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ABSTRACT 

The natural ecosystem is diminishing day by day due to human interventions, rapid climate change, etc.  

This has resulted in the domination of invasive species over species of high economic, cultural and medicinal 

important. The study of individual species becomes complex and therefore, species groups with similar traits 

and response to environment known as plant functional types are studied. The objective of this research 

was to identify actual and potential plant functional types and change in these types for 1 km x 1km grid 

with the help of an algorithm integrated in a GeoWeb application. The algorithm followed the matrix 

approach consisting of traits, community and ecological variables matrices. The traits were grouped using 

k-means clustering. The dissimilarities between communities were calculated using Bray-Curtis dissimilarity 

measure and dissimilarities of environmental variables with Euclidean distance. The correlation between 

communities and environmental variables was calculated using Pearson correlation coefficient. The 

GeoWeb application was developed using Geodjango python web framework with the algorithm running 

at the backend .This type of WebGIS application which is first of its kind, helps to study the effects climate 

change on vegetation and take necessary measures to protect the natural assets of the country. 

Keywords: Plant functional types, algorithm, clustering, traits, correlation, Geodjango 
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1. INTRODUCTION 

This chapter deals with the brief background of the research, motivation for the research, objectives and 

the formulated research questions. 

1.1. Background 

 
India is one of the mega-biodiversity nations having huge diversity in flora and fauna which includes plants 

which are economically and medicinally important, many of which are endemic, endangered species, etc. 

India also harbours four biodiversity hotspots i.e. The Himalaya, Indo-Burma, The Western Ghats and Sri 

Lanka, Sundaland including the Andaman and Nicobar Islands (Roy et al., 2012). This biodiversity richness 

is diminishing due to various reasons like increasing human population, industries, global climate change, 

deforestation, land use and land cover change, invasive species and many other, which in turn affects the 

ecosystem stability.                         

 

                            

                      Figure 1-1 Variables leading to the loss of biological diversity (Roy et al., 2012) 
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The natural ecosystem is affected by various factors such as human interaction, climate change, land use 

change, soil, topography, etc. Due to this, several non-native species are present in some regions instead of 

native species. These non-native species when introduced intentionally or unintentionally outside their 

natural habitats suppress the native species. For example in Gangetic plain region of India, the deodar forest 

which is the potential vegetation has been replaced by thorn forest. To study this vegetation change, studying 

the response of individual species is a complex task and hence, the species must be grouped (Díaz & Cabido, 

1997). This group can be of species based on their similar impact on environment, similar responses to 

disturbances (Condit, Hubbell, & Foster, 1996) or user-defined group of species with similar traits and 

identical response to ecosystem. This group of species is termed as Plant Functional Types (PFT) (Körner 

& Jeltsch, 2008). The criteria for PFT system has been emphasized on their structural and functional 

properties (Box, 1995). The structural properties may be the herbs, shrubs, trees, etc. and the functional 

properties may be varying time of growth, photosynthetic processes, etc. Some examples of PFTs are Needle 

leaf evergreen trees, Tall shrubs, Broad leaf deciduous trees, etc.  

  

Identification of these types are important because, in an ecosystem, PFTs play different roles regarding 

energy processes and also their abundance estimation. This estimation is highly relevant to the assessment 

of ecosystem function (Díaz & Cabido, 1997) as well as to predict the result of global change on ecosystem 

processes and vegetation by using PFTs to describe patterns in plant communities (Valério DePatta Pillar 

& Sosinski, 2003).  

  

1.2. Motivation and Problem Statement 

 

The natural environment is changing rapidly due to changing climate, land use, human interaction, etc. Due 

to this, the species composition and biodiversity are affected. Many species are vanishing from regions 

dominated by land use, anthropogenic factors and human impact. The plant species belonging to a particular 

ecosystem evolves in balance with other animal, plant and insect species within their proximity. When they 

are away from their normal range, they become competitive over the native flora in the absence of predators. 

Thus, the native or potential species get replaced by non-native species. To study this vegetation change, 

studying individual species change is not recommended. Hence, the plants are grouped based on different 

factors such as plant traits, ecological variables, soil factors, etc., and these groups are called plant functional 

types. These functional types helps to understand the community response to environmental change.  

.  

 

Many remote sensing techniques were adopted to identify plant functional types. For example MODIS data 

produced PFT map of coarser resolution for entire globe and the accuracy was less (Sun & Liang, 2008). 
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Also, the community structure and environmental variables were not considered. With the help of an 

algorithm, all these conditions can be taken into account for identifying plant functional types.  

 

All previous methods for identifying PFTs was done on desktop level. Desktop based Geographic 

Information System (GIS) limits the number of users. It is confined to predefined software and operating 

system. Therefore, with the development of web technologies, GIS has been shifted from desktop level to 

web. Web based GIS application is platform independent; multiuser environment allows to integrate user 

defined datasets. Hence, with the help of an algorithm for identifying PFTs integrated in a WebGIS 

application which is the first attempt can assist in studying the change in PFTs as well as take necessary 

measures for the conservation of threatened species. 

 

1.3. Research Objectives 

 
The main objective is to develop a GeoWeb application for assessment of Plant Functional Types (PFTs) 

and the species associations in these PFTs with respect to vegetation type and climatic regimes.  

The following are the sub-objectives through which the main objective can be achieved: 

 

 To identify Actual and Potential PFTs 

 To identify the regions where these PFTs are likely to change. 

 To design and develop a GeoWeb application 

 

1.4. Research Questions 

 

 How the PFTs are to be identified based on environmental factors and vegetation type? 

 How is uncertainty of PFT associated with the definition of PFT and what ranges of   environmental 

factors may correspond to same PFT? 

 What functionalities should the application offer to the users?    

1.5. Innovation Aimed At 

 
To develop a new algorithm based on environmental parameters to identify PFT for 1 kmx1 km grid for 

Western Himalayan region in the Indian landscape as a GeoWeb application.  
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1.6. Thesis Structure  

 
The thesis accounts for the work done so far for this particular research work in five chapters. The First 

chapter gives a brief summary about this research, the objectives to be accomplished and research questions 

formulated from the research objectives. The Second chapter describes about the concepts of various terms 

used and previous work that has been done related to this research work. The Third chapter describes the 

study area chosen for this research and the different dataset used in the research. The fourth chapter 

describes with the methodology and the methods adopted for this research. The fifth chapter is on the results 

obtained and the discussions on it. Sixth chapter is about the conclusions and the recommendations of the 

research. 
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2. LITERATURE REVIEW 

2.1. Plant Traits 

 
Research has been carried out to answer the questions relating to the organisms distribution across various 

habitats or their influence on ecosystem functioning. Previous studies used Shannon diversity index, species 

richness for describing functional diversity and composition of community (Schwoertzig, Poulin, Hardion, 

& Trémolières, 2016) out of which trait-based approach is opted for describing community structure 

(Laporte & Garnier, 2012). A trait is defined as “Any morphological, physiological or phenological feature 

measurable at the individual level, from the cell to the whole-organism level” (Laporte & Garnier, 2012). 

Traits are properties of organisms that can be measured and which influences the performance of organisms 

(Salmon et al., 2014). Examples of plant traits are specific leaf area, leaf lifespan, specific root length, plant 

life form, plant height, wood Density, bark thickness, etc. (Laporte & Garnier, 2012). 

 

The biodiversity dynamics and the distribution of species which depends upon certain mechanisms are 

identified by plant traits. It helps to understand how the communities have been shaped and to understand 

the species response to disturbances such as land use change, fragmentation, agricultural practices (Salmon 

et al., 2014). Plant traits provide deep understanding of the plant community assembly (Kooyman, Cornwell, 

& Westoby, 2010). In developing plant community, only the species adapted to biotic and abiotic conditions 

of the region successfully establish themselves. Apart from abiotic and biotic filters, dispersal filter play 

major role in selecting species subgroup from regional pool and the filtering results in the trait distribution 

among species that co-occur in community.  Thus, traits provide information about species assembly 

(Bochet & García-Fayos, 2015). Trait knowledge provides insight about properties of vegetation change 

along different geographic gradients (Westoby & Wright, 2006). Also, they have capability for predicting 

ecosystem properties. These properties relate to functional attributes of species i.e. the traits (Pla, Casanoves, 

& Di Rienzo, 2012). According to V. D. P. D. Pillar (1999), the traits are those which are used to define 

plant types optimize association of environmental factors and vegetation. The selection of traits follows two 

approaches i.e. through experience in the past and through computer algorithms for selecting optimal subset 

of traits. 

 

The traits are divided into quantitative and qualitative variables. Quantitative traits include continuous 

variables like leaf area and discrete traits like leaflets, and Qualitative traits include nominal and ordinal traits 

i.e. the traits must be recognized by its presence or absence. For example, if the species is evergreen or not 

(Pla et al., 2012). 

 

A significant work of comparison between trait convergence and divergence patterns has been done by 

Valério D. Pillar, Duarte, Sosinski, & Joner (2009) in community gradients. Species in a particular 
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community which have similar ecological requirements leads to trait convergence and association of species 

in a community may have different traits and leads to trait divergence. The two terms to describe 

convergence and divergence patterns adopted are trait convergence assembly pattern (TCAP) and trait 

divergence assembly pattern (TDAP). The study of TCAP and TDAP relation to ecological gradients helps 

to study community patterns and predict ecosystem function and community structure (Valério D. Pillar et 

al., 2009). 

2.2. Plant Functional Types 

 
On a global scale, the study of vegetation response to changing environment cannot depend on plant species 

because their distribution across globe is limited. The vegetation must be described with the help of plant 

functional types instead of species (V. D. P. D. Pillar, 1999) to facitate the study of the predictions of 

vegetation response. Pillar & Sosinski (2003) defines plant functional types as group of species irrespective 

of their evolutionary relationships that consist of similar traits and similar association to given set of 

variables. These variables can be plants response factors like disturbance regime, soil conditions or plant 

effects in the ecosystem like litter accumulation, biomass production. A functional group is also formed by 

group of species with similar functional characteristics co-existing in a community, and these groups can be 

defined using traits generated through cluster analysis. For example, species in a community with similar 

nitrogen content and photosynthetic process related to woody density is termed as plant functional type (Pla 

et al., 2012). Other examples of plant functional type are Needle leaf evergreen tree, Needle leaf deciduous 

tree, Broadleaf evergreen tree, Broadleaf deciduous tree, etc. (Bonan, Levis, Kergoat, & Oleson, 2002). 

 

Important traits for determining plant functional types are plant size, plant permeance, plant architecture, 

leaf form, leaf structure, metabolism and reproduction. Plant size is measured about other plants. Plant 

permanence is measured particularly for woody versus non-woody structure and root longevity. Plant 

architecture is defined by branching pattern and growth form. Leaf form is expressed as leaf shape and size. 

Leaf structure is captured by shade tolerance and leaf area. Metabolism is captured by respiration and 

photosynthesis, and reproduction includes dispersal strategy and phenology. 

 

For plant functional type’s classification, identification of factors that limit plant type distribution is 

important, and the factors are: 

 A natural spotlight on capacity in connection to ecological conditions, for example, climatic 

conditions, frequently as showed in structural elements; 

 A physiological spotlight on plants internal function, especially at metabolism level. 

 A geophysical spotlight on how atmosphere is affected by plant functions and affecting 

larger- energy and water balances (Box, 1995). 
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To evaluate the influence of changing climatic conditions, plant functional types assessment is widely 

adopted for determining species composition (Müller, Overbeck, Pfadenhauer, & Pillar, 2007). Anderson & 

Hoffman (2011) defines plant functional types as “acting and reacting units which respond to changes in 

environmental conditions”. Plant functional types are important in studying disturbances where the set of 

characteristics may respond similarly which in turn helps to understand why and how the ecosystem changes. 

The sorting of plant species based on environmental gradients can be easily understood with the help of 

functional types (Schwoertzig et al., 2016). Further, plant functional types helps to compare complex and 

taxonomically distinct systems (Anderson & Hoffman, 2011). 

 

Several research has been performed on plant functional types. Hodgson, Wilson, Hunt, Grime, & 

Thompson (1999) worked on allocating -Competitiveness (C) -Stress tolerance (S) -Ruderality (R) functional 

type to an unknown species using predictor variables. The position of individual species is indicated by 

predictor variables about each axis of CSR system. Competitiveness is described by low disturbance and low 

stress, Stress tolerance by low disturbance and high stress and Ruderality by low stress and high disturbance. 

Fourth environmental possibility i.e. high disturbance and high stress does not support vegetation at all. The 

steps for CSR allocation included definition of ‘gold standard’ for CSR type, predictor variables selection, 

predictor regression building and CSR type allocation to unknown herbaceous species. This method has 

extensive potential for interpreting ecosystem properties. The CSR approach was tested in Britain and can 

be applied for typical taxa of southern parts of Europe.  

 

Similar work has been done by  Souza, Forgiarini, Longhi, & Oliveira (2014) on subtropical tree species 

classification by ecological groups detection from traits in southern Brazil. The ecological groups were 

identified based on the hypothesis that along gradients where there are variations in traits, and there exist 

discontinuities of species. The traits used for species groups were leaf size, height, wood density, crown 

depth, stem slenderness and growth rates. To identify trait based species clusters, both non-hierarchical and 

hierarchical methods were used. Hierarchical clustering was carried out using Euclidean distances along with 

Unweighted Pair Group Method with Arithmetic Mean (UPGMA) technique and to identify non-

hierarchical k-means groups, Simple Structure Index criterion was employed. The ecological group’s 

distribution identified by cluster analysis was assessed by using Principal Component Analysis (PCA). The 

authors concluded that k-means groups were more effective than hierarchical groups regarding height 

gradients and resource capture.  

 

Another significant research was carried out by Valério DePatta Pillar & Sosinski (2003) on finding optimal 

plant types in Southern Brazil by searching traits numerically with the help of recursive algorithm. The 

algorithm uses three matrices: trait matrix in which the populations are described by traits, community 

matrix where in the different communities are described by populations and environment variables matrix 

in which the community sites are described by environmental factors. The algorithm used UPGMA 
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clustering for defining Plant Functional Types (PFT). UPGMA algorithm condenses the similarity matrix 

step wise. At each step, it identifies the pair with highest similarity in the matrix, and the values that 

corresponds to these groups or objects is averaged with other groups or objects (Legendre & Birks, 2012).  

The identified PFTs showed that their behaviour in communities is highly connected with the environmental 

factors. This method was tested for assessing the outcome of grazing levels and N-fertilizer on communities 

of natural grassland. The results revealed that optimized trait subset and corresponding PFTs are highly 

associated with environmental factors than non-optimal species or trait data. Also, the PFTs defined by 

polythetic approach gave better results than monothetic approach.  

  

2.3. Clustering 

 
Ecologists are interested in combining similar entities into groups to find complex relationships of ecological 

systems for achieving dimensionality reduction so that ordination technique can be used or to discard 

redundant data (McGarigal, Stafford, & Cushman, 2000). Suppose a group of species show similar 

distribution across an environmental gradient, and then they can be grouped together to form a cluster. 

Clustering is one of the techniques of data mining most useful for identifying distributions and patterns in 

the data. It is a method of grouping similar data points such that the data points in a given cluster are similar 

than data points of different cluster (Halkidi, Batistakis, & Vazirgiannis, 2001). Depending on the criteria 

used, clustering may result in different data partition and thus pre-processing is essential before using 

clustering method. The steps of clustering process is as follows  

 

                 

    

Figure 2-1 clustering process steps (Halkidi et al., 2001) 
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McGarigal et al., (2000) divides clustering method into hierarchical and partitioning methods. The 

hierarchical method partitions the instances in bottom up or top down approach. The hierarchical method 

results in dendrogram representing change of groupings at similarity level and clustered data is obtained at 

a desired level of similarity by cutting the dendrogram. Partitioning method, on the other hand, relocates 

instances from initial partitioning by moving the instances among different clusters. In this case, the number 

of clusters must be predefined. Error Minimization Algorithms belong to partitioning method. In this 

method, the distance is measured between each instance and its representative value and reduces error 

criterion. The widely used error criterion is Sum of Squared Error (SSE) which uses Euclidean distance as 

distance measure. K-means algorithm employs squared error criterion. K-means can be applied to different 

types of data. It is robust, simple and efficient (Wu, 2012). 

 

In a multidimensional data set, K-means algorithm finds K number of clusters given by user.  Each cluster 

consists of a central point which is called centroid. It finds optimum solution by following an iterative 

approach. The algorithm first selects set of centroids from data points randomly. Each data point is assigned 

to nearest centroid to form the initial clusters. Along each data dimension, new centroid is calculated by 

taking the mean value and results in new centroids.  The data points are assigned to new centroids following 

the same procedure until centroids don’t change (Thilina Hewaragamunige, 2014). Figure shows K-means 

clustering example for K=2. Each cluster center is denoted by ‘x’. 

                   

 

                 

 

 

 

 

                                                  

 

    (a)      (b) 

Figure 2-2 Example of k-means clustering (a)-Initial centroids (b)-Re-assigned centroids. 

 

 

 

2.4. WebGIS 

 
In desktop based or standalone applications, which is also known as single user environment requires high 

computation capabilities as well as predefined operating system and software at user end. With the advent 



GEOWEB APPLICATION FOR SPECIES ASSOCIATION IN VEGETATION TYPE AND CLIMATIC REGIMES IN WESTERN HIMALAYA OF INDIAN LANDSCAPE 

 

 

18 

of web technology, one of which is the client-server architecture allows geospatial data to be accessed in a 

shared environment (Karnatak, Saran, Bhatia, & Roy, 2007). Also, it offers many desktop GIS applications 

on web. WebGIS provides many advantages when compared to traditional desktop GIS. Multiple users can 

access the WebGIS application simultaneously. It is easy to use compared to desktop GIS as the end user 

is not expected to know GIS for accessing the WebGIS application.  

 

WebGIS has grown rapidly from visualisation where in GIS data is displayed as maps, querying GIS data to 

providing analytical functions such as distance, area measurement, geocoding, etc. as well as simulations and 

virtual 3D on web. Future trend of WebGIS is towards setting up clustering solution to analyse big data for 

decision making. Also, geoprocessing requirement in web is a challenge.  

 

Another advancement in the web environment is the concept of web service which provides high data 

interoperability and information access for distributed environment. It works on Extensible Markup 

Language (XML) which is data definition language and is based on Service-Oriented Architecture (SOA). 

These web services are very useful in GIS domain. The GIS components provide different methods to 

analyse, manipulate, visualize geo spatial data. In these methods, the interoperability is necessary integrate 

and share spatial data seamlessly in various GIS applications. Various organizations develop their storage 

structures, data models, and hence, problem of interoperability may arise. Therefore, Open Geospatial 

Consortium (OGC) has promoted open standards for GIS services. 

 

There are six major categories provided by OGC services which include catalogue services, processing 

services, encoding, data services, portrayal services and other services like GeoRSS, Geospatial objects, etc. 

These categories consists of various OGC standards such as Simple Features Implementation Specifications, 

Styled Layer Descriptor (SLD) Implementation Specification, Web Feature Service (WFS), Web Coverage 

Service (WCS), Web Map Service (WMS), etc. (Percivall, 2008). These standards adapt to changing 

requirements, help to introduce new technologies seamlessly, provide security, authentication and 

implement N-tired architectures.  

 

2.5. Python 

Python is a powerful open source high level general purpose programming language developed under OSI 

(“Python,” n.d.). It is dynamically typed and interpreted language. It is progressively used by people 

spreading over from customary bioinformatics to climate modellers and consists of extensive libraries for 

scientific programming (“why Python?,” n.d.). Python modules like numpy, sklearn, scipy are mainly used 

for numeric and scientific analysis and matplotlib for data plotting.  
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2.5.1. Numpy 

Numpy is a basic package in python licensed under BSD license used for scientific programming especially 

for matrix manipulations (Nathan Lemoine, 2013). It contains N-dimensional array object, robust functions 

as well as ability to define arbitrary data types that helps to integrate with different databases (“NumPy,” 

n.d.). 

2.5.2. Scipy 

Scipy module in Python is mainly used for scientific computing (“SciPy,” n.d.). It consist if scipy stack with 

set of core packages numpy for numerical computation. Scipy library which consists of toolboxes that area 

domain specific and numerical algorithms including statistics, optimization and many others, matplotlib 

which is used for plotting data points in 2D as well as 3D environment, pandas which provides data 

structures that can be used easily, IPython for interactive interface.  

  

2.5.3. Scikit-learn 

Scikit-learn is a machine learning package in python. It consists of efficient tools for data analysis and data 

mining. It supports different methods like classification, regression, clustering, dimensionality reduction, 

model selection, feature extraction and normalization, etc. (“scikit-learn,” n.d.) 
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3. STUDY AREA AND MATERIALS USED 

This section gives the details of study area and the reason for selecting the particular study area. It also 

discusses the materials used for this research 

3.1. Study Area 

 

The study area chosen for this research is Western Himalayas of India. It comprises of Himachal Pradesh, 

Jammu and Kashmir, and Uttarakhand. The total study area size is approximately 3, 00,000 square 

kilometres. It is home for wide variety of medicinal, flowering plants and other species of economic value. 

The complex Himalayan terrain delivers favourable climatic conditions which helps species to grow. But 

this species pool is facing threat due to increasing human intervention, land use change, climate change and 

increased anthropogenic activities. 

 

         Figure 3-1 Geographical Location of Study Area (Source: http://bhuvan.nrsc.gov.in/bhuvan_links.php) 
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Figure 3-2 Google Earth view of the study area 

 

3.2. Materials Used 

 
In this study, vegetation type map of national level project ‘Biodiversity characterization at Landscape Level’ 

is used. The vegetation type for Western Himalayas consists of 13 types. For the chosen study area, the field 

sample plots are 1,688 in number and consists of 1,732 species. Along with these dataset, climate data which 

is 1km gridded monthly minimum, maximum temperatures and precipitation, soil and elevation data is also 

used. The data source of each dataset is described in the table below. 
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Table 3-1 Dataset used 

DATA SOURCE 

Vegetation type map Biodiversity Characterization at Landscape 

Level (National level project of India) 

Field sample plots Biodiversity Characterization at Landscape 

Level (National level project of India) 

Climate data World Clim (“WorldClim - Global Climate 

Data,” n.d.) 

Soil data National Bureau of Soil Survey 

 

Elevation data Shuttle Radar Topography Mission (SRTM) 
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4. RESEARCH METHODOLOGY AND IMPLEMENTATION 

This chapter deals with the overall methodology adopted for this research and the methods used to obtain 

the results and the implementation. 

4.1. Methodology 

 
The main objective of this research is to develop a GeoWeb application for assessment of Plant Functional 

Types (PFT) and the species associations in these PFTs with respect to vegetation type and climatic regimes. 

To achieve this objective the following methodology was adopted. 

 

 

 

 

 
Figure 4-1 Overall Methodology 

 

 

Explanation of the adopted methodology is as follows, 
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For the adopted methodology, the actual and potential vegetation type map, climate data, soil data, 

topography data, plot data and trait data were analysed. These dataset were used as input to the algorithm. 

The algorithm was developed in python using various statistical and machine learning methods. A GeoWeb 

application was designed and the developed algorithm was integrated in the web application. The web 

application was developed using open source tools such as Geodjango python web framework, PostgreSQL 

object relational database, Leaflet JavaScript library and with the algorithm running at the backend, the 

results were displayed on map and finally the results were validated.    

 

4.2. Implementation 

This section explains the implementation of the methodology step by step 

4.2.1. Data Analysis 

The obtained data from various sources were first analysed. Below is the description about the datasets used 

for this research. 

 

Actual Vegetation type map and Potential Vegetation type map 

 

DOS-DBT project generated the actual vegetation type map for entire India. The map was clipped to fit the 

study area. It consisted of 31 classes. These classes were recoded according to Champion and Seth’s (1968) 

classification and the resulting dataset consisted of 12 classes. For potential vegetation type the dataset was 

modelled at IIRS for entire India using Champion and Seth’s (1968) classification. According to this 

classification, forest ecosystems consisting of unique phenology and physiognomy are driven by climatic 

conditions and are classified as type groups. Hierarchical approach was carried out for classification 

(Bandhu, 2011).  The dataset was clipped to fit Western Himalayas. It consisted of 11 vegetation classes.  
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Climate data 

Climatic conditions are one of the important factors for species association. Temperature and Precipitation 

data is required to understand how the ecosystem will respond to variability in climatic conditions (Young, 

Watts, Taylor, & Post, 2016). The climate data which is 1km gridded data consisting of minimum 

temperature, maximum temperature, precipitation was downloaded from World Clim.  

 

Soil data 

Soil plays very important role in plants growth. The soil data was obtained from National Bureau of Soil 

Survey for entire India. It was clipped to fit the study area. The soil type was taken as one of the environment 

variable.  

         

Topography data 

Altitude is yet another important factor for species composition. Elevation data was obtained from SRTM.  

 

Plot data 

The study area consisted of 1633 plots. The plots were 0.04 ha i.e. 20 m x 20 m to 0.1 ha i.e. 31.62 m x 31.62 

m (Roy et al., 2012).  

 

Figure 4-3 Actual Vegetation Type Map Figure 4-2 Potential Vegetation Type Map 
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Species Data for identifying actual and potential PFTs 

For identifying actual PFTs, the algorithm was implemented on four plots (1-Him-54, 1-Him-506, 1-Him-

490 and 1-Him-515) in Himachal Pradesh due to time constraint. However it can be implemented to 

remaining plots. Similarly, to identify potential PFTs, the algorithm was implemented on the dominant 

species of Himachal Pradesh from Champion and Seth classification so that comparison can be made to 

identify the change in plant functional types. The actual and potential species which were taken into account 

is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

Species 

Betula  

Rhododendron arboreum 

Pinus roxburghii 

Cedrus deodara 

Lyonia ovalifolia 

Ilex dipyrena 

Myrica 

Acer 

Corylus 

Ulmus 

Abies pindrow 

Cornus 

Litsea umbrosa 

Castanopsis 

Pinus wallichiana 

Arundinaria falcate 

Species 

Oxalis corniculata L. 

Trifolium repens L. 

Poa annua L. 

Fragaria nubicola Lindley ex 

Lacatia 

Pinus roxburghii 

Cedrus deodara 

20m/31.62m

m 

Figure 4-4 Sample plot 

Table 4-1 Actual Species     Potential Species 
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Traits data 

From literature four important traits were selected for analysis. The traits for selected plant species were 

obtained from TRY-DB as well as literature. Trait codes were applied to all traits according to Pillar & 

Sosinski (2003).  

 

                      

                    i) Plant height (𝑐𝑚)                                                 ii) Leaf length (𝑐𝑚) 

                 

iii) Leaf area (𝑐𝑚2)                                               iv) Plant vegetative phenology  

 

Figure 4-5 Traits                

Next section of this chapter explains about the development of the algorithm to find the actual and potential 

plant functional types using the above mentioned datasets 

 

4.2.2. Development of Algorithm 

 
Defining the plant types is major problem in PFT identification. To define plant types, selection of suitable 

traits is very important. Numerical analysis helps in searching the relevant traits (Valério DePatta Pillar & 

Sosinski, 2003). In this study, an algorithm to identify actual and potential PFTs was developed and 

implemented using python programming language. The input matrices required for algorithm were 

developed in PostgreSQL relational database while the processing was performed in python. The algorithm 

flow to identify actual and potential plant functional types is shown below.  
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Figure 4-6 Algorithm  
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How does algorithm work? 

 

Below is the step wise process of the algorithm 

Require Input trait matrix, community matrix and ecological variables matrix: T, C, E 

 

Step1:  Takes trait matrix as input  

 T <- input Trait Matrix 

Step2: Computes the subset of traits 

 S<- subset(T) 

Step3:  Performs K-means clustering on each subset of the traits to generate N clusters 

 N<- for  i=1 to 15, i++{ 

  Kmeans(S[i]) 

}  

Step4:  Takes community matrix as input and groups it according to N to generate X (PFTs) matrix  

X<- for each N 

 group(C according to N) 

Step5:  Compute Bray-Curtis dissimilarity matrix (Dx) using X  

 Dx<- Bray-Curtis (for each X) 

Step6:  Takes Ecological variables (E) as input matrix and computes dissimilarity matrix (DE) using 

Euclidean distance.  

 DE<- Euclidean distance (E) 

Step7:  Calculates Pearson correlation coefficient (𝐷𝑥; 𝐷𝐸). 

 Co<-Correlation(𝐷𝑥; 𝐷𝐸) 

Step8:  Repeats Step3 to Step7  

Step9:  Finds the maximum correlation coefficient value and corresponding traits indicating PFTs 

maximally associated with environmental variables.  

 max(Co), S, X 

 PFT<-X 
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Flow chart of algorithm 
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                                                                  Figure 4-7 Flowchart of Algorithm  
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4.2.2.1. Inputs to the Algorithm 

 

i) Traits matrix (T)  

Species were described by traits in this matrix. Trait matrix was defined as  

                                                           T=Species x Traits 

                                      
 

              Figure 4-8 Trait Matrix 

The above trait matrix was created for actual and potential species which is shown below. 

 

Actual species 

The actual species are those currently existing in the plot 1-Him-54. The dominant species of the plot is 

shown below. 

 

 
   Figure 4-9 Trait Matrix for Actual species 

Potential species 

The potential species are the species which were supposed to be present in the selected plot but have 

changed over the course of time due to human impact, anthropogenic factors, climate change etc. The 

potential species were taken for Himalayan moist temperate class of Himachal Pradesh from Champion and 

Seth classification.  

 

nxn 
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Figure 4-10 Trait Matrix for Potential species 

 

ii) Community matrix (C) 

The community matrix was constructed by using actual vegetation type map. The actual species were 

considered as rows and vegetation type as column values. 12 classes for vegetation type were obtained for 

the study area. Community matrix describes the species composition in each vegetation type. It is defined 

as  

 

                                                       C= Species x Communities 

                                         

                                  
       Figure 4-11 Community Matrix 

 

 

 

 

 

 

nxn 
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Community matrix for actual species  

 

 
 

 

Figure 4-12 Community matrix for Actual species 

 

Community matrix for potential species 

The community matrix for potential species was prepared by using potential natural vegetation type map. 

Here, potential species were taken as rows and vegetation type as columns. 11 classes were obtained for the 

study area. It is defined as   

            

                                                              C= Species x Communities 

 

 
 

Figure 4-13 Community Matrix for Potential Species 

 

 

iii) Ecological variables matrix (E) 

It describes the communities with environmental variables such as minimum temperature, maximum 

temperature, precipitation, altitude and soil type. It is defines as  

                                               

E = Community sites x ecological variables 
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        Figure 4-14 Ecological Variables Matrix 

                 

 
 

Figure 4-15 Ecological Variables Matrix (1) 

 

 

4.2.2.2. K-means cluster analysis 

The next step in the development of the algorithm is the cluster analysis. Here it was performed using K-

means clustering. Below is the description about the clustering method. 

 

A cluster is defined as set of data points which are associated close to each other. Each cluster has its 

centroid. K-means algorithm initially chooses set of centroids randomly. Then, each data point is assigned 

to the centroid which is closest to form set of clusters. For each cluster, new centroid is calculated by 

considering mean value along each dimension of data that belong to the cluster and new centroids are 

formed. The data points are assigned to new centroids following the same procedure as before. This 

continues till centroids don’t change (Thilina Hewaragamunige, 2014). 

Consider a data set 𝑃 = {𝑥1, 𝑥2, 𝑥3, 𝑥4, . . 𝑥𝑛} that has to be clustered. K-means can be defined as an 

objective function which depends on distance of data points to the centroid of the cluster. It is given as, 

 

nxn 
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min
{𝑚𝑘},1≤𝑘≤𝐾

∑ ∑ 𝜋𝑥𝑥∈𝐶𝑘
𝐾
𝑘=1 dist(x, 𝑚𝑘)     Equation 4-1 

 

In the above equation, 

 𝜋𝑥 is the weight belonging to x and x belong to Ck,  

 the total number of data objects given to the cluster CK is given as 𝑚𝑘 

 K is the total number of clusters set by the user 

 “dist” measures the distance between the object and the centroid mk, 1 ≤ k ≤ K 

K-means cluster analysis was applied on each subset of traits. The question that arises when using K-means 

is value of K. Based on trial and error method, K value was assigned to 3. The algorithm generated 3 

centroids for each trait subset. The labels for each centroid were named as 0, 1 and 2 respectively. 

 

4.2.2.3. Dissimilarity matrix of communities 

 
A community is defined as a set of species present in the same habitat. Comparing communities help to 

understand the relationship between variables that define species and communities (Pavoine, Dufour, & 

Chessel, 2004). The community matrix describes the species composition as presence and absence of 

species. 

Dissimilarity is defined as the relationship between different community sits. It explains how the species 

composition is differed between sites (De’ath, 1999). There are several dissimilarity measures like Kendall, 

Manhattan, Gower metric, Euclidean, Bray-Curtis, Chord, Chi-squared etc. Out of all the dissimilarity 

measures, Bray-Curtis, Manhattan and Kulczynski measures are related to ecological distance monotonically 

and proportional to smaller ecological distance (Faith, Minchin, & Belbin, 1987). Bray-Curtis dissimilarity 

measure is expressed as, 

 

                                                                       ∑ (𝑋𝑖𝑗𝑖 − 𝑋𝑖𝑘)/ ∑ (𝑋𝑖𝑗𝑖 + 𝑋𝑖𝑘)                                                 Equation 4-2 

 

        i & j – two different community sites 

        dij - similarity between i & j  

       xi & xj – set of n attributes which defines i & j 

The community matrix was grouped according to species grouped in traits matrix to generate X (PFTs). For 

each X matrix, Bray-Curtis dissimilarity measure (Dx) was calculated. The ecological variables matrix was 

standardized and then distance matrix (DE) was calculated for the same X matrix using Euclidean distance. 

It is given by, 
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                                        [∑ (𝑋𝑖𝑗 − 𝑋𝑖𝑘)2
𝑖 ]

1

2       Equation 4-3 

 

Pearson Correlation Coefficient 

According to Zou, Tuncali, & Silverman (2003), the linear or non-linear i.e. polynomial, logistic, exponential 

relationship between any two continuous variables can be analyzed with the help of correlation. Pearson 

correlation coefficient measures linear relationship between two variables. The correlation coefficient value 

ranges from -1 to +1 where in -1 represents negative correlation, 0 as no correlation and +1 positive 

correlation. If 𝑋𝑖 and 𝑌𝑖 are two bivariate data where 𝑖 = 1,2,3 … 𝑛, then Pearson correlation coefficient, 𝑟 

can be computed by using the below formula  

 

                                                         𝑟 =
∑ (𝑋𝑖−𝑛

𝑖=1 �̅�)(𝑌𝑖−�̅�)

√∑ (𝑋𝑖−𝑋)̅̅̅̅ 2𝑛
𝑖=1 ∑ (𝑌𝑖−𝑌)̅̅ ̅2𝑛

𝑖=1

               Equation 4-4 

 

                             𝑋 ̅ , �̅� are the sample means of  𝑋𝑖 and 𝑌𝑖 (Zou et al., 2003). 

 The Pearson correlation coefficient was calculated between dissimilarity matrix of communities computed 

using X and dissimilarity matrix of communities computes using ecological variables.   

 

For the above algorithm development following python modules were used.  

 

4.2.3. Design and Development of GeoWeb Application 

 
Development in the web and also the internet has provided a wide range of opportunities for the 

geoscientists for analysing and visualizing the GIS data on web. For the development of this Geoweb 

application, following tools were used. 

 

Table 4-2 GeoWeb development tools 

Database Server PostgreSQL  

Spatial Database Postgis 

Web Framework Geodjango in Python  

Web server Django Development Server 

GIS Server Geoserver 

JavaScript Library Leaflet 

User Interface HTML5, CSS 

 

Below is the detailed explanation about each of the tools used. 
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PostgreSQL 

 

For this research, PostgreSQL object relational database is used as it supports postgis. It is an open source 

database under PostgreSQL License. It can be run in Windows, Linux, UNIX, Mac operating systems. The 

architecture has earned reputation for its data integrity, correctness and reliability. It is completely ACID 

compliant and supports joins, stored procedures, triggers, views, foreign keys including different data types 

such as NUMERIC, CHAR, BOOLEAN, INTEGER, INTERVAL, DATE, TIMESTAMP and 

VARCHAR. Ability to store images, video which are large binary objects is yet another functionality of 

PostgreSQL. It consists of programming interfaces for Python, Perl, .Net, Java etc. (“PostgreSQL,” n.d.) 

 

Postgis Spatial Database 

 

It is an extender of PostgreSQL object-relational database that allows to perform spatial queries. It supports 

spatial objects such as geography, geometry and raster. It makes PostgreSQL rich in features, fast and robust 

by adding operators, indexes and functions to spatial types. It includes major functionalities like 

 Supports creation and conversion of geometry, buffer, generalization, convex hull, reprojection etc.  

 Importing and rendering of different vector data formats such as GML, KML, GeoJSON, Shapefile 

and raster data formats like JPEG, GeoTIFF, PNG using SQL (“Boundless,” n.d.) 

 High speed spatial querying with the help of R tree over Generalized Search Tree (GiST) spatial 

index.  

 It supports third party applications like geoserver, mapserver tec.  

Geodjango Python Web Framework 

 

The algorithm was developed in python and to integrate a python code in web application, a web framework 

in python is required. One such framework is Geodjnago. It is a geographic web framework which extends 

Django python web framework. Django is an MVC (Model, View and controller) pattern where in models 

describes the data structure/database schema, views controls what user sees and controller describes the 

framework and URL parsing.  

                                                         

Geodjango makes building of webgis applicaltions as simple as possible. Some of the important features of 

Geodjango are 

 Support for Open Geospatial Consortium (OGC) geometries like Point, MultiPoint, LineString, 

Polygon, MultiPolygon, MultiLineString, Geometry Collection in Django model fields.  

 Django’s Object Relational Mapper (ORM) helps to query and manipulate spatial data. 

 It is loosely coupled and consists of python interfaces for various operations of geometry operations 

and data formats 

 Provides functionality to edit geometry attributes inside admin (“Geodjango Tutorial,” n.d.) 

Leaflet  



GEOWEB APPLICATION FOR SPECIES ASSOCIATION IN VEGETATION TYPE AND CLIMATIC REGIMES IN WESTERN HIMALAYA OF INDIAN LANDSCAPE 

 

39 

 

Leaflet is a javascript library for mobile and desktop web mapping applications developed by Vladimir 

Agafonkin along with other developers. It consists of numerous plugins which supports GIS formats for 

web and simple to use (Sanchez, n.d.). It provides responsive web application. As the GeoWeb application 

was developed as a desktop web mapping application, it can further be extended as a mobile application 

using leaflet. 

 

HTML5 and CSS 

 

HTML5 is the new version of standard HTML which consists of new attributes, elements and behaviors 

along with several functions like Semantics, Connectivity, Multimedia, 2D/3D graphics, Performance, 

Device access etc.  

CSS is a stylesheet language for beautifying the HTML pages. It describes how the HTML document must 

be presented to user.  

 

GeoServer 

 

Geoserver is a software server which is open source and allows users to edit and share GIS data. It is written 

in Java. It is designed for interoperability can take multiple formats of GIS data and publish as a service 

using protocols compliant to OGC standards such as Web Map Service (WMS), Web Feature Service(WFS), 

Web Coverage Service (WCS) (“GeoServer,” n.d.). It has the ability to connect OpenLayers, Bing Maps and 

Google Maps that are web based maps with the existing information. 

 

4.2.3.1. Architecture 

 
Below diagram shows the architecture of the GeoWeb application. 
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Figure 4-16 Web Architecture 

 

GeoDjango Installation and Connection with Postgis 

 

The Geodjango python web framework comes along with Django. It runs in Django development server.  

Django was installed through pip in command line 

 

                        

    

Figure 4-17 Geodjango installation 

Once Django gets installed, it creates a file called django-admin.py. A project must be created and it can 

have any number of applications. To create a project and application the following command was used, 

 

 

django-admin.py startproject geodjango 

cd geodjango 

python manage.py startapp PFT 

 

The generated folder structure was, 
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geodjango 

         -geodjango 

                      settings.py 

                      urls.py 

 -PFT 

                   -views.py 

                   -templates 

 

 

To connect Postgis to Geodjango, database settings was configured in settings.py file of the project as below, 

 

                                 
 

 

             Figure 4-18 Database connection 

 

Model, View and Template (MVT) 

A model is a single data source which contains fields of data and behavior of the data stored. Usually, a 

single database is mapped to each model. A model is a subclass of django.db.models.Model and database field 

is represented by each attribute of the model. Models for actual PFTs, potential PFTs, file upload were 

created.  

To map the created models to database the following commands were used 

 

                                                            python manage.py makemigrations 

                                                            python manage.py migrate 

 

 

Example of a model of actual PFTs and the corresponding table in database is shown below, 
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Figure 4-19 Django Model 

 

A view is a function that takes HTTP request and returns HTTP response like web page contents, a 404 

error, XML document, image etc. It contains the logic required to return the response. The request object 

is always the first argument in a view function (“Writing Views,” n.d.). The logic for getting data from 

database as geojson data in order to display on map was written for actual PFTs and potential PFTs. The 

logic for user login, registration, user uploaded data and change in PFTs were written as view functions  

 

                                     
 

 
Figure 4-20  Django View (“Writing Views,” n.d.)                                                                     

 

A template separates the application logic from presentation layer. It is an engine to define the layer 

presented to user. A template’s layout can be used any number of times. Another functionality supported 

by template is template extending where different web pages can use same HTML parts (“Template 

Extending,” n.d.). A template folder consists of HTML and CSS files.  

When user sends request, the corresponding view function takes the request, and gives response to the user 

by rendering through the corresponding template file. An example of a view rendering template file is shown 

below. 
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                                            Figure 4-21 Django view rendering template. 

 

4.2.4. Integration of Algorithm in Web Application 

 
The developed algorithm to identify actual and potential PFTs must be integrated in the web application in 

order to view the results on web. Geodjango framework makes integration of python code very simpler. 

Any python code can be called inside a view function with the help of Popen() function.  

 

 
 

Figure 4-22 Integration of algorithm in web 

 

The working of GeoWeb application is summarized below, 

 

i) User request is taken 

ii) Checks the URL name and searches the name in urls.py 

iii) Once the URL name is found, searches the corresponding view function in views.py 

iv) Executes the view function and renders the corresponding template.  

4.2.5. VALIDATION 

 

Validation is one of the important step in any research. In this research the validation was performed in the 

following way. 

 

The algorithm was run on four plots to identify the actual PFTs and potential PFTs. However validation 

must be done on potential PFTs since the actual PFTs are ground data which were obtained from 

‘Biodiversity Characterization at Landscape Level’ project. To identify the change in potential and actual 

PFTs, 75% of the plots consisting of dominant species were taken that belong to Himalayan moist temperate 

class and 16 potential species of Himalayan moist temperate class from Champion and Seth classification. 

This result was validated with the remaining 25% of the plots that belong to Himalayan moist temperate 

class.   
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5. RESULTS AND DISCUSSION 

This chapter is about the results obtained using above adopted methodology and methods, and detail 

discussions on it  

 

5.1. Results 

5.1.1. Algorithm Results for Actual Plant Functional Types 

The below results are shown for one plot of Himachal Pradesh of western Himalaya. The species in this 

plot consisted of Oxalis corniculata, Pinus roxburghii, Trifolium repens, Poa annua, Fragaria nubicola and 

Cedrus deodara.   

5.1.1.1. K-means clustering 

 
The K-means clustering was applied for each trait subset. The total number of trait subsets obtained were 

15. The plot shows the grouping of species based on traits. Each cluster in the plot is denoted by specific 

colour. The clusters were plotted using matplotlib library in python. The scatter plot for one trait subset 

obtained is shown below. The result for all trait subset is shown is appendix. 

     

         

    

Figure 5-1 – Scatterplot of species and trait subset - Plant height, Leaf length, Leaf area, Plant phenology 

5.1.1.2. Community Dissimilarity matrix 

The community matrix was grouped according to the clusters of trait subset and 15 resultant community 

matrices were obtained. In case of actual species there were total of 12 communities. The dissimilarity matrix 

for communities were calculated using ‘Bray-Curtis’ dissimilarity measure. The result for one community 

matrix is shown below. The result for all community matrix is shown in appendix. 

The communities consisted of the following vegetation classes 
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Table 5-1: List of communities for actual PFT 

Communities for Actual PFT 

Tropical dry deciduous forest 

Himalayan moist tempearte 

Forest plantation 

Orchard 

Scrub/grassland 

Sub tropical pine 

Degraded forest 

Himalayan dry tempearte 

Moist alpine scrub 

Tropical MDF 

Dry alpine scrub 

Sub alpine forest 

 

       

      

 

      (o) 
Figure 5-2: Community dissimilarity matrix for clusters of one trait subset-Plant height, Leaf length, Leaf area, Plant 

phenology 

 

5.1.1.3. Ecological variables Dissimilarity matrix 

The 12 communities were compared based on environmental variables such as minimum temperature, 

maximum temperature, altitude, precipitation and soil type using ‘Euclidean Distance’. The obtained result 

is shown below 
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Figure 5-3: Dissimilarity matrix of Communities based on Environmental variables 

5.1.1.4. Pearson Correlation Coefficient 

The correlation coefficient between community dissimilarity matrix and environmental factors dissimilarity 

matrix was calculated using Pearson correlation coefficient. The result is shown below 

 

Table 5-2: Correlation between community and environmental dissimilarity matrix and corresponding trait subset 

Trait Subsets Correlation  
Plant height 0.03 

Leaf length 0.05 

Leaf area 0.06 

Plant Phenology 0.07 

Plant height,  leaf length 0.07 

Plant height, Leaf area 0.11 

Plant height, Plant phenology 0.11 

Leaf Length, Leaf area 0.03 

Leaf length, Plant phenology 0.05 

Leaf area, Plant phenology 0.06 

Plant height, Leaf length, Leaf area 0.06 

Plant height, Leaf length, 

Plant phenology 

0.11 

Plant height, Leaf area, Plant phenology 0.06 

Leaf length, Leaf area, Plant phenology 0.06 

All traits 0.12 

 

The maximum correlation coefficient was obtained was 0.12 and the corresponding trait subset were Plant 

height. Leaf length, Leaf area and Plant phenology. The corresponding labels of the species and trait clusters 

were mapped to the database table and accessed through Django view and template to display the resulting 

plant functional types on web.  
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Figure 5-4 One plot overlaid on actual vegetation type map 

 

The same methodology was implemented for three more plots of Himachal Pradesh.  The plant functional 

types was shown on a pie chart as a pop up for each plot. The colours of pie chart indicate the different 

plant functional types of the corresponding plot. The different PFTs of one plot is shown below.       
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Figure 5-5- 4 plots overlaid on actual vegetation type map and  
algorithm result shown for one plot. 

 
      

 

 

 

Plot-1  

Plot-2 

Plot-3 
Plot-4 
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The results for all four plots is shown below 

 
Table 5-3 – Actual PFTs for four different plots 

Plot number PFT 1 PFT 2 PFT 3 

1-Him-54 Cedrus deodara Pinus roxburghii Fragaria nubicola Lindley ex 

Lacatia, 

Poa annua L, 

Trifolium repens L., 

Oxalis corniculata 

1-Him-506 Cedrus deodara Pinus wallichiana Oxalis corniculata, 

Pinus roxburghii 

1-Him-515 Pinus wallichiana Cedrus deodara, 

Oxalis corniculata, 

Pinus roxburghii, 

Taraxacum officinale 

 

 

1-Him-490 Cedrus deodara Trifolium repens L., Oxalis corniculata, 

Fragaria nubicola Lindley ex 

Lacatia 

 

 

 

  

5.1.2. Algorithm results for Potential Plant Functional Types 

 
The same procedure was followed as above for identifying the potential plant functional types. The below 

results are shown for Himachal Pradesh of western Himalaya. The dominant species of Himachal Pradesh 

were taken from Champion & Seth classification. The potential species consisted of Cedrus deodara, Abies 

pindrow, Pinus wallichiana, Arundinaria falcate, Rhododendron arboretum, Litsea umbrosa, Lyonia 

ovalifolia, Cornus, Ilex dipyrena, Myrica, Castanopsis, Acer, Betula, Corylus, Ulmus and Pinus roxburghii. 

The results for each method is shown below. 
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5.1.2.1. K-means clustering 

 
The K-means was performed similarly as performed for actual species. The result is shown for one trait 

subset. The result for all trait subset is shown in appendix. 

 
        
  
 

 
        

Figure 5-6: Scatterplot of species and trait subset -Plant height, Leaf area. 

 

5.1.2.2. Community Dissimilarity matrix 

In case of potential species, there were total of 11 communities. The dissimilarity matrix for communities 

were calculated using ‘Bray-Curtis’ dissimilarity measure. The result is shown for one community matrix and 

rest is shown in appendix. The communities consisted of the following: 

 
Table 5-4: List of communities for potential PFT 

Communities for Potential PFT 

Tropical thorn forest 

Himalayan moist temperate 

Sub-tropical dry evergreen 

Sub-tropical broadleaved 

Sub-tropical dry evergreen 

Sub-tropical pine 

Montane wet temperate forest 

Himalayan dry temperate 

Tropical moist deciduous forest 

Dry alpine scrub 

Tropical wet evergreen 
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Figure 5-7: Community dissimilarity matrix for clusters of one trait subset. (f)-Plant height, Leaf area 

 

5.1.2.3. Ecological variables Dissimilarity matrix 

 
The 11 communities were compared based on environmental variables such as minimum temperature, 

maximum temperature, altitude, precipitation and soil type using ‘Euclidean Distance’. The obtained result 

is shown below. 

 

 
Figure 5-8 - Dissimilarity matrix of Communities based on Environmental variables 

 

5.1.2.4. Pearson Correlation Coefficient 

 
The correlation coefficient between community dissimilarity matrix and environmental factors dissimilarity 

matrix was calculated using Pearson correlation coefficient. The result is shown below 
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Table 5-5: Correlation between community and environmental dissimilarity matrix and corresponding trait subset 

Trait Subsets Correlation 

Plant height -0.07 

Leaf length -0.05 

Leaf area -0.12 

Plant Phenology -0.06 

Plant height,  leaf length -0.06 

Plant height, Leaf area -0.13 

Plant height, Plant phenology -0.06 

Leaf Length, Leaf area -0.11 

Leaf length, Plant phenology -0.12 

Leaf area, Plant phenology -0.09 

Plant height, Leaf length, Leaf area -0.07 

Plant height, Leaf length, 

Plant phenology 

-0.12 

Plant height, Leaf area, Plant phenology -0.09 

Leaf length, Leaf area, Plant phenology -0.07 

All traits -0.07 

 

 

 
The maximum negative correlation i.e. -0.13 and the corresponding trait subset were Plant height and Leaf 

area. The corresponding labels of the trait clusters were mapped to the database table and accessed through 

Django view and template to display the resulting plant functional types on web. 
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Figure 5-9- Marker indicating the potential PFTs of Himachal Pradesh overlaid on potential natural vegetataion type 
map. 

 
Table 5-6: Potential plant functional types across Himachal Pradesh 

PFT 1 PFT 2 PFT 3 

Cornus Corylus Ulmus 

Ilex dipyrena Acer Pinus roxburghii 

Castanopsis Betula Cedrus deodara 

 Pinus wallichiana Abies pindrow 

 Lyonia ovalifolia Arundinaria falcata 

 Myrica Rhododendron arboreum 

  Litsea umbrosa 
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5.1.3. Change in Plant Functional Types 

 
The actual and potential plant functional types were compared for one plot of Himachal Pradesh and plant 

functional types likely to change was displayed as column graph using highcharts. The result showed 88% 

for PFTs likely to change and 12% for PFTs to remain unchanged. The result is shown below  

 

Figure 5-10: Change in plant functional types from potential to actual. 

 

 

5.1.4. Functionalities of GeoWeb application 

 

The various user functionalities provided in the GeoWeb application is shown below. 

 
 Login Page 

The registered users are allowed to access the login page. The new users are requested to register 

before accessing the web application.  
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Figure 5-11: Login Page and user registration form 

 

 

 

 User data upload 

The users can upload their data such as species and traits data in csv format with the specified fields. 

The web application validates the fields, stores the data in database, processes the data and provides 

desired result.  
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Figure 5-12: User functionality to upload species  
and traits data 

 

 

 
 

 User interface 

The various UI functionalities like changing the base map, overlaying actual and potential vegetation 

type map and administrative boundaries were provided to users. 

 

Figure 5-13: Base map with satellite view (Source: http://www.mapquest.com/) 
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Figure 5-14: Base map. (Source: http://www.openstreetmap.org/) 

 

 

 

 

 

Figure 5-15: Base map with administrative boundaries of India. (Source: Survey of India) 
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Figure 5-16: Base map overlaid with actual vegetation type map. (Source: DOS-DBT project) 

 

 
Figure 5-17: Base map overlaid with potential natural vegetation type map. (Source: IIRS) 
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5.1.5. Validation 

The validation was performed on potential species since actual species are ground truth data. The dominant 

species for 75% of the plots of Himalayan moist temperate vegetation class were compared with the 

potential species of Himalayan moist temperate vegetation class. Then 25% of the plots consisting of 

dominant species were compared with potential species. The results are shown below. 

 

 

Figure 5-18: Comparison of 75% of dominant actual species with potential species 

 

 

Figure 5-19: Comparison of 25% of dominant actual species with potential species 
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5.2. Discussion 

 
This section discusses the results obtained for actual and potential plant functional types and the plant 

functional types likely to change. The objective of this research was to develop an algorithm for 

identification of plant functional types for 1 km x 1 km grid as a GeoWeb application.  

 

For identification of actual and potential plant functional types, the algorithm performed K-means clustering 

for each trait subset followed by computing dissimilarity matrix for communities using ‘Bray Curtis’ and 

dissimilarity matrix for ecological variables using ‘Euclidean’ distance and then the correlation between 

communities and ecological factors were computed.  

 

Clustering is one of the data analysis method which groups the items that are similar to each other. When 

species are grouped as a cluster, it represents the geographical region where it has established itself. This 

indicates that these regions have favourable climatic conditions and other environmental factors which help 

the species community to sustain themselves (Watts & Worner, 2009). In this research, K-means clustering 

was carried out to group the similar traits.  

 

According to Watts & Worner (2009), K-means is more efficient when compared to self-organizing map 

(SOM) in computation. In this study, K-means clustering was applied on each subset of traits matrix (Figure 

5-20 (a)-(o) and Figure 5-21 (a)-(o)) so that the correlation with ecological factors can be maximized. The 

K-means clustering helped to identify the discrete species groups and thus interpretation was easy. The K 

value in K-means was assigned to 3. Each trait subset resulted in three clusters along with the labels 0 1 and 

2 that was mapped to species of trait matrix for grouping the species based on communities and 

environmental variables. The species clusters obtained for each plot were varying. For example, in plot 1-

Him-54 and 1-Him-506 Cedrus deodara was not associated with any other species but in plot 1-Him-515 it 

was associated with Oxalis corniculata, Pinus roxburghii and Taraxacum officinale (Table 5-2). This indicates 

that Cedrus deodara had established itself in a particular environmental gradient. But due to disturbances, it 

was found to exist in other geographical region due to presence of favorable environmental and climatic 

conditions.   

 

The communities were compared for species composition using ‘Bray-Curtis’ dissimilarity measure. This 

dissimilarity measure checks for similarity between two communities for species. The value of dissimilarity 

ranged from 0 to 1 in the obtained result (Figure 5-22 (a)-(o) and Figure 5-7 (a)-(o)). The value 0 indicated 

that the two communities are similar for all the species and value 1 indicated the two communities are 

dissimilar for all the species. For actual PFTs, out of 66 community pairs, 31% of community pairs did not 

share any species and 69% of the community pairs shared few species (Figure 5-23 (o)). For potential PFTs, 
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out of 45 community pairs, 71% of community pairs did not share any species and 29% of community pairs 

shared few species (Figure 5-24 (f)).  

 

The communities were then compared using ‘Euclidean distance’ dissimilarity matrix based on ecological 

factors. The data in ecological variables was standardized to mean of 0 and standard deviation of 1. For 

actual PFTs, 12 communities were compared for similarity in environmental factors like minimum 

temperature, maximum temperature, precipitation, altitude and soil type and for potential PFTs, 11 

communities were compared. The distance values showed the contributions of each of the ecological factors 

between the two communities.  

 

Further, correlation between environmental dissimilarity matrix and community dissimilarity was calculated 

using Pearson correlation coefficient. For actual PFTs, the correlation values ranged from 0.03 to 0.12 (Table 

5-7). The results showed positive correlation between communities and environmental factors and 

maximum correlation was obtained for all traits i.e. plant height, leaf length, leaf area and plant phenology. 

This showed that the environmental conditions are suitable for these traits for the species to survive in the 

given spatial region. The reason for low correlation values might be due to few number of species which 

comprised of 31% of similar species between two communities and traits which influences the behaviour 

of species in a community. For potential PFT, the correlation values ranged from -0.05 to -0.13 (Table 5-8) 

which showed negative correlation between communities and environmental variables and maximum 

correlation i.e. -0.13 was obtained for plant height and leaf area.  

 

The reason for finding both actual and potential PFTs was to compare how the potential PFTs have been 

changed over the course of time. For example, in plot 1-Him-54, the potential species like Cornus, Ilex 

dipyrena, Castanopsis, Corylus, Acer, Betula, Pinus wallichiana, Lyonia ovalifolia, Myrica, Ulmus, Abies 

pindrow, Arundinaria falcata, Rhododendron arboreum, Litsea umbrosa have been changed to Fragaria 

nubicola Lindley, Poa annua, Trifolium repens L. and Oxalis corniculata. The graph (Figure 5-25) showed 

more than 80% change in PFTs which indicated that there was drastic change in traits distribution over the 

course of time. This change may be due to increasing human population, change in environmental 

conditions, anthropogenic factors, deforestation, forest fire etc. According to Blundo, Malizia, & González-

Espinosa (2015), the trait distribution is mainly influenced by climatic and topographic changes. Through 

change in PFTs i.e. change in trait and environment relationship, the effects of climate change as well as 

structure of the community can be studied. It also helps to predict the functional types which will be able 

to survive in spite of changing environment (Blundo et al., 2015).  

 

The obtained potential PFTs was validated by dividing the total plots into 75% and 25% plots consisting of 

dominant species. When 75% of the plots with dominant species was compared with potential species, 90% 

change in PFTs were obtained and with 25% of the plots, 87% change in PFTs were obtained (Figure 5-18, 
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5-19). Thus, for almost all the plots more than 80% of potential species are dominated by other species. 

This helps to study the climate change as well as take necessary measures to protect the endangered species.  

 

All the above discussed results were visualized on a GeoWeb application for four plots. The web application 

was developed using Django python web framework, postgis spatial database and leaflet javascript library. 

 

Django python web framework provides more functionality when compared to older Common Gateway 

Interface (CGI) libraries. It consists of model, view and template pattern as discussed in section 4.2.3.1.  The 

application logic can be separated from user interface through a template system. Database can be defined 

and accessed through python based API, creation of SQL statements can be automated. HTML forms can 

be generated and data can be retrieved from them through an API. It also includes logic for features like 

cookie access, user logins and session management (Burch, 2010). An important feature of Django is that it 

consists of a geographic extension called ‘GeoDjango’ for development of WebGIS application. It supports 

OGC geometries and web services as well as built in API’s for Geospatial Data Abstraction Library (GDAL) 

and Geometry Engine- Open Source (GEOS) libraries.  

 

Leaflet javascript library requires less coding when compared to OpenLayers due to wide variety of plugins 

for web mapping applications. The size of minified builds is 126 KB when compared to OpenLayers which 

465 KB (Limoine, 2015). It provides responsive web application that can be extended to mobile applications 

as well.   

 

The developed GeoWeb application provided functionality for the users to upload their data in csv format 

with specified set of fields.  When the data is uploaded the application validates the fields and the data is 

stored in PostgreSQL database server. The algorithm takes this data as input, processes the data at server 

side and provides desired results to the client. The application also provided MapQuestImagery and 

OpenStreetMap as Basemap along with functionality to overlay actual and potential vegetation type map. 

To limit the server load, user session was taken care of by using django.contrib.sessions app in Django. The 

GeoWeb application is planned to be deployed publically on a web server. This kind of WebGIS application 

is the first attempt to study the community structure by analysing the plant functional types for 1 km x 1km 

grid for western Himalaya of Indian region. 
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6. CONCLUSION AND RECOMMENDATION 

6.1. Conclusion 

 
Earlier, many remote sensing techniques were adopted for mapping plant functional types. The PFTs were 

extracted from land cover data which were of coarser resolution. For community land model, a global PFT 

map has been produced by MODIS team. However, the MODIS PFT dataset demands validation and the 

accuracy of the dataset appears to be less (Sun & Liang, 2008). Also, the important community specific 

environmental conditions which determine PFTs are less observed by remote sensing techniques. Therefore 

a new approach was required to identify PFTs which can take into account all the factors like plant traits, 

community structure and environmental conditions. All these factors can be analysed numerically (Valério 

DePatta Pillar & Sosinski, 2003). Therefore, in this research the developed algorithm followed numerical 

approach for identifying actual and potential PFTs.  

 

The numerical approach in the algorithm with the trait, community and environmental variables matrix 

helped to identify the plant functional types that were maximally associated with environmental variables. 

Also, in this research the combination of different traits were considered to find the traits combination that 

was highly correlated with ecological variables which in turn helped to identify the actual and potential plant 

functional types. The developed algorithm identified actual and potential plant functional types for 1 km x 

1 km grid which is of a finer resolution compared to PFTs identified through remote sensing techniques for 

coarser resolution. Also, the algorithm was integrated with the GeoWeb application which helped to 

visualize the results as well as analyse the user input data.  

 

The end result of this research showed the change in PFTs from potential to actual which indicated the 

species which are highly important due to economic importance, ethical, cultural and scientific reasons are 

diminishing. Thus the developed WebGIS application can contribute for taking necessary measures for 

conservation of biodiversity which in turn may contribute to the provision of ecological services and 

functioning of healthy natural ecosystem (Brandful Cobbinah, Black, & Thwaites, 2015).  

 

6.1.1.  Answers to the research questions 

 

1. How the PFTs are to be identified based on environmental factors and vegetation type? 

 
The PFTs were identified using numerical approach. In this approach, three matrices were used i.e. trait 

matrix which consisted of species and their corresponding traits, community matrix with communities as 

vegetation type and species composition in each vegetation type, environmental variables matrix with 

communities and environmental factors such as minimum temperature, maximum temperature, altitude, 
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precipitation and soil type. The species were grouped based on traits using K-means clustering. To find how 

these species are associated with environmental variables, correlation between community and 

environmental variables dissimilarity matrix was calculated. The corresponding cluster of species were 

identified as plant functional types associated with environmental factors and vegetation type.     

 

2. How is uncertainty of PFT associated with the definition of PFT and what ranges of   

environmental factors may correspond to same PFT? 

 
The developed algorithm followed the numerical approach where in, clustering was performed on each trait 

subset i.e. combinations of traits like plant height and leaf length, plant height and leaf area, leaf area and 

plant phenology etc. Thus each trait subset resulted in set of clusters. The communities were grouped 

according to these clusters and correlation between each of the community groups and ecological variables 

was calculated to find which trait subset is maximally associated with environmental variables. Thus the trait 

subset which gave maximum correlation value are the plant functional types that correspond to given 

environmental variables. Thus the uncertainty of PFT associated with definition of PFT was taken care.  

 

3. What functionalities should the application offer to the users?   

 
The Developed GeoWeb application offered various functionalities to the users such as  

 User login and registration. 

 User data upload for species and traits data 

 Geo-visualization functions such as overlaying administrative boundaries, actual and potential 

vegetation type map, satellite and street view for basemap. 

 

6.2. Recommendation 

In this research, the end product was the developed algorithm for identification of plant functional types 

integrated with the GeoWeb application for multi user environment. There are certain observations in 

improving the performance of the algorithm as well as the web application which could be taken into 

account for the future work. They are, 

 The correlation value between the communities and environmental variables could be improved 

by considering more number of species and their traits. 

 

 The ‘Bray-Curtis’ dissimilarity measure was applied for communities which consisted of dominant 

species. Similarly, other dissimilarity measures could be tried if dominant as well as non-dominant 

species are considered.  

 

 The GeoWeb application developed was confined to desktop application. It could be extended for 

mobile application.    
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8. APPENDIX 

Kmeans clustering for all the trait subsets –Actual PFT 
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   (o) 

 
Figure 8-1: Scatterplot of species and each trait subset (a)- Plant height (b)-  Leaf length  (c)-Leaf area (d)-Plant 
phenology (e)-Plant height, Leaf length (f)-Plant height, Leaf area (g)-Plant height, Plant phenology (h)-Leaf length, 
Leaf area (i)- Leaf length, Plant phenology (j)-Leaf area, Plant phenology (k)- Plant height, Leaf length, Leaf area 
(l)-Plant height, Leaf length, Plant phenology (m)- Plant height, Leaf area, Plant phenology  (n)-Leaf length, Leaf area, 
Plant phenology (o)- Plant height, Leaf length, Leaf area, Plant phenology 

    

 

 

 

Community Dissimilarity matrix - Actual PFT 
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Figure 8-2: Community dissimilarity matrix for clusters of each trait subset. (a)- Plant height, (b)-  Leaf length, (c)-Leaf 

area, (d)-Plant phenology, (e)-Plant height, Leaf length, (f)-Plant height, Leaf area, (g)-Plant height, Plant phenology, 

(h)-Leaf length, Leaf area, (i)- Leaf length, Plant phenology, (j)-Leaf area, Plant phenology, (k)- Plant height, Leaf 

length, Leaf area, (l)-Plant height, Leaf length, Plant phenology, (m)- Plant height, Leaf area, Plant phenology, (n)-Leaf 

length, Leaf area, Plant phenology, (o)- Plant height, Leaf length, Leaf area, Plant phenology 

K-means clustering – Potential PFT 
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   (k)            (l) 

 

 
   (m)         (n) 
 
 

 
   (o) 

Figure 8-3: (a)- Plant height, (b)-  Leaf length, (c)-Leaf area, (d)-Plant phenology, (e)-Plant height, Leaf length, (f)-Plant 
height, Leaf area, (g)-Plant height, Plant phenology, (h)-Leaf length, Leaf area, (i)- Leaf length, Plant phenology, (j)-
Leaf area, Plant phenology, (k)- Plant height, Leaf length, Leaf area, (l)-Plant height, Leaf length, Plant phenology, (m)- 
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Plant height, Leaf area, Plant phenology, (n)-Leaf length, Leaf area, Plant phenology, (o)- Plant height, Leaf length, 
Leaf area, Plant phenology 

 

Community dissimilarity- Potential PFT 
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      (o) 

 

Figure 8-4: shows community dissimilarity matrix for clusters of each trait subset. (a)- Plant height, (b)-  Leaf length, 

(c)-Leaf area, (d)-Plant phenology, (e)-Plant height, Leaf length, (f)-Plant height, Leaf area, (g)-Plant height, Plant 

phenology, (h)-Leaf length, Leaf area, (i)- Leaf length, Plant phenology, (j)-Leaf area, Plant phenology, (k)- Plant height, 

Leaf length, Leaf area, (l)-Plant height, Leaf length, Plant phenology, (m)- Plant height, Leaf area, Plant phenology, (n)-

Leaf length, Leaf area, Plant phenology, (o)- Plant height, Leaf length, Leaf area, Plant phenology 

 

 

 
 


