Geophytes 
2 CAS=Centralasiatic;COSMO=Cosmopolitan;EAS=Eastasiatic or Sino-Japanese; ENDEM=Endemic; EURAS=Eurasian; 
HIMAL=Himalayan;INDIAN=Indian;INMAL=Indo-Malayan;INTR=Introduced or Cultivated;IRAN=Irano-Turanian;PAMIR=Pamir… 
High mountain sub-group of IRAN;SE.AS=Southeast Asiatic;SUBTR=Subtropical;TIBET=Tibetan;TROP=Tropical;W.HIM=West 
Himalayan 
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FAMILY 

Genera 
Species Short code 

Altitudinal range 

(m a.s.l) 
Habit Life-form Origin 

24. Ephedra ciliata EPHCIL (600-1500) Liana Li IRAN 

25. Ephedra gerardiana EPHGER (2740-4000) Shrub Ch. HIMAL 

PINACEAE 

      
26. Abies pindrow ABIPIN (2200-3500) Tree Ph. W HIM 

27. Abies spectabilis ABISPE (2800-4000) Tree Ph. HIMAL 

28. Cedrus deodara CEDDEO (1800-2500) Tree Ph. W HIM 

29. Picea smithiana PICSMI (2700-3500) Tree Ph. W HIM 

30. Pinus gerardiana PINGER (2000-2950) Tree Ph. W HIM 

31. Pinus wallichiana PINWAL (2100-3300) Tree Ph. W HIM 

TAXACEAE 

      
32. Taxus wallichiana TAXWAL (2200-3000) Tree Ph. HIMAL 

 

ANGIOSPERMS 

Dicotyledons 

FAMILY 

Genera 
Species Short code 

Altitudinal range 

(m a.s.l) 
Habit Life-form Origin 

ACANTHACEAE 

      
33. Dicliptera bupleuroides DICBUP (500-1850) Herb 

 

SE AS 

34. Strobilanthes urticifolia STRURT (2000-2900) Herb 

 

W HIM 

ACERACEAE 

      
35. Acer caesium ACECAE (2000-3000) Tree Ph. HIMAL 

36. Acer cappadocicum ACECAP (2000-3000) Tree Ph. IRAN 

37. Acer pentapomica ACEPEN (900-2200) Tree Ph. HIMAL 

AMARANTHACEAE 

      
38. Achyranthes bidentata ACHBID (1200-2000) Herb Th. TROP 

39. Amaranthus hybridus AMAHYB (800-2600) Herb Th. CULT 

40. Amaranthus spinosus AMASPI (- - -) Herb Th. TROP 

ANACARDIACEAE 

      
41. Pistacia chinensis PISCHI (500-2200) Tree Np. W HIM 

42. Pistacia khinjuk PISKHI (1000-2100) Tree Np. W HIM 

APOCYNACEAE 

      
43. Nerium indicum NERIND (500-1200) Shrub Np. INDIAN 

ASCLIPIADACEAE 

      
44. Calotropis procera CALPRO (1040-1300) Herb Ch. SUBTROP 

BALSAMINACEAE 

      
45. Impatiens brachycentra IMPBRA (2500-3000) Herb Th. PAMIR 

46. Impatiens edgeworthii IMPEDG (1800-3000) Herb Th. HIMAL 

47. Impatiens flemingii IMPFLE (1500-3200) Herb Th. W HIM 

48. Impatiens glandulifera IMPGLA (2000-3200) Herb Th. W HIM 

49. Impatiens sulcata IMPSUL (1800-4000) Herb Th. HIMAL 

50. Impatiens thomsonii IMPTHO (2580-3260) Herb Th. W HIM 

BERBERIDACEAE 

      
51. Berberis aitchisonii BERAIT (2400-3500) Shrub Np. W HIM 

52. Berberis brandisiana BERBRA (2400-4000) Shrub Np. W HIM 

53. Epimedium elatum EPIELA (2000-3100) Herb He. ENDEM 

BETULACEAE 

      
54. Betula utilis BETUTI (2500-4000) Tree Ph. W HIM 
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BORAGINACEAE 

      
55. Arnebia benthamii ARNBEN (2700-3900) Herb He. W HIM 

56. Cynoglossum lanceolatum CYNLAN (500-2500) Herb Th. TROP 

57. Hackelia macrophylla HACMAC (1800-2800) Herb He. W HIM 

58. Hackelia uncinata HACUNC (2400-3500) Herb He. HIMAL 

59. Lindelofia anchusoides LINANC (1500-3500) Herb He. PAMIR 

60. Lindelofia longiflora LINLON (2000-4000) Herb He. W HIM 

61. Mattiastrum himalayense MATHIM (2000-2500) Herb Th. W HIM 

62. Myosotis alpestris MYOALP (2800-4500) Herb He. C AS 

63. Onosma hispidum ONOHIS (2500-3500) Herb He. W HIM 

64. Pseudomertensia flavescens PSEFLA (2400-3000) Herb He. ENDEM 

65. Pseudomertensia moltkioides PSEMOL (2500-3600) Herb He. ENDEM 

66. Pseudomertensia sericophylla PSESER (2400-2800) Herb He. ENDEM 

67. Pseudomertensia trollii PSETRO (2400-3700) Herb He. 

 
BRASSICACEAE 

      
68. Arabidopsis himalaica ARAHIM (2600-3500) Herb Th. HIMAL 

69. Arabis amplexicaulis ARAAMP (2200-3000) Herb He. HIMAL 

70. Arcyosperma primulifolium ARCPRI (2700-3400) Herb He. HIMAL 

71. Barbarea intermedia BARINT (2700-3300) Shrub Ch. HOLAR 

72. Barbarea vulgaris BARVUL (2700-3390) Shrub Np. W HIM 

73. Capsella bursa-pastoris CAPBUR (500-3500) Herb Th. COSMO 

74. Cardamine impatiens CARIMP (2200-3000) Herb Th. EURAS 

75. Cardamine macrophylla CARMAC (2200-3000) Herb He. SECHI 

76. Chorispora sabulosa CHOSAB (2800-4500) Herb He. PAMIR 

77. Draba trinervis DRATRI (3000-4500) Herb He. W HIM 

78. Erysimum melicentae ERYMEL (2200-3550) Herb Th. W HIM 

79. Sisymbrium brassiciforme SISBRA (2500-3000) Herb Th. C AS 

80. Thlaspi kotschyanum  THLKOT (1500-3000) Herb He. C AS 

BUDDLEJACEAE 

      
81. Buddleja asiatica BUDASI (500-2000) Shrub Ch. SE AS 

CAMPANULACEAE 

      
82. Asyneuma thomsonii ASYTHO (1800-3200) Herb He. HIMAL 

83. Campanula aristata CAMARI (2400-4500) Herb Ge HIMAL 

84. Campanula latifolia CAMLAT (2200-2800) Herb He. EURAS 

85. Campanula pallida CAMPAL (600-4500) Herb He. W HIM 

86. Codonopsis clematidea CODCLE (2500-3200) Herb Ge PAMIR 

87. Codonopsis ovata CODOVA (3000-3600) Herb Ge W HIM 

CANNABINACEAE 

      
88. Cannabis sativa CANSAT (500-3200) Herb Th. C AS 

CAPPARIDACEAE 

      
89. Cleome viscosa CLEVIS (1100-1500) Herb Th. SUBTROP 

CAPRIFOLIACEAE 

      
90. Abelia triflora ABETRI (1500-4200) Shrub Np. HIMAL 

91. Lonicera asperifolia LONASP (3000-4000) Shrub Ch. PAMIR 

92. Lonicera caucasica LONCAU (2500-3500) Shrub Np. W HIM 

93. Lonicera heterophylla LONHET (3500-4300) Shrub Np. W HIM 

94. Lonicera microphylla LONMIC (2500-3600) Shrub Ch. C AS 

95. Lonicera myrtillus LONMYR (2500-4000) Shrub Ch. SECHI 

96. Lonicera obovata LONOBO (2800-4000) Shrub Ch. HIMAL 

97. Lonicera purpurascens LONPUR (3500-4000) Shrub Np. W HIM 
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98. Lonicera quinquelocularis LONQUI (2500-3000) Shrub Np. HIMAL 

99. Lonicera semenovii LONSEM (3000-4000) Shrub Ch. PAMIR 

100. Lonicera webbiana LONWEB (2000-3500) Shrub Np. HIMAL 

101. Viburnum cotinifolium VIBCOT (2500-3500) Shrub Np. W HIM 

102. Viburnum grandiflorum VIBGRA (1500-3000) Shrub Np. HIMAL 

CARYOPHYLLACEAE 

      
103. Arenaria griffithii AREGRI (2400-4000) Herb Ch. PAMIR 

104. Arenaria serpyllifolia ARESER (2400-3200) Herb Th. EURAS 

105. Cerastium glomeratum CERGLO (700-3000) Herb He. COSMO 

106. Cucubalus baccifer CUCBAC (2400-3500) Herb 

 

HOLAR 

107. Dianthus anatolicus DIAANA (1500-4300) Herb He. IRAN 

108. Dianthus angulatus DIAANG (900-3500) Herb He. W HIM 

109. Gypsophila cerastioides GYPCER (2000-4000) Herb Th. HIMAL 

110. Gypsophila floribunda GYPFLO (1600-2600) Herb Th. IRAN 

111. Minuartia kashmirica MINKAS (2350-3800) Herb He. W HIM 

112. Pseudostellaria heterantha PSEHET (2700-2900) Herb Th. SECHI 

113. Sagina saginoides SAGSAG (2500-3500) Herb He. CIRCPOL 

114. Silene gonosperma SILGON (3000-5000) Herb Th. HIMAL 

115. Silene viscosa SILVIS (1000-3800) Herb He. TIBET 

116. Silene vulgaris SILVUL (2600-3200) Herb He. EURAS 

117. Stellaria media STEMED (2400-4000) Herb Th. COSMO 

118. Stellaria monosperma STEMON (2800-3600) Herb He. HIMAL 

CELASTRACEAE 

      
119. Euonymus fimbriatus EUOFIM (2700-3120) Shrub Np. HIMAL 

120. Euonymus hamiltonianus EUOHAM (2000-3000) Shrub Np. HIMAL 

121. Maytenus royleanus MAYROY (900-1500) Shrub Np. HIMAL 

CHENOPODIACEAE 

      
122. Chenopodium ambrosioides CHEAMB (500-2600) Herb Th. CULT 

123. Chenopodium botrys CHEBOT (1580-3300) Herb Th. EURAS 

124. Chenopodium foliosum CHEFOL (2500-3800) Herb Th. CULT 

COMPOSITAE 

      
125. Achillea millefolium ACHMIL (2100-4000) Herb He. EURAS 

126. Ainsliaea aptera AINAPT (1600-3500) Herb He. HIMAL 

127. Anaphalis margaritacea ANAMAR (1800-3500) Herb He. SINJAP 

128. Anaphalis nubigena ANANUB (3600-4450) Herb He. HIMAL 

129. Anaphalis triplinervis ANATRI (2800-3500) Herb He. SINJAP 

130. Anthemis cotula ANTCOT (500-1800) Herb Th. EURAS 

131. Arctium lappa ARCLAP (2000-4000) Herb Th. EURAS 

132. Artemisia brevifolia ARTBRE (1500-3700) Herb Ch. W HIM 

133. Artemisia incisa ARTINC (2700-3800) Herb Ch. HIMAL 

134. Artemisia japonica ARTJAP (1800-3300) Herb He. HIMAL 

135. Artemisia roxburghiana ARTROX (- - -) Herb Ch. HIMAL 

136. Artemisia santolinifolia ARTSAN (2500-3700) Herb Ch. EURAS 

137. Artemisia scoparia ARTSCO (800-2700) Herb Ch. EURAS 

138. Aster falconeri  ASTFAL (2800-4000) Herb He. W HIM 

139. Aster flaccidus ASTFLA (3200-4300) Herb He. C AS 

140. Aster thomsonii ASTTHO (3000-4000) Herb He. HIMAL 

141. Bidens bipinnata BIDBIP (1400-1450) Herb Th. CIRCPOL 

142. Brachyactis pubescens BRAPUB (3000-4000) Herb Th. W HIM 

143. Carduus edelbergii CAREDE (2700-4000) Herb Th. HIMAL 
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144. Carpesium nepalense CARNEP (1800-3500) Herb He. SINJAP 

145. Cichorium intybus CICINT (2100-3000) Herb He. EURAS 

146. Cirsium falconeri CIRFAL (2700-3500) Herb He. SE AS 

147. Conyza bonariensis CONBON (1000-2900) Herb Th. SINJAP 

148. Conyza canadensis CONCAN (2500-2555) Herb Th. COSMO 

149. Cremanthodium arnicoides CREARN (3000-3500) Herb He. W HIM 

150. Doronicum roylei DORROY (2200-3000) Herb He. HIMAL 

151. Dubyaea oligocephala DUBOLI (2700-3500) Herb He. PAMIR 

152. Echinops cornigerus ECHCOR (1200-2400) Herb He. PAMIR 

153. Erigeron bellidioides ERIBEL (3000-3500) Herb He. HIMAL 

154. Erigeron multiradiatus ERIMUL (2500-4500) Herb He. W HIM 

155. Gnaphalium affine GNAAFF (1200-4500) Herb He. SINJAP 

156. Gnaphalium stewartii GNASTE (3000-4200) Herb He. IRAN 

157. Hieracium vulgatum HIEVUL (2800-4000) Herb He. EURAS 

158. Hyalochaete modesta HYAMOD (500-1200) Herb 

 

IRAN 

159. Inula royleana INUROY (3200-3400) Herb He. W HIM 

160. Jurinea ceratocarpa JURCER (2800-3400) Herb Th. W HIM 

161. Jurinea dolomiaea JURDOL (3200-4300) Herb He. W HIM 

162. Lactuca dissecta LACDIS (900-2850) Herb He. PAMIR 

163. Lactuca lessertiana LACLES (2700-4500) Herb He. HIMAL 

164. Leontopodium himalayanum LEOHIM (2700-4500) Herb He. HIMAL 

165. Leontopodium ochroleucum LEOOCH (3000-5000) Herb He. PAMIR 

166. Myriactis wallichii MYRWAL (1200-3500) Herb 

 

C AS 

167. Prenanthes brunoniana PREBRU (2000-3800) Herb Ge IRAN 

168. Saussurea atkinsonii SAUATK (3600-4300) Herb He. W HIM 

169. Saussurea candolleana SAUCAN (3200-3600) Herb He. W HIM 

170. Saussurea costus SAUCOS (3300-3500) Herb He. ENDEM 

171. Saussurea heteromalla SAUHET (1500-2280) Herb He. HIMAL 

172. Scorzonera virgata SCOVIR (2400-4200) Herb He. W HIM 

173. Senecio chrysanthemoides SENCHR (1400-4000) Herb He. HIMAL 

174. Solidago virgaurea SOLVIR (2000-3500) Herb He. EURAS 

175. Tanacetum dolichophyllum TANDOL (3000-4300) Herb He. HIMAL 

176. Tanacetum senecionis TANSEN (3000-4500) Herb He. W HIM 

177. Taraxacum officinale TAROFF (- - -) Herb He. COSMO 

178. Youngia japonica YOUJAP (500-3000) Herb Th. SINJAP 

CONVOLVULACEAE 

      
179. Convolvulus arvensis CONARV (2400-2900) Herb He. COSMO 

CORYLACEAE 

      
180. Corylus colurna CORCOL (2400-3300) Tree Ph. HIMAL 

CRASSULACEAE 

      
181. Rhodiola heterodonta RHOHET (3800-4200) Herb Ch. HIMAL 

182. Rhodiola quadrifida RHOQUA (3000-4500) Herb Ch. C AS 

183. Rosularia adenotricha ROSADE (2200-2700) Herb Ch. W HIM 

184. Sedum ewersii SEDEWE (2300-4000) Herb He. PAMIR 

CUSCUTACEAE 

      
185. Cuscuta reflexa CUSREF (500-3300) Herb Th. HIMAL 

DATISCACEAE 

      
186. Datisca cannabina DATCAN (1600-2400) Herb He. IRAN 

DIPSACACEAE 

      
187. Dipsacus inermis DIPINE (2800-3200) Herb He. HIMAL 
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188. Scabiosa speciosa SCASPE (2800-3300) Herb He. W HIM 

EBENACEAE 

      
189. Diospyros lotus DIOLOT (1100-1870) Tree Ph. CULT 

ELAEGNACEAE 

      
190. Elaeagnus angustifolia ELAANG (1300-2300) Shrub Np. IRAN 

ERICACEAE 

      
191. Cassiope fastigiata CASFAS (2800-4500) Herb Ch. HIMAL 

192. Gaultheria trichophylla GAUTRI (2700-4500) Herb 

 

SECHI 

193. Rhododendron anthopogon RHOANT (3000-4300) Shrub Ch. HIMAL 

194. Rhododendron collettianum RHOCOL (2700-3500) Shrub Np. W HIM 

EUPHORBIACEAE 

      
195. Euphorbia helioscopia EUPHEL (500-2000) Herb Th. W HIM 

196. Euphorbia indica EUPIND (500-1500) Herb He. TROP 

197. Euphorbia wallichii EUPWAL (2500-3500) Herb He. SINJAP 

198. Ricinus communis RICCOM (500-1000) Shrub He. COSMO 

FAGACEAE 

      
199. Quercus baloot QUEBAL (900-2600) Tree Ph. W HIM 

200. Quercus floribunda QUEFLO (2000-2900) Tree Ph. HIMAL 

FUMARIACEAE 

      
201. Corydalis govaniana CORGOV (2400-4100) Herb He. W HIM 

202. Corydalis rutifolia CORRUT (1800-3500) Herb Ge HOLAR 

203. Corydalis stewartii CORSTE (2400-4000) Herb Ge W HIM 

204. Fumaria indica FUMIND (1800-2700) Herb Th. IRAN 

GENTIANACEAE 

      
205. Gentianodes argentea GENARG (3200-4100) Herb Th. W HIM 

206. Gentianodes cachemirica GENCAC (3000-3500) Herb Th. ENDEM 

207. Gentianodes intermedia GENINT (2700-3500) Herb Th. W HIM 

208. Gentianodes marginata GENMAR (3000-4500) Herb Th. W HIM 

209. Jaeschkea oligosperma JAEOLI (2300-3800) Herb Th. HIMAL 

210. Lomatogonium caeruleum LOMCAE (3200-4200) Herb He. W HIM 

211. Lomatogonium carinthiacum LOMCAR (3000-4100) Herb Th. EURAS 

212. Qaisera catenata QAICAT (500-4300) Herb Th. W HIM 

213. Swertia petiolata SWEPET (2700-4500) Herb He. HIMAL 

214. Swertia speciosa SWESPE (3000-4000) Herb He. W HIM 

GERANIACEAE 

      
215. Geranium himalayense GERHIM (2500-4100) Herb He. W HIM 

216. Geranium nepalense GERNEP (1500-4000) Herb 

 

SINJAP 

217. Geranium pratense GERPRA (2400-4500) Herb He. W HIM 

218. Geranium sibiricum GERSIB (2300-2800) Herb Th. EURAS 

219. Geranium wallichianum GERWAL (2500-3500) Herb He. W HIM 

220. Geranium rotundifolium  GERROT (2500-3000) Herb 

 

W HIM 

GROSSULARIACEAE 

      
221. Ribes alpestre RIBALP (2700-4000) Shrub Np. HIMAL 

222. Ribes himalense RIBHIM (2800-3200) Shrub Np. HIMAL 

223. Ribes orientale RIBORI (2400-3000) Shrub Np. C AS 

224. Ribes villosum RIBVIL (2500-2900) Shrub Np. C AS 

HAMAMELIDACEAE 

      
225. Parrotiopsis jacquemontiana PARJAC (1500-2500) Shrub Np. W HIM 

HIPPOCASTANACEAE  

     
226. Aesculus indica AESIND (1600-2700) Tree Ph. W HIM 
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HYPERICACEAE 

      
227. Hypericum oblongifolium HYPOBL (600-2200) Shrub Ch. HIMAL 

228. Hypericum perforatum HYPPER (2100-2800) Herb He. EURAS 

ILLECEBRACEAE 

      
229. Herniaria cachemiriana HERCAC (1000-2000) Herb 

 

IRAN 

JUGLANDACEAE 

      
230. Juglans regia JUGREG (1000-2800) Tree Ph. EURAS 

LABIATAE 

      
231. Ajuga bracteosa AJUBRA (- - -) Herb Th. SINJAP 

232. Ajuga parviflora AJUPAR (500-1500) Herb Th. HIMAL 

233. Clinopodium umbrosum CLIUMB (500-3500) Herb Th. HIMAL 

234. Clinopodium vulgare CLIVUL (2700-3600) Herb He. EURAS 

235. Dracocephalum nutans DRANUT (2700-3500) Herb He. C AS 

236. Isodon rugosus ISORUG (900-3000) Shrub Ch. HIMAL 

237. Lamium album LAMALB (500-3300) Herb He. EURAS 

238. Leonurus cardiaca LEOCAR (2800-3200) Herb He. PAMIR 

239. Melissa flava MELFLA (1500-2500) Herb 

 

INDIAN 

240. Mentha royleana MENROY (1000-3800) Herb He. W HIM 

241. Micromeria biflora MICBIF (500-2500) Herb 

 

INDIAN 

242. Nepeta cataria NEPCAT (3000-3300) Herb Ch. ENDEM 

243. Nepeta clarkei NEPCLA (3000-3800) Herb He. W HIM 

244. Nepeta connata NEPCON (2500-3700) Herb He. ENDEM 

245. Nepeta erecta NEPERE (2000-3800) Herb He. W HIM 

246. Nepeta govaniana NEPGOV (2200-3800) Herb He. W HIM 

247. Nepeta laevigata NEPLAE (2000-2200) Herb He. HIMAL 

248. Nepeta leucolaena NEPLEU (2200-3400) Herb Ch. W HIM 

249. Nepeta podostachys NEPPOD (2200-3800) Herb He. W HIM 

250. Nepeta raphanorhiza NEPRAP (500-3000) Herb He. HIMAL 

251. Origanum vulgare ORIVUL (500-4000) Herb He. HOLAR 

252. Phlomis bracteosa PHLBRA (3200-4000) Herb He. W HIM 

253. Phlomis spectabilis PHLSPE (500-3700) Herb He. HIMAL 

254. Prunella vulgaris PRUVUL (1200-3200) Herb He. CIRCPOL 

255. Salvia hians SALHIA (3800-4200) Herb He. W HIM 

256. Salvia nubicola SALNUB (2300-3600) Herb He. W HIM 

257. Scutellaria prostrata SCUPRO (3000-3400) Herb He. W HIM 

258. Stachys emodi STAEMO (2400-3300) Herb He. W HIM 

259. Thymus linearis THYLIN (2500-4300) Herb He. HIMAL 

LORANTHACEAE 

      
260. Korthalsella opuntia KOROPU (500-2400) Herb Ep. SE AS 

MALVACEAE 

      
261. Hibiscus trionum HIBTRI (500-2000) Herb 

 

HOLAR 

262. Lavatera kashmiriana LAVKAS (500-3600) Herb He. HIMAL 

263. Malva mauritiana MALMAU (500-2400) Herb He. EURAS 

264. Sida cordata SIDCOR (500-1800) Herb 

 

TROP 

MELIACEAE 

      
265. Melia azedarach MELAZE (1000-1500) Tree Ph. CULT 

MIMOSACEAE 

      
266. Acacia modesta ACAMOD (500-1200) Tree Ph. IRAN 

MORACEAE 

      
267. Ficus palmata FICPAL (500-2500) Tree Np. W HIM 
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268. Morus nigra MORNIG (900-2800) Tree Ph. IRAN 

MORINACEAE 

      
269. Morina coulteriana MORCOU (2500-3400) Herb He. W HIM 

MYRSINACEAE 

      
270. Myrsine africana MYRAFR (900-2000) Herb 

 

TROP 

NYCTAGINACEAE 

      
271. Boerhavia procumbens BOEPRO (900-1300) Herb He. SUBTROP 

OLEACEAE 

      
272. Fraxinus raibocarpa FRARAI (1000-3000) Tree Ph. C AS 

273. Fraxinus xanthoxyloides FRAXAN (900-2400) Tree Ph. W HIM 

274. Jasminum humile JASHUM (1800-3000) Shrub Ch. C AS 

275. Jasminum leptophyllum JASLEP (1500-2000) Shrub Ch. ENDEM 

276. Jasminum officinale JASOFF (1200-2500) Shrub Ch. HOLAR 

277. Olea ferruginea OLEFER (900-2150) Tree Ph. W HIM 

278. Syringa emodi SYREMO (2300-2800) Shrub Ch. HIMAL 

ONAGRACEAE 

      
279. Circaea alpina CIRALP (2000-4000) Herb Ge HIMAL 

280. Circaea cordata CIRCOR (1800-3300) Herb Ge SECHI 

281. Epilobium angustifolium EPIANG (2700-4000) Herb He. CIRCPOL 

282. Epilobium hirsutum EPIHIR (2100-2200) Herb He. EURAS 

283. Epilobium royleanum EPIROY (2500-3200) Herb He. HIMAL 

OROBANCHACEAE 

      
284. Orobanche alba OROALB (1400-3500) Herb Ge EURAS 

OXALIDACEAE 

      
285. Oxalis corniculata OXACOR (500-2500) Herb Th. COSMO 

PAEONIACEAE 

      
286. Paeonia emodi PAEEMO (2200-3000) Shrub Ch. HIMAL 

PAPAVERACEAE 

      
287. Meconopsis aculeata MECACU (2400-4000) Herb He. W HIM 

PAPILIONACEAE 

      
288. Astragalus candolleanus ASTCAN (2500-4000) Shrub Ch. W HIM 

289. Astragalus frigidus ASTFRI (3000-4500) Shrub Ch. HOLAR 

290. Astragalus grahamianus ASTGRA (1200-3000) Shrub Ch. W HIM 

291. Astragalus maddenianus  ASTMAD (3400-3800) Shrub He. W HIM 

292. Astragalus subumbellatus ASTSUB (1900-3000) Herb He. IRAN 

293. Caragana brevispina CARBRE (1500-1800) Shrub Ch. W HIM 

294. Cicer microphyllum CICMAC (2700-4000) Shrub Ch. C AS 

295. Dalbergia sissoo DALSIS (600-1100) Tree Ph. HIMAL 

296. Desmodium elegans DESELE (1200-3000) Shrub Ch. SECHI 

297. Indigofera heterantha INDHET (600-3300) Shrub Ch. HIMAL 

298. Lathyrus emodi LATEMO (2500-3700) Herb He. W HIM 

299. Lathyrus humilis LATHUM (3300-3800) Herb He. C AS 

300. Lathyrus pratensis LATPRA (2300-3000) Herb He. EURAS 

301. Lespedeza juncea LESJUN (1450-2500) Herb Ch. HIMAL 

302. Lotus corniculatus LOTCOR (2800-3500) Herb He. EURAS 

303. Medicago lupulina MEDLUP (1000-4000) Herb He. EURAS 

304. Oxytropis lapponica OXYLAP (2900-4300) Herb He. CIRCPOL 

305. Trifolium pratense TRIPRA (2700-3500) Herb He. EURAS 

306. Trifolium repens TRIREP (2000-3600) Herb He. EURAS 

307. Trigonella gracilis TRIGRA (1500-3000) Herb Th. HIMAL 



Appendix I: List of vascular plant species Page A9 

308. Vicia sativa VICSAT (- - -) Herb Th. CULT 

PARNASIACEAE 

      
309. Parnassia nubicola PARNUB (2400-4200) Herb Th. W HIM 

PHILADELPHACEAE 

      
310. Deutzia staminea DEUSTA (1600-3000) Shrub Ch. HIMAL 

PHYTOLACCACEAE 

      
311. Phytolacca acinosa PHYACI (1500-3000) Shrub Ch. SE AS 

PLANTAGINACEAE 

      
312. Plantago depressa PLADEP (2900-4000) Herb He. C AS 

313. Plantago lanceolata PLALAN (2000-2700) Herb He. EURAS 

PODOPHYLLACEAE 

      
314. Podophyllum hexandrum PODHEX (2500-4000) Herb Ge HIMAL 

POLEMONIACEAE 

      
315. Polemonium caeruleum POLCAE (3200-3600) Herb He. CIRCPOL 

POLYGONACEAE 

      
316. Aconogonon alpina ACOALP (1500-3000) Herb He. CIRCPOL 

317. Aconogonon rumicifolium ACORUM (2600-4500) Herb He. HIMAL 

318. Bistorta affinis BISAFF (2500-4500) Herb Ch. W HIM 

319. Bistorta amplexicaulis BISAMP (1800-4500) Herb Ch. SINJAP 

320. Fallopia convolvulus FALCON (1200-3000) Herb Th. CIRCPOL 

321. Oxyria digyna OXYDIG (2500-5000) Herb He. CIRCPOL 

322. Persicaria barbata PERBAR (500-2000) Herb 

  
323. Persicaria hydropiper PERHYD (500-2100) Herb 

 

HOLAR 

324. Persicaria longiseta PERLON (- - -) Herb 

 

SINJAP 

325. Persicaria nepalensis PERNEP (2300-3200) Herb Th. HIMAL 

326. Polygonum aviculare POLAVI (2300-4000) Herb Th. CIRCPOL 

327. Polygonum paronychioides POLPAR (1800-4100) Herb Ch. IRAN 

328. Rheum webbianum RHEWEB (2400-4400) Herb He. W HIM 

329. Rumex acetosa RUMACE (2300-4300) Herb He. CIRCPOL 

330. Rumex dentatus RUMDEN (500-2000) Herb Ch. SINJAP 

331. Rumex hastatus RUMHAS (1000-2500) Herb Ch. HIMAL 

332. Rumex nepalensis RUMNEP (2400-4100) Herb He. EURAS 

PRIMULACEAE 

      
333. Androsace foliosa ANDFOL (2300-3500) Herb He. W HIM 

334. Androsace mucronifolia ANDMUC (3300-4600) Herb Ch. W HIM 

335. Androsace rotundifolia ANDROT (2100-4000) Herb He. W HIM 

336. Cortusa brotheri CORBRO (3000-4200) Herb He. PAMIR 

337. Primula denticulata PRIDEN (3500-4100) Herb He. HIMAL 

338. Primula elliptica PRIELL (4000-4500) Herb He. W HIM 

339. Primula macrophylla PRIMAC (3500-4700) Herb He. W HIM 

340. Primula reptans PRIREP (4200-5000) Herb He. W HIM 

341. Primula rosea PRIROS (2800-3300) Herb He. W HIM 

PUNICACEAE 

      
342. Punica granatum PUNGRA (700-1600) Tree Np. IRAN 

RANUNCULACEAE 

      
343. Aconitum heterophyllum ACOHET (2800-3900) Herb He. W HIM 

344. Aconitum laeve ACOLAE (3000-4000) Herb He. W HIM 

345. Aconitum violaceum ACOVIO (3500-4200) Herb He. W HIM 

346. Actaea spicata ACTSPI (2700-3500) Herb He. EURAS 

347. Anemone rupicola ANERUP (3800-4300) Herb He. HIMAL 
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348. Anemone vitifolia ANEVIT (2500-3500) Herb He. HIMAL 

349. Aquilegia fragrans AQUFRA (2900-4500) Herb He. W HIM 

350. Aquilegia nivalis AQUNIV (3500-3900) Herb He. ENDEM 

351. Aquilegia pubiflora AQUPUB (3000-3600) Herb He. W HIM 

352. Callianthemum pimpinelloides CALPIM (3800-4000) Herb Ge TIBET 

353. Caltha alba CALALB (2700-4200) Herb He. ENDEM 

354. Clematis connata CLECON (1500-2800) Liana Li SECHI 

355. Clematis montana CLEMON (2000-3000) Liana Li SINJAP 

356. Delphinium cashmerianum DELCAS (4100-4500) Herb He. W HIM 

357. Delphinium denudatum DELDEN (2500-3000) Herb He. W HIM 

358. Delphinium palasianum DELPAL (2000-2700) Herb He. ENDEM 

359. Delphinium swatense DELSWA (1500-2400) Herb He. W HIM 

360. Delphinium tenuipes DELTEN (2500-2700) Herb He. C AS 

361. Ranunculus glacialiformis RANGLA (3090-4000) Herb He. HIMAL 

362. Ranunculus hirtellus RANHIR (2600-4000) Herb He. HIMAL 

363. Ranunculus laetus RANLAE (1800-3100) Herb He. C AS 

364. Ranunculus munroanus RANMUN (4000-4300) Herb He. ENDEM 

365. Ranunculus stewartii RANSTE (3000-4500) Herb He. ENDEM 

366. Thalictrum cultratum THACUL (2400-4200) Herb He. HIMAL 

367. Thalictrum elegans THAELE (3000-4200) Herb he. HIMAL 

368. Trolius acaulis TROACA (3500-4000) Herb He. W HIM 

RHAMNACEAE 

      
369. Rhamnella gilgitica RHAGIL (1000-2500) Tree Np. ENDEM 

370. Rhamnus prostrata RHAPRO (2400-3200) Shrub Ch. IRAN 

371. Sageretia thea SAGTHE (900-2300) Herb Np. HIMAL 

372. Ziziphus jujuba ZIZJUJ (900-2000) Tree Ph. W HIM 

373. Ziziphus oxyphylla ZIZOXY (900-2400) Tree Ph. HIMAL 

ROSACEAE 

      
374. Agrimonia pilosa AGRPIL (2500-2900) Herb He. C AS 

375. Alchemilla trollii ALCTRO (3200-4100) Herb He. ENDEM 

376. Cotoneaster bacillaris COTBAC (1800-3000) Shrub Np. HIMAL 

377. Cotoneaster nummularia COTNUM (2100-3000) Shrub Np. IRAN 

378. Cotoneaster roseus COTROS (1600-3000) Shrub Np. W HIM 

379. Crataegus songarica CRASON (1500-2700) Herb Np. IRAN 

380. Filipendulina vestita FILVES (2100-2800) Herb Np. IRAN 

381. Fragaria nubicola FRANUB (2300-3500) Herb He. HIMAL 

382. Geum elatum GEUELA (3500-4300) Herb He. HIMAL 

383. Geum roylei GEUROY (1800-3600) Herb He. HIMAL 

384. Potentilla cathaclinis POTCAT (3000-4300) Herb He. HIMAL 

385. Potentilla indica POTIND (1800-2200) Herb He. TIBET 

386. Potentilla monanthes POTMON (3500-4100) Herb He. HIMAL 

387. Prunus cornuta PRUCOR (2300-3200) Tree Ph. SECHI 

388. Prunus jaquemontii PRUJAQ (1500-2800) Tree Np. W HIM 

389. Rosa brunonii ROSBRU (1900-3100) Shrub Np. HIMAL 

390. Rosa macrophylla ROSMAC (2400-3400) Shrub Np. HIMAL 

391. Rosa webbiana ROSWEB (1800-3600) Shrub Np. W HIM 

392. Rubus ellipticus RUBELL (900-2000) Shrub Np. SINJAP 

393. Rubus irritans RUBIRR (2400-3600) Shrub Np. W HIM 

394. Rubus niveus RUBNIV (900-3000) Shrub Np. HIMAL 

395. Sibbaldia cuneata SIBCUN (2800-4500) Herb Ch. TIBET 
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396. Sorbaria tomentosa SORTOM (1200-3200) Shrub Np. W HIM 

397. Sorbus lanata SORLAN (2300-3200) Tree Ph. W HIM 

398. Sorbus tianschanica SORTIA (2800-3800) Tree Ph. PAMIR 

399. Spiraea bella SPIBEL (2400-4000) Shrub Ch. SECHI 

400. Spiraea hazarica SPIHAZ (2700-2900) Shrub Ch. 

 
401. Spiraea vaccinifolia SPIVAC (1200-2500) Shrub Ch. HIMAL 

RUBIACEAE 

      
402. Galium aparine GALAPA (2300-3600) Herb Th. EURAS 

403. Galium asperifolium GALASP (1500-3000) Herb Th. INDIAN 

404. Galium asperuloides GALASP (2600-3300) Herb Ge HIMAL 

405. Galium elegans GALELE (1400-3000) Herb Ch. HIMAL 

406. Rubia cordifolia RUBCOR (2400-2600) Herb He. EURAS 

407. Rubia wallichiana RUBWAL (1500-3200) Herb Th. HIMAL 

RUTACEAE 

      
408. Boenninghausenia albiflora BOEALB (500-3300) Herb 

 

INDMAL 

409. Dictamnus albus DICALB (1800-3000) Herb 

 

HOLAR 

410. Skimmia anquetilia SKIANQ (2400-4000) Shrub Np. HIMAL 

SALICACEAE 

      
411. Populus caspica POPCAS (1700-3000) Tree Ph. IRAN 

412. Populus ciliata POPCIL (2000-2600) Tree Ph. HIMAL 

413. Salix acmophylla SALACM (900-2000) Tree Ph. IRAN 

414. Salix daphnoides SALDAP (2400-4000) Shrub Ch. 

 
415. Salix denticulata SALDEN (1800-3700) Shrub Np. W HIM 

416. Salix disperma SALDIS (1500-3500) Shrub Ch. 

 
417. Salix flabellaris SALFLA (3800-4300) Shrub Ch. W HIM 

418. Salix karelinii SALKAR (3400-4300) Shrub Np. PAMIR 

419. Salix sericocarpa SALSER (2400-4000) Shrub Ph. C AS 

SAMBUCACEAE 

      
420. Sambucus wightiana SAMWIG (2400-4000) Shrub He. W HIM 

SAPINDACEAE 

      
421. Dodonaea viscosa DODVIS (500-1100) Shrub Np. TROP 

SAXIFRAGACEAE 

      
422. Bergenia ciliata BERCIL (900-2800) Herb Ch. HIMAL 

423. Bergenia stracheyi BERSTR (2700-4100) Herb Ch. PAMIR 

424. Saxifraga asarifolia SAXASA (3000-4500) Herb He. W HIM 

425. Saxifraga stenophylla SAXSTE (3800-5000) Herb He. W HIM 

SCROPHULARIACEAE  

     
426. Euphrasia himalaica EUPHIM (2500-4000) Herb Th. HIMAL 

427. Kickxia cabulica KICCAB (1200-1900) Herb Th. IRAN 

428. Leptorhabdos parviflora LEPPAR (2300-3300) Herb Th. IRAN 

429. Mimulus nepalensis MIMNEP (900-2000) Herb He. SECHI 

430. Pedicularis bicornuta PEDBIC (3200-4500) Herb He. W HIM 

431. Pedicularis oederi PEDOED (3300-4100) Herb He. HIMAL 

432. Pedicularis pectinata PEDPEC (3000-4400) Herb He. W HIM 

433. Pedicularis punctata PEDPUN (2500-3500) Herb He. W HIM 

434. Pedicularis tenuirostris PEDTEN (2700-3700) Herb He. W HIM 

435. Scrophularia scabiosifolia SCRSCA (700-3600) Herb He. W HIM 

436. Verbascum thapsus VERTHA (1800-4000) Herb Th. EURAS 

437. Veronica anagallis-aquatica VERANA (2200-3000) Herb Th. EURAS 

438. Veronica beccabunga VERBEC (2300-3600) Herb He. EURAS 
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439. Veronica lanosa VERLAN (2500-3200) Herb He. W HIM 

440. Wulfenia amherstiana WULAMH (1500-3000) Herb Th. HIMAL 

SIMARUBIACEAE 

      
441. Ailanthus altissima AILALT (1000-2000) Herb Ph. CULT 

SOLANACEAE 

      
442. Atropa acuminata ATRACU (1500-3000) Herb He. HIMAL 

443. Datura stramonium DATSTR (1000-2200) Shrub Th. COSMO 

444. Physalis divaricata PHYDIV (500-1500) Liana He. INDIAN 

445. Solanum nigrum SOLNIG (1000-2500) Shrub Th. COSMO 

446. Solanum surattense SOLSUR (1000-1500) Herb Th. SUBTROP 

STAPHYLEACEAE 

      
447. Staphylea emodi STAEMO (2100-2700) Shrub Np. SE AS 

TAMARICACEAE 

      
448. Myricaria germanica MYRGER (2400-3600) Shrub Np. C AS 

THYMELIACEAE 

      
449. Daphne mucronata DAPMUC (1500-2800) Shrub Ch. W HIM 

450. Wikstroemia canescens WIKCAN (1800-2700) Herb Np. SINJAP 

ULMACEAE 

      
451. Celtis caucasica CELCAU (1800-2200) Tree Ph. IRAN 

452. Celtis tetrandra CELTET (1000-2000) Tree Ph. INDMAL 

453. Ulmus villosa ULMVIL (1000-1800) Tree Ph. W HIM 

454. Ulmus wallichiana ULMWAL (2400-2800) Tree Ph. W HIM 

UMBELLIFERAE 

      
455. Aegopodium alpestre AEGALP (2700-3200) Herb He. PAMIR 

456. Angelica glauca ANGGLA (3200-4100) Herb He. W HIM 

457. Anthriscus nemorosa ANTNEM (3000-3500) Herb He. IRAN 

458. Bunium persicum BUNPER (1800-3000) Herb Ge IRAN 

459. Bupleurum gracillimum BUPGRA (3000-3500) Herb He. W HIM 

460. Bupleurum longicaulis BUPLON (2800-4000) Herb He. W HIM 

461. Bupleurum subuniflorum BUPSUB (2900-3300) Herb He. W HIM 

462. Bupleurum tenue BUPTEN (1000-2500) Herb He. W HIM 

463. Bupleurum thomsonii BUPTHO (2700-4500) Herb He. HIMAL 

464. Chaerophyllum reflexum CHAREF (1500-3000) Herb He. SECHI 

465. Chaerophyllum villosum CHAVIL (2800-4000) Herb He. HIMAL 

466. Conium maculatum CONMAC (1500-2400) Herb He. HOLAR 

467. Cortia depresia CORDEP (3500-3700) Herb He. HIMAL 

468. Heracleum candicans HERCAN (2700-4000) Herb He. HIMAL 

469. Pimpinella diversifolia PIMDIV (2400-3200) Herb He. HIMAL 

470. Plantago major PLAMAJ (2000-4100) Herb He. EURAS 

471. Scaligeria aitchisonii SCAAIT (1800-3000) Herb Ge. ENDEM 

472. Selinum papyraceum SELPAP (2700-4100) Herb He. HIMAL 

473. Selinum vaginatum SELVAG (2900-3600) Herb He. HIMAL 

474. Seseli libanotis SESLIB (2700-3900) Herb He. EURAS 

475. Torilis leptophylla TORLEP (500-1500) Herb Th. 

 
476. Trachydium roylei TRAROY (3800-4500) Herb He. HIMAL 

477. Vicatia wolffiana VICWOL (2900-4300) Herb He. W HIM 

URTICACEAE 

      
478. Debregeasea salicifolia DEBSAL (1400-2400) Shrub Ch. SUBTROP 

479. Urtica dioica URTDIO (2500-3500) Herb He. COSMO 

VALERIANACEAE 
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480. Valeriana himalayana VALHIM (2800-3800) Herb He. W HIM 

481. Valeriana jatamansi VALJAT (2800-3800) Herb Ge HIMAL 

482. Valeriana pyrolaefolia  VALPYR (2400-4500) Herb He. W HIM 

483. Valeriana stracheyi VALSTR (1700-2800) Herb He. HIMAL 

484. Verbena officinalis VEROFF (- - -) Herb He. COSMO 

VIOLACEAE 

      
485. Viola betonicifolia VIOBET (900-2200) Herb He. INDMAL 

486. Viola biflora VIOBIF (2500-3800) Herb He. CIRCPOL 

487. Viola canescens VIOCAN (1500-3300) Herb He. HIMAL 

488. Viola fedtschenkoana VIOFED (2500-3800) Herb He. C AS 

489. Viola kashmiriana VIOKAS (2400-3500) Herb He. W HIM 

490. Viola pilosa VIOPIL (500-3000) Herb He. SE AS 

VITACEAE 

      
491. Cissus carnosa CISCAR (- - -) Liana Ch. 

 
492. Vitis jaquemontii VITJAQ (900-2400) Liana Ch. HIMAL 

493. Vitis parviflora VITPAR (1200-2000) Liana Ch. SE AS 

 

Monocotyledons 

FAMILY 

Genera Species   

Altitudinal 

range Habit 

Life-

form Origin 

ALLIACEAE 

      
494. Allium humile ALLHUM (3000-4500) Herb Ge HIMAL 

495. Allium roylei ALLROY (2000-3000) Herb Ge HIMAL 

496. Allium victorialis ALLVIC (2500-3600) Herb Ge CIRCPOL 

ARACEAE 

      
497. Arisaema jaquemontii ARIJAQ (2400-3500) Herb He. HIMAL 

ARALIACEAE 

      
498. Hedera nepalensis HEDNEP (1500-3000) Liana Li SINJAP 

COLCHICACEAE 

      
499. Colchicum luteum COLLUT (2100-2700) Herb Ge PAMIR 

COMMELINACEAE 

      
500. Commelina benghalensis COMBEN (900-1800) Herb He. SINJAP 

CYPERACEAE 

      
501. Carex cardiolepis CARCAR (2000-3300) Herb He. HIMAL 

502. Carex cruenta CARCRU (2700-5000) Herb He. HIMAL 

503. Carex hirtella CARHIR (2000-4000) Herb He. HIMAL 

504. Carex infuscata CARINF (2500-3500) Herb He. W HIM 

505. Carex kashmirensis CARKAS (2200-3600) Herb He. HOLAR 

506. Carex nivalis CARNIV (3500-5100) Herb He. PAMIR 

507. Carex nubigena CARNUB (2000-3500) Herb He. SECHI 

508. Carex pseudobicolor CARPSE (3800-4300) Herb He. W HIM 

509. Carex psychrophila CARPSY (2000-4000) Herb He. SECHI 

510. Carex setosa CARSET (2400-4000) Herb He. SECHI 

511. Cyperus compressus CYPCOM (1800-2600) Herb Th. COSMO 

512. Fimbristylis bisumbellata FIMBIS (1000-1600) Herb Th. SUBTROP 

513. Fimbristylis dichotoma FIMDIC (800-1500) Herb Th. 

 
514. Kobresia capillifolia KOBCAP (3300-4500) Herb He. C AS 

515. Kobresia nitens KOBNIT (3600-4500) Herb He. W HIM 

516. Kobresia royleana KOBROY (3500-4600) Herb He. C AS 
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DIOSCOREACEAE 

      
517. Dioscorea deltoidea DIODEL (2200-2700) Liana Ge SE AS 

IRIDACEAE 

      
518. Iris hookeriana IRIHOO (3000-3900) Herb Ge W HIM 

JUNCACEAE 

      
519. Juncus aphacelatus JUNAPH (3000-3300) Herb He. 

 
520. Juncus articulatus JUNART (2100-2900) Herb He. CIRCPOL 

521. Juncus compressus JUNCOM (2000-3000) Herb He. W HIM 

522. Juncus himalensis JUNHIM (2200-4300) Herb He. HIMAL 

523. Juncus membranaceus JUNMEM (2300-3500) Herb He. PAMIR 

524. Luzula spicata LUZSPI (3500-4700) Herb He. CIRCPOL 

LILIACEAE 

      
525. Asparagus filicinus ASPFIL (2200-3000) Herb Ge SE AS 

526. Asparagus gracilis ASPGRA (900-1600) Herb Ch. W HIM 

527. Gagea elegans GAGELE (2600-4000) Herb Ge HIMAL 

528. Gagea pseudoreticulata GAGPSE (900-2500) Herb Ge PAMIR 

529. Lilium polyphyllum LILPOL (2700-3300) Herb Ge W HIM 

530. Pleurospermum candollei PLECAN (4000-4200) Herb He. W HIM 

531. Polygonatum multiflorum POLMUL (1500-2700) Herb Ge HOLAR 

532. Polygonatum verticillatum POLVER (2300-3200) Herb Ge W HIM 

533. Smilax vaginata SMIVAG (2400-3000) Liana Li W HIM 

534. Tulipa clusiana TULCLU (2500-2800) Herb Ge IRAN 

ORCHIDACEAE 

      
535. Cephalanthera longifolia CEPLON (- - -) Herb Ge EURAS 

536. Cypripedium cordigerum CYPCOR (2400-3800) Herb 

 

HIMAL 

537. Epipactis helleborine EPIHEL (2300-2700) Herb Ge CIRCPOL 

538. Epipactis veratrifolia EPIVER (1000-1800) Herb Ge IRAN 

539. Goodyera repens GOOREP (3000-3200) Herb He. CIRCPOL 

540. Habenaria aitchisonii HABAIT (2000-2400) Herb 

 

HIMAL 

541. Hermium pugioniforme HERPUG (3600-5000) Herb 

 

HIMAL 

542. Polygonatum geminiflorum POLGEM (2600-3600) Herb Ge W HIM 

543. Spiranthes sinensis SPISIN (1500-2400) Herb 

 

SINJAP 

544. Zeuxine strateumatica ZEUSTR (900-1500) Herb 

 

SINJAP 

POACEAE 

      
545. Agrostis gigantea AGRGIG (2500-3000) Herb He. EURAS 

546. Agrostis munroana AGRMUN (3200-3600) Herb He. W HIM 

547. Agrostis pilosula AGRPIL (1400-3700) Herb He. HIMAL 

548. Agrostis stolonifera AGRSTO (1500-4000) Herb Th. W HIM 

549. Alopecurus himalaicus ALOHIM (3000-4000) Herb He. IRAN 

550. Apluda mutica APLMUT (500-2000) Herb He. INDM 

551. Aristida adscensionis ARIADS (1200-2600) Herb Th. SUBTROP 

552. Aristida cyanantha ARICYA (1000-2000) Herb Th. INDIAN 

553. Arthraxon lancifolius ARTLAN (600-2500) Herb Ch. TROP 

554. Arthraxon prionodes ARTPRI (600-2500) Herb Ch. TROP 

555. Bothriochloa bladhii BOTBLA (- - -) Herb 

 

W HIM 

556. Bothriochloa ischaemum BOTISC (1400-3000) Herb He. EURAS 

557. Brachypodium sylvaticum BRASYL (1000-3000) Herb He. TROP 

558. Bromus pectinatus BROPEC (2000-3100) Herb Th. EURAS 

559. Calamagrostis pseudophragmites CALPSE (1300-3400) Herb He. EURAS 

560. Capillipedium parviflorum CAPPAR (600-2400) Herb He. TROP 



Appendix I: List of vascular plant species Page A15 

561. Chrysopogon gryllus CHRGRY (2300-2800) Herb He. W HIM 

562. Chrysopogon serrulatus CHRSER (- - -) Herb He. HIMAL 

563. Cymbopogon jwarancusa CYMJAW (1200-2000) Herb He. W HIM 

564. Cynodon dactylon CYNDAC (1200-2000) Herb Ge SUBTROP 

565. Dactylis glomerata DACGLO (1700-3300) Herb He. HIMAL 

566. Danthonia schneideri DANACH (2600-4500) Herb 

  
567. Dichanthium annulatum DICANN (500-1900) Herb He. TROP 

568. Digitaria ciliaris DIGCIL (1100-1600) Herb Th. TROP 

569. Digitaria setigera DIGSET (1700-1900) Herb Th. SE AS 

570. Digitaria stricta DIGSTR (500-1800) Herb Th. TROP 

571. Duthiea bromoides DUTBRO (3000-4500) Herb 

 

W HIM 

572. Echinochloa crus-galli ECHCRU (1000-2000) Herb Th. COSMO 

573. Elymus canaliculatus ELYCAN (3200-4000) Herb He. W HIM 

574. Elymus himalayanus ELYHIM (2700-3800) Herb He. C AS 

575. Elymus semicostatus ELYSEM (1000-4000) Herb He. HIMAL 

576. Eulaliopsis binata EULBIN (- - -) Herb He. SE AS 

577. Festuca hartmannii FESHAR (3000-4300) Herb He. W HIM 

578. Festuca valesiaca FESVAL (2700-4100) Herb He. EURAS 

579. Helictotrichon pratense HELPRA (2700-4300) Herb 

 

HOLAR 

580. Helictotrichon virescens HELVIR (2000-4000) Herb 

 

SECHI 

581. Heteropogon contortus HETCON (1000-1500) Herb Th. SUBTROP 

582. Hierochloe laxa HIELAX (4000-4500) Herb Ge W HIM 

583. Imperata cylindrica IMPCYL (1000-1500) Herb He. SUBTROP 

584. Mnesithea laevis MNELAE (600-2400) Herb 

  
585. Oplismenus undulatifolius  OPLUND (1500-2500) Herb He. TROP 

586. Pennisetum lanatum PENLAN (1800-3500) Herb He. W HIM 

587. Pennisetum orientale PENORI (1000-2000) Herb Ch. SUBTROP 

588. Phacelurus speciosus PHASPE (1200-3000) Herb 

 

W HIM 

589. Phleum alpinum PHLALP (3000-3800) Herb He. CIRCPOL 

590. Phleum himalaicum PHLHIM (2300-2700) Herb Th. W HIM 

591. Phragmites karka PHRKAR (2400-2600) Herb Ge SUBTROP 

592. Piptatherum gracile PIPGRA (1200-3500) Herb He. W HIM 

593. Piptatherum munroi PIPMUN (2400-3500) Herb He. HIMAL 

594. Poa alpina POAALP (3300-4200) Herb He. CIRCPOL 

595. Poa annua POAANN (500-4700) Herb Th. HOLAR 

596. Poa nemoralis POANEM (2500-3600) Herb He. CIRCPOL 

597. Poa pratensis POAPRA (3000-3500) Herb He. CIRCPOL 

598. Poa sterilis POASTE (2300-4100) Herb He. IRAN 

599. Poa supina POASUP (2700-3600) Herb He. EURAS 

600. Saccharum rufipilum SACRUF (1500-2500) Herb He. SINJAP 

601. Setaria pumila SETPUM (500-1700) Herb Th. TROP 

602. Setaria verticillata SETVER (- - -) Herb Th. TROP 

603. Stipa sibirica STISIB (2700-3200) Herb He. HIMAL 

604. Themeda anathera THEANA (500-2500) Herb Th. HIMAL 

605. Tripogon purpurascens TRIPUR (2500-2800) Herb He. W HIM 

606. Trisetum aeneum TRIAEN (2600-3800) Herb He. W HIM 

607. Trisetum spicatum TRISPI (4200-5000) Herb He. W HIM 

TRILLIDIACEAE 

      
608. Trillidium govanianum TRIGOV (2400-3000) Herb He. HIMAL 
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Appendix II 

Qualitative and quantitative traits of species in vegetation communities 

Table 1: SAL-BER-GEU community 

  Chorology Life-form Leaf-form Rel. Freq. Rel. Cover 

Summed 

dominance 

Shrubs 

  

        

Juniperus squamata HIMAL Ch Nan 0.023 0.033 0.057 

Lonicera heterophylla W HIM np Mic 0.008 0.011 0.019 

Lonicera obovata HIMAL Ch Mic 0.031 0.060 0.091 

Rhododendron anthopogon HIMAL Ch Mic 0.047 0.048 0.095 

Salix denticulata W HIM np Mic 0.085 0.519 0.604 

Salix flabillaris HIMAL Ch Nan 0.054 0.043 0.097 

Herbs 

  
        

Allium humilis HIMAL ge Mic 0.008 0.003 0.010 

Anaphalis nubigena HIMAL he Mic 0.016 0.002 0.017 

Androsace mucronifolia W HIM Ch Mic 0.016 0.009 0.025 

Anemone rupicola HIMAL he Nan 0.023 0.004 0.028 

Athyrium attenuatum HIMAL he Nan 0.008 0.002 0.009 

Berginia stracheyi PAMIR Ch Mes 0.078 0.067 0.144 

Bistorta affinis W HIM Ch Mic 0.039 0.021 0.060 

Carex nivialis PAMIR he Nan 0.016 0.003 0.019 

Cassiope fastigiata HIMAL Ch Lep 0.016 0.004 0.020 

Corydalis govaniana W HIM he Mes 0.054 0.045 0.100 

Festuca valesiaca EURAS he Mic 0.039 0.009 0.047 

Galium asperuloides HIMAL ge Nan 0.008 0.002 0.009 

Gaultheria tricophylla SINOJ ch. Nan 0.023 0.005 0.028 

Gentianodes argentia W HIM th Nan 0.008 0.003 0.010 

Geranium pratense W HIM he Mic 0.047 0.009 0.056 

Geum elatum HIMAL he Mic 0.047 0.006 0.053 

Lepidium capitatum CIRCPOL th Mic 0.008 0.002 0.009 

Myosotis alpestris C AS he Nan 0.039 0.006 0.045 

Pedicularis bicornuta W HIM he Mic 0.016 0.002 0.017 

Poa supina EURAS he Lep 0.008 0.007 0.015 

Polygonatum geminiflorum 
W HIM ge Mic 0.016 0.003 0.019 

Primula denticulata HIMAL he Mic 0.008 0.005 0.013 

Primula macrophylla W HIM he Mic 0.008 0.002 0.009 

Rumex nepalensis EURAS he Mes 0.023 0.003 0.027 

Sedum ewersii PAMIR he Mic 0.023 0.003 0.027 

Sibbalida cuneata TIBET ch Nan 0.047 0.024 0.071 

Swertia petiolata HIMAL he Mic 0.047 0.025 0.071 

Trachydium roylei W HIM he Lep 0.008 0.003 0.010 

Valeriana jatamansi HIMAL ge Mic 0.008 0.002 0.009 

Viola biflora CIRCPOL he  Mic 0.023 0.004 0.028 
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Table 2: BET-ABI-VIB community 

 
Chorology Life-form Leaf-form Rel. Freq. Rel. Cover Importance 

Trees 

      
Abies pindrow W HIM ph Nan 0.05 0.11 0.16 

Acer caesium HIMAL ph Mes 0.02 0.01 0.03 

Betula utilis W HIM ph Mes 0.05 0.42 0.47 

Picea smithiana W HIM ph Nan 0.01 0.01 0.02 

Pinus wallichiana W HIM ph Lep 0.02 0.02 0.04 

Prunus cornuta W HIM np Mes 0.01 0.01 0.02 

Taxus wallichiana HIMAL ph Nan 0.01 0.02 0.03 

Shrubs 

      
Lonicera heterophylla W HIM np Mic 0.02 0.01 0.03 

Lonicera obovata HIMAL ch Mic 0.01 0.00 0.01 

Lonicera quinquelocularis HIMAL np Mic 0.01 0.00 0.01 

Myrtus communis W HIM np Mic 0.01 0.00 0.01 

Plectranthus rugosus HIMAL ch Mic 0.03 0.01 0.04 

Rhamnus purpurea W HIM np Mic 0.01 0.01 0.02 

Ribes himalense HIMAL np Mes 0.01 0.00 0.01 

Ribes villosum C AS np Mes 0.01 0.02 0.03 

Rosa macrophylla HIMAL np Mic 0.03 0.01 0.04 

Rosa webbiana W HIM np Mic 0.01 0.00 0.01 

Rubus irritans W HIM np Mic 0.02 0.01 0.03 

Salix denticulata W HIM np Mic 0.01 0.00 0.01 

Skimmea anquetilia W HIM np Mes 0.02 0.03 0.05 

Syringa emodi HIMAL np Mes 0.03 0.01 0.04 

Vibernum cotinifolium W HIM np Mic 0.04 0.03 0.07 

Vibernum grandiflorum W HIM np Mes 0.02 0.07 0.09 

Herbs 

      
Aconogonum alpina CIRCPOL he Mic 0.01 0.00 0.01 

Actaea spicata EURAS he Mic 0.01 0.01 0.02 

Aegopodium alpestre PAMIR he Nan 0.01 0.00 0.01 

Allium victorialis CIRCPOL ge Mic 0.01 0.00 0.01 

Aquilegia pubiflora W HIM he Mic 0.01 0.00 0.01 

Asparagus filicinus SE AS ge Lep 0.01 0.00 0.01 

Athyrium attenuatum HIMAL he Mic 0.02 0.01 0.03 

Bistorta amplexicaulis W HIM he Mes 0.04 0.01 0.05 

Cephalenthera longifolia CIRCPOL ge Mes 0.01 0.00 0.01 

Circaea alpina HIMAL ge Mic 0.01 0.00 0.01 

Clematis connata HIMAL np Mes 0.01 0.00 0.01 

Corydalis govaniana W HIM he Mes 0.01 0.01 0.02 

Dryopteris odontoloma W HIM he Mic 0.01 0.00 0.01 

Dryopteris ramosa W HIM he Mic 0.04 0.01 0.05 

Fragaria nubicola HIMAL he Mic 0.02 0.01 0.03 

Galium aparine EURAS th Nan 0.03 0.01 0.04 

Galium asperuloides HIMAL ge Nan 0.03 0.01 0.04 

Geum roylei HIMAL he Mic 0.02 0.01 0.03 

Hackelia uncinata HIMAL he Mic 0.02 0.01 0.03 

Impatiens brachycentra PAMIR th Mes 0.02 0.01 0.03 
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Chorology Life-form Leaf-form Rel. Freq. Rel. Cover Importance 

Pimpinella diversifolia HIMAL he Mic 0.01 0.00 0.01 

Podophyllum hexandrum HIMAL ge Meg 0.02 0.01 0.03 

Polygonatum geminiflorum W HIM ge Mic 0.01 0.00 0.01 

Polystichum thomsonii HIMAL he Mes 0.01 0.01 0.02 

Prenanthes brunoniana W HIM he Mes 0.02 0.01 0.03 

Rheum webbianum W HIM he Mes 0.01 0.00 0.01 

Solidago virga-aurea EURAS he Mes 0.01 0.00 0.01 

Stellaria monosperma HIMAL he Mic 0.01 0.01 0.02 

Thalictrum alpinum CIRCPOL he Mic 0.01 0.01 0.02 

Trillidium govanianum HIMAL ge Mes 0.02 0.01 0.03 

Viola biflora CIRCPOL he Mic 0.01 0.00 0.01 

Viola rupestris EURAS he Mic 0.02 0.01 0.03 

 

Table 3: PIC-ABI-VIB community 

  Chorology Life-form Leaf-form Rel. Freq. Rel. Cover Importance 

Trees 

      Abies pindrow W HIM ph Nan 0.05 0.34 0.38 

Picea smithiana W HIM ph Nan 0.05 0.23 0.27 

Shrubs 

      Indigofera heterantha HIMAL ch Nan 0.01 0.01 0.01 

Lonicera webbiana HIMAL np Mic 0.01 0.00 0.01 

Rosa webbiana W HIM np Mic 0.01 0.00 0.01 

Rubus irritans W HIM np Mic 0.02 0.01 0.02 

Viburnum grandiflorum W HIM np Mes 0.02 0.01 0.03 

Herbs 

      Aconitum heterophyllum W HIM he Nan 0.01 0.00 0.01 

Aconitum laeve W HIM he Nan 0.01 0.00 0.02 

Actaea spicata EURAS he Mic 0.01 0.00 0.01 

Agrostis gigantea EURAS he Mes 0.01 0.00 0.01 

Ainsliaea aptera HIMAL th Mic 0.01 0.00 0.01 

Anaphalis margaritacea CIRCPOL he Mic 0.01 0.00 0.01 

Androsace foliosa W HIM he Mic 0.02 0.01 0.02 

Anemone vitifolia HIMAL he Mic 0.01 0.00 0.01 

Angelica glauca W HIM he Mic 0.01 0.00 0.01 

Aquelegia pubiflora W HIM he Mic 0.02 0.01 0.02 

Asplenium trichomanes CIRCPOL he Mes 0.01 0.00 0.01 

Aster thomsonii HIMAL he Mac 0.01 0.00 0.01 

Asyneuma thomsonii W HIM he Nan 0.01 0.00 0.01 

Athyrium attenuatum HIMAL he Nan 0.01 0.00 0.01 

Bistorta amplexicaulis W HIM he Mes 0.04 0.02 0.06 

Caltha alba ENDEM he Mic 0.01 0.01 0.02 

Cardamine impatiens EURAS th Mic 0.01 0.00 0.01 

Carex pseudobicolor W HIM he Nan 0.01 0.00 0.01 

Corydalis stewartii ENDEM he Mic 0.01 0.00 0.01 

Cremanthodium decaisnei W HIM he Mes 0.01 0.00 0.01 

Cypripedium cordigerum HIMAL th Mes 0.01 0.00 0.01 

Dryopteris ramosa W HIM he Mic 0.03 0.01 0.04 

Euphorbia wallichii HIMAL he Nan 0.01 0.00 0.01 

Fragaria nubicola HIMAL he Mic 0.05 0.03 0.08 

Galium asperifolium INDIAN ge Nan 0.02 0.01 0.02 

Galium asperuloides HIMAL ge Nan 0.03 0.01 0.04 

Geranium wallichianum W HIM he Mic 0.03 0.01 0.05 
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  Chorology Life-form Leaf-form Rel. Freq. Rel. Cover Importance 

Geum elatum HIMAL he Mic 0.01 0.00 0.01 

Hackelia macrophylla HIMAL he Mic 0.01 0.00 0.01 

Hackelia uncinnata HIMAL he Mic 0.01 0.00 0.01 

Hieracium vulgatum EURAS he Nan 0.01 0.00 0.02 

Impatiens brachycentra PAMIR th Mes 0.03 0.01 0.04 

Lindelofoia longiflora W HIM he Mes 0.02 0.02 0.03 

Morina coulteriana W HIM he Mic 0.01 0.00 0.01 

Nepeta govaniana W HIM he Mes 0.01 0.00 0.01 

Paeonia emodi HIMAL ge Meg 0.01 0.00 0.01 

Plantago major EURAS he Mes 0.01 0.00 0.01 

Poa pratensis CIRCPOL he Lep 0.01 0.00 0.01 

Poa sterilis IRAN he Lep 0.01 0.00 0.01 

Podophyllum hexandrum HIMAL ge Meg 0.03 0.01 0.04 

Polemonium coeruleum CIRCPOL he Mic 0.01 0.00 0.01 

Polygonatum geminiflorum W HIM ge Mic 0.02 0.01 0.02 

polygonatum multiflorum W HIM ge Mic 0.01 0.00 0.02 

Polygonatum verticillatum HOLAR ge Mic 0.01 0.01 0.02 

Polystichum lachenense HIMAL he Nan 0.01 0.00 0.01 

Primula denticulata HIMAL he Mic 0.02 0.04 0.06 

Pseudomertensia flavescens ENDEM he Mic 0.01 0.00 0.02 

Pteridium aquilinium COSMO ge Mic 0.01 0.00 0.01 

Ranunculus hirtillus HIMAL he Mic 0.02 0.01 0.03 

Rosa macrophylla HIMAL np Mic 0.03 0.01 0.04 

Rumex nepalensis EURAS he Mes 0.02 0.01 0.02 

Sambucus wightiana W HIM he Meg 0.03 0.01 0.04 

Senecio chrysanthemoides HIMAL he Mic 0.01 0.00 0.01 

Sibbalida cuneata TIBET ch Nan 0.01 0.01 0.02 

Silene vulgaris EURAS he Mic 0.01 0.00 0.01 

Stachys emodi W HIM he Mic 0.01 0.01 0.02 

Stellaria monosperma HIMAL he Mic 0.01 0.00 0.01 

Thlaspi kotschyanim C AS he Mic 0.01 0.00 0.01 

Trillidium govanianum HIMAL ge Mes 0.02 0.01 0.02 

Valeriana pyrolifolia HIMAL he Mic 0.02 0.01 0.02 

Valeriana jatamansii HIMAL ge Mic 0.01 0.00 0.01 

Viola biflora CIRCPOL he Mic 0.03 0.05 0.07 

Viola canescence HIMAL he Mic 0.01 0.00 0.01 

Viola rupestris EURAS he Mic 0.01 0.00 0.01 

Viola pilosa SE AS  he Mic 0.01 0.00 0.01 

Wulfenia amherstiana W HIM th Mic 0.03 0.01 0.04 

 

Table 4: JUG-AES-ACC community 

  Chorology Life-form Leaf-form Rel. Freq. Rel. Cover Importance 

Trees     

    
Abies pindrow W HIM ph Nan 0.02 0.04 0.06 

Acer caesium HIMAL ph Mes 0.06 0.10 0.16 

Aesculus indica W HIM ph Mes 0.06 0.13 0.19 

Juglans regia EURAS ph Meg 0.05 0.15 0.21 

Parrotiopsis jacquemontiana W HIM ph Mic 0.01 0.01 0.03 

Populus ciliata HIMAL ph Mes 0.01 0.00 0.02 

Prunus cornuta HIMAL ph Mes 0.04 0.02 0.06 

Sorbus lanata W HIM ph Mic 0.01 0.00 0.01 

Taxus wallichiana HIMAL ph Nan 0.05 0.03 0.07 

Ulmus wallichiana HIMAL ph Mes 0.03 0.02 0.05 
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  Chorology Life-form Leaf-form Rel. Freq. Rel. Cover Importance 

Shrubs     

    
Euonymus hamiltonianus HIMAL np Mes 0.01 0.03 0.04 

Indigofera heterantha HIMAL ch Nan 0.03 0.00 0.03 

Skimmea anquetilia W HIM np Mes 0.01 0.02 0.03 

Sorbaria tomentosa W HIM np Mes 0.01 0.00 0.01 

Staphylea emodi SE AS np Mes 0.01 0.02 0.03 

Strobilanthes urticifolia HIMAL np Mic 0.01 0.00 0.01 

Syringa emodi HIMAL np Mes 0.01 0.00 0.01 

Vibernum grandiflorum W HIM np Mes 0.06 0.01 0.07 

Climbers     

    
Cissus carnosa 

 

np Mic 0.01 0.02 0.02 

Clematis connata HIMAL np Mes 0.02 0.02 0.04 

Dioscorea deltoidea SE AS ge Mic 0.02 0.01 0.03 

Herbs     

    
Actaea spicata EURAS he Mic 0.02 0.01 0.03 

Adiantum venustum SUBTROP he Nan 0.02 0.01 0.02 

Agrimonia pilosa C AS he Mic 0.01 0.04 0.04 

Angelica glauca WHIM he Mic 0.01 0.02 0.02 

Asparagus filicinus SE AS ge Lep 0.03 0.09 0.12 

Circaea alpina HIMAL ge Mic 0.01 0.02 0.02 

Dryopteris ramosa W HIM he Mic 0.05 0.01 0.05 

Galium asperifolium INDIAN ge Nan 0.01 0.00 0.01 

Galium asperuloides HIMAL ge Nan 0.05 0.01 0.06 

Geum elatum HIMAL he Mic 0.01 0.00 0.01 

Hackelia macrophylla HIMAL he Mic 0.05 0.01 0.06 

Impatiens brachycentra PAMIR th Mic 0.04 0.02 0.06 

Impatiens edgeworthii HIMAL th Mes 0.01 0.00 0.01 

Impatiens flemingii W HIM th Mes 0.01 0.01 0.01 

Nepeta govaniana W HIM he Mes 0.01 0.08 0.10 

Phlomis spectabilis HIMAL he Mes 0.01 0.01 0.01 

Podophyllum hexandrum HIMAL ge Meg 0.02 0.00 0.02 

Rhynchosia minima COSMO he Mic 0.02 0.00 0.02 

Stachys emodi W HIM he Mic 0.03 0.00 0.03 

Stellaria monosperma HIMAL he Mic 0.01 0.00 0.01 

Trillidium govanianum HIMAL ge Mes 0.02 0.01 0.03 

Urtica dioica COSMO he Mic 0.01 0.00 0.01 

Valeriana stracheyi HIMAL he Mic 0.02 0.00 0.03 

Viola canescence HIMAL he Mic 0.01 0.00 0.01 

Viola pilosa SE AS he Mic 0.02 0.00 0.03 
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Table 5: CED-QUF-IND community 

  
Chorology 

Life-

form 

Leaf-

form 

Rel. 

Freq. 

Rel. 

Cover 

Summed 

dominance 

Trees             

Abies pindrow W HIM Ph Nan 0.012 0.003 0.015 

Cedrus deodara W HIM Ph Nan 0.074 0.303 0.377 

Celtis caucasiaca IRAN Ph Mic 0.012 0.002 0.014 

Parrotiopsis jacquemontiana W HIM Ph Mic 0.025 0.051 0.075 

Quercus baloot W HIM Ph Mi 0.012 0.009 0.021 

Quercus floribunda W HIM Ph Mi 0.074 0.108 0.182 

Shrubs             

Cotoneaster bacillaris HIMAL Ph Mic 0.074 0.066 0.140 

Euonymus fimbriatus HIMAL np Mes 0.012 0.003 0.015 

Indigofera heterantha HIMAL Ch Nan 0.062 0.101 0.163 

Jasminum humile C AS Ph Mic 0.012 0.003 0.015 

Lonicera quinquelocularis HIMAL np Mic 0.025 0.013 0.038 

Rhamnus purpurea W HIM np Mic 0.012 0.003 0.015 

Rosa macrophylla HIMAL np Mic 0.012 0.002 0.014 

Sorbaria tomentosa W HIM np Mes 0.012 0.002 0.014 

Herbs             

Ainsliaea aptera HIMAL th Mic 0.049 0.049 0.098 

Apluda mutica INMAL he Mic 0.012 0.002 0.014 

Astragalus grahamianus W HIM ch Mic 0.012 0.002 0.014 

Bistorta amplexicaulis W HIM he Mes 0.037 0.016 0.053 

Brachypodium sylvaticum E AS he Nan 0.037 0.038 0.075 

Carex cardiolepis HIMAL he Nan 0.012 0.002 0.014 

Clinopodium umbrosum HIMAL th Mes 0.012 0.002 0.014 

Cynodon dactylon SUBTROP ge Nan 0.012 0.003 0.015 

Dactylus glomerata HIMAL he Mic 0.037 0.047 0.084 

Euphorbia indica TROP he Nan 0.012 0.002 0.014 

Fragaria indica HIMAL he Mic 0.012 0.011 0.024 

Fragaria nubicola HIMAL he Mic 0.049 0.017 0.067 

Hedysarum falconeri W HIM he Mic 0.012 0.003 0.015 

Hypericum perforatum EURAS he Mic 0.012 0.011 0.024 

Leptorhabdos parviflora IRAN th Mic 0.012 0.003 0.015 

Lespedeza juncea HIMAL ch Mic 0.025 0.013 0.038 

Phlomis bracteos W HIM he Mes 0.012 0.011 0.024 

Pimpinella diversifolia HIMAL he Mic 0.037 0.046 0.083 

Piptatherum gracile W HIM he Mic 0.025 0.014 0.039 

Polygonatum verticillatum CIRCPOL ge Mic 0.025 0.005 0.030 

Prenanthes brunoniana IRAN he Mes 0.012 0.002 0.014 

Pteridium aquilinium COSMO ge Mic 0.012 0.002 0.014 

Silene vulgaris EURAS he Mic 0.012 0.003 0.015 

Solidago virga-aurea EURAS he Mes 0.025 0.013 0.038 

Viola canescence HIMAL he Mic 0.037 0.007 0.044 

Viola pilosa SE AS he Mic 0.012 0.011 0.024 
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Table 6: CED-PAR-PIN community 

` 
Chorology Life-form Leaf-form Rel. Freq. Rel. Cover 

Summed 

dominance 

Trees             

Abies pindrow W HIM ph Nan 0.01 0.002 0.01 

Cedrus deodara W HIM ph Nan 0.07 0.455 0.53 

Crataegus songarica IRAN np Mic 0.01 0.001 0.01 

Parrotiopsis 

jacquemontiana W HIM ph Mic 

0.01 0.119 0.13 

Picea smithiana W HIM ph Nan 0.01 0.004 0.02 

Pinus wallichiana W HIM ph Lep 0.07 0.052 0.12 

Quercus floribunda W HIM ph Mic 0.05 0.019 0.07 

Shrubs             

Berberis brandisiana W HIM np Mic 0.01 0.004 0.02 

Cotoneaster bacillaris HIMAL np Mic 0.04 0.014 0.05 

Indigofera heterantha HIMAL ch Nan 0.06 0.035 0.09 

Jasminum humile C AS Ph Mic 0.01 0.002 0.01 

Lonicera caucasica W HIM np Mic 0.01 0.002 0.01 

Lonicera quinquelocularis HIMAL np Mic 0.04 0.009 0.04 

Rosa macrophylla HIMAL np Mic 0.01 0.011 0.02 

Rosa webbiana W HIM np Mic 0.01 0.004 0.02 

Rubus irritans W HIM np Mic 0.01 0.002 0.01 

Salix flabellaris HIMAL ch Nan 0.01 0.003 0.01 

Sorbaria tomentosa W HIM np Mes 0.02 0.046 0.07 

Vibernum cotinifolium W HIM np Mic 0.02 0.005 0.03 

Vibernum grandiflorum W HIM np Mes 0.01 0.004 0.02 

Climbers             

Clematis connata HIMAL he Mes 0.01 0.002 0.01 

Herbs             

Adiantum venustum SUBTROP he Nan 0.02 0.005 0.03 

Ainsliaea aptera HIMAL th Mic 0.03 0.017 0.05 

Asplenium trichomanes CIRCPOL he Mes 0.01 0.004 0.02 

Bistorta amplexicaulis W HIM he Mes 0.04 0.010 0.05 

Brachyopodium sylvaticum E AS he Nan 0.01 0.003 0.01 

Bupleurum longicaule W HIM he Mes 0.01 0.002 0.01 

Carex cardiolepis HIMAL he Nan 0.01 0.004 0.02 

Chenopodium album COSMO th Nan 0.01 0.002 0.01 

Circaea alpina HIMAL ge Mic 0.01 0.002 0.01 

Clinopodium umbrosum HIMAL th Mes 0.01 0.004 0.02 

Cyperus compressus COSMO th Lep 0.01 0.002 0.01 

Dactylis glomerata HIMAL he Mic 0.01 0.003 0.01 

Fragaria nubicola HIMAL he Mic 0.06 0.027 0.08 

Galium aparine EURAS th Nan 0.01 0.002 0.01 

Galium asperuloides HIMAL ge Nan 0.01 0.004 0.02 

Heracleum candicans HIMAL he Mic 0.01 0.002 0.01 

Impatiens brachycentra PAMIR th Mes 0.02 0.016 0.04 

Lactuca dissecta PAMIR he Mic 0.01 0.002 0.01 

Origanum vulgare CIRCPOL th Mic 0.01 0.002 0.01 

Pimpinella diversifolia HIMAL he Mic 0.04 0.009 0.04 
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` 
Chorology Life-form Leaf-form Rel. Freq. Rel. Cover 

Summed 

dominance 

Polystichum thomsonii HIMAL he Nan 0.01 0.002 0.01 

Prenanthes brunoniana W HIM He Mes 0.01 0.002 0.01 

Pteridium aquilinium COSMO ge Mic 0.01 0.005 0.02 

Ranunculus hirtillus HIMAL He Mic 0.01 0.004 0.02 

Rubia cordifolia EURAS He Mic 0.01 0.002 0.02 

Rumex nepalensis EURAS He Mes 0.01 0.004 0.02 

Sambucus wightiana W HIM He Meg 0.01 0.003 0.01 

Stellaria monosperma HIMAL He Nan 0.01 0.002 0.01 

Stipa sibirica HIMAL He Mic 0.04 0.052 0.09 

Taraxacum officinale EURAS He Mic 0.01 0.002 0.01 

Trifolium repens EURAS He Nan 0.01 0.002 0.01 

Viola biflora CIRCPOL He Mic 0.01 0.004 0.02 

Viola canescence HIMAL He Mic 0.01 0.004 0.02 

Viola pilosa SE AS He Mic 0.01 0.004 0.02 

 

Table 7: QUB-COT-CED community 

 

Chorology Life-form Leaf-form Rel. Freq. Rel. Cover 
Summed 

dominance 

Trees             

Abies pindrow W HIM ph Nan 0.02 0.00 0.02 

Alnus nitida HIMAL ph Mes 0.02 0.00 0.02 

Cedrus deodara W HIM ph Nan 0.10 0.13 0.23 

Parrotiopsis jacquemontiana W HIM ph Mic 0.08 0.07 0.15 

Quercus baloot W HIM ph Mic 0.10 0.24 0.34 

Quercus floribunda W HIM ph Mic 0.02 0.01 0.03 

Shrubs             

Berberis brandisiana W HIM np Mic 0.02 0.00 0.02 

Cotoneaster bacillaris HIMAL np Mic 0.10 0.11 0.21 

Indigofera heterantha HIMAL ch Nan 0.06 0.02 0.08 

Lonicera caucasica W HIM np Mic 0.02 0.01 0.03 

Herbs             

Artemesia japonica HIMAL he Mic 0.02 0.04 0.06 

Brachyopodium sylvaticum E AS he Nan 0.04 0.04 0.08 

Cynodon dactylon SUBTROP ge Nan 0.02 0.00 0.02 

Dactylus glomerata HIMAL he Mic 0.06 0.04 0.10 

Dichanthium annulatum TROP he Mic 0.02 0.01 0.03 

Fragaria indica HIMAL he Mic 0.02 0.01 0.03 

Fragaria nubicola HIMAL he Mic 0.02 0.01 0.03 

Leptorhabdos parviflora IRAN th Mic 0.02 0.00 0.02 

Lespedeza juncea HIMAL ch Mic 0.08 0.04 0.12 

Phlomis bracteosa HIMAL he Mes 0.02 0.01 0.03 

Pimpinella diversifolia HIMAL he Mic 0.06 0.09 0.15 

Piptatherum gracilis W HIM he Mic 0.02 0.07 0.09 

Viola canescence HIMAL he Mic 0.08 0.02 0.10 
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Table 8: QUB-OLE-COT community 

  
Chorology Life-form Leaf-form Rel. Freq. Rel. Cover 

Summed 

dominance 

Trees             

Acacia modesta IRAN ph Nan 0.004 0.003 0.007 

Acer pentapomicum HIMAL ph Mes 0.015 0.003 0.018 

Celtis caucasica IRAN ph Mic 0.019 0.003 0.022 

Diospyros lotus INTR ph Mes 0.008 0.001 0.009 

Ficus glomerata IRAN np Mes 0.011 0.003 0.014 

Fraxinus xanthoxyloides W HIM ph Mes 0.061 0.020 0.081 

Olea ferrugenea W HIM ph Mic 0.065 0.074 0.139 

Pistacia integerima W HIM np Mic 0.015 0.016 0.031 

Punica granatum IRAN np Nan 0.019 0.007 0.026 

Quercus baloot W HIM ph Mic 0.114 0.699 0.813 

Rhamnella gilgitica ENDEM np Mic 0.046 0.008 0.054 

Ziziphus oxyphylla HIMAL ph Mic 0.011 0.005 0.016 

Shrubs             

Artemesia brevifolia W HIM ch Mic 0.008 0.005 0.012 

Artemesia scoparia EURAS ch Mic 0.015 0.003 0.018 

Buddleja lindliana SE AS np Mes 0.008 0.001 0.009 

Cotoneaster bacillaris HIMAL np Mic 0.072 0.040 0.112 

Daphne oleoides W HIM ch Mic 0.027 0.005 0.031 

Gymnosporia royleana INDIAN np Mic 0.023 0.018 0.041 

Indigofera heterantha HIMAL ch Nan 0.019 0.003 0.022 

Plectranthus rugosus HIMAL ch Mic 0.068 0.016 0.085 

Sophora mollis C AS np Mic 0.004 0.001 0.004 

Climbers             

Clematis montana W HIM np Mes 0.008 0.001 0.009 

Oxalis corniculata COSMO he Mic 0.057 0.010 0.067 

Vitis jaquemontii HIMAL np Meg 0.004 0.001 0.004 

Herbs             

Achyranthus bidentata TROP th Mes 0.008 0.001 0.009 

Ajuga bracteosa SJ/INDM he Mic 0.023 0.004 0.027 

Amaranthus retroflexis COSMO th Mic 0.008 0.001 0.009 

Asparagus adscendens C AS ge Lep 0.004 0.001 0.004 

Asplenium dalhousiae SUBTROP he Mes 0.008 0.001 0.009 

Bothriochloa bladhii EURAS he Mic 0.011 0.002 0.013 

Brachyopodium sylvaticum E AS he Nan 0.027 0.005 0.031 

Bunium persicum IRAN ge Nan 0.023 0.004 0.027 

Cannabis sativa C AS th Mic 0.011 0.002 0.013 

Cenchrus ciliaris TROP th Mic 0.011 0.002 0.013 

Chenopodium murale EURAS th Nan 0.004 0.001 0.004 

Conyza canadensis COSMO th Mic 0.008 0.001 0.009 

Cymbopogon jwarancusa W HIM he Mic 0.015 0.003 0.018 

Cynodon dactylon SUBTROP ge Nan 0.004 0.001 0.004 

Delphenium swatensis ENDEM he Mic 0.004 0.001 0.004 

Dianthus anatolicus IRAN he Mic 0.004 0.001 0.004 

Dichanthium annulatum TROP he Mic 0.011 0.002 0.013 

Echinops cornigerus PAMIR he Mic 0.004 0.001 0.004 
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Chorology Life-form Leaf-form Rel. Freq. Rel. Cover 

Summed 

dominance 

Lespedeza juncea HIMAL ch Mic 0.008 0.001 0.009 

Mimulus nepalensis SE CHIN he Mic 0.004 0.001 0.004 

Plantago major EURAS he Mes 0.004 0.001 0.004 

Rumex dentatus SJ/E AS th Mes 0.008 0.001 0.009 

Rumex hastatus HIMAL he Mic 0.015 0.003 0.018 

Setaria pumila TROP th Nan 0.008 0.001 0.009 

Solanum nigrum COSMO th Mic 0.008 0.001 0.009 

Solanum surratense SUBTROP ch Mic 0.011 0.002 0.013 

Tulipa stellata IRAN ge Nan 0.019 0.003 0.022 

Verbascum thapsus EURAS th Mes 0.011 0.002 0.013 

Viola canesence HIMAL he Mic 0.019 0.003 0.022 
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