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ABSTRACT 

 

The accelerated rate at which climate is changing it has become a very serious threat for 

ecosystem as well as biodiversity. To understand the trend in climate change a study on flora 

spatial distribution is advantageous as plants serve as a very good indicators of climate change. 

As environmental variables directly affects species distributions therefore to study the impact of 

climate change environmental niche modeling (ENM) is done using MaxEnt and GARP niche 

models. Based on their output a predictive niche model is developed which is used for 

predicting the species distributions of future climate change scenarios. It is a well known fact 

that species will shift along altitudinal gradient due to climate change as there will be very high 

increase in temperature and precipitation regimes. Taken into account this aspect ENM is done 

and the influence of climate change on the association of species in a vegetation type is 

determined. This work has resulted in better understanding of various influences of climatic 

factors in establishing the bioclimatic and topographic range of associated species in Himalayan 

Moist Temperate forests of Himachal Pradesh. 
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CHAPTER-1      INTRODUCTION :- 

         1.1   General introduction -  

The accelerated rate at which climate is changing has proven to be a very serious threat for 

biodiversity (Botkin et al. 2007) as well as on an entire ecosystem (Nelson 2005; Reid 2005) at 

a larger scale. Since the  probable impacts include increased temperature along with  variations 

in precipitation it affects not just flora but also fauna (Botkin et al. 2007; Daszak, Cunningham, 

and Hyatt 2000; Loreau et al. 2001) . The impact of climate change include receding of glaciers, 

sea level rise (Xu et al. 2009) thus resulting in coastal areas inundation (Hughes et al. 2003) & 

severely affecting mangrove ecosystem  (Valiela et al. 2001). In agriculture perspective, change 

in the climatic conditions may result in decreased crop yields, increased instances of pest 

infestations and diseases (Tilman et al. 2001). At a larger scale, the change in the climatic 

conditions has resulted in extreme weather events like floods, drought, cyclones, forest fire etc. 

(Easterling et al. 2000) which not only disrupts the proper functioning of ecosystem but also 

have a severe affect on humans and their survival (Reid 2005; Levy, Rhoe, and Balmford 2014).  

Habitat and species loss is one of the most well known phenomenon throughout the geological 

history therefore it is greatly required to address them to overcome the key challenges of 

conservation & environment management. These objectives can be readily achieved by 

conserving & protecting individual species and their habitats  aided by ecological niche models 

(ENM) (Barve et al. 2011; Peterson 2006) or by predictive niche modeling i.e. to  predict the 

potential distribution of species & variables  that determine the species distribution in its habitat 

constitute the basis of predictive niche models. This includes the local environment or climate, 

its biotic interaction & its ability to disperse. Using these approaches knowledge gaps can be 

easily filled which allows a better estimate of multiple components of species diversity (Dale et 

al. 2001; Kearney et al. 2010).  In  recent years it has been reported that the loss of species has 

increase by more than 1000 times the background extinction rate. It has been reported by many 

authors that we are in the threshold of another mass extinction of the species. Only this time it is 

due to anthropogenic impacts (Parmesan and Yohe 2003).  

Although the species are disappearing at a rapid rate, the mechanism at play in the process are 

not well understood. The use of various geospatial modeling tools for predicting species range 

for the present as well as due  to global change scenario (climate + land use change) has enabled 

us to understand the factors playing a role in the distribution of the species and probability of its 

disappearance due to climate change (Berry et al. 2002; Araújo et al. 2005; Bakkenes et al. 

2002). Recently work in these line have been done in Europe and some high latitude ecosystems 

(Wilson et al. 2009; Lozier, Aniello, and Hickerson 2009). During the last decade the 
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availability of detailed environmental data, together with inexpensive and powerful computers, 

has fueled a rapid increase in predictive modeling of species environmental requirements and 

geographic distributions. As a result a diverse set of inferential tools are designed & developed 

to meet the challenges of estimating niches & predicting the geographic distributions of species 

have been developed ranging from simple range rules to complex neural networks, genetic 

algorithms, maximum entropy, and multivariate regression algorithms (Babar et al. 2012a).  

One such kind is the maximum entropy based method (MaxEnt) is used for modeling species 

geographic distributions with presence-only data. MaxEnt has a concept of estimating a target 

probability distribution by finding the probability distribution of maximum entropy (i.e.,  how 

much it is closest to uniform or how much it is spread out), and it is subjected to a set of 

constraints that represent our incomplete information about the target distribution. It is a 

general-purpose machine learning method with a simple and precise mathematical formulation, 

and it has a number of aspects that make it well-suited for species distribution modeling 

(Phillips, Anderson, and Schapire 2006). MaxEnt is very useful in understanding the various 

influences of climatic factors in establishing the bioclimatic (Elith et al. 2011; Yang et al. 2013; 

Halvorsen 2013) and topographic range of Himalayan moist temperate forests in Western 

Himalayas (Yang et al. 2013).  

One other kind of approach which has been greatly used in the species distribution modeling is 

genetic algorithm based rule set prediction i.e., GARP which is an application  from  Artificial  

Intelligence and its concepts are  taken  from  genetics   and  evolutions  of  species and are 

applied  as  a  generic  problem  solving  technique  in  Computer  Science. It has a wide variety 

of applications such as to Model or predict the spread of emerging diseases or to predict and 

avoid environmental impacts or to develop optimal conservation strategies or the most widely 

used i.e., or in studying & predicting the distribution of species in niche modeling (Elith and 

Leathwick 2009).  Also, as we know that Genetic Algorithm for Rule-based Prediction (GARP) 

is one of the best current approaches for modeling species distributions using environmental 

data & occurrence records and because of stochastic elements in the algorithm and under 

determination of the system, a much more reasonable estimation of the species’ potential 

distribution can be done which is better than other suite of models. These key findings are very 

relevant for evaluating other distributional-modeling techniques which are based on presence-

only data and should also be considered with other machine-learning applications modified for 

use with asymmetrical input data (Anderson et al. 2003). 

 As such kind of study has not been done for Himalayan moist temperate forests  (IPCC Report 

4) (Parry 2007) so it will be very beneficial for finding the rate of forest degradation & 

deforestation, since potential distribution of above forest type will be mapped for both the past 

(Nogués-Bravo 2009) and the future (Guisan and Thuiller 2005; Wang et al. 2010a; Williams et 
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al. 2009) by predicting its potential spatial distribution (De Marco, Diniz-Filho, and Bini 2008) 

which are greatly impacted by various bio-climatic factors (Hijmans and Graham 2006) & also 

the deviation in the distribution of species existing in the Himalayan moist temperate forests 

from their actual distribution or any change can be efficiently analyzed & inferred. 

1.2 Need of the study - 

Climate is changing in a rapid irreversible manner (Solomon et al. 2009), therefore it is 

necessary to study and model its effect on ecosystem and in turn on humans. The most 

important approach which can aid in such kind of study is flora oriented research as they are 

found to be a very good environment indicator for climate change. Also, it is a well known fact 

that species will shift along altitudinal gradient due to climate change. But how does the climate 

change influence the association of species in a vegetation type, i.e. in due course of time it will 

be very interesting to find out about the behavior of species which are highly associated with in 

a biogeographic region presently & in future, whether they will remain in association and move 

together in clusters or they will simply spread out separately in the region? This work will result 

in understanding the various influences of climatic factors in establishing the bioclimatic and 

topographic range of associated species in Himalayan Moist Temperate forests. 

1.3 Research objectives - 

The research objectives of the project are - 

 To model the impact of climate change on species composition of Himalayan Moist 

Temperate forest of Himachal Pradesh with the following sub-objectives; 

o To identify the drivers of species distribution; 

o To select the best suited niche models (GA based / maximum entropy based 

model) for studying species distribution &  

o To develop an algorithm to predict for the future using the IPCC scenario data 

to assess the shift in Himalayan Moist Temperate species range due to climate 

change. 

1.4 Research questions - 

The research questions which will be answered by this project are - 

 How climate change affects the distribution of dominant species of Himalayan Moist 

temperate forests in Himachal Pradesh ? 
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 How environmental variables affects species habitat shift? 

 How will climate change influence the species composition of Himalayan Moist 

Temperate forest of Himachal Pradesh? 

 

1.5 Structure of the thesis - 

Thesis is formed in such a manner that the first chapter contains the introduction of work which 

includes the background, problem statement, research questions and the objectives of the 

research work. Then second chapter is of literature review where all the theoretical and practical 

concepts related to the research are discussed along with the work which is done in the same 

field. The third chapter includes the study area and the methodology where first the study area 

information is given then the data source, type and details are explained. In fourth chapter i.e., 

methodology, the applied methods for data collection, processing and analysis are explained. 

Then in fifth chapter all the results of the used models and methodology are described in a way 

that all the research questions are addressed as well as all the findings are illustrated and 

summarized with table and figures. The sixth chapter includes  discussions of the findings of the 

project and all are related to the research questions while taking the objectives and research 

framework in the background. Then in chapter seven which includes conclusions and 

recommendations, the most important aspect of the research work is emphasized and the 

recommendations is given for the practical application of the results along with the ways to 

improve the research. 
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CHAPTER- 2  LITERATURE REVIEW :- 

2.1 Climate change definition & concept - 

Climate change is refers to as any change in climatic conditions over time, whether it is due to 

any natural variability or as a result of any human activity. It is referred to as a change in the 

state of the climate that can be identified (e.g. using statistical tests) by changes in the mean or 

the variability of its properties, and that persists for an extended period i.e., decades or longer 

(Parry 2007). But according to United Nations Framework Convention on Climate Change 

(UNFCCC), climate change is referred to as any change of climate that is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere along with the 

natural climate variability which is observed over comparable time periods. 

2.2 Climate change impacts on ecosystems - 

2.2.1 On Ecosystems the change in the climatic conditions have following impacts - 

Many ecosystems resilience is likely to be exceeded in this century by an unprecedented 

combination of climate change, associated natural disturbances like flooding, drought, wildfire, 

pest , ocean acidification etc. (Easterling et al. 2000) and other drivers of global change (e.g. 

landuse change, pollution, fragmentation of natural systems, overexploitation of resources). 

Approximately 20 to 30% of plant and animal species assessed so far are likely to be at 

increased risk of extinction if increase in global average temperature is drastic (Schwartz et al. 

2006; Daszak, Cunningham, and Hyatt 2000; Root et al. 2003). For increases in global average 

temperature and in concomitant atmospheric CO2 concentrations (Solomon et al. 2009; Cramer 

et al. 2001), there are projected to be major changes in ecosystem structure and function, 

species’ ecological interactions and shifts in species’ geographical ranges, with predominantly 

negative consequences for biodiversity and ecosystem goods and services, e.g. water and food 

supply (Godfray et al. 2010; Schmidhuber and Tubiello 2007). 

The major concern which has proven to be  a serious threat not just to ecosystems but at large to 

humans also is the increase in extreme weather events as a result of climate change (Easterling 

et al. 2000). Results of studies indicate that in many areas that have been analyzed, changes in 

total precipitation and temperature extremes have increased. Theoretical concepts suggests the 

same which different models to predict climate change are analyzing. This  is even validated by 

recent observations that shows changes in extreme events for present, such as increases in 

extreme high temperatures, decreases in extreme low temperatures, and increases in intense 
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precipitation events which results to floods & droughts (Oki and Kanae 2006), wildfire 

(Westerling et al. 2006; Dale et al. 2001) and this is going to increase in future.  

Change in the climatic conditions have a very unique effect on mountain ecosystem as change 

in the temperature and precipitation regimes affects species distribution & specific species 

shows specific response which is in accordance with their physiological thresholds and 

tolerance (Parsons 1997). General warming trends forces the species specific climatic envelopes 

to shift upwards i.e., towards the poles or higher altitudes. Based on the extent of the dispersal 

and resource availability, species are expected to shift their distributions which can help in track 

the shifting climate. Many studies of the biological impacts of climate change have focused on 

species abundances and distributions in search of the predicted systematic shifts (Walther et al. 

2002). 

Rise in global temperatures has proven to have a very wide spread and serious adverse impacts 

on the ecological and environmental conditions of all natural systems as well as on the economy 

& sustenance of anthropogenic systems (Nelson 2005; Karl and Trenberth 2003; Hansen et al. 

2006). These has lead to increased water temperatures and evaporation, earlier snow melting as 

well as permafrost melting (Xu et al. 2009). On agriculture front there is very less water 

available for agriculture and more irrigation is needed. There are ever increasing documentation 

on changes in crop productivity and their growing season. Also, many changes in species 

composition, organism abundance, productivity and phonological shifts are found to be some of 

the effects of soaring high temperatures (Hansen et al. 2006; Cramer et al. 2001; Grimm et al. 

2008; Root et al. 2003). 

2.3 Niche, habitat, species loss & habitat shift - definitions & concepts : 

Niche is basically the resources required by a species along with its functional role in the 

environment or the climatic, edaphic, topographic & biotic factors responsible for a species to 

exist whereas a habitat is  a collection of many niches of many species residing together in a 

given area. But habitat & species are adversely affected by the humans activities  The pressure 

of increased human activities for food, space and energy has resulted in over exploitation of 

resources, decay of organic diversity and habitat loss, shift, degradation and destruction of 

ecosystems (McKinney 2002). When a habitat is changed from one type to another then it is 

deemed as habitat loss but when it is habitat is damaged or destroyed to such an extent that it no 

longer is capable of supporting the species and ecological communities that naturally occur 

there then it is termed as habitat destruction and it often results in the extinction of species and, 

as a result, there is a loss of biodiversity often termed as species loss (Thuiller et al. 2005). 

When due to anthropogenic activities a habitat is seriously affected or rather degraded thereby 

making it highly unsuitable for species to exist, which naturally occurs in the particular habitat 
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and as a result the spatial range (Davis and Shaw 2001) of species (i.e. limits within which a 

species can be found) is decreased considerably. This ultimately leads to changes in the 

distribution of species or  habitat shift and if not then species loss (Bakkenes et al. 2002; Austin 

2002).  

2.4 Environmental Niche Modeling (ENM) - 

Environmental Niche Modeling predicts the potential distribution of species in space, therefore 

it is also termed as predictive niche modeling. The variables  that determine the species 

distribution in its habitat constitute the basis of predictive niche models which includes the local 

environment or climate, its biotic interaction & its ability to disperse (Wiens et al. 2009). All 

environmental niche models are based on a common assumption, which is environmental 

factors drive species distribution and species are in equilibrium with their environment.  

Numerous models and approaches are available that predict potential species distributions & 

these Models can generally be categorized as those that use presence-only data , or presence-

absence data (i.e., at each sample site it is known with certainty whether the species is present or 

absent.) (Terribile and Diniz-Filho 2010; Barve et al. 2011). 

• Presence only (bioclimatic envelopes) –  points inside envelope suitable or distance of 

points away from mean values (farther away equals less suitable)  

• Presence-absence – GAMs, GLMs, MARs, CARTs. Use a link or function or set of 

logical statements describing the multivariate relationship between mean of response 

variable and predictor variables.  Note:  best for determining occupied distribution (not 

potential dist.) 

• Presence-background – Maxent finds the probability distribution most spread out, or 

closest to uniform, subject to constraints given observed occurrence records information 

and environmental conditions across study area.  All regression techniques work with 

background as well.  

• Presence-pseudoabsence – GARP.  Rule set predictions. 

Also, on the basis of optimization techniques used to measure the response of species due to the 

changes in environmental constraints acting upon them & in turn their distribution (Peterson 

2006; Escalante et al. 2009; Fernandez et al. 2009; Wang et al. 2010a) the environmental niche 

models are divided into the following types – 

 BioClimatic envelope e.g. Bioclim (DIVA GIS) 

 Entropy based, MAXENT  

 Genetic Algorithm e.g. GARP  
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o Generalised additive models (GAM) e.g. GRASP 

o Generalised linear models (GLM) e.g. incl. in Biomod  

o Ordination (e.g. CCA) e.g. ENFA 

o Classification and regression trees (CART) e.g. incl. in Biomod  

o Artificial neural networks e.g. SPECIES 

o Bayesian e.g.WinBUGS  

 2.4.1 DIVA GIS - 

DIVA-GIS is a free computer program for mapping and analyzing spatial data. It is particularly 

useful for analyzing the distribution of organisms to elucidate geographic and ecological 

patterns (Hijmans and Spooner 2001). DIVA-GIS can also extract climate data for all locations 

on land and in it Ecological niche modeling is carried out using the BIOCLIM envelope 

optimization technique (Hijmans and Graham 2006). Climatic data is used for making the 

climate data from tmax (maximum temperature) , tmin (minimum temperature) & precipitation 

data as climatic conditions are a byproduct of interactions of temperature & precipitation 

regimes with one another & has a tremendous impact on species distribution. Then from these 

climatic data 19 bioclimatic layers are generated which can be further used for predicting the 

potential distribution of species in other modelling techniques to get better results, for e.g. 

MaxEnt & GARP.  

DIVA GIS work as a correlative tool that interpolates up to 19 bioclimatic variables which are 

(Hijmans and Graham 2006) -  

• BIO1 = Annual Mean Temperature  

• BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp)) 

• BIO3 = Isothermality (P2/P7) (* 100) 

• BIO4 = Temperature Seasonality (standard deviation *100) 

• BIO5 = Max Temperature of Warmest Month  

• BIO6 = Min Temperature of Coldest Month  

• BIO7 = Temperature Annual Range (P5-P6)  

• BIO8 = Mean Temperature of Wettest Quarter  

• BIO9 = Mean Temperature of Driest Quarter  

• BIO10 = Mean Temperature of Warmest Quarter  

• BIO11 = Mean Temperature of Coldest Quarter  

• BIO12 = Annual Precipitation  

• BIO13 = Precipitation of Wettest Month  

• BIO14 = Precipitation of Driest Month  
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• BIO15 = Precipitation Seasonality (Coefficient of Variation)  

• BIO16 = Precipitation of Wettest Quarter  

• BIO17 = Precipitation of Driest Quarter  

• BIO18 = Precipitation of Warmest Quarter  

• BIO19 = Precipitation of Coldest Quarter 

Bioclim can be used for describing the environment in which the species has been recorded, or 

in identifying other locations where the species may currently reside or it can be very useful in 

generating the bioclimatic variables for identifying where the species may occur under alternate 

climate change scenarios. 

2.4.2 MaxEnt (Maximum Entropy based niche model)- 

MaxEnt is a general purpose method for making predictions or inferences from incomplete 

information with a simple and precise mathematical formulation, and it has a number of aspects 

that make it well-suited for species distribution modeling (Phillips, Anderson, and Schapire 

2006). It greatly aids in species distribution modeling which is based on maximum entropy. The 

maximum entropy based method (MaxEnt) is used for modeling species geographic 

distributions with presence-only data. MaxEnt has a concept of estimating a target probability 

distribution by finding the probability distribution of maximum entropy (i.e., the extent of 

distribution which simply represents how much it is closest to uniform or how much it is spread 

out), and it is subjected to a set of constraints that represent our incomplete information about 

the target distribution. MaxEnt is very useful in understanding the various influences of climatic 

factors in establishing the bioclimatic (Elith et al. 2011; Yang et al. 2013; Halvorsen 2013) and 

topographic range (Yang et al. 2013). It requires only presence only data and utilizes both 

continuous & categorical data. For MaxEnt efficient maximum entropy based probability  

distribution algorithm is developed and since its output is continuous so it can also be applied to 

absence only data. Over fitting which is a very big concern for others niche modeling 

approaches can be easily avoided in MaxEnt (Johnson 2007; Peterson, Pape\cs, and Eaton 2007; 

PHIL and Schapire; Phillips, Anderson, and Schapire 2006; Phillips and Dudík 2008). MaxEnt 

is a special purpose software is required as it is not available in standard statistical packages and 

as it gives very large predicted values so overestimation has to be in check (Phillips and Dudík 

2008). 

2.4.3 GARP (Genetic Algorithm for Rule-based Prediction) - 

Simply GARP seeks a collection of rules that together produce a binary prediction. It is 

considered that positive rules predict suitable conditions. In GARP, occurrence points from the 
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pair of quadrants on which models are to be based are divided evenly into training and extrinsic 

training dataset, while training is again divided into true training data & intrinsic training data 

(Peterson and Vieglais 2001). GARP models are based on presence only data with absence 

information from pseudo-absence points from the set of pixels at which the species has not been 

detected. GARP works in a iterative process of rule selection, testing, and incorporation or 

rejection. First a method is chosen from the set of possibilities like bioclimatic rules, regression 

etc. & then is applied to the training data & the rule is developed to maximize predictivity 

(Peterson, Pape\cs, and Eaton 2007). Predictive accuracy is evaluated based on the intrinsic data 

& pseudo absence points. GARP  is an application  from  Artificial  Intelligence and its concepts 

are  taken  from  genetics   and  evolutions  of  species and are applied  as  a  generic  problem  

solving  technique  in  Computer  Science. It has a wide variety of applications such as to Model 

or predict the spread of emerging diseases or to predict and avoid environmental impacts or to 

develop optimal conservation strategies or the most widely used i.e., or in studying & predicting 

the distribution of species in niche modeling (Elith and Leathwick 2009).  Also, as we know that 

Genetic Algorithm for Rule-based Prediction (GARP) is one of the best current approaches for 

modeling species distributions using environmental data & occurrence records and because of 

stochastic elements in the algorithm and under determination of the system (Phillips and Dudík 

2008), a much more reasonable estimation of the species’ potential distribution can be done 

which is better than other suite of models. These key findings are very relevant for evaluating 

other distributional-modeling techniques which are based on presence-only data and should also 

be considered with other machine-learning applications modified for use with asymmetrical 

input data (Anderson et al. 2003). 

2.5. Need for a predictive niche model for future climate change scenario- 

Different niche models used in this study are DIVA GIS, MaxEnt & GARP, and all requires 

presence occurrence data or geographic locations of species to predict the distributions of 

species (Austin 2002; Babar et al. 2012a; Guisan and Thuiller 2005; Robert P. Anderson, Lew, 

and Peterson 2003) therefore they are very useful in predicting the species distribution of past & 

present (Nogués-Bravo 2009; Peterson 2006). But this advantage proves to be a very vital 

limitation to predict the distribution of species for future in different climate change scenarios 

since acquiring the occurrence data of species in future is not possible. This very serious 

limitation needs to be remedied and for that a new model has to be developed for predicting the 

species distribution for future. From the MaxEnt & GARP output the new environmental niche 

model can be trained and validated for present without taking the occurrence data of species 

which will make way for the efficient & best prediction of the species distribution of future in 

the different IPCC climate change scenarios. 
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2.6 IPCC climate change scenarios - 

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by WMO and 

UNEP and consists of about 190 governments that commission assessments performed by the 

international climate science community on the state of human knowledge of climate and 

climate change. The role of the IPCC is to assess on a comprehensive, objective, open and 

transparent basis the scientific, technical and socio-economic information relevant to 

understanding the scientific basis of risk of human-induced climate change, its potential impacts 

and options for adaptation and mitigation. IPCC assessment reports are published after few 

years describing the climatic conditions, their change along with the future trends. First 

assessment report (FAR) was given in 1990, second assessment report (SAR) in 1995, third 

assessment report (TAR) in 2001, Fourth assessment report (AR4) in 2007 

and fifth assessment report (AR5) in 2014-2015. But in shorter duration IPCC gives special 

reports on emission scenarios (SRES), CO2 capture and storage, safeguarding the ozone layer 

(CFC, HFC, PCF,…), land use change, aviation, etc. (Parry 2007). 

SRES produced a set of possible future emissions scenarios, where IPCC AR4 focuses on three 

  B1 - a “low” emissions future, global cooperation 

 A1B - a “medium” emissions future 

 A2 - a “high” emissions future, regional fragmentation 

It also stated that there is no probability weighting  these scenarios:  each is considered equally 

credible & the drivers of climate change being population, economy, technology, energy, land 

use  & agriculture (Nakicenovic and Swart 2000; Johns et al. 2003). A new IPCC AR5 

Scenarios are taken where instead of emissions, Representative Concentration Pathways i.e., 

(RCPs) are taken. Where each RCP provides only one of many possible scenarios  that would 

lead to the specific radiative forcing (Houghton 1995) characterizes the pathway where 

emphasis is not only on long term concentration level are of interest, but also the trajectory 

taken over time to reach that outcome. AR5 is defined by radiative forcing trajectories rather 

than socioeconomic storylines and its each RCP are representative of the Integrated Assessment 

Model (IAM) literature. On one hand AR5  provides continuity with older IPCC scenarios: 

RP8.5 ≈ A2, RP6 ≈ A1B, RP4.5 ≈ B1 but on other it also introduces new “peak-and-decline” 

scenario which is a fine representation of aggressive climate policy. 
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2.7 Application of Remote Sensing and GIS in species distribution modeling and 

climate change assessment - 

With new emerging technology paradigm, - Remote sensing & Geographical Information 

System (GIS) has emerged as very important tools for various scientific research and 

developmental activities. On one hand Remote Sensing is termed as acquisition of information 

about an object or phenomenon, without making physical contact with the object whereas GIS 

is proven to be a very powerful tool which has potential to organize complex spatial 

environment with tabular relationships. Remote sensing imagery has many applications in 

mapping land-use and cover, agriculture, soils mapping, forestry, city planning, archaeological 

investigations, military observation, and geomorphological surveying, among other uses (Jensen 

2009). And GIS emphasis is on developing digital spatial database, using the data sets derived 

from precise navigation and imaging satellites, aircrafts, digitization of maps and transactional 

databases (Rigaux, Scholl, and Voisard 2001). The power and potential of GIS is very aptly 

described as it limited only by ones imagination. Recent developments in remote-sensing 

technology and Geographic Information Systems (GIS) allow the use of a landscape ecology 

and spatial analysis approach to the problem of deforestation and biodiversity conservation. 

Applications of remote sensing & GIS approach includes land-cover and land-use change 

(LULC) analysis; estimation of deforestation rates and rates of forest fragmentation and the 

impacts of climate change on forests (Binkley 1990; Dale et al. 2001); examination of the 

spatial correlates of forest loss and the socioeconomic drivers of land-use change; modeling of 

deforestation; analysis of the consequences of land-cover and land-use change in the form of 

climate change and change in distribution of biodiversity (Austin 2002), various aspects of 

applications of GIS, remote-sensing, and a landscape ecology approach to biodiversity 

conservation (Warren et al. 2013). 

2.8 Review of studies in the past - 

(Peterson et al., 2007) very precisely compared the predictive success in two common 

algorithms which are used for species niche modeling, i.e., GARP and MaxEnt. The major 

challenge for the algorithm was, to be able to predict the species distributions in broad 

unsampled regions, which was termed as transferability. The results were very different 

different between the two algorithms, on one hand MaxEnt model at low thresholds 

reconstructed the overall distributions of species, but its higher prediction values indicates 

overfitting of the input data, and on the other hand GARP model, succeeded in determining the 

distributional potential of most of the species that too at the cost of increased commission error. 

Receiver operating characteristic (ROC) tests were weak in discerning the models ability to 
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predict in broad unsampled areas from the areas which were highly sampled. This kind of 

transferability was a challenge for modeling algorithms, and requires different qualities than 

predicting within densely sampled landscapes. The key finding was that MaEnt was transferable 

only at very low thresholds, and biases and gaps in input data arises at higher MaxEnt 

thresholds, which forces very careful interpretation of model results. 

(Wang et al. 2010a) worked on a forest pest named the chestnut phylloxerid, Moritziella 

castaneivora, in China. It is known for damaging chestnut trees and causes serious economic 

losses in chestnut production areas. This pest's worldwide potential geographical distribution 

was needed for its effective monitoring and management. Again, this purpose was fulfilled by 

using the two best ecological niche models, Genetic Algorithm for Rule-set Production (GARP) 

and Maximum Entropy (MaxEnt), pest's distribution pattern was generated along with the 

geographical distribution of the host plants, Japanese chestnut (Castanea crenata) and Chinese 

chestnut (Castanea mollissima), to predict the potential geographical distribution of M. 

castaneivora. The results suggested that the suitable distribution areas based on GARP were 

more consistent than those which were based on MaxEnt, but GARP predicted distribution areas 

that extended more in size than did MaxEnt. The results also indicated that the suitable areas for 

chestnut phylloxerid infestations were mainly restricted to certain parts of China, Japan and 

most parts of the Korean Peninsula. In addition, some provinces of central and western China 

were predicted to have low suitability or unsuitable areas. Also a jackknife test in MaxEnt 

showed that the most important environmental variable affecting the distribution of this pest 

species was the average precipitation in July. Thus, the study helped in providing certain 

regulations and management strategies for controlling the invasion of this high-risk chestnut 

pest to its potentially suitable areas.  

Similarly, (Babar et al. 2012a) worked on an endemic and endangered plant species 

Pterocarpus santalinus L.f. (Red Sanders) largely confined to the southern portion of the 

Eastern Ghats, Andhra Pradesh, India. Ecological niche modelling (ENM) was done to 

understand its ecological and geographic distribution which was based on field sample-based 

distributional information, in relation to climatic and topographic datasets. Three ENM 

approaches was used for predicting potential areas of occurrence, namely GARP, MaxEnt and 

BIOCLIM. Key features of the geographic distribution of species was successfully 

reconstructed via ENM, mainly in the forest tracts of Chittoor and Kadapa districts. GARP 

prediction capabilities were found to be better when compared to BIOCLIM. The potential 

distributional area identified by these models were found to be experiencing high anthropogenic 

pressure because of high economic and medicinal use. This ENM based approach gave a clear 

idea that it is among the best approach which can be used for studying ecology, biogeography 

and conservation. 
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CHAPTER- 3  STUDY AREA :- 

3.1 General description - 

The Land of Himachal popularly known as the Devbhumi – "Land of the Gods", Himachal 

Pradesh is a hill state in India, which is situated in the northwest of India in the Himalayan 

ranges. The word "Hima" means snow when translated to Sanskrit, and the meaning of the term 

stands out to be an area that sits on the laps of the mountains. Most of the area is mountainous, 

comprises of lofty ranges, deep valleys, waterfalls and lush green forests covers the entire state. 

It has a very diverse topography, a complex geological structure and a rich temperate 

flora in subtropical latitudes. Himachal Pradesh is drained by a number of snow-fed 

perennial rivers. The Chenab, the Ravi, the Beas, the Sutlej and the Yamuna are the 

important ones. The biggest land use in H. P. is forestry. Around 71 % of the population 

is engaged in Agriculture and horticulture (Mathew 2003). Himachal Pradesh is famous 

for its hill stations. The tourist department of Himachal Pradesh claims that Kharjiar in 

the Chamba district has earned the name “Mini Switzerland” because of the striking 

similarity in landscape. The State is also known for its rich wildlife, especially for rare 

species such as Musk Deer (Moschus chrysogaster), Himalayan Thar (Hermitragus 

jemlahicus), Asiatic Brown Bear (Ursus arctoides) and Snow Leopard (Uncia uncial). 

Some of the pheasant species which are very important in the State, include the 

Himalayan or Impeyan Monal (Lophophorus impejanus), Western Tragopan (Tragopan 

melanocephalus), Koklass Pheasant (Pucrasia macrolopha) and Snow cocks 

(Tetraogallus spp.).  

3.2 Geographical location - 

Himachal Pradesh (30° 22’ 40’’ -  33° 12’ 20’’ North and 75° 45’ 55’’ -  79° 04’ 20’’ East) is 

situated in the northwest of India in the Western Himalayas. It is bounded by Jammu and 

Kashmir in the north, Uttarakhand in the southeast, Haryana in the south and Punjab in the west 

and in the east it forms India’s international boundary with Tibet (China). Himachal Pradesh has 

a geographical area of 5.57 million ha, more specifically it covers an area of 55,673 kilometres 

(34,594 mi) and is almost wholly mountainous with elevation ranging from 350 meters 

(1,148 ft)  to 6,975 meters (22,966 ft)  above the mean sea level. 
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Fig. 3.1 Location of study area showing Himalayan Moist Temperate Forest in H.P. 

The study area is selected on the basis of presence of Himalayan Moist Temperate Forest 

(Champion & Seth class 12) in selected districts of Himachal Pradesh. These districts includes 

Shimla, Mandi, Kullu, Kangra, Chamba and small parts of Sirmaur, Solan, Lahaul & Spiti and 

Kinnaur. 

3.3 Soil - 

The soils of Himachal Pradesh can be divided into nine groups on the basis of their  

development and physio-chemical properties. These groups are alluvial soils, brown hill soils, 

brown earths, brown forests soils, grey wooded or podozolic soils, gray brown podzolic soils, 

plansolic soils, Humus and iron podzols and alpine humus mountain skeletal soils (Roy et al. 

2012). 

3.4 Climate - 

There is great variation in the climatic conditions of Himachal due to extreme variation in 

elevation. The climate varies from hot and sub-humid tropical in the southern tracts to cold, 

alpine and glacial in the northern and eastern mountain ranges with more elevation. The average 

rainfall in the State is 1,800 mm. The mean annual temperature ranges between 20 °C to 22.5 

 
India 

Himachal Pradesh 
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°C. The state is so diverse which can be seen from the fact that  it has areas like Dharamsala that 

receive very heavy rainfall, as well as those like Lahaul and Spiti that are very cold and almost 

have no rains. Climatically Himachal Pradesh can be divided into three zones - 

 The outer Himalayas - which gets annual rainfall between 1500 mm to 1750 mm,  

 The Inner Himalayas -  annual rainfall varies between 750 mm to 1000 mm and  

 Alpine zone - which remains under snow for about five to six months. The average 

annual rainfall in the state is about 1600 mm. The climate varies between hot and humid 

in the valley areas to freezing cold where there is permanent snow. 

Broadly, Himachal experiences three seasons: Summer, Winter and rainy season. Summer is 

from mid April till the end of June and most parts become very hot (except in alpine zone which 

experiences a very mild summer) with the average temperature ranging from 28 °C (82 °F) to 

32 °C (90 °F). Winter lasts from late November till mid March. Snowfall is common in alpine 

tracts (generally above 2,200 metres (7,218 ft) i.e. in the Higher and Trans-Himalayan region). 

 

3.5 Demography - 

Himachal Pradesh has a total population of 6,856,509 including 3,473,892 males and 3,382,617 

females of which 90.2% is rural and 9.8% is urban as per the provisional results of the 

Census of India 2011. This is only 0.57  % of India's total population, recording a growth of 

12.81 %. The population density is 109 persons per sq. km. Total fertility rate (TFR) per 

woman is 1.8 which is one of lowest in India. According to the 2011 Census figures, Himachal 

Pradesh has a literacy rate of 83.78 % and gender ratio at 974/1000, the state is placed 21st on 

the population chart. Kangra district was top ranked with a population strength of 1,507,223 

(21.98%), Mandi district 999,518 (14.58%), Shimla district 813,384 (11.86%), Solan 

district 576,670 (8.41%), Sirmaur district 530,164 (7.73%), Una district 521,057 

(7.60%),Chamba district 518,844 (7.57%), Hamirpur district 454,293 (6.63%), Kullu 

district 437,474 (6.38%), Bilaspur district 382,056 (5.57%), Kinnaur district 84,298 (1.23%) 

and Lahaul Spiti 31,528 (0.46%). The life expectancy at birth in Himachal Pradesh is higher 

than the national average. The infant mortality rate stood at 40 in 2010 and crude birth rate has 

declined from 37.3 in 1971 to 16.9 in 2010, below the national average of 26.5 in 1998. The 

crude death rate was 6.9 in 2010. Himachal Pradesh's literacy rate grew by 34.65% between 

1981 and 2001. 
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3.6 Forest Type - 

According to 2003 Forest Survey of India (FSI) report, legally defined forest areas constitute 

66.52% of the area of Himachal Pradesh, although area under tree cover is only 

25.78%.Vegetation in the state is dictated by elevation and precipitation. The southern part of 

the state, at lower elevations than the north, has both tropical and subtropical dry broadleaf 

forests and tropical and subtropical moist broadleaf forests. These are represented 

by northwestern thorn scrub forests along the border with Haryana and Uttar Pradesh and 

by Upper Gangetic Plains moist deciduous forests in the far southeast. Sal and shisham are 

found here. Hilly terrain of Himachal is composed of western Himalayan broadleaf 

forests and Himalayan subtropical pine forests. Various deciduous and evergreen oaks are 

dominant in broadleaf forests, while Chir pine dominates the pine forests. Western Himalayan 

subalpine conifer forests grow near treeline, with species that include East Himalayan Fir, West 

Himalayan Spruce, Deodar (State tree), and Blue pine. The uppermost elevations have western 

Himalayan alpine shrub and meadows in the northeast and northwestern Himalayan alpine 

shrub and meadows in the northwest. The rhododendrons are found along the hillsides 

around Shimla from March to May. The shrublands and meadows give way to rock and ice 

around the highest peaks. 

The major vegetation type is Himalayan Moist Temperate Forest and most dominant species in 

this vegetation type can be summed in the following table - 

Table 3.1 - Characteristics of Himalayan Moist Temperate Forest (Champion & Seth class 12) 

Western Himalayas (with rainfall 1000-2500mm) 

 

Altitude 

Major species 

Broadleaved Coniferous 

3000 m Sub alpine Birch Betula utilis (bhojpatra) / 

Rhododendron arb. 

- 

2500 m Quercus semecarpifolia (Kharsu oak) - 

2250 m Quercus dilatata (Mohru Oak) Abies pindrow (Fir) /  

Picea smithiana (Spruce) 

2000 m Quercus incana / lanata/ leucotrichophora / 

oblongata (Ban oak) 

Cedrus deodara (Deodar) 

1500 m - Pinus roxburghii (Chir pine) 

*Both rainfall & altitudinal range limits can vary   



Modeling Climate Change Impacts on Species Habitat & their Association in 
Himalayan Moist Temperate Forest of Himachal Pradesh 

 

18 
 

3.7 Rivers - 

The drainage system of Himachal is composed both of rivers and glaciers. Himalayan rivers 

criss-cross the entire mountain chain. Himachal Pradesh provides water to both the 

Indus and Ganges basins. The drainage systems of the region are the Chandra Bhaga or 

the Chenab, the Ravi, the Beas, the Sutlej and the Yamuna. These rivers are perennial and are 

fed by snow and rainfall. They are protected by an extensive cover of natural vegetation. The 

utility of these rivers though restricted considerably by the rugged and undulating terrain of the 

state, nevertheless, these rivers possess immense potential for the generation of hydro-

electricity. 

3.8 Road - 

Roads are the major mode of transport in the hilly terrains. The state has road network of 

28,208 km (17,528 mi), including eight National Highways (NH) that constitute 1,234 km 

(767 mi) and 19 State Highways with total length of 1,625 km. Some roads get closed during 

winter and monsoon seasons due to snowfall and landslides. Out of the 12 districts of Himachal 

Pradesh, Hamirpur has the highest road density in the state. 

3.9 Socio-economy - 

Himachal Pradesh has become one of the majorly advanced states in the in the country. 

Himachal Pradesh stands at the fourth position in terms of per capita income. Agriculture 

contributes to around 50% of the economy of the state which is also the primary source of 

income as well as employment among the inhabitants. Climatic conditions are suitable for a 

variety of fruits and cash crops such as seed potatoes, ginger, vegetable seeds, apples and other 

fruits. The main cereal crops are wheat, maize and paddy and along with rice and barley they 

are few crops that are mainly grown all across the state. Being situated in the lap of the 

Himalayas, Himachal has been blessed with acres of fertile lands suitable for the cultivation of 

fruits. Apple is one of the fruits whose cultivation earns around 300 crores for the state 

annually. Other fruits that can be cultivated here would be figs, olives, hops, nuts, mushrooms, 

saffron and sarda melons. Ancillary Horticulture produces honey, and flowers for the state as 

well. Tourism is also a major source of income for the locals which adds to the economic 

growth of the state. The abundant availability of electricity has encouraged the establishment of 

several small scale industries. 
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3.10 Problem of the study area - 

It is a well known fact that species will shift along altitudinal gradient due to climate 

change. But the influence of climate change on the association of species in a vegetation 

type needs to be ascertained. So it is very important for understanding the various 

influences of climatic factors in establishing the bioclimatic and topographic range of 

associated species in Himalayan Moist Temperate forests. 
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CHAPTER- 4  MATERIALS AND METHODS :- 

4.1 Data - 

Datasets required in the current study can be divided into two categories, one is satellite 

data and the other being ancillary data - 

 Land use land cover (LULC)prepared using LISS-III, 

 Digital Elevation Model (DEM) & 

 Climate data from worldclim (IPCC A2a & B2a scenarios) 

4.1.1 Satellite data - 

 The Linear Imaging Self Scanning Sensor (LISS-III) satellite data of spatial resolution 

23.5 m is used for the preparation of Land use land cover map, particularly Himalayan 

moist temperate forest vegetation type map of  Himachal Pradesh. 

 Shuttle Radar Topography Mission (SRTM) Digital Elevation Model data with 3-arc-

second (approximately 90-meter) resolution for extracting terrain parameters like slope, 

aspect and altitude. 

Table 4.1 Details of Satellite data used in the study 

Data Resolution Swath Purpose source Projection & 

Datum 

LISS III 23.5 m 141 X 141 km 

/ 70 X 70  km 

Agricultural and 

forestry monitoring 

ISRO UTM, WGS 

84 

SRTM DEM ~90 m 225 km C 

band swath 

extracting terrain 

parameters and 

surface analysis 

NASA Geographic, 

WGS 84 
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4.1.2 Ancillary data - 

Worldclim climate data for present and future time periods is used extensively in this research. 

This Worldclim data is a set of global climate layers (climate grids) with a spatial resolution of 

30 arc second of about 1 square kilometer. The data is very useful for mapping and spatial 

modeling in a GIS. It can also be used in predicting the distribution of species under current, 

past and future climatic conditions by inferring a species’ environmental requirements from 

localities where it is currently known to occur (Hijmans and Graham. 2006). Worldclim climate 

data is available in the form of monthly precipitation, maximum temperature and minimum 

temperature for entire globe. It is available for past, present and for future also. Future climate 

data is in coherence with future IPCC scenarios. The projected future climate data used in this 

research is both A2a and B2a scenarios for the years 2050 and 2080.  

4.2 Instruments, software and hardware used - 

Instrument used in the research while on field work is Trimble GPS Juno SD with 4 to 8 meter 

positional accuracy. The device was used for for getting the points of occurrences of associated 

species of Himalayan moist temperate forest of Himachal Pradesh. Software used in the current 

study were Erdas Imagine 2013 for remote sensing purposes, Arc GIS 10 for geospatial data 

management and analysis, R software for running multiple correlation for different bioclimatic 

parameters, Quantum GIS for generating road network and Google Earth for field planning, 

Microsoft office suite where MS excel for formulating graphs and tables and MS word for 

thesis writing. The hardware used for this research is HP core processor desktop workstation. 

4.3 Methodology - 

The overall series of steps followed in the study is represented in the following flowchart - 
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 diagram 
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4.3.1 Data Preprocessing - 

 4.3.1.1 Study area extraction - 

Using the radiometrically corrected,  LISS III satellite data which is available in super structure 

BSQ is imported in Erdas imagine 2013 software. First mosaicing is done for all the tiles of 

satellite data where study area is present, this is done by using mosaic images tool from data 

preparation of Erdas imagine 2013 toolbar.  Then again from data preparation tool bar subset 

image is selected to extract the study area. 

 4.3.1.2 Base layer map correction - 

The vegetation type map generated in Biodiversity Characterization at Landscape Level project 

(Roy et al. 2012) for Himachal Pradesh at 1:50,000 scale is taken and is used as a base map in 

Arc Map 10 software. Then through extracted study area from LISS III data and Google earth, 

this vegetation type accuracy is enhanced for Himalayan moist temperate forest type of 

Himachal Pradesh through the process of visual interpretation. 

4.3.2 Field Work - 

 4.3.2.1 Preparation for field data collection - 

 For field data collection, one of the most important map to be generated is a False color 

composite (FCC) map of the extracted study area from satellite data. This is done by 

first importing the extracted study area into Arc Map 10 program then for FCC 

composition NIR band is taken in Red band, Red in green and green in blue. This FCC 

scheme allows vegetation to be detected readily in the image since it has a high 

reflectance in NIR region. Then FCC map is exported by inserting north arrow, scale 

bar etc. 

 Road network map is very essential during field visit. For generating a road network 

map firstly roads from Open Street Maps are loaded in Quantum GIS (QGIS) software 

and is then exported and modified as shape files for further formulation of road network 

maps from Arc Map 10 software. 

 Himalayan Moist temperate vegetation type map from base layer map correction. 

 From SRTM-DEM, altitude or elevation map was generated for entire study area in Arc 

map 10 software program, 

 Also, available existing location data is taken for associated species- namely Betula 

utilis (bhojpatra), Rhododendron arb., Quercus dilatata (Mohru Oak), Quercus incana/ 

lanata/ leucotrichophora/oblongata (Ban oak) (Bahadur 1975), Picea smithiana 
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(Spruce), Cedrus deodara (Deodar) and Pinus roxburghii (Chir pine) from DOS-DBT 

project (Roy et al. 2012) for Himalayan moist temperate forest of Himachal Pradesh 

and a map is generated for analyzing existing gaps in the field location which needs to 

be targeted during field visit. 

Following maps were generated for field visit - 

 

Fig. 4.2 FCC and Road network combined map for Himachal Pradesh 
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Fig. 4.3 Himalayan Moist Temperate vegetation type map of Himachal Pradesh 

 

 4.3.2.2 Field Work - 

Field visit was done for filling the gaps in the potential regions occurrences of species 

in Himachal Pradesh. From available data it was inferred that 30 % of locations were 

available for all the associated species, and in between there were certain gaps where no 

point of occurrences was found for significant larger areas. Therefore in a case of 

stratified random sampling field plan was formulated on the basis of climatic regimes, 

altitude and DOS-DBT map locations. Using Trimble GPS Juno SD, species occurrences 

locations were recorded. Following are the maps depicting the areas where gaps in the 

occurrences of species was found and was subsequently filled in field visit. Location were taken 
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district wise in the following sequence - Sirmaur, Solan, Hamirpur, Kangra, Chamba, Mandi, 

Kullu and Shimla. For Lahul & Spiti, Kinnaur and few parts of Chamba, some location points 

were taken from biodiversity assessment report of Himachal Pradesh and final technical report 

(2009) on hill bamboos in H P. by Himalayan FRI, ICFRE, Shimla. 

 
Fig. 4.4 Species occurrences location map before field and after field respectively 

 

4.3.3 Database creation - 

 4.3.3.1 Baseline Information - 

Based on the large size of the study area extending up to eight districts (Sirmaur, Solan, Kangra, 

Mandi, Kullu, Chamba, Lahul and Spiti and Kinnaur) of Himachal Pradesh and available 
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highest resolution worldclim climate data of 3o arc-second ~1km grid, LISS III satellite data of 

spatial resolution of 23.5 m and SRTM-DEM data of spatial resolution of 90 m is taken. 

 4.3.3.2 Surface parameter creation through SRTM-DEM - 

SRTM-DEM data is imported into Arc Map 10 program and Topographical surface parameters 

like altitude, slope and aspect are generated for the entire study area. For elevation or altitude, 

first SRTM data is downloaded in the form of tiles. The tiles of the study area are mosaicked 

using mosaic images tool from data preparation tool bar of Erdas Imagine 2013 and then is 

clipped using Himachal Pradesh boundary shapefile in Arc Map 10 by using clip in extract in 

analysis tool from arc toolbox. Slope is generated using the slope tool in surface, spatial 

analysis tools, where slope is calculated in percentage from SRTM-DEM data. Aspect is 

generated in the same way as the slope from SRTM-DEM of 90 meters resolution using Aspect 

tool from raster surface in 3D analyst tool from arc toolbox in Arc Map 10 software. 

 4.3.3.3 Bioclimatic variables creation for present using worldclim data in DIVA GIS - 

Bioclimatic variables are generated by the amalgamated work of two software simultaneously, 

one being DIVA GIS and the other one is Arc map 10. Climate data is available in monthly 

precipitation (prec), monthly maximum temperature (tmax) and monthly minimum temperature 

(tmin) in grid form for the entire globe. Firstly precipitation layer of first month prec1 is taken, 

from which study area is extracted using extraction by mask from spatial analyst tool in arc map 

10 program, then this masked file is reprojected to the desired projection, which in this case is 

LCC i.e., Lambert conformal conic projection. Afterwards, this reprojected file is converted to 

ascii form since only ascii format file can be incorporated into the DIVA GIS environment. 

Same sequence of steps is done for rest precipitation files (prec2 to prec12), maximum 

temperature files (tmax1 to tmax12) and minimum temperature files (tmin1 to tmin 12). After 

getting all the 36 files in ASCII form, they are all imported into DIVA GIS environment from 

multiple Arc ASCII form to grid files. Then from these grid files, climate files are generated 

using climate tool from data tool bar. Then in climate data to map tool in DIVA GIS, bioclim is 

selected to generate the all nineteen bioclimatic parameters for the entire study area. 

 4.3.3.4 Bioclimatic variables creation for future using worldclim data in DIVA GIS - 

Future worldclim climatic data is based on the IPCC scenarios. A2a & B2a scenarios climatic 

data for the years 2050 and 2080 are taken for the current study. First for A2a scenario climatic 

data for the year 2050 is downloaded in the form of monthly precipitation (prec1 to prec12), 

monthly maximum temperature (tmax1 to tmax12) and minimum temperature (tmin1 to tmin12) 

and the same sequence of steps are applied to them which were followed for worldclim data of 
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present for the generation of nineteen bioclimatic layers for A2a scenario 2050. Same is done 

for A2a scenario 2080 climate data, B2a scenario 2050 climate data and B2a scenario 2080 

climate data for the generation of nineteen bioclimatic layers of A2a scenario 2080, B2a 

scenario 2050 and B2a scenario 2080 respectively using Arc Map 10 and DIVA GIS software. 

4.3.4 Environmental Niche Modeling - 

 4.3.4.1 Maximum entropy based species distribution modeling using MaxEnt - 

MaxEnt is one of the most used models for species distribution modeling which is based on 

maximum entropy i.e., on the information contained within the layers where the magnitude of 

impact of environmental variables on the species distribution is measured and predicted. In 

MaxEnt, present locations of all the associated species are used in predictions as background 

information across the entire study area together with topographical & bioclimatic parameters. 

Firstly, together with slope, aspect and altitude, nineteen bioclimatic parameters are converted 

to ASCII format and is incorporated into MaxEnt environment and then CSV file of location of 

species is added one by one and MaxEnt output is generated separately for each seven species 

i.e., Betula utilis, Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ 
leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus 

roxburghii. Response curves and do jackknife analysis is checked, and settings are done with 

replicates as fifteen and maximum iterations as 5000 for generating a good output. Finally 

distribution map of each of the seven species is generated separately for further analysis. 

 4.3.4.2 Multiple pair wise correlation through R - 

All the twenty two parameters i.e., slope, aspect and altitude along with nineteen bioclimatic 

parameters were used for determining the distribution of each of the seven species across the 

entire study area. If  highly correlated data is used for determining species distribution then it 

will lead to over-prediction. To overcome such a drawback, highly correlated datasets needs to 

be separated out and this was achieved by running multiple pair-wise correlation among these 

twenty two parameters in R software domain and a matrix of co-efficient of determinance i.e., r
2
 

is generated. Twenty two environment variables were reduced to thirteen for all the seven 

species and four to eight for specific species with the help of jackknife analysis from MaxEnt 

results and r
2
 matrix from R software. 

 4.3.4.3 Genetic algorithm based species distribution modeling using GARP - 

Genetic algorithm for rule based prediction (GARP) is also a very good model for determining 

species distribution. CSV location files of each of the seven species is taken one by one together 
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with the reduced no. of environment variables for generating specific species distribution map. 

Firstly, GARP datasets were generated using dataset manager, GARP dataset extension in 

Arcview software. Then all the datasets i.e. thirteen environment variable files are converted 

into ASCII grids and are loaded and saved in GARP dataset manager. Finally, desktop GARP is 

run using this saved datasets and uploaded CSV location file of each of the seven species i.e., 

Betula utilis, Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ 
leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus 

roxburghii  and ascii grids and bit maps of species distribution is generated using all types of 

rules and 1000 maximum iterations. 

 4.3.4.4 Developing predictive niche model - 

MaxEnt and GARP both requires species occurrence data for running, therefore making them 

non-functional for predicting species distribution for future. So, formulating a predictive niche 

model which can predict the distribution of species for present and future also is utmost 

necessary. This is only possible when a model is developed for the present on the basis of 

results of already proven and validated models which in this case are MaxEnt and GARP in 

such a manner that locations of species occurrences is not required in the prediction. When the 

developed predictive model gives the same result of species distribution for present as that of 

MaxEnt or GARP without incorporating species occurrences locations, then the model is trained 

and is ready for predicting the species distribution for future also, thus giving us the ability to 

ascertained the impact of climate change on species distribution and their association. 

 4.3.4.5 Training and calibrating of predictive niche model - 

From MaxEnt and GARP results for species distribution, jackknife analysis and r
2
 matrix (index 

of determinance), the most important environmental variables were determined which is having 

the most impact on distribution of each species specifically. Using model maker in Erdas 

Imagine 2013, algorithm was developed separately for each species and was trained one by one 

by the process of thresholding using range parameters. 

Specific predictive niche model for Cedrus deodara is developed and is shown below - 
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Fig. 4.5 Predictive niche model for Cedrus deodara (based on seven bioclimatic 

Similarly predictive niche model of other species namely Rhododendron arb., Quercus dilatata, 

Quercus incana/ lanata/ leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Betula 

utilis and Pinus roxburghii is formulated. 

            4.3.4.6 Prediction of Niche surfaces for present and future from predictive niche model - 

MaxEnt and GARP outputs are generated in ASCII form, so the first step is to convert them into 

raster form from conversion tool in Arc map 10 software. Then the raster form are reclassified 

to generate the output in 10 classes, namely 10-20, 20-30, 30-40 to 90-100 where each class 

represents the probability percentage of distribution. Then range parameters is calculated for 

each zones using zonal statistics in spatial analyst tool in Arc map 10 software between the 

model output and each species specific bioclimatic variable for e.g. bio5, bio6, bio12 and bio18 

for Betula utilis. Then thresholding is done for developed predictive niche model and values of 

each present bioclimatic variable is incorporated into it for each zone or percent probability 

distribution classes. Then from predictive niche model, distribution map is generated for each 

species and for each percent probability distribution class. Then each of the 10 distribution 

maps of the species are merged for getting the resultant distribution map for all the classes of a 

particular species. Images are merged in such a manner that each species information remains 

contained in the final distribution image. This is achieved by multiplying each species final 
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distribution image by a constant using times sub tool in trigonometric- math in spatial analyst 

tool in arc toolbox of Arc Map 10 software and then the final times images are added or merged 

by plus sub tool of same category. Following is the flow chart representation of prediction of 

present niche surfaces of Betula utilis from predictive niche model – 

  

 

   

 

 

 

 

 

 

 

 

 

 

Same approach is applied for prediction of present niche surfaces of Rhododendron arb., 

Quercus dilatata, Quercus incana/ lanata/ leucotrichophora/oblongata (Bahadur 1975), Picea 

smithiana, Cedrus deodara and Pinus roxburghii. 

For the prediction of future niche surfaces instead of bioclimatic variables of present, 

bioclimatic variables of future is taken for a specific species for a particular year, for e.g. A2a 

scenario 2050 and are incorporated into the predictive niche model having the same range 

parameters which were taken for present and distribution image for each of the ten percent 

probability classes is generated. Again, all the ten images are merged using model maker in 

Erdas Imagine 2013 image processing software to get the potential niche surfaces of future. 

Then, again the same approach is applied for prediction of future niche surfaces of 

Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ leucotrichophora/oblongata 

Fig. 4.6 Methodology flow diagram for prediction of present and future niche surfaces of 
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(Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus roxburghii for A2a scenario 2080, 

B2a scenario 2050 and B2a scenario 2080 respectively. 

 4.3.5 Environmental Niche Modeling evaluation - 

     4.3.5.1 Calculation of Range parameters of bioclimatic variables with models output- 

From the reclassified image of MaxEnt & GARP output with each bioclimatic parameters, zonal 

statistics is done using spatial analyst tool of arc toolbox of Arc Map 10 software. Using this all 

the range parameters including minimum and maximum value, along with range, median and 

mode is calculated, which is further used in the thresholding of predictive niche model. 

    4.3.5.2 Calculation of Niche overlap for present and future - 

All the distribution maps of the seven associated species in Himalayan moist temperate forest 

for present were incorporated into Arc Map 10 software where area is calculated for each 

distribution image. Final seven distribution images for their respective seven species are merged 

into one combined image using model maker of Erdas imagine 2013 software. By this step an 

all species combined distribution map is generated for getting the association of number of 

species and types of association between the seven species. 

Same approach is applied to future distributions images for year 2050 and 2080 in both the A2a 

and B2a scenarios. By this approach an all species combined distribution map is generated for 

getting the association of number of species and types of association between the seven species 

for future also. This is the most important step in determining the impact of climate change on 

species habitat and their association in Himalayan moist temperate forest of Himachal Pradesh. 

 4.3.6 Analysis of climate change impact on species habitat and their 

association - 

    4.3.6.1 Analyzing number of associated species - 

From each of the seven species, namely Betula utilis, Rhododendron arb., Quercus dilatata, 

Quercus incana/ lanata/ leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus 

deodara and Pinus roxburghii, final five distribution maps are generated, one for present and 

four for future i.e., for A2a scenario 2050, A2a scenario 2080 & B2a scenario 2050 and B2a 

scenario 2080. And for analyzing the number of species all the seven distribution maps of each 

species at one time period is combined & merged via Erdas imagine 2013 model maker and area 

statistics is calculated using add area column and calculate area in the image attributes function 

of Arc Map 10 software. Images are merged in such a manner that each species information 
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remains contained in the final distribution image. This is achieved by multiplying each species 

final distribution image by a constant using times sub tool in trigonometric- math in spatial 

analyst tool in arc toolbox of Arc Map 10 software and then the final times images are added or 

merged by plus sub tool of same category. The combined image of all the species is recoded 

using Erdas Imagine 2013 and the number of associated species map is generated for the 

present. The same approach is done for future distributions images for year 2050 and 2080 in 

both the A2a and B2a scenarios for getting the number of associated species map. 

     4.3.6.2 Analyzing species association - 

The above combine image is recoded using Erdas Imagine 2013 in such a manner that types of 

the association are highlighted. Some of the species association were found to be - Pic_Q.dil, 

Q.lan_Ced, Pin_Pic_Q.lan_Ced, Rhodo_Pin_Pic_Ced, Rhodo_Pin_Pic_Q.lan_Q.dil_Ced, 

Rhodo_Pic_Q.dil_Ced_Betul, Rhodo_Pin_Pic_Q.lan_Q.dil, Pic_Ced_Betul, where Pinus 

roxburghii is represented as Pin, Picea smithiana as Pic, Quercus lanata as Q.lan, Quercus 

dilatata as Q.dil, Cedrus Deodara as Ced, Betula utilis as Betul and Rhododendron arboretum 

as Rhodo, respectively and many others combinations from the above major ones were found to 

be existing, in total 33 combinations were found in present conditions. Similar approach is done  

for analyzing species association for future A2a (2050, 2080) and B2a (2050, 2080) scenarios. 

Many species associations were found to be existing in future conditions in total 28 

associations. Then the recoded distribution images are incorporated in the Arc Map 10 software 

for generating types of species association maps for present and for four time periods of future. 

 4.3.6.3 Analyzing altitudinal shift among species association - 

       4.3.6.3.1 Altitudinal shift among number of species association between present  

  and future - 

For getting the range of altitudinal shift, zonal statistics is done using spatial analyst tool in Arc 

map 10 software between number of associated species map for present and future with altitude. 

The output table is exported in MS excel for generating tables and graph.  

       4.3.6.3.2 Altitudinal shift among species association between present and future - 

For getting the range of altitudinal shift, zonal statistics is done using spatial analyst tool in Arc 

map 10 software between species association types map for Pic_Q.dil, 

Q.lan_Ced,Pin_Pic_Q.lan_Ced, Rhodo_Pin_Pic_Ced, Rhodo_Pin_Pic_Q.lan_Q.dil_Ced, 

Rhodo_Pic_Q.dil_Ced_Betul, Rhodo_Pin_Pic_Q.lan_Q.dil, Pic_Ced_Betul (total 33 association 

types) for present scenario and 28 association types for future scenarios with altitude. The 

output table is exported in MS excel for generating tables and graph. 
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CHAPTER- 5  RESULTS :- 

 5.1 General Overview - 

The research work helped in determining the impacts of climate change on the species habitat 

and their association in Himalayan moist temperate forest (HMTF) in Himachal Pradesh. First, 

with the help of environmental niche model, present niche surfaces of seven associated or most 

dominant species, namely Betula utilis, Rhododendron arb., Quercus dilatata, Quercus incana/ 

lanata/ leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and 

Pinus roxburghii,  of the HMTF is determined and then with the help of those results a 

predictive niche model is developed. This developed predictive niche model is used for 

predicting the potential niche surfaces of the above said species in event of climate change. 

With the help of these result probable impact of climate change on the species distribution and 

their association is determined. 

 5.2 Maximum entropy based species distribution modeling - 

The spatial distribution of all the seven species is modeled using various bioclimatic factors 

through MaxEnt. Distribution of each species is determined with the help of species occurrences 

locations, topography parameters and nineteen bioclimatic variables. Species distribution maps 

were generated (Fig 5.1 a-g) 

  
  (a)               (b) 
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                     Fig. 5.1 Species distribution maps of 

(a) Betula utilis, (b) Cedrus deodara, (c) Picea smithiana, (d) Pinus  roxburghii,(e) Quercus dilatata,(f) 

Quercus lanata, (g) Rhododendron arboretum respectively from MaxEnt. 

(d) (c) 

(e) (f) 

(g) 
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Fig. 5.2 Jackknife graph of Area under curve (AUC) for Betula utilis by Jackknife analysis of 

 MaxEnt model with all environmental variables 

 

Above figure shows the influence of the bioclimatic factors which have the major effect on 

distribution of betula species across Himalayan moist temperate forest of Himachal Pradesh 

which includes altitude range across western Himalayas, mean diurnal range, mean temp. of 

coldest quarter, minimum temperature of coldest month & mean temperature of driest quarter. 

Y-axis in figure 3 shows the bioclimatic factor affecting species distribution & the x-axis shows 

the extent of their impact. We have assumes that if the extent of impact is 90% or more as 

shown by Jackknife estimate, then it has a major impact on the distribution of species. 

Similarly, jacknife graphs of Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ 
leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus 

roxburghii was generated and bioclimatic variables of most impact on species distribution were 

separated out for each specific species. 
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 5.3 Co-efficient of determinance (r
2
) matrix between all bioclimatic      

       variables - 

Correlation coefficient (r) is defined as the measure of linear relationship between two variables 

but coefficient of determinance (r
2
) defines the proportion of the variance on one variable that is 

predictable from the variance of other variable. So, to avoid over-prediction from ENM 

(environmental niche models) r
2
 matrix is generated using R software. In R, linear model is used 

for multiple pair wise correlation for generating the r
2
 matrix (table 5.1) with 6741473 degrees 

of freedom which represents number of replicates denoting each pixel. 

Bioclimatic variables with r
2
 value greater than 0.95 were considered for very high variance 

predictability and were subsequently removed and instead their very important alternative was 

chosen for further analysis. Twenty two environment variables were reduced to thirteen for all 

the seven species and four to eight for specific species with the help of jackknife analysis (Fig 

5.2) from MaxEnt results and the r
2
 matrix from R software.  

Table 5.2 Bioclimatic variables with most impact on distribution of Betula utilis, Rhododendron 

 arb., Quercus dilatata, Quercus incana/ lanata/oblongata (Bahadur 1975), Picea 

 smithiana, Cedrus deodara and Pinus roxburghii, 

Species name Bioclimatic variables with most impact on their distribution 

Betula utilis Altitude, bio5, bio6, bio12, bio15, bio18 

Cedrus deodara Altitude, bio2, bio5, bio6, bio7, bio8, bio14, bio17 

Picea smithiana Altitude, bio5, bio6, bio17 

Pinus roxburghii Altitude, bio5, bio6, bio8, bio16 

Quercus dilatata Altitude, bio2, bio5, bio6, bio7, bio15 

Quercus oblongata Altitude, bio4, bio5, bio6, bio8, bio15 

Rhododendron arb. Altitude, bio5, bio6, bio7, bio8, bio14, bio17 

 

Thirteen bioclimatic variable with most impact on species distribution were found to be -

Altitude, bio2, bio4, bio5, bio6, bio7, bio8, bio12, bio15, bio16, bio17 and bio 18 which are 

mean diurnal range, temperature seasonality, temperature of warmest month, minimum 

temperature of coldest month, temperature annual range, mean temperature of wettest quarter, 

annual precipitation, precipitation seasonality, precipitation of wettest quarter, precipitation of 

driest quarter, precipitation of warmest quarter respectively. 
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Table 5.1 Co-efficient of determinance (r
2
) matrix between twenty two bioclimatic variables. 

  

 

 

 

 

 
alt aspect bio1 bio10 bio11 bio12 bio13 bio14 bio15 bio16 bio17 bio18 bio19 bio2 bio3 bio4 bio5 bio6 bio7 bio8 bio9 slope 

alt 1.00 0.00 0.99 0.99 0.98 0.74 0.76 0.15 0.69 0.75 0.39 0.69 0.32 0.00 0.42 0.53 0.98 0.97 0.16 0.80 0.98 0.16 

aspect 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

bio1 0.99 0.00 1.00 0.99 1.00 0.76 0.76 0.17 0.69 0.75 0.42 0.71 0.34 0.00 0.43 0.57 0.97 0.99 0.18 0.80 0.99 0.15 

bio10 0.99 0.00 0.99 1.00 0.98 0.72 0.75 0.13 0.71 0.74 0.36 0.67 0.29 0.02 0.45 0.48 0.99 0.96 0.12 0.80 0.98 0.17 

bio11 0.98 0.00 1.00 0.98 1.00 0.78 0.77 0.19 0.68 0.76 0.46 0.74 0.37 0.00 0.43 0.63 0.95 1.00 0.23 0.80 0.99 0.13 

bio12 0.74 0.00 0.76 0.72 0.78 1.00 0.92 0.32 0.63 0.93 0.67 0.95 0.54 0.02 0.23 0.64 0.70 0.79 0.29 0.67 0.77 0.07 

bio13 0.76 0.00 0.76 0.75 0.77 0.92 1.00 0.11 0.84 0.99 0.40 0.93 0.28 0.00 0.31 0.49 0.76 0.76 0.13 0.72 0.76 0.14 

bio14 0.15 0.00 0.17 0.13 0.19 0.32 0.11 1.00 0.00 0.12 0.79 0.23 0.82 0.38 0.00 0.41 0.09 0.23 0.56 0.07 0.18 0.03 

bio15 0.69 0.00 0.69 0.71 0.68 0.63 0.84 0.00 1.00 0.82 0.13 0.70 0.06 0.10 0.47 0.30 0.75 0.64 0.02 0.72 0.67 0.23 

bio16 0.75 0.00 0.75 0.74 0.76 0.93 0.99 0.12 0.82 1.00 0.42 0.92 0.30 0.00 0.31 0.48 0.75 0.75 0.13 0.71 0.75 0.14 

bio17 0.39 0.00 0.42 0.36 0.46 0.67 0.40 0.79 0.13 0.42 1.00 0.57 0.91 0.24 0.07 0.70 0.30 0.50 0.62 0.30 0.44 0.00 

bio18 0.69 0.00 0.71 0.67 0.74 0.95 0.93 0.23 0.70 0.92 0.57 1.00 0.40 0.01 0.25 0.63 0.65 0.74 0.27 0.70 0.71 0.08 

bio19 0.32 0.00 0.34 0.29 0.37 0.54 0.28 0.82 0.06 0.30 0.91 0.40 1.00 0.21 0.04 0.52 0.25 0.41 0.50 0.20 0.36 0.00 

bio2 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.38 0.10 0.00 0.24 0.01 0.21 1.00 0.30 0.20 0.04 0.00 0.64 0.02 0.00 0.15 

bio3 0.42 0.00 0.43 0.45 0.43 0.23 0.31 0.00 0.47 0.31 0.07 0.25 0.04 0.30 1.00 0.21 0.47 0.39 0.00 0.42 0.42 0.14 

bio4 0.53 0.00 0.57 0.48 0.63 0.64 0.49 0.41 0.30 0.48 0.70 0.63 0.52 0.20 0.21 1.00 0.42 0.68 0.77 0.46 0.58 0.01 

bio5 0.98 0.00 0.97 0.99 0.95 0.70 0.76 0.09 0.75 0.75 0.30 0.65 0.25 0.04 0.47 0.42 1.00 0.92 0.07 0.81 0.95 0.19 

bio6 0.97 0.00 0.99 0.96 1.00 0.79 0.76 0.23 0.64 0.75 0.50 0.74 0.41 0.00 0.39 0.68 0.92 1.00 0.28 0.78 0.98 0.11 

bio7 0.16 0.00 0.18 0.12 0.23 0.29 0.13 0.56 0.02 0.13 0.62 0.27 0.50 0.64 0.00 0.77 0.07 0.28 1.00 0.10 0.20 0.03 

bio8 0.80 0.00 0.80 0.80 0.80 0.67 0.72 0.07 0.72 0.71 0.30 0.70 0.20 0.02 0.42 0.46 0.81 0.78 0.10 1.00 0.79 0.16 

bio9 0.98 0.00 0.99 0.98 0.99 0.77 0.76 0.18 0.67 0.75 0.44 0.71 0.36 0.00 0.42 0.58 0.95 0.98 0.20 0.79 1.00 0.13 

  

**r2 value > 0.95 is considered. 
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 5.4 Genetic algorithm based species distribution modeling - 

Using GARP (Genetic algorithm for Rule based Prediction) model species distribution 

modeling of Betula utilis, Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ 

leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus 

roxburghii, is done, using present occurrences locations and the 13 bioclimatic variables with 

most impact on species distributions, namely - Altitude, bio2, bio4, bio5, bio6, bio7, bio8, 

bio12, bio15, bio16, bio17 and bio 18. 

Thus, the species distribution map of the seven species were generated but as compared to the 

species distribution map of the species generated from MaxEnt results, GARP results were 

overestimating. Despite taking all the bioclimatic variables MaxEnt results were better than 

GARP where just 13 bioclimatic variables were considered which clearly depicts that MaxEnt is 

best suited for such a kind of research in niche modeling. 

 5.5 Species distribution modeling using developed predictive niche model - 

On the basis of MaxEnt results and range parameters derived from bioclimatic variables with 

most impact on specific species distributions (table 5.2), a predictive niche model was 

developed (Fig. 4.5) and following species distribution map were generated - 

(i) Cedrus deodara - 

  (a) (b) 
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Fig. 5.3 Species distribution maps for Cedrus deodara (a) for present, (b) for A2a 2050, (c) for 

 A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 future scenarios. 

Above maps (Fig 5.3) showing species distribution of Cedrus deodara are divided into six 

classes of its probability distribution namely, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% and 

90-100% i.e., higher the percentage higher the probability of occurrence of Cedrus deodara. 

(c) (d) 

(e) 
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Comparing species distribution map of present with the species distribution of future, a massive 

decline in the species distribution is noticed. Also from the lower parts of Himachal Pradesh i.e. 

Sirmaur, Shimla, Solan and Mandi and even Kangra districts, Cedrus deodara is completely 

gone and is found in only extreme upper parts of H. P. namely Kullu, Chamba, Kinnaur and 

Lahul and Spiti districts clearly showing the suitable areas for the growth of this species where 

it is found with the unsuitable areas for the species to exist where it is not found in event of 

climate change. 

 (ii) Picea smithiana - 

  

   

(a) (b) 

(c) (d) 
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Fig. 5.4 Species distribution maps for Picea smithiana (a) for present, (b) for A2a 2050, (c) for 

 A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 future scenarios. 

Above maps (Fig 5.4) showing species distribution of Picea smithiana are divided into six 

classes of its probability distribution namely, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% and 

90-100%. Comparing species distribution map of present with the species distribution of future, 

a very high decrease in the species distribution is noticed. Also from the lower parts of 

Himachal Pradesh i.e. Sirmaur, Shimla, Solan, Hamirpur districts, Picea smithiana is gone, and 

is found in upper parts of H. P. Mandi, Kangra, Kullu, Chamba, Kinnaur and Lahul and Spiti 

districts which are highly favorable for this species existence since there is a very high increase 

in 80-90% and 90-100% classes in future scenario, since Picea growth is favored in colder 

climate. 

      

(e) 

(iii) Pinus roxburghii -  

(a) 
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Fig. 5.5 Species distribution maps for Pinus roxburghii (a) for present, (b) for A2a 2050, (c) for 

 A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 future scenarios. 

As Pinus roxburghii is found in less colder climatic conditions than all the other species thereby 

limiting it to lower altitude areas of Himachal Pradesh (Fig 5.5). As a result it is one of the two 

species which is severely affected by climate change. Clearly, comparison of species 

distribution maps of Pinus roxburghii of present and future shows the largest decline in the 

potential suitable areas for this species existence. From Hamirpur, Solan, Sirmaur and lower 

parts of Shimla and Mandi districts Pinus gradually dissapears in higher parts of Shimla, Mandi, 

Kullu, Kangra and Chamba. 

 

 

(b) (c) 

(d) (e) 
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(iv) Quercus dilatata - 

    

   

 

(d) 

(a) (b) 

(c) 

(e) 

Fig. 5.6 Species distribution maps for Quercus 

dilatata (a) for present, (b) for A2a 2050, (c) for 

A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 

future scenarios. 
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Above maps (Fig 5.6) showing species distribution of Quercus dilatata are divided into six 

classes of its probability distribution namely, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% and 

90-100%. Comparing species distribution map of present with the species distribution of future, 

a significant large decrease in the species distribution is noticed. Also from the lower parts of 

Himachal Pradesh i.e. Sirmaur, Shimla, Solan, Hamirpur and even Mandi districts, Quercus 

dilatata is absent, and is found in upper parts of H. P. , very less in Kangra, Kullu and Chamba 

and to a very large extent in Kinnaur and Lahul and Spiti districts in 80-90% and 90-100% 

classes in future scenarios as these places are highly favorable for this species existence. This is 

due to the fact that colder climatic conditions are favorable for Quercus dil. growth. 

(v) Quercus incana/ lanata/oblongata - 

  

  
 

(a) (b) 

(c) (d) 
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Fig. 5.7 Species distribution maps for Quercus incana/ lanata/oblongata (a) for present, (b) for 

A2a 2050, (c) for A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 future scenarios. 

Above maps showing species distribution of Quercus incana/ lanata/oblongata are divided into 

six classes of its probability distribution namely, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% 

and 90-100%. Comparing species distribution map of present with the species distribution of 

future, large amount decrease in the species distribution is observed but not as much as 

compared to Quercus dilatata, since Quercus incana is found in relatively less colder climatic 

conditions than Quercus dilatata. The lower parts of Himachal Pradesh i.e. Sirmaur, Solan, 

Hamirpur districts, Quercus lanata is found to be completely absent but it is found in medium 

probability distribution class of 60-70% and 70-80% in Shimla, Mandi, Kangra, Kullu, Chamba 

and Kinnaur districts but is totally absent in Lahul and Spiti because of its very cold climate. 

       

(e) 

(vi) Betula utilis - 

Fig. 5.8 Species distribution map of Betula utilis for present 
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Betula utilis is a tree line species because very cold climatic conditions are favorable for its 

growth and as a result, it is limited to very high altitude areas, mostly in Kinnaur and sparsely 

distributed in Chamba, Kullu, kangra and Lahul and Spiti districts of H. P. Its present 

distribution map shows the same result where very high probability distribution classes of 80-

90% and 90-100% are found in Kinnaur and less probability distribution classes of 40-50% & 

50-60% in Chamba, Kangra & Kullu districts. For future scenarios A2a and B2a for both the 

years i.e., 2050 and 2080, Betula utilis is found to be locally extinct, as there were zero % 

distribution found for it in both the future scenarios. 

(vii) Rhododendron arb.- 

  

  
 

 

(a) (b) 

(c) (d) 
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Fig. 5.9 Species distribution maps for Rhododendron arb. (a) for present, (b) for A2a 2050, (c) 

for A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 future scenarios. 

 

Above maps showing species distribution of Rhododendron arb. is divided into six classes of its 

probability distribution namely, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% and 90-100%. 

Comparing species distribution map of present with the species distribution of future, a very 

high decrease in the species distribution class of very less probability distribution is noticed in 

Sirmaur, Solan, Shimla and Mandi districts across all future scenarios but there is very less or 

no change in the very high probability distribution class of 80-90% and 90-100% in future A2a 

2050 scenario. Therefore from the lower parts of Himachal Pradesh i.e. Sirmaur, Shimla, Solan, 

Hamirpur districts, Rhododendron arb.is gone, and is found in upper parts of H. P. Mandi, 

Kangra, Kullu, Chamba, Kinnaur districts and very less in Lahul and Spiti district which are 

highly favorable for this species existence since Rhododendron growth is favored in colder 

climatic conditions. 

 

Overall there are few common trends in species distribution among all species which are - 

 Taking into account A2a and B2a scenario in comparison with present there is a upward 

shift in altitude, from lower altitude species have either migrated to higher altitude, or 

they have increased their probability in higher altitude regions and become locally 

extinct in lower altitude regions. In increasing shift in altitude perspective the trend is 

A2a>B2a>present i.e., species are found most in lower altitude regions in present, then 

there is high shift in altitude in B2a scenario and highest shift is found in A2a scenario.  

 In years perspective there is highest shift in altitude in A2a 2080 then B2a 2080, then 

comes A2a 2050 and there is least shift in altitude in B2a 2050. 

(e) 
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 5.6 Analyzing Species association using developed predictive niche model - 

      5.6.1 Distribution of number of species association  - 

Predictive niche model results were used to determine the number of species which are found to 

be co-existing together for both the present conditions and in future scenarios. The generated 

maps for each time period are as follows - 

  

(a) (b) 

(c) (d) 
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Fig. 5.10 Species distribution maps showing no. of species in association for (a) present, (b) for 

A2a 2050, (c) for A2a 2080, (d) for B2a 2050 and (e) for B2a 2080 future scenarios. 

 

Above species distribution maps shows no. of species in association of the all the seven species 

namely Betula utilis, Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ 

leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus 

roxburghii. In combination of the presence of these species occurring together constitutes the 

number of species  found in association together.  On comparing, species distribution map 

showing no. of species in association for present with future A2a 2050 and A2a 2080 future 

scenarios it is observed that number of six species occurring together has drastically decreased 

and number of three to four species occurring together has increased manifolds. Also, on 

comparing species distribution map showing no. of species in association for present with future 

B2a 2050 and B2a 2080 future scenarios it is found that six number of species occurring 

together is quite large but there is a upward shift in the altitude, less for B2a 2080 and little 

more for B2a 2080 future scenario. On comparing A2a scenario (both 2050 and 2080) with B2a 

scenario (both 2050 and 2080), it is found that A2a scenarios has most distribution of three and 

four species occurring together and B2a scenario has most distribution of five and six species 

occurring together. 

Following tables gives the clear account of the extent of altitudinal shift among the different 

number of species occurring together in association for present and future scenarios - 

(e) 
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For no. of species found coinciding in the association for present and the future :- 

Table 5.3 Altitudinal range for no. of species associations in present conditions 

 

No. Of species 

Altitude Range (m)  

Area (km2) MIN MAX 

1 325 4847 71573400 

2 527 5166 21405700 

3 522 5184 32455600 

4 519 4838 27672700 

5 546 5527 70578500 

6 594 4293 142725000 

 

Table -5.4 Altitudinal range for no. of species associations in future A2a 2050 conditions 

 

No. Of species 

Altitude Range (m)  

Area (km2) MIN MAX 

1 701 5444 11588700 
 

2 1358 5775 32334300 

3 1027 5454 48779500 

4 1083 5330 121270000 

5 1131 4698 22762300 

6 1056 3940 10951100 
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Table -5.5 Altitudinal range for no. of species associations in future A2a 2080 conditions 

 

No. Of species 

Altitude Range (m)  

Area (km2) MIN MAX 

1 1287 5775 27566800 

2 1262 5483 38777400 

3 1339 5623 32712400 

4 1298 5454 87460500 

5 1382 5235 27863400 

6 1512 4173 9104910 

 

Table -5.6 Altitudinal range for no. of species associations in future B2a 2050 conditions 

 

No. of species 

Altitude Range (m)  

Area (km2) MIN MAX 

1 3156 5427 10150300 

2 1366 5105 11366300 

3 1147 5330 10068800 

4 701 5322 59893700 

5 831 5504 86296500 

6 1056 5285 72298000 
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Table -5.7 Altitudinal range for no. of species associations in future B2a 2080 conditions 

 

 

 

From Table 5.3 to Table 5.7, it is clearly evident that there is a shift in altitude range in the no. of 

species association occurrences in present as compared to future scenarios. For one no. of species 

occurrence found in association, altitude range is decreasing from 325 - 4847 m to 701 to 5444 

m, 1287 to 5775 m, 3156 to 5427 m  and 3356 to 4877 m from present to A2a 2050, A2a 2080, 

B2a 2050 and B2a 2080 respectively. On observing six number of species occurrences found in 

association together, it is found that altitude range is decreasing from 594 - 4293 m to 1056 - 

3940 m and 1512 - 4173 m on comparing with A2a 2050, A2a 2080 future scenarios 

respectively. And when six no. of species occurrences in present is compared with B2a 2050 and 

B2a 2080, it is observed that altitudinal range is changed from 594 - 4293 m to 1056 - 5285 m 

and 1248 - 4138m respectively, which gives the information that altitudinal range of species 

occurrences are decreasing i.e., suitable areas for species are drastically decreasing. Similarly the 

change in the altitudinal range for each number of species types is determined and all shows a 

decreasing trend. Thus clearly depicting the distribution of all the species are limiting in event of 

climate change. 

 

No. of species 

Altitude  Range (m)  

Area (km2) MIN MAX 

1 3356 4877 378136 

2 3136 4976 2765580 

3 1331 5504 15451700 

4 1202 5729 81773700 

5 1056 5775 74856000 

6 1248 4138 70548200 
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  5.6.2 Distribution of species association types  - 

Predictive niche model results were used to determine the types of species association which are 

found to be co-existing together for both the present conditions and in future scenarios. The 

generated maps for each time period are as follows - 

 
Fig. 5.11 Species distribution maps showing species association types for present conditions 
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Above map clearly shows that types of species association which are found in present 

conditions. The major distribution of following species association types is found in decreasing 

order, Rhodo_Pin_Pic_Q.lan_Q.dil_Ced (six no. of species occurrences in association), 

Rhodo_Pic_Q.lan_Q.dil_Ced (five no. of species occurrences in association), 

Rhodo_Pic_Q.dil_Ced (four no. of species occurrences in association), Pin_Q.lan_Q.dil (three 

no. of species occurrences in association) and many other associations but with very less area in 

distribution. This map is clearly in coherence with species distribution map showing no. of 

species in association for present conditions. 

 
Fig. 5.12 Species distribution maps showing species association types for A2a 2050 future 

 scenario 
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Above map shows the species association types dominant for future A2a 2050 scenario. Most 

distribution is found for three and four no. of species association types, thus validating the no. 

of species association types map for A2a 2050 scenario. These most dominant species 

association types are Rhodo_Pic_Q.dil_Ced (4 species), Rhodo_Pin_Pic_Q.lan (4 species), 

Pin_Pic_Q.lan (3 species) and Rhodo_Pic_Q.lan (3 species) and the distribution is mostly 

limited to higher parts of Shimla, Mandi, Kullu, Kangra, Chamba and Kinnaur districts of H.P. 

Rest association types are also there but have very less extent in distribution. Some new 

association types have also formed like Q.dil etc. 

 
Fig. 5.13 Species distribution maps showing species association types for A2a 2080 future 

 scenario 
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Above map shows the species association types dominant for future A2a 2080 scenario. Most 

distribution is found for three no. of species association types which are Rhodo_Pic_Q.lan (3 

species), Pin_Pic_Q.lan (3 species). Species association types have shifted upwards and are 

limited to the extreme higher parts of Shimla, Kullu, Kangra, Chamba, Kinnaur and Lahul and 

Spiti districts.  

 
Fig. 5.14 Species distribution maps showing species association types for B2a 2050 future 

 scenario 

Above map shows the species association types found in B2a 2050 future scenario. The most 

dominant species distribution is of five and four number of species association types. 
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The major distribution is found to be of Rhodo_Pic_Q.lan_Q.dil_Ced (5 species), 

Rhodo_Pic_Q.dil_Ced (4 species), Rhodo_Pin_Q.lan (3 species), Rhodo_Pic_Q.lan (3 species) 

etc. A very less but new association formed of Pic_Q.dil_Ced, and similar new association has 

been formed in event of climate change. In B2a 2050 future scenario the distribution of species 

is better than A2a scenarios i.e., distribution is not limited to just higher altitude areas but is 

found throughout the study area. Still there is an upward shift if distribution is compared to  

present conditions. 

 

 
Fig. 5.15 Species distribution maps showing species association types for B2a 2080 future 

 scenario  
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Above map shows the species association types dominant for future B2a 2080 scenario where 

most distribution is found to be of Rhodo_Pic_Q.lan_Q.dil_Ced (5 species), 

Rhodo_Pic_Q.dil_Ced (4 species), Rhodo_Pin_Q.lan (3 species), Rhodo_Pic_Q.lan (3 species) 

etc. A very less but new association formed of Pic_Q.dil_Ced, and similar new association has 

been formed in event of climate change. The distribution is shift a little upwards in comparison 

to B2a 2050 scenario and is limited to higher parts Shimla, Mandi, Kullu, Kangra, Mandi, 

Chamba, Kinnaur and Lahul and Spiti districts of Himachal Pradesh. 

 

For types of species associations for present and the future :- 

Table -5.8 Altitudinal range in species associations types for present conditions 

 Altitude Range  
Area (km2) Types of association MIN MAX 

Pin 386 1780 72005200 

Pin_Pic_Q.lan_Ced 1399 2140 455949 

Pin_Q.lan 593 2032 13057600 

Pic 2043 5321 13693200 

Pic_Ced 2740 4052 405000 

Q.lan 853 1869 962847 

Rhodo_Pin_Pic_Ced 1329 2306 122715 

Rhodo_Pin_Pic_Q.dil_Ced 1524 2563 272403 

Rhodo_Pin_Pic_Q.lan_Ced 988 2616 35868900 

Rhodo_Pin_Pic_Q.lan_Q.dil_Ced 1385 2998 14284500 

Rhodo_Pic 2722 5294 3020980 

Rhodo_Pic_Ced 1578 4335 7260110 

Rhodo_Pic_Q.dil_Ced 1580 4293 36815100 

Rhodo_Pic_Q.lan 1864 2446 51354 

Rhodo_Pic_Q.lan_Ced 1075 2466 728676 

Rhodo_Pic_Q.lan_Q.dil_Ced 1481 3481 44961500 

Q.lan_Ced 924 2056 429300 

Pic_Betul 2944 3613 13932 

Pic_Ced_Betul 2815 3944 104085 

Pic_Q.dil 2083 3750 209385 

Pin_Ced 1333 1795 13851 

Pin_Q.lan_Ced 742 2078 11221300 

Pin_Q.lan_Q.dil 2028 2528 43173 

Pin_Pic_Q.lan_Q.dil 2042 2338 14499 

Table 5.8 continued . . . 
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Table -5.9 Altitudinal range in species associations types for future A2a 2050 scenario 

 Altitude Range New associations 
formed 

 
Area (km2) 

Types of association MIN MAX  

Pin 1027 2769  20048600 

Pin_Pic_Ced 1431 2304 New  association 51901 

Pin_Pic_Q.lan 1130 2809 New  association 15014200 

Pin_Pic_Q.lan_Ced 1289 2668  1408740 

Pin_Q.lan 1056 2450  748857 

Pic 1809 4330  2031550 

Pic_Ced 3243 4756  467109 

Pic_Q.dil_Ced 1409 4578 New  association 2253980 

Pic_Q.lan 1291 3418 New  association 5145610 

Pic_Q.lan_Ced 1461 2285 New  association 526424 

Q.dil 2323 4616  10914000 

Q.lan 1191 2363  200189 

Rhodo 2077 4854 New  association 14473000 

Rhodo_Pin 1755 3146 New  association 318820 

Rhodo_Pin_Pic_Ced 1442 2912  467109 

Rhodo_Pin_Pic_Q.dil_Ced 1512 3469  2765580 

Rhodo_Pin_Pic_Q.lan 1262 3154 New  association 20278400 

Rhodo_Pin_Pic_Q.lan_Ced 1298 2877  2372620 

Rhodo_Pin_Pic_Q.lan_Q.dil_Ced 1749 2686  163117 

Rhodo_Pin_Q.lan 1595 3069 New  association 845244 

Rhodo_Pic 2086 3966  2750750 

Rhodo_Q.lan_Ced 933 1913 675135 

Rhodo_Pic_Betul 2831 3519 21546 

Rhodo_Pic_Ced_Betul 2539 5505 2763880 

Rhodo_Pic_Q.dil 2318 3469 44064 

Rhodo_Pic_Q.dil_Ced_Betul 2432 5527 8044190 

Rhodo_Pic_Q.lan_Q.dil 2062 2462 7938 

Rhodo_Pin_Ced 1465 1796 7290 

Rhodo_Pin_Q.lan_Ced 741 2239 12860500 

Rhodo_Pin_Pic_Q.lan_Q.dil 1953 2322 6480 
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Rhodo_Pic_Ced 3133 5082  3862910 

Rhodo_Pic_Q.dil_Ced 1978 5196  21212700 

Rhodo_Pic_Q.lan 1458 3930  27700300 

Rhodo_Pic_Q.lan_Ced 1704 2973  481938 

Rhodo_Pic_Q.lan_Q.dil_Ced 1793 3947  3677550 

Rhodo_Q.lan 1776 3635 New  association 889731 

 

Table -5.10 Altitudinal range in species associations types for future A2a 2080 scenario 

 Altitude Range New associations 
formed 

 
Area (km2) 

Types of association MIN MAX  

Pin 1298 5483  14139300 

Pin_Pic_Ced 1547 3302 New  association 1119580 

Pin_Pic_Q.lan 1645 3368 New  association  5620130 

Pin_Pic_Q.lan_Ced 1939 2410  44486.5 

Pin_Q.lan 1591 3069  3951890 

Pic 2053 5099  5034390 

Pic_Ced 3172 4749   578325 

Pic_Q.dil_Ced 2244 4954 New  association 4107590 

Pic_Q.lan 1990 3611 New  association 3262350 

Q.dil 2591 5082  22636200 

Q.lan 1773 2618  370721 

Rhodo 1585 2801 New  association 355892 

Rhodo_Pin 1849 2886 New  association 1075090 

Rhodo_Pin_Pic_Ced 1796 2715  96387.5 

Rhodo_Pin_Pic_Q.dil_Ced 1750 3765  1416150 

Rhodo_Pin_Pic_Q.lan 1578 3475 New  association 6850930 

Rhodo_Pin_Q.lan 1556 3070  1356840 

Rhodo_Pic 2009 4250  9497880 

Rhodo_Pic_Ced 2443 4406  392964 

Rhodo_Pic_Q.dil_Ced 2061 4712  15659300 

Rhodo_Pic_Q.lan 1842 4275  18269100 

Rhodo_Pic_Q.lan_Ced 1793 3512  852659 

Rhodo_Pic_Q.lan_Q.dil_Ced 2004 4259  4322610 

 

 



Modeling Climate Change Impacts on Species Habitat & their Association in 
Himalayan Moist Temperate Forest of Himachal Pradesh 

 

62 
 

 

Table -5.11 Altitudinal range in species associations types for future B2a 2050 scenario 

 

 Altitude Range New associations 
formed 

 
Area (km2) 

Types of association MIN MAX  

Pin 701 2689  24519500 

Pin_Pic_Q.lan_Ced 1464 1667  14828.8 

Pin_Q.lan 1056 2391  1534790 

Pic 1731 5082  7444080 

Pic_Ced 2925 4699  696956 

Pic_Q.dil_Ced 2310 4503 New  association 3151130 

Q.dil 2591 4580  8763850 

Q.lan 1572 2106  111216 

Rhodo 1877 2148 New  association 14828.8 

Rhodo_Pin 1558 2571 New  association 1119580 

Rhodo_Pin_Pic_Ced 1595 3016  363307 

Rhodo_Pin_Pic_Q.dil_Ced 1512 3113  2024140 

Rhodo_Pin_Pic_Q.lan 1448 2899 New  association 971290 

Rhodo_Pin_Pic_Q.lan_Ced 1298 3069  4975080 

Rhodo_Pin_Pic_Q.lan_Q.dil_Ced 1262 3154  9275440 

Rhodo_Pin_Q.lan 1538 2316 New  association 96387.5 

Rhodo_Pic 1775 4954  8474690 

Rhodo_Pic_Ced 2915 4717   3655310 

Rhodo_Pic_Q.dil_Ced 1750 5196  28404700 

Rhodo_Pic_Q.lan 1749 3859  2780410 

Rhodo_Pic_Q.lan_Ced 1571 3036  1112160 

Rhodo_Pic_Q.lan_Q.dil_Ced 1458 3947  28923700 

Rhodo_Q.lan 2222 2416 New  association 51901 
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Table -5.12 Altitudinal range in species associations types for future B2a 2080 scenario 

 

 Altitude Range New associations 
formed 

 
Area (km2) 

Types of association MIN MAX  

Pin 1056 2835  16319100 

Pin_Pic_Ced 2111 2912 New  association 59315.4 

Pin_Pic_Q.lan_Ced 1382 2732  155703 

Pin_Q.lan 1339 2676  1393910 

Pic 1937 5330  13531300 

Pic_Ced 3282 4569  578325 

Pic_Q.dil_Ced 2694 4663 New  association 1594100 

Q.dil 3000 4654   2135350 

Q.lan 1490 2426  563496 

Rhodo_Pin 1926 2681 New  association 96387.5 

Rhodo_Pin_Pic_Ced 1512 3016   1000950 

Rhodo_Pin_Pic_Q.dil_Ced 1547 3469  2847140 

Rhodo_Pin_Pic_Q.lan 1673 3048 New  association 430037 

Rhodo_Pin_Pic_Q.lan_Ced 1550 2877  919389 

Rhodo_Pin_Pic_Q.lan_Q.dil_Ced 1485 3363  14880700 

Rhodo_Pin_Q.lan 1725 3069 New  association 37072.1 

Rhodo_Pic 2077 5099  16556400 

Rhodo_Pic_Ced 2999 5082  6346750 

Rhodo_Pic_Q.dil_Ced 1983 5196  30065500 

Rhodo_Pic_Q.lan 1831 3716  756271 

Rhodo_Pic_Q.lan_Ced 1793 3417  511595 

Rhodo_Pic_Q.lan_Q.dil_Ced 1609 4554  35648600 

 

 

Table 5.8 to table 5.12 shows the altitudinal range in species associations types for present, 

future A2a 2050, A2a 2080, B2a 2050 and B2a 2080 scenarios. From the above tables it can be 

observed that from 33 no. of association types just 23 to 24 association types are left on 

comparing present to future scenarios. Many species associations types are lost and many new 

association types have formed thus giving us the clear idea about the species association in 
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Himalayan moist temperate forest type in Himachal Pradesh in event of climate change. 

Altitudinal range of constant association is shifted on going from present to future scenarios.  

For Pin_Pic_Q.lan_Ced, a constant association type altitudinal values for both maximum and 

minimum is increased thereby shifting the association type upwards by a factor of approx. 500m 

if we compare the association type from present to A2a 2080 future scenarios. Similarly by 

observing the range the altitudinal shift is determined.  

 

On one hand a new species association type, Rhodo_Q.lan is formed in A2a 2050 and B2a 2050 

future scenarios, but it is lost in the year 2080 of both the scenarios and on other hand a constant 

species association type i.e., Rhodo_Pic_Q.lan_Q.dil_Ced has shown more or less similar 

altitudinal range with little variation either in minimum or sometimes in maximum values of 

altitude and therefore is found in all the time periods i.e., in present and future scenarios. 
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CHAPTER- 6  DISCUSSIONS :- 

 

 6.1 Overview of species distribution modeling through ENM   

      (environmental niche models), MaxEnt and GARP - 

 

Environmental constraints are known to have a impact on species distribution. Any change in 

the climatic conditions will have a direct effect on a species and in turn the species gives a 

response in terms of its spatial distribution. Now, this response is measured by a number of 

optimization techniques which are also referred to as niche models. These niche models are 

very efficient in determining the species distribution from incomplete information i.e., based on 

the available information from known locations these models predicts the distribution of species 

at an unknown location by using some rules or methods (Elith et al. 2011). Based on the 

accuracy of their result these models efficiency is determined. So, the best suited niche models 

are chosen for a specific research study and then the model is calibrated and evaluated to give 

the results. In this research the best suited niche models for determining species distribution of 

Betula utilis, Rhododendron arb., Quercus dilatata, Quercus incana/ lanata/ 
leucotrichophora/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus 

roxburghii, are chosen, which were maximum entropy based niche model i.e., MaxEnt and 

genetic algorithm based which is GARP i.e., genetic algorithm for rule based prediction 

(Peterson, Pape\cs, and Eaton 2007; Wang et al. 2010a).  

The spatial distribution (Austin 2002) of all the seven species is modeled using various 

bioclimatic factors through MaxEnt. Distribution of each species is determined with the help of 

species occurrences locations, topography parameters and nineteen bioclimatic variables and 

their jackknife analysis is done which gave the account of all the parameters which contributes 

the maximum to species distribution . It is a proven fact that if  highly correlated data is used for 

determining species distribution then it leads to over-prediction (Halvorsen 2013). To overcome 

such a drawback, highly correlated datasets were separated out and this was achieved by 

running a linear model based on multiple pair-wise correlation among these twenty two 

parameters in R software domain and a matrix of co-efficient of determinance i.e., r
2
 was 

generated. With the help of jackknife analysis from MaxEnt results and r
2
 matrix from R 

software, twenty two environment variables were reduced to thirteen. From these thirteen 

variables GARP model was run which gave over prediction. Thus, it was proven that MaxEnt is 

much better in determining the species distribution than MaxEnt since, even though it took into 

account all the twenty two environmental variables still it gave better results than GARP. So, 

the best suited ENM (environmental niche model) for such a kind of research is MaxEnt. 
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 6.2 Predictive Niche Modeling - 

  6.2.1 Predicting for present conditions - 

MaxEnt and GARP both requires species occurrence data for running (Peterson, Pape\cs, and 

Eaton 2007), therefore this limitation makes them non-functional for predicting species 

distribution for future. So, formulating a predictive niche model which can predict the 

distribution of species for present and future also was utmost necessary. So, on the basis of 

results of already proven and validated models which in this case is MaxEnt, a predictive niche 

model was developed in such a manner that locations of species occurrences is not required in 

the prediction. With the help of jackknife analysis from MaxEnt results and the r
2
 matrix, 

thirteen bioclimatic variables with most impact on species distribution were determined.  Thus 

developed predictive model gives the same result of species distribution for present as that of 

MaxEnt where maps showing species distribution of all the species separately. Maps were 

divided into six classes of its probability distribution namely, 40-50%, 50-60%, 60-70%, 70-

80%, 80-90% and 90-100% i.e., higher the percentage higher the probability of occurrence. 

These maps clearly differentiate the suitable areas for the growth of these species where they is 

found with the unsuitable areas for the species to exist where they were not found in event of 

climate change (Parry 2007). Thus, the model is trained and is ready for predicting the species 

distribution for future also, and giving us the ability to ascertained the impact of climate change 

on species distribution and their association.  

  6.2.2 Predicting for future scenarios - 

The overall concept of upward shift to the higher altitude regions by species in event of climate 

change (Kelly and Goulden 2008; Davis and Shaw 2001) is proven by this research work. There 

is a very large extent of decrease in the distribution of species in the lower altitude regions for 

future conditions, since the temperature is becoming warmer so there is upward shift in the 

species distribution, moving away from warmer climate towards the colder one (Davis and 

Shaw 2001). Very high increase of the species distribution in higher altitude regions proves this 

notion. Also, clear evidence of changes in the species association in future scenarios, deviating 

from the species association of present conditions is shown. Many types of associations are lost 

and few new ones are formed. This is due to the fact that each species has a specific tolerance 

range for temperature and precipitation regimes which determines its distribution pattern across 

a landscape. Any change in the temperature or precipitation regime will affect each species in a 

different way thereby limiting the geographical distribution of the species. As climate is 
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changing with a very alarming rate and as projected by the IPCC in their scenarios (Parry 2007), 

both the temperature and precipitation will only increase with time. Therefore, the places which 

are lying within the specific species temperature and precipitation tolerance range will be 

suitable for the species to occur and where these limits are either exceeded or is not upto the 

specific species threshold then species will be extinct from that place. This research work gave 

the same result for Betula utilis which is projected to be locally extinct in the event of climate 

change in future scenarios (both A2a and B2a).  

The species with same tolerance and threshold limit of temperature and precipitation regimes 

are found in association together. Any area where any specific species range limits are not met, 

then the species will disappear from that spot and the association is be lost. The reverse is also 

true, if in any area change in the climatic regimes, particularly temperature and precipitation 

regimes are changed due to climate change and the area comes within the temperature and 

precipitation range of a particular species then the species will appear in that area and in turn 

forms new associations with other species which are found in that region.   

Species distribution were found to be properly distributed across the vegetation type in present 

conditions. Distributions are shifting upwards for future scenarios, more for A2a scenarios since 

more warmer conditions are projected for it and less shift for B2a scenarios where sustainable 

resource management is proposed and lesser increase in temperature and precipitation regimes 

are projected on comparison with present conditions. Thus, the research work gives clear idea 

about the way to proceed for future if biodiversity has to be conserved (Warren et al. 2013). 

Therefore, sustainable management of resources is a must and the areas threatened by the 

phenomenon of biodiversity loss should be carefully managed. Various mitigation and 

adaptation strategies should be generalized or formulated for climatically vulnerable areas for 

the conservation of specific species. 
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CHAPTER- 7  CONCLUSIONS AND RECOMMENDATIONS :- 

 7.1 Conclusion - 

This research work concludes very important aspects of climate change and species distribution 

modeling which are as follows - 

 For environmental niche modeling (ENM), the best suited niche model which should be 

used is maximum entropy based model i.e., MaxEnt. Since, the model itself takes into 

account the high correlation and high variance predictability between the various 

bioclimatic variables to avoid over prediction. It is not the same with GARP (Genetic 

algorithm for rule based prediction) which gave over predicted results; 

 The predictive niche model developed in this research gives very good results for 

predicting the species distribution for present conditions also and as well as for future 

scenarios too. It is very easy to incorporate future IPCC scenarios into this model and 

the model has proved its efficiency in generating results very rapidly and accurately. It 

is better than MaxEnt in this aspect only; 

 Temperature and precipitation regimes has a very huge impact on the distributions of 

species. It is evident from the result of this work that species distributions are governed 

by their specific threshold and tolerance range for temperature and precipitation 

regimes, any change in these ranges will limit the distribution of species to certain 

specific areas; 

 The change in the climatic conditions seriously affects species habitat by forcing them 

to either shift their habitat to suitable regions conducive to their existence. But as the 

accelerated rate with which climate is changing even these suitable habitats becomes 

unsuitable and as a result becomes a very serious threat of biodiversity and species 

loss. Also, along with the habitat this research provide very clear evidence of the 

adverse impact of climate change on species composition with in a region. Species co-

existing together in a association are affected due to change in the climatic conditions 

and as a result their intra/inter species equilibrium is disturbed which greatly influence 

their association types. This can be proved to be very serious threat to the health of the 

ecosystem or any forest community if it result in the loss of some ecosystem services. 
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 7.2 Recommendation - 

There are few recommendations which can enhance the efficiency and impact of this research 

work in the field of climate change and species distribution modeling and these are as follows - 

 The developed predictive niche model efficiency can be enhanced if the result of 

artificial neural network (ANN) on species distribution modeling can also be 

incorporated; 

 Also, if using programming language a code can be generated for removing correlation 

and high variance predictability parameters and is incorporated into the predictive niche 

model then it will become better than MaxEnt model which has this above aspect in-

built in it; 

 Using niche modeling technique which is used in this research work, results can be 

generated for highly vulnerable and threatened species or commercially or medicinally 

important species which will greatly help in formulating some mitigation and 

adaptation strategies for their conservation and preservation. 
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Appendix : Jackknife graphs of Betula utilis, Rhododendron  arb., Quercus dilatata, Quercus incana/ 

lanata/oblongata (Bahadur 1975), Picea smithiana, Cedrus deodara and Pinus roxburghii from MaxEnt 

analysis. 

 

 

Fig. 1 Jackknife graph (Area under curve) for Betula utilis. 
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Fig. 2 Jackknife graph (Area under curve) for Cedrus deodara. 

 
Fig. 3 Jackknife graph (Area under curve) for Picea smithiana. 
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Fig. 4 Jackknife graph (Area under curve) for Pinus roxburghii. 

 
Fig. 5 Jackknife graph (Area under curve) for Quercus dilatata. 
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Fig. 6 Jackknife graph (Area under curve) for Quercus incana/ lanata/oblongata. 

 
Fig. 7 Jackknife graph (Area under curve) for Rhododendron arboreum. 


