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Role of Mathematical Modeling in Preventing Natural Disaster 

 

Dr. Gaurav Varshney
 

Abstract:  

Uttarakhand has always been prone to earthquakes, cloud bursts or flooding.Mathematics 

is an extraordinary exercise of the human mind in abstracting the results of observation to find 

similarities and differences between phenomena. These relations between phenomena make it 

possible to organize the natural world into discrete sets of objects that can be studied using 

similar mathematical objects and methods.Natural disasters cannot be prevented; scientists can 

use Mathematical Modeling to help limit the damage.Mathematical models are used to 

summarize relationships between the characteristics of natural disasters. They are ultimately used 

to answer questions that humans have about natural disasters, and predict the results of events 

that have not occurred, but may be possible or even likely. In this paper, Mathematical models of 

some problems related to Natural disaster are discussed.  

Introduction:  

Natural disasters that occur on terrestrial environment are those that are triggered due to: 

(i) Internal disturbances/adjustments (e.g. tectonic activity) such as earthquakes, and volcano 

eruptions. The direct effects of such disasters of endogenic origin include Tsunamis, and 

landslides/snow avalanches; Atmospheric pollution. 

(ii) Atmospheric disturbances (e.g. weather related) include storms, hurricanes, typhoons, 

sandstorms, tornadoes, and ground water depletions. The effects due to these disturbances 

include ozone depletion, drought/famine, global warming, and floods. 

(iii) Neither endogenic nor exogenic origins, but are essentially due to anthropogenic activity 

(e.g. CO2 emissions, forest fires, disease and epidemic spread). 

Natural disasters can be classified in five major categories.  

ü Meteorological: Storms, hurricanes, cyclones, tornadoes, typhoons, heat waves  

ü Hydrological: Floods, avalanches  

ü Climatological: Droughts, wildfires  

ü Geophysical: Earthquakes, tsunamis, landslides, volcanic eruptions  

ü Biological: Disease outbreaks in humans and animals, famine  

According to the Centre for Research on the Epidemiology of Disasters (CRED) in 2011, 332 

disasters from natural hazards were recorded in 101 countries, causing more than 30 770 deaths, 

and affecting over 244 million people (CRED, 2012). Disasters are severe events that are 

characterised by a sudden onset and affect a large fraction of the population in the area they 

appear. They can be natural such as earthquakes, tsunamis, floods, tornadoes, hurricanes and 

pandemics, or anthropogenic such as industrial accidents, traffic accidents, terrorist attacks.  
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Disasters have the specific feature to be unpredictable and have a substantial public health 

impact in terms of short and long-term adverse-health effects. 

 
 

Mathematical modeling plays a key role in hazard assessment, forecasting and warning.There are 

mainly two categories of Mathematical modeling activities related to disaster mitigation. One is 

the simulation of the phenomena itself, that can be used in scenario analysis to identify risk and 

the other is to forecast the future state of an extreme event currently taking place. Currently 

mathematical modeling is used operationally in weather forecasting, cyclone tracking and 

strength prediction, flood forecasting, lava flows resulting from volcanic eruptions, forest fire 

and management modeling, landslide hazard identification, landslide forecasts, behaviour of 

structures during disasters, relief operations and tsunami modeling.  

At global scale Mathematical modeling is used in long term climatic modeling. The trends 

resulting from these modeling provide fundamental information for environmental policies to 

counteract global climatic changes. At regional scale climatic models are operationally used in 

the weather forecasts. Volcanic ash, forest fire effects are two other areas where regional scale 

monitoring and modeling are used for detection and warning. Tsunami warnings are another area 

where successful predictions have been carried out at global and regional scale.At the national 

and local levels, mathematical models are used in all most all types of disasters. Mathematical 

models are approximations of the physical reality that involves many simplifications and 

assumptions with regards to the natural phenomena being simulated as well as the environment 

being modeled. Proper use of mathematical models depends on the following information used in 

model setup and verification.  

Å Information used to represent the physical and social environment (land cover, topography, 

population distribution, transportation, etc.)  

Å Data used to represent the physical phenomena (ex. Rainfall in case of floods)  

Å Data used to calibrate the models  

Å Data for verification of the models  
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In this respect, one of the most important requirements of mathematical modeling for 

forecasting, warning and risk analysis is the historical data of past disasters as well as long term 

record of magnitude of natural phenomena, even when they do not cause disasters.A 

fundamental difficulty of using model forecasts at the national level lies in interpretation of 

results at this, or at human scale. Due to limitation of computational power and data availability, 

simulations are generally carried out at a scale much coarser than that is applicable in the day to 

day life. While various nesting techniques are tested to increase the resolution at the vulnerable 

areas, unlike in the case of static data, computational methods are not versatile enough to 

arbitrarily change the resolutions in modeling complex interactions related to natural disasters. 

Therefore it is necessary to develop methods to translate the model forecasts to the appropriate 

scale and the predictive capability of the models. In this paper, Mathematical models of the 

following problems related to Natural disaster are discussed.  

Earthquake 

An earthquake (also known as a quake, tremor or temblor) is the result of a sudden 

release of energy in the Earth's crust that creates seismic waves. The seismicity, seismism or 

seismic activity of an area refers to the frequency, type and size of earthquakes experienced over 

a period of time. Many methods have been developed for predicting the time and place in which 

earthquakes will occur. Despite considerable research efforts by seismologists, scientifically 

reproducible predictions cannot yet be made to a specific day or month. However, for well-

understood faults the probability that a segment may rupture during the next few decades can be 

estimated. Earthquake warning systems have been developed that can provide regional 

notification of an earthquake in progress, but before the ground surface has begun to move, 

potentially allowing people within the system's range to seek shelter before the earthquake's 

impact is felt. Strong motion instrument networks have enabled creation of a large number of 

databanks ranging from small to regional and world ones. This data is of a great importance for 

the investigations aimed at prediction of strong earthquake ground motion parameters by 

application of empirical mathematical models fitted to the databanks. These mathematical 

models are referred to as ground motion models or attenuation laws. They define the 

relationships between ground motion parameters and factors that affect the amplitudes of ground 

motion as are the released energy, the regional characteristics, the local soil characteristics, the 

type of fault, the radiation pattern, etc. Ground motion models are defined by application of the 

regression analysis method. Regression coefficients and standard deviation are obtained as a 
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result of the regression analysis. Standard deviation is the measure for the dispersion of the data 

around the computed medium or median value for which a distribution function defined by the 

probability density function is assumed. Regression coefficients and standard deviation are the 

input parameters for the probabilistic seismic hazard analyses. Despite the evident results of the 

progress made in the use of the seismic hazard methodology, there are still uncertainties by 

which the hazard curves are computed. The mathematical models of ground motion have a big 

influence upon the results obtained from the seismic hazard analyses that are applied in practice. 

This justifies the efforts made by a large number of researchers worldwide toward development 

of mathematical models that will best fit the available databanks obtained from occurred strong 

earthquakes. As a result, there is a big number of different mathematical models of ground 

motion [1, 6, 7, 8, 20, 21, 22]. 

Cyclone 

In meteorology, a cyclone is an area of closed, circular fluid motion rotating in the same 

direction as the Earth. This is usually characterized by inward spiraling winds that rotate anti-

clockwise in the Northern Hemisphere and clockwise in the Southern Hemisphere of the Earth. 

Most large-scale cyclonic circulations are centered on areas of low atmospheric pressure. The 

largest low-pressure systems are cold-core polar cyclones and extratropical cyclones which lie on 

the synoptic scale. Weather prediction experts are aware of the existence of several empirical 

conditions that are necessary but not sufficient for the formation of cyclones. The first of these 

requires the sea temperature to be at least 26 C through a depth of at least 60 m. A second 

requirement is the absence of significant vector changes of the mean wind that extends into the 

troposphere. Relative humidity will have to be 85% or more for a long time throughout the 

region of storm formation and development. There are other empirical conditions as well, but 

even when they are satisfied, storm formation usually does not take place. In fact necessary 

climatic and geographical conditions for the formation of the tropical storms prevail over large 

areas of the earth during storm seasons, yet the actual occurrence of a storm is a relatively rare 

phenomenon. This indicates that there must be a rare coincidence of circumstances before 

development of a storm. The formation always occurs in connection with some kind of 

preexisting disturbance associated with a deep cloud layer. All of these disturbances do not 

intensify into tropical storms. Only a small percentage of these systems start intensifying. 

Numerous studies have been made to clarify the process of their formation, but no general 

mechanism has yet been accepted. The first experiment starts with a maximum wind of 43.2 

km/h. After about three days, the vortex rapidly intensifies to nearly steady state amplitude of 

about 162 km/h. The second experiment is identical to the first, except that it was started with a 

maximum wind of only 7.2 km/h. The model storm in this case did not amplify even after 150 h 

had elapsed. Apparently, the model needs a sufficient ñkickò (disturbance) to get a cyclone 

started. In nature, an asymmetric disturbance, such as an easterly wave, is almost always 

observed to precede the occurrence of tropical cyclones [4, 11, 14]. 

Tsunami 

A tsunami is a series of water waves caused by the displacement of a large volume of a 

body of water, generally an ocean or a large lake. Earthquakes, volcanic eruptions and other 

underwater explosions (including detonations of underwater nuclear devices), landslides, glacier 

calvings, meteorite impacts and other disturbances above or below water all have the potential to 

generate a tsunami. 
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Tsunami waves do not resemble normal sea waves, because their wavelength is far longer. 

Rather than appearing as a breaking wave, a tsunami may instead initially resemble a rapidly 

rising tide, and for this reason they are often referred to as tidal waves. Tsunamis generally 

consist of a series of waves with periods ranging from minutes to hours, arriving in a so-called 

"wave train". Wave heights of tens of meters can be generated by large events. Although the 

impact of tsunamis is limited to coastal areas, their destructive power can be enormous and they 

can affect entire ocean basins; the 2004 Indian Ocean tsunami was among the deadliest natural 

disasters in human history with at least 290,000 people killed or missing in 14 countries 

bordering the Indian Ocean.Recent progress in mathematical modeling of tsunami is due to the 

increasing demand for protection of disaster prone objects. A new generation of national tsunami 

warning systems is based on the local networks tuned to capture the geographical, morphological 

and social factors peculiar to the protected coast. Local networks provide an alternative to the 

larger regional systems developed before. They allow for better response times and higher 

precision predictions, and not only reduce the overall damage from natural hazards and assure 

protection of potentially dangerous objects as nuclear power plants situated in the coastal zone or 

nuclear power driven vessels, but also decrease the probability of a false alert. With the 

development of such systems new efficient methods for modeling of tsunami waves 

transformation in the coastal zone and runup on the shore are required [3, 5, 6, 19]. 

Landslide 

A landslide, also known as a landslip, is a geological phenomenon which includes a wide 

range of ground movements, such as rockfalls, deep failure of slopes and shallow debris flows, 

which can occur in offshore, coastal and onshore environments. Although the action of gravity is 

the primary driving force for a landslide to occur, there are other contributing factors affecting 

the original slope stability. Typically, pre-conditional factors build up specific sub-surface 

conditions that make the area/slope prone to failure, whereas the actual landslide often requires a 

trigger before being released. Specific concepts and mathematical techniques associated with 

nonlinear dynamical systems (NDS) theory have been widely promoted and applied in virtually 

every scientific discipline including seismology, geomorphology and landslide hazards. 

These concepts include chaos, fractal geometry and catastrophe theory. The utility of NDS 

concepts and techniques in landslide hazards allows us to make deep insights into landslide 

mechanisms. NDS theory is also a way of attracting many people to pay more attention to the 

study of the evolutionary process of landsliding [9, 10, 15, 16, 17, and 18]. 

Flood 

A flood is an overflow of water that submerges land which is usually dry. The European 

Union (EU) Floods Directive defines a flood as a covering by water of land not normally covered 

by water. In the sense of "flowing water", the word may also be applied to the inflow of the tide. 

Flooding may occur as an overflow of water from water bodies, such as a river or lake, in which 

the water overtops or breaks levees, resulting in some of that water escaping its usual boundaries, 

or it may occur due to an accumulation of rainwater on saturated ground in an areal flood. While 

the size of a lake or other body of water will vary with seasonal changes in precipitation and 

snow melt, these changes in size are unlikely to be considered significant unless they flood 

property or drown domestic animals. 
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Floods can also occur in rivers when the flow rate exceeds the capacity of the river channel, 

particularly at bends or meanders in the waterway. Floods often cause damage to homes and 

businesses if they are in the natural flood plains of rivers. While riverine flood damage can be 

eliminated by moving away from rivers and other bodies of water, people have traditionally lived 

and worked by rivers because the land is usually flat and fertile and because rivers provide easy 

travel and access to commerce and industry [2, 12, 13]. 

The disordered occupation of the urban centers is explained by the historical development of the 

use of free areas. Due to the great difficulty of the way of transportation in the past, the river was 

used as the main road. In reason of that, the cities began growing close into the margins of the 

rivers or in coastal areas. However, for the old residents own experience, the population tried to 

inhabit the highest areas where the river difficultly would arrive. With the disordered growth of 

the cities, mainly in the second half of the century XX, the areas of considerable risk, as the 

meadows flooded were occupied, bringing, as consequences, great damages for these 

populations. To begin the studying of urban planning, close of any river, it is necessary to know 

the dynamics of the one. In other words, it tries to know as the river answers to an inundation, 

considering that the propagation of a flood wave, in the space and in the time, is a complex 

problem. 

The Saint-Venant equations represent a good way to describe problems concerning with flood 

waves propagations in open channels. This is a physical process of high complexity, caused by 

an intense rain or the breaking of any control structure, which represents an interesting problem 

to be studied. The solution of this kind of problem passes, invariably, for the development of 

methods that allow solving the equations of Saint-Venant. These non-linear equations contain, in 

its mathematical representation, all elements that, directly or indirectly, is Applied Mathematical 

Modeling to Study Flood Wave Behavior in Natural Rivers related with the behavior of the flow 

in the channel. Through those equations it can be determined all the hydrodynamic of the system 

and it can be verified the possible risk of occurrence of inundations. It is enough that, for that, 

the function is modeled appropriately. Evidently, the modeling of such functions implicates in 

more efforts in the process of solution of the equations. 

Mathematical Modeling: 

A mathematical model is a description of a system using mathematical concepts and 

language. The process of developing a mathematical model is termed mathematical modeling. 

Mathematical models are used not only in the natural sciences (such as physics, biology, earth 

science, meteorology) and engineering disciplines (e.g. computer science, artificial intelligence), 

but also in the social sciences (such as economics, psychology, sociology and political science); 

physicists, engineers, statisticians, operations research analysts and economists use mathematical 

models most extensively. A model may help to explain a system and to study the effects of 

different components, and to make predictions about behaviour. 

Mathematical models can take many forms, including but not limited to dynamical systems, 

statistical models, differential equations, or game theoretic models. These and other types of 

models can overlap, with a given model involving a variety of abstract structures. In general, 

mathematical models may include logical models, as far as logic is taken as a part of 

mathematics. In many cases, the quality of a scientific field depends on how well the 
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mathematical models developed on the theoretical side agree with results of repeatable 

experiments. Lack of agreement between theoretical mathematical models and experimental 

measurements often leads to important advances as better theories are developed. 

Mathematical modeling is the use of mathematics to 

ü describe real-world phenomena 

ü investigate important questions about the observed 

ü world 

ü explain real-world phenomena 

ü test ideas 

ü make predictions about the real world 

Mathematical Models of Earthquake Ground Motion 

The starting point is a general empirical ground motion model in which ground motion 

parameter-Y depends on magnitude- M, distance- R and local soil conditions- S. It isgiven in 

Equation 1 

lnY = b + bMM + bR ln(Rh +C) + bSS +ů lnYP (1) 

where, 

Y -peak ground acceleration- PGA, or peak ground velocity- PGV or peak ground displacement- 

PGD; parameter of dynamic response of a linear or nonlinear model of a single degree of 

freedom systemï SDOF, as well as Fourier Amplitude Spectrum- FS 

M -magnitude 

Rh -hypocentral distance in km 

S -parameter that includes the effect of local soil conditions and has values, for example, 0 for 

rock, 1 for alluvium, 2 for deep alluvium 

C -constant by which is defined the shape of the attenuation in the epicentral zone expressed in 

km 

b,bM,bR,bS -regression coefficients 

ů lnY -standard deviation 

P -binary variable, which has the value of 0 and 1 for median and median plus one standard 

deviation, respectively. 

The model is based on the following theoretical assumptions: term e 
b
M

M
involves the relationship 

between energy and magnitude; coefficient bR has a negative value and accounts for the spherical 

spreading of the seismic wave energy, while term bSS includes the effect of local soil conditions. 

The ground motion model given in Equation 1 is simplified by use of records of occurred strong 

earthquakes obtained on rock soil type or referent soil with V S Ó 700 m/s, by which the 

parameter defining the effect of the local soil conditions is omitted. With this, the parameters of 

ground motion under strong earthquake effect are only a function of distance and magnitude. 
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Mathematical Model of the Nascent Cyclone 

The clouds from the surrounding areas of the eye are curving inward to the eye in log-

spiral shape. It is already recognized that the curved cloud bands surrounding the eye of a 

disturbance indeed take log-spiral shape. This is possible only if there was a preexisting wind 

vortex to draw clouds toward its center. Here, clouds are taking shape along the drag of the wind 

converging to the eye. So, the wind tending to converge to the eye is supposed to traverse a log-

spiral path in the vicinity of the eye. 

To get a model cyclone started, a weak vortex, which decays upward from the surface, had to be 

superimposed on the basic state (of the model) of formation of the storm. The upward decaying 

effect may be ignored if the disturbance is considered to be limited within a certain layer of the 

atmosphere. 

Assume that the wind drag toward the center of the vortex will be along log-spiral paths similar 

to that near the eye of a matured cyclone. Resolving the velocity of the disturbance or the ñkickò 

(which is nothing but wind jet(s) or waves in reality) along the components of the cylindrical 

coordinates (r,Ὧ,z) we get the following: 

dr/dt  radial component; 

  cross-radial component; 

dz/dt vertical component. 

To get a log-spiral shape of the vortex, as seen from the top of the cylinder, i.e., along axis 

downward (negative direction), the following equation must be satisfied: 

 

  1                                                                                                          (1) 

 

where m is a constant. 

We may assume that the disturbances propagate parallel to the ground, i.e., 

dz/dt=0                                                                                                                                           (2) 

It is important to note that (1) and (2) give a simple dynamical model of only a disturbance 

leading to the development of a tropical cyclone. Equations (1) and (2) are valid only for a very 

short time at the very beginning of the genesis of a storm. Once the storm is formed, the model 

of the storm may be represented by a set of suitable equations  

Equation (1) can appropriately model only when (r, Ὧ) denotes the precise location of a point. 

But (1) is intended to model a vortex created by a certain wind jet or wave, where (r, Ὧ) denotes 

the position of an average point on the tip of the wind jet or wave creating the vortex. In reality, 
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the location of such an average point cannot be determined with great precision. A substantial 

uncertainty will always remain involved that cannot be ignored. 

Mathematical Model of Tsunami Runup on A Shore 

The mathematical model is based on nonlinear non-dispersive equations. Let  

ȟ 2
2

2
ȟ  

Ὄ

2
2

2

ȟ
0

 

 

The matrix form of the equations over the components u = u(x,y,t) and v = v(x,y,t) of the depth 

average velocity is: 

 

Here h = h(x,y) is the depth measured from the still water level; H(x,y,t) = h(x,y) + ɖ(x,y,t) is the 

total water depth varying in time; and ɖ = ɖ(x,y,t) is the free surface elevation; and g is the 

gravitational acceleration. 

Consider one-dimensional shallow water equations in a domain with a moving boundary. A 

number of finite-difference schemes were compared in order to choose a suitable numerical 

method for the tsunami runup problem. 

Among the schemes frequently used to approximate nonlinear shallow water equations are the 

MacCormack scheme, the Aracawa scheme, the Ousher scheme and the Lax scheme. The former 

two have the second order of approximation in space and time, while the latter are of the first 

order. 

Mathematical model of landslide evolution 

NDS theory can be applied with benefit to the study of landslides. However, there are 

many problems to be solved in practical applications. A common approach of applying NDS 

theory to landslide study is as follows: write and resolve a series of dynamical equations, then 

study the properties of solutions obtained and finally explore the origin of all kinds of complex 

phenomena. However, the dynamical equations describing the evolution process of landslide 

have not yet been correctly written. The only information available at present is observation data 

and description of phenomena. That is to say, we know a series of specific solutions of the 

dynamical equations. If we regard such solutions as a series of discrete values of the dynamical 

equations, the quasiideal nonlinear dynamical equations for the evolution of landslide can, thus, 

be obtained through an inversion algorithm. 

Consider the development process of a landslide as a nonlinear dynamical system (NDS). The 

landslide NDS includes n interacting components qi, i=1, 2, . . . , n. These qi might include, for a 

specific system, various factors or variables describing tectonics, lithology and hydrology, etc. 

The time behavior of any component is characterized by an ordinary differential equation 

describing it as a function of the other components. Thus: 
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dqi/dt=fi(q1,q2,ééééééééé qn) 

where the function fi is a general nonlinear one of q1, q2, . . . , qn. 

Mathematical Model to Study Flood Wave Behavior in Natural Rivers 

The flow will be considered undimensional, so that, the momentum equation will be applied just 

in the x direction, along the longitudinal channel. The pressure has a hydrostatic distribution, and 

the channel will be considered with a rectangular section. The flow field, in the river, is obtained 

through the numeric solution of the Saint- Venant equations. Those equations, of the continuity 

and of the momentum, are describedto proceed 

Continuity Equation 

0(1) 

Momentum Equation 

2

0 0 (2) 

where x is the longitudinal distance along the channel (m), t is the time (s), A is the crosssection 

area of the flow (m
2
), y is the surface level of the water in the channel (m), S0 is theslope of 

bottom of the channel, Sf is the slope of energy grade line, B is the width of the 

channel (m), and g is the acceleration of the gravity (m.s
-2

). 

In order to calculate Sf, the Manning formulation will be used. Thus, 

1 2

3

1

2(3) 

where V is the mean velocity (m/s), R is the hydraulic radius (m) e n is the roughnesscoefficient. 

In this hydrodynamic model, there are two dependent variables. The first refers to thecross 

section area A(x,t), along the channel, for each interval of time. The second onerefers to the flow 

field Q(x,t) along the channel, for the same previous conditions. As theinvestigation demands the 

knowledge of two dependent variables, there is the necessity oftwo differential equations: the 

equation (1) and the equation (3) will compose the model. 

Initial Conditions 

Q(x,0)=Q0                                                                                                                                      (4) 

A(x,0)=A0(5) 

where Q0 is the steady state flow of the channel, and the A0 is the cross section area for thesteady 

state conditions. 

Boundary Conditions: 
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Q(0,t)=f(t)                                                                                                                                      (6) 

where f(t) is the hydrograph. 

Solution Procedure: 

The ever-increasing advances in computer technology have enabled many in science and 

engineering to apply numerical methods to simulate physical phenomena. In the development of 

numerical methods simplifications need to be made to progress towards a solution. Numerical 

methods do not usually give the exact answer to a given problem, they can only tend towards a 

solution getting closer and closer with each iteration. Numerical methods are commonly used to 

solve the non-linear partial differential equations. The most popular numerical methods used are  

1. Finite Difference Method 

2. Finite Element Method 

3. Finite Volume Method 

4. Boundary Element Method 

5. Spectral Element Method 

 Conclusion: 

A mathematical model is systematic, results can be repeated, and the model can be refined. This 

would be in contrast to prediction systems based on emotion or "soft" events such as observation 

of human behavior. 

 Limitations would be difficulty in building a complete model of real processes due to lack of 

available data. Computational complexity would be another possible limitation - a model 

sufficiently accurate may require enormous computer power, e.g. weather forecasting models. 

Mathematical models are used to summarize relationships between the characteristics of natural 

disasters. They are ultimately used to answer questions that humans have about natural disasters, 

and predict the results of events that have not occurred, but may be possible or even likely. 
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Promoting Corporate Sustainability Through Climate-Mitigation 

Initiatives: An Emerging Dimension of Discharging Corporate 

Social Responsibility 
Pradipta Banerjee*  

Tuhin Kar **  

Abstract 

Though the roots of óCorporate Social Responsibilityô (CSR) lie in philanthropic 

activities (such as donations, charity, relief work, etc.) of companies, the concept of CSR has 

evolved over time encompassing all the related concepts such as triple bottom line, corporate 

citizenship, philanthropy, strategic philanthropy, shared value, corporate sustainability and 

business responsibility. The practice of CRS in India still remains as a philanthropic activity 

though it has moved to community development through various projects. The newly introduced 

Companies Act, 2013 has brought  the idea of CSR to the forefront and Schedule VII of the Act, 

which lists out the CSR activities, suggests though communities should be the focal point, CSR 

needs to go beyond communities and beyond the concept of philanthropy. Companies need to 

perceive CSR as being the way through which a business entity achieves a balance of economic, 

social and environmental imperatives of conducting business (Triple-Bottom-Line Approach), 

while at the same time addressing the expectations of shareholders and stakeholders. The true 

spirit of CSR lies in how profit is earned by a corporate entity and not in how much of the earned 

profit is expended for philanthropic activities. Thus, CSR is now considered as a holistic 

approach that integrates economic (profit), social (people) and environmental (planet) 

dimensions of businesses and helps to promote sustainable development.  

Thus, promoting corporate sustainability has emerged as one of the major issues of every 

business of todayôs world because of apparent contradiction between corporate sustainability 

and business profitability in the short run. In the present dayôs extremely competitive business 

world, cost effectiveness appears to be the most vital issue and sustainability measures seem to 

adversely affect such effort. 

On the other hand, global industrial production and consumption are outpacing the renewal 

capacity of natural resources and the capacity of governments to manage pollution and wastes. 

Thus, lowering the carbon footprint through sustainable and more efficient management of 

natural resources has appeared to be the prime concern of every nation to fight against climate 

change and its devastating consequences like sea-level rise, more frequent severe weather 

events, shortages of freshwater, biological extinctions, reduction in agricultural yields and many 

others leading fundamental changes to Earthôs climate system.  
Promoting and ensuring sustainable development is thus contravening the nexus between 

corporate sustainability and corporate profitability at the micro level and economic development and 
environmental degradation at the macro level. The corporate entities as well as government of our 

country can address the issue by capitalizing the opportunities offered by the international 

environmental treaty óKyoto Protocolô to developing countries like us. The Protocol has given 

birth of an innovative business model through which an entity can make synergies between  
*Assit. Prof., Deptt. of Commerce, Sidho-Kanho-Birsha University, Purulia, West Bengal-72310, E-mail id: 

pbanerjeebu@rediffmail.com 
** Asso. Prof., Deptt. of Commerce, Manbhum Mahavidyalaya,Manbazar, Purulia, West Bengal-723131, E-mail id: 

tuhin1962@gmail.com 

25 

mailto:pbanerjeebu@rediffmail.com
mailto:tuhin1962@gmail.com


Journal Global Values Vol. VII 2016                                              Special Issues ISSN (e): 2454-8391 
 

216 
 

economic, social and environmental dimensions of business and as a meritorious corporate 

citizen, can discharge its responsibility towards the environment and society without 

jeopardizing its financial sustainability. The government, both central and state/local, can also 

promote well being of the citizens and sustainable development in a cost-effective manner in line 

with national sustainability priorities of the country.   

 

Keywords: Corporate Social Responsibility, Corporate sustainability, Sustainable development, 

Climate change, Philanthropy. 

 

The most serious challenge as well as threat to present global environment ever to face by 

human race is óglobal warmingô which means an unusually rapid increase inglobal average 

surface temperature over the past century due to rapid increase in the concentration of 

greenhouse gases (most importantly carbon dioxide with others like methane, ozone, nitrous 

oxide, etc.) in Earthôs atmosphere predominantly caused by rising industrial activity, burning of 

fossil fuel like coal, gas, oil etc. and tropical deforestation.The scientific opinion on the issue as 

expressed by the United Nations Intergovernmental Panel on Climate Change (IPCC) is that the 

global average surface temperature rose by about 0.8 degree Celsius in last hundred years and it 

will increase by another four degree Celsius by the end of 21
st
century.The expected detrimental 

consequences of such changes mayinclude severe droughts, heavy rain cycles, coastal and small 

island flooding, increases in extreme weather, more and stronger tropical cyclone and hurricanes, 

melting of ice caps and glaciers, biological extinctions, spread of vector-borne diseases, damage 

to vegetation and reduction in agricultural yields and many others leading fundamental changes 

to Earthôs climate system.  

To address the issue, countries around the globe came together under an umbrella and committed 

themselves to reduce theiremission of GHGs under an international and legally binding 

environmental treaty coined as óKyoto Protocolô in 2005. The Protocol supplemented the óUnited 

Nations Framework Convention on Climate Changeô (UNFCCC) adopted earlier after óThe Earth 

Summitô of 1992 held in Rio de Janeiro and by setting targets or limits on maximum amount of 

emission of GHGs by the industrialized an developed countries aims at stabilizing the 

concentration of GHGs in the atmosphere at a level that would prevent dangerous human 

interference with the climate system.. As per the Protocol, however, the prescribed limit of 

emission level is not applicable to developing and least-developed countries at present, though 

they emit GHGs in the atmosphere. 

India, being a Non-Annex I country to the Protocol, has emerged as one of the largest 

beneficiaries of the Kyoto Protocol at large and Clean Development Mechanism (CDM) under 

the Kyoto Protocol in particular,in terms of generation of revenues through sale of carbon credits 

with a great potential and opportunity for business enterprises, government and investors.The 

emergence of the opportunity of generating revenues through emission reduction has given birth 

of an innovative business model through which an entity as a meritorious corporate citizen can 

discharge its responsibility towards the environment and society without jeopardizing its own 

financial sustainability. It has given birth of an innovative way through which an entity can make 

synergies between economic, social and environmental dimensions of business.  

Though the roots of óCorporate Social Responsibilityô (CSR) lie in philanthropic 

activities such as donations, charity, relief work, etc. of companies, the concept of CSR has 
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evolved over time encompassing all the related concepts such as triple bottom line, corporate 

citizenship, philanthropy, strategic philanthropy, shared value, corporate sustainability and 

business responsibility. The newly introduced Companies Act, 2013 has brought  the idea of 

CSR to the forefront and Schedule VII of the Act, which lists out the CSR activities, suggests 

though communities should be the focal point, CSR needs to go beyond communities and 

beyond the concept of philanthropy. Companies need to perceive CSR as being the way through 

which a business entity achieves a balance of economic, social and environmental imperatives of 

conducting business (Triple-Bottom-Line Approach), while at the same time addressing the 

expectations of shareholders and stakeholders. The true spirit of CSR lies in how profit is earned 

by a corporate entity and not in how much of the earned profit is expended for philanthropic 

activities. Thus, CSR is now considered as a holistic approach that integrates economic (profit), 

social (people) and environmental (planet) dimensions of businesses and helps to promote 

sustainable development. Thus, promoting corporate sustainability has emerged as one of the 

major issues of every business of todayôs world because of apparent contradiction between 

corporate sustainability and business profitability in the short run. On the other hand, global 

industrial production and consumption are outpacing the renewal capacity of natural resources 

and the capacity of governments to manage pollution and wastes. Thus, lowering the carbon 

footprint through sustainable and more efficient management of natural resources has appeared 

to be the prime concern of every nation to fight against climate change and its devastating 

consequences.  

Promoting and ensuring sustainable development is thus contravening the nexus between 

corporate sustainability and corporate profitability at the micro level and economic development 

and environmental degradation at the macro level. The corporate entities as well as government 

of our country can address the issue by capitalizing the opportunities offered by the international 

environmental treaty óKyoto Protocolô to developing countries like us. The Protocol has given 

birth of an innovative business model through which an entity can make synergies between 

economic, social and environmental dimensions of business and as a meritorious corporate 

citizen, can discharge its responsibility towards the environment and society without 

jeopardizing its financial sustainability. The government, both central and state/local, can also 

promote well being of the citizens and sustainable development in a cost-effective manner in line 

with national sustainability priorities of the country.  

 

In the present paper a modest attempt has been made to examine the present position and 

achievement of our country in exploring the benefits offered by the Kyoto Protocol. Accordingly 

the paper has been organized in four sections. The next section describes different mechanisms 

under the Kyoto Protocol with special reference to CDM. Steps involved in setting up and 

monitoring of a CDM Project (i.e., CDM Project Cycle) have been outline in Section II. Section 

III evaluates present position and achievement of our country in CDM sector. The proactive role 

that can be played by the government for successful implementation of CDM projects has been 

suggested in Section V and finally the last section concludes of the study.  

Section II: Mechanisms under Kyoto Protocol 

The United Nations Framework Convention on Climate Change (UNFCCC) divides countries 

into two main groups:  
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Annex-I Countries-which include industrialized and developed countries those ratified the 

protocol (like UK, Switzerland, Japan, Netherlands, New Zealand, Sweden, Germany, Spain, 

France, Italy, Canada, Australia, Austria, etc.); and  

Non-Annex-I Countries-which include all other countries those ratified the protocol but not 

included in Annex-I of the Convention, mostly the developing and least developed countries 

(like India, Sri Lanka, Afghanistan, China, Brazil, Iran, Kenya, Kuwait, Malaysia, Pakistan, 

Philippines, Saudi Arabia, South Africa, etc).  

Under the Kyoto Protocol, countries with binding emission reduction targets (i.e., Annex-I 

countries) are issued Emission allowances (carbon credits) equal to the amount of emissions 

allowed where an allowance (carbon credit) represents an allowance to emit one metric tonne of 

carbon dioxide equivalent in the atmosphere. To meet the emission reduction targets, binding 

countries in turn set limits on the GHG emissions by their local businesses and entities. Now, in 

order to assist the developed countries to meet their emission reduction targets as well as to 

encourage the developing and least developed countries which do not have any emission 

reduction target at present (Non Annex-I countries) to contribute towards emission reduction 

efforts, the Protocol provides three innovative and flexible mechanisms ï Joint Implementation 

(JI), International Emission Trading (IET) and Clean Development Mechanism (CDM).  

Under JI, a developed country with a relatively high cost of domestic GHG reduction can set up 

an emission-reduction project in another developed country that has a relatively low cost of GHG 

reduction and earn carbon credits which can be counted toward meeting its Kyoto target. Carbon 

credits earned through JI are called Emission Reduction Unit (ERU). 

Under IET, developed countries with binding emission reduction targets can simply trade in the 

international carbon credit market at the prevailing market price. The entities of developed 

countries exceeding their emission limits can buy carbon credits from those whose actual 

emissions are below their set limits. The allowed emissions of developed countries are divided 

into óAssigned Amount Unitsô (AAUs) and IET allows countries that have spare emission units 

(i.e., emissions allowed but not used) to sale the spare units to countries that crossed their targets.  

Under CDM, a developed country can set up an emission reduction project (like generation of 

electricity with solar panel, installation of more energy-efficient equipments, etc.) in a 

developing country and earn carbon credits on the basis of emission reductions of the project 

which can be used to meet a part of the Kyoto target of the entity from developed nation. 

Besides, the entities of developing and least developed countries can also set up an emission 

reduction project, generate carbon credits on the basis of emission reduction by the project and 

then sell such carbon credits at prevailing market prices to entities of developed countries with 

emission reduction targets. The carbon credit so generated is measured by the unit óCertified 

Emission Reductionô (CER) where one CER is equal to one tonne of carbon dioxide equivalent 

not emitted in the atmosphere. Trading of CERs happens in the form of CER certificate, just like 

a stock. 

The CDM thus helps the developed countries to meet their emission reduction targets as well as 

encourages the developing and least developed countries with no emission reduction targets at 

present, towards emission reduction efforts with the ultimate objective to reduce emission of 

GHGs in the atmosphere and promote sustainable development. 
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Article 12 of the Kyoto Protocol states the two-fold purpose of CDM as: 

i) to assist parties included in Annex 1 (i.e., developed countries) in achieving compliance with 

theirquantified emission reduction commitments under Article 3 of the treaty, and 

ii) to assist parties not included in Annex 1 (i.e., developing/least developed countries) 

inachieving 

     sustainable development and in contributing to the ultimate objective of theconvention. 

Apart from promoting sustainable development, the CDM also brings some important co-

benefits such as: 

ü Foreign investments in developing and least developed countries 

ü Transfer or diffusion of technology and knowledge between countries 

ü Infrastructural development particularly in developing and least developed countries 

ü Improvement in air quality and living conditions 

ü Achieving business competitiveness through reduction of cost 

ü Increased economic activity 

ü Access to energy efficient lighting and cooking especially in rural and remote areas 

ü Poverty reduction by generation of employment and income 

ü Community development and many others.   

Among these three mechanisms, only the CDM is relevant to our country at present as our 

country presently belongs to Non-Annex-I countries to the protocol having no emission 

reduction target at present. 

Section III: Steps involved in setting up and Operation of a CDM Project 

An entity desirous to set up a CDM project and generate carbon credit there from has to follow 

the following steps: 

(i) Registration of the Project with CDM Executive Board of UNFCCC 

Clean Development Mechanism (CDM) projects are established in accordance with the 

procedures and guidelines formulated by the CDM Executive Board of the UNFCCC. An entity 

desirous to set up a CDM projecthas to get the project registered with the CDM Executive Board 

and for thatit needs to prepare a Project Design Document (PDD) along with a Project Concept 

Note (PCN) which contain all the details of the proposed CDM project including viability, 

additionality, developing baseline study, expected emission reductions and many other technical 

and non-technical matters. In fact, developing PDD is the most important as well as challenging 

job in registering a CDM project with the UNFCCC. A CDM project has to be approved first by 

the Designated National Authority (DNA) of the country in which the project is decided to be 

established. Indiaôs DNA is the National CDM Authority (NCDMA) established under the 

Ministry of Environment and Forests, Govt. of India. Aftergetting approvalfrom the DNA, the 

proposed project is required to bevalidated by a Designated Operational Entity (DOE), an 

independent auditor accredited by the CDM Executive Board and based on the validation report 

submitted by the DOE, the projectis registered by the UNFCCC. 
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Thus, registration of a CDM project with the UNFCCC involves the following steps: 

1) Preparation of Project Design Document (PDD) along with a Project Concept Note (PCN). 

2) Getting national approval from the Designated National Authority (DNA). The DNA for our 

country is the National CDM Authority (NCDMA) established under the Ministry of 

Environment and Forests, Govt. of India. 

3) Validation ofthe project by the Designated Operational Entity (DOE), anindependent 

auditoraccredited by the CDM Executive Board of UNFCCC. 

4) Submission ofvalidationreport along   with   allothernecessarydocumentstothe 

CDMExecutive Board by the DOE for registration of the project. 

5) Registration of the project with the CDM Executive Board of UNFCCC. 

(ii) Monitoring, Verification and Issuance of CERs 

After the project is being registered with the CDM Executive Board of UNFCCC, the 

performance of a CDM project is monitored and verified periodically (usually once a year) by a 

DOE to verify the amount of emission reductions by the project. After verification, the DOE 

submits the verification report to the UNFCCC and accordingly UNFCCC issues CERs in favour 

of the entity. 

(iii) Trading of CERs 

Now the entity can sale the issued CERs at the prevailing market prices to the entities who need 

it in international carbon credit markets.  The retail investors, like any other assets, can also buy 

and sale carbon credits in the carbon credit markets. 

 

Section IV: Present position of CDM sector in India 

In accordance with national sustainability policy of the country, India signed and ratified the 

Kyoto Protocol in August, 2002 and with China and Brazil has emerged as one of the world 

leaders in reduction of GHGs and generation of revenuesthrough sale of carbon creditsby 

adopting Clean Development Mechanism projects in the last few years.  

Presently, India occupies second position both in Asia and world, behind China, in terms 

of number of registered CDM projects as well as average annual CERs generated by the projects 

and nearlythree-fourth of the total CERs generated globally comes from CDM projects of these 

two countries as on 31.01.2014 (Table-1 & 2). As evident from Table-1, there were 1472 

(constituting 19.82% of global total) registered CDM projects in India generating 11.37% 

average annual CERs of the world as on 31
st
 January, 2014 while these figures were 3737 

(50.32%) and 61.29% for China. Again, at the end of the year 2013, 29.30% of the total 

registered CDM projects in Asia were situated in India generating 17.30% of total CERs 

generated in Asia until 2012 (Table-2). Moreover, at present India ranks one for having highest 

number of unilateralCDM projects (i.e., projects without foreign stake) in the world. From 

Table-4 it is evident that CDM projects in India are now expanded to eleven different sectors 

though the projects are attached predominantly to energy industries and the average size of CDM 

project in India were 63,061 CERs, 34,217 CERs, 84,367 CERs and 67,831 CERs in the years 

2010-2013 respectively. Thus, the Indian CDM sector is expanding rapidly in term of number of 

projects, sectoral distribution of the projects as well as reduction of emission of GHGs and 

generation of revenues through sale of carbon credits. 
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But, in spite of remarkable achievement of the country, a great potential and opportunity 

still awaiting India to explore and utilize the benefits of Clean Development Mechanism.  

From Tables- 5, it is evident that the governmental participation (both Central and State/Local) 

in CDM Projects is quite unsatisfactory with only 5.1%,5.5%, 7.4% and 5.9% of the total 

projects were being executed by the Central and State/Local Government together in the year 

2010, 2011, 2012 and 2013 respectively. Again, the projects executed by the Central and 

State/Local Governments so far, belong to only six sectors and predominantly to three sectors 

namely, Energy Industries, Manufacturing Industries and Energy Demand(Tables 6& 7). Thus, 

the government has ample opportunity to develop good quality and highly relevant CDM 

projects in various sectors to capitalize its CDM potentials. 

Power generation is one of such promising sectors which is directly linked to economic growth 

and well-being of the nation. In India, where demand for electricity is increasing significantly 

(presently 8% per annum) along with healthy growth of industries and populationand per capita 

consumption of electricity is much lower than the global average (only 478 kWh compared to 

global average of around 2900 kWh), low carbonization of the power generation sector (through 

increasing the proportion of non-conventional energy sources and fuel switching) need to be 

pursued through multi-pronged approach in line with fulfilling countryôs commitment to promote 

sustainable development in general and curb greenhouse gas emissions in particular. Again, 

besides augmenting power generation capacity, conservation of energy through efficient 

utilization of energy resources has emerged as one of the major issues in recent years as apart 

from being environmentally benign, it is the quickest, cheapest and most practical way of 

bridging or at least narrowing the gap between requirement and availability of energy of the 

country in short-term.Thus, the opportunities of CDM can fruitfully be utilized in that direction 

by implementing energy efficiency enhancement measures in various energy-intensive industries 

as well as in domestic sector. Power generation from óMunicipal Solid Wasteô (where produced 

methane is used as the fuel for the power plant) has emerged as an important process for GHG 

emission reductions worldwide. But, in case of óWaste handing and disposalô, Indiaôs position is 

very poor with only 1.71%, 1.83%, 2.60% and 1.30% projects from this sector in the years 2010, 

2011, 2012 and 2013respectively [Tables- 4]. Thus, there exists a vast potential for the 

government, more importantly the State/Local government (i.e., Corporation, Municipality, 

Panchayat, etc.) as well as the private entities to capitalise the benefits of CDM in handling 

municipal solid wastes in an environment-friendly and cost effective way. In recent years solid 

waste management, especially in the rapidly growing cities is becoming a more and more urgent 

issue as it is estimated that post-consumer waste accounts for almost 5% of total global GHG 

emissions and methane from landfills represents 12% of total global methane emissions. Thus, 

our country, which is urbanizing at an increasing rate, can approach the issue in a comprehensive 

manner by implementing CDM-based integrated solid waste management plan in all cities (large 

as well as small) of the country. On the other hand, distribution of CDM projects in India among 

various sectors also differs significantly from global scenario. For instance, while global projects 

come from thirteen sectors, CDM projects in India are attached to only six sectors [Tables- 3 

&4], implying scope for expanding project activities in many other promising sectors. Another 

feature of Indian CDM sector is that the proportion of small and medium-size projects is 

comparatively higher than that of other countries like China, Brazil, Mexico etc. For that reason, 

percentage of CERs generated in India is much lower than percentage projects situated in India 
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(For instance presently 19.82% of total CDM projects are situated in our country but their 

contribution in generating CERs is only 11.21% of global total[Table-1]. 

Section V: Role to be played by the Government  

For exploring the CDM potential of the country successfully the government has to play a more 

proactive role including the following: 

ü Capacity building at both individual and institutional levels  

ü Developing CDM projects in highly relevant and demanding sectors like Power Generation, 

Energy Efficiency, WasteManagement etc.   

ü Helping the project developers in securing finance as well as financing  CDM projects 

particularly those with high development potentials  

ü Mitigating CDM-related project risks  

ü Formulating national policy and legislative framework on CDM-related issues 

ü Making national approval of CDM projects simple, dynamic and straightforward  

ü Assisting the project proponents in registering the projects with the CDM Executive Board   

ü Formation óNational CDM Fundô to support good quality and highly relevant CDM projects 

similar to óCDM Loan Schemeô launched recently by UNFCCC. 

ü Developing corporate awareness on CDM to attract more projects into this challenging as 

well as lucrative business sector through which synergies can be made between economic, 

social and environmental dimensions of business 

Section V: Conclusion 

The concept of carbon credit came into existence as a result of increasing awareness of 

the need for pollution control. Carbon credit by assigning a monetary value to the cost of 

polluting atmosphere creates a market for reducing emission of greenhouse gases. This means, 

carbon emission becomes an input cost to those entities that pollute much and at the same time 

an important source of revenue to those who pollute less. 

India, being a non-Annex-I country to the Kyoto Protocol, has emerged as one of the largest 

beneficiaries of Clean Development Mechanism of the Protocol with a great potential and 

opportunity for business enterprises, government and investors. The Indian CDM market has 

already passed a milestone and isgrowing rapidly towards becoming the world leader in 

exploring the opportunities offered by the Clean Development Mechanism as well as discharging 

its responsibility towards the environment and society in line with national sustainability 

priorities of the. And the uniqueness of CDM is that to make this vision into reality, an entity 

need not to sacrifice its financial or economic interest, rather by undertaking CDM projects, an 

enterprise, as a meritorious corporate citizen, can discharge its responsibilities towards the 

environment and society without jeopardizing its own financial sustainability. 

Table- 1:  Number  of  registeredCDMprojects  and  expected  average  annual  CERs by 

country (Top ten countries) as on 31
st
 January, 2014 

Sl 

No. of Regisered Projects Annual CERs 

Country  
No. of 

projects 

Percentage of 

total 
Country  

Average 

annual CERs 

Percentage of 

total 

1 China 3737 50.32 China 59,38,12,029 61.29 
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Source: UNFCCC (www.cdm.unfccc.int), Dated31.01.2014 

 

Table- 2: Registered CDM projects as on 31.12.2013 (Top ten countries) and estimated 

CERs until 2012 by country in Asia 

 

Source: UNEP Risoe Centreon Energy, Climate and Sustainable Development, Denmark 

(www.cdmpipeline.org), 

              Dated: 31.12.2013 

Table- 3:  Sectoral distribution of registered CDM projectsin the world 

Sl Sectoral Scope* No. of projects* Percentage of total 

1 
Energy Industries (Renewable 

/Non-renewable sources) 
6203 74.56 

2 Waste Handling and Disposal 906 10.89 

3 Manufacturing Industries 353 4.24 

4 Fugitive Emissions from Fuels 216 2.60 

2 India 1472 19.82 India 11,01,06,448 11.37 

3 Brazil 321 4.32 Brazil 4,73,99,069 4.89 

4 Mexico 249 3.35 Republic of Korea 2,01,67,569 2.08 

5 Malaysia 189 2.55 Mexico 1,91,45,326 1.98 

6 Viet Nam 143 1.93 Indonesia 1,74,88,808 1.81 

7 Indonesia 142 1.91 Viet Nam 1,74,17,618 1.80 

8 Republic ofKorea 142 1.91 Chile 1,06,77,403 1.10 

9 Thailand 99 1.33 Peru 1,03,12,012 1.06 

10 Philippines 91 1.23 South Africa 96,51,395 1.00 

Total 6585 88.67 Total 85,61,77,677 88.38 

Others 841 11.33 Others 11,26,40,114 11.62 

Global Total 7,426 100.00 Global Total 96,88,17,791 100.00 

Sl Country  
Percentage of total CDM 

projects in Asia 

Percentage of total CERs until 

2012 in Asia 

1 China 55.70 71.10 

2 India 29.30 17.30 

3 Vietnam 3.60 0.90 

4 Indonesia 2.40 1.60 

5 Thailand 2.30 0.80 

6 Malaysia 2.30 1.50 

7 South Korea 1.30 5.50 

8 Philippines 1.10 0.40 

9 Pakistan 0.60 0.40 

10 Sri Lanka 0.40 0.10. 

Total 99.00 99.60 

Others 1.00 0.40 

Grand Total 100.00 100.00 

http://www.cdm.unfccc.int/
http://www.cdmpipeline.org/
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(Solid, Oil and Gas) 

5 Agriculture 203 2.44 

6 Chemical Industries 115 1.38 

7 Energy Demand 109 1.31 

8 Mining/Mineral Production 84 1.01 

9 Afforestation and Reforestation 52 0.63 

10 

Fugitive Emissions from 

Production and Consumption of 

Halocarbons and Sulphur 

hexafluoride 

29 0.35 

11 Transport 29 0.35 

12 Metal production 13 0.16 

13 Energy Distribution 7 0.08 

Total 8319 100.00 

* A project activity can be linked to more than one sectoral scope 

Source: UNFCCC (www.cdm.unfccc.int), Dated 31.01.2014 

Table- 4:  Sectoral distribution of registered CDM projects in India 

Sl Sector 

2010 2011 2012 2013 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

1 

Energy Industries 

(Renewable/ 

Non-renewable 

Sources) 

100 

(85.47) 

69,81,943 

288 

(87.80) 

89,76,096 
534 

(81.78) 

 

48,594,02

8 

 

141 

(91.56) 
8,030,389 

2 
Manufacturing 

Industries 

7 

(5.98) 
96,353 

16 

(4.88) 
6,14,078 

27 

(4.13) 

849,749 3 

(1.94) 
852,253 

3 Energy Demand 
8 

(6.84) 
1,04,935 

15 

(4.57) 
2,46,211 

62 

(9.49) 

2,469,373 4 

(2.60) 
52,426 

4 
Waste Handling 

and Disposal 

2 

 

(1.71) 

1,94,940 
6 

(1.83) 
5,87,918 

17 

(2.60) 

1,462,423 2 

(1.30) 26,875 

5 Transport - - 
2 

(0.61) 
390 

2 

(0.31) 

136,974 1 

(0.65) 
632,256 

6 Metal Production - - 
1 

(0.31) 
7,98,347 

1 

(0.15) 

56,251 1 

(0.65) 
23,156 

7 

Afforestation and 

Reforestation 

 

- - - - 
4 

(0.61) 

178,512 1 

(0.65) 768,685 

8 

Fugitive 

Emissions from 

Fuel (Solid, Oil 

and Gas) 

- - - - 
1 

(0.15) 

56,400 - 

- 

9 
Chemical 

Industries 
- - - - 

3 

(0.47) 

320,114 - 
- 

10 
Energy 

Distribution 
- - - - 

2 

(0.31) 

967,681 - 
- 

11 Agriculture - - - - - - 1 59,988 

http://www.cdm.unfccc.int/
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(0.65) 

Total 
117 

(100) 
73,78,171 

328 

(100) 

1,12,23,04

0 

653 

(100) 

55,091,50

5 

154 

(100) 

10,446,02

8 

Average size of the 

project 
63,061 CERs 34,217 CERs 84,367 CERs 67,831 CERs 

Source: National CDM Authority, India (www.cdmindia.gov.in) 

Note: Figures in the parentheses indicate percentages   

Table- 5: Registered CDM projects executed by the CentralGovernment, State/Local Government 

andPrivate Entity in India  

Projects executed by 

2010 2011 2012 2013 

No. of 

project

s 

Percentag

e of total 

No. of 

project

s 

Percentag

e of total 

No. of 

project

s 

Percentag

e of total 

No. of 

project

s 

Percentag

e of total 

Central Government 3 2.56 06 1.83 17 2.60 4 2.60 

State/Local 

Government 
3 2.56 12 3.66 31 4.75 

5 
3.25 

Private Entity 111 94.88 310 94.51 605 92.65 145 94.15 

Total 117 100.00 328 100.00 653 100 154 100 

Source: National CDM Authority, India (www.cdmindia.gov.in) 

 

Table-6: Sectoral distribution of registered CDM projects executed by the Central Govt. in India 

Sl Sector 

2010 2011 2012 2013 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

No. of 

projects 

Annual 

CERs 

1 

Energy Industries 

(Renewable/ 

Non-renewable 

Sources) 

3 

(100) 
22,482 

1 

(16.67) 
54,464 

9 

(52.95) 
3,35,234 

2 

(50.00) 
96,572 

2 
Manufacturing 

Industries 
- - 

3 

(50.00) 
1,12,873 

2 

(11.76) 
1,25,551 

1 

(25.00) 
6,92,977 

3 Energy Demand - - 
2 

(33.33) 
3,512 

4 

(23.53) 
87,337 - - 

4 

Fugitive Emissions 

from Fuel (Solid, Oil 

and Gas) 

- - - - 
1 

(5.88) 
56,400 - - 

5 Metal Production - - - - 
1 

(5.88) 
56,251 - - 

6 
Waste Handling and 

Disposal 
- - - - - - 

1 

(25.00) 
22,306 

Total 
3 

(100) 

22,482 6 

(100) 

1,70,849 17 

(100) 

6,60,773 4 

(100) 

811,855 

Average size of the project 7,494 CERs 28,475 CERs 38,869 CERs 3,50,933 CERs 

Country average 63,061 CERs 34,217 CERs 84,367 CERs 76,917 CERs 

Source: National CDM Authority, India (www.cdmindia.gov.in) 

Note: Figures in the parentheses indicate percentages 

 

Table-7: Sectoral distribution of Registered CDM projects Executed by State/Local Govt. in 

India  

Sl Sector 
2010 2011 2012 2013 

No. of Annual No. of Annual No. of Annual No. of Annual 

http://www.cdmindia.gov.in/
http://www.cdmindia.gov.in/
http://www.cdmindia.gov.in/
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project

s 

CERs project

s 

CERs project

s 

CERs project

s 

CERs 

1 

Energy Industries 
(Renewable/ 

Non-renewable 
Sources) 

3 
(100) 

23,10,053 
6 

(50.00) 
5,36,984 

13 
(41.93) 

2,420,710 
4 

(80.00) 
61,214 

2 
Manufacturing 

Industries 
- - - - 

1 
(3.23) 

10,432 - - 

3 Energy Demand - - - - 
15 

(48.38) 
229,287 - - 

4 
Waste Handling 

and Disposal 
- - 

6 
(50.00) 

5,87,918 
1 

(3.23) 
3,545 - - 

6 
Afforestation and 

Reforestation 
 

- - - - 
1 

(3.23) 
12,927 

1 
(20.00) 

768,685 

Total 
3 

(100) 
23,10,053 12 

(100) 
1,12,4902 31 

(100) 
2676901 5 

(100) 
829,899 

Average size of the 
project 

7,70,018  CERs 9,3742 CERs 86,352 CERs 2,02,940 CERs 

Country average 63,061 CERs 34,217 CERs 84,367 CERs 76,917 CERs 
Source: National CDM Authority, India (www.cdmindia.gov.in) 

Note: Figures in the parentheses indicate percentages 

Table- 8:  Sectoral distribution of registered CDM projects executed by Private Entity in India 

Sl Sector 

2010 2011 2012 2013 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

No. of 

project

s 

Annual 

CERs 

1 

Energy Industries 

(Renewable/ 

Non-renewable 

Sources) 

94 

(84.68) 
4649408 

281 

(90.65) 
8976096 512 

45,838,08

4 

135 

(93.10) 
7,872,603 

2 
Manufacturing 

Industries 

7 

(6.31) 

96353 13 

(4.19) 

614078 24 713,766 2 

(1.38) 

159,276 

3 Energy Demand 
8 

(7.21) 

104935 13 

(4.19) 

798737 43 2,152,749 4 

(2.76) 

52,426 

4 
Waste Handling 

and Disposal 

2 

(1.80) 

194940 - - 16 1,458,878 1 

(0.69) 

4,569 

5 
Afforestation and 

Reforestation 

- - - - 3 165,585 - - 

6 Metal Production 
- - 1 

(0.32) 

246211 - - 1 

(0.69) 

23,156 

7 Transport 
- - 2 

(0.65) 

587918 2 136,974 1 

(0.69) 

632,256 

8 Others 
- - - - 6 1296526 1 

(0.69) 

59,988 

Total 
111 

(100) 

5045636 310 

(100) 

11223040 606 

(100) 

51762561 145 

(100) 

8,804,274 

Average size of the 

project 
7,70,018  CERs 

93,742 CERs 
86,352 CERs 

2,02,940 CERs 

Country average 63,061 CERs 34,217 CERs 84,367 CERs 76,917 CERs 

Source: National CDM Authority, India (www.cdmindia.gov.in) 

http://www.cdmindia.gov.in/
http://www.cdmindia.gov.in/
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Note: Figures in the parentheses indicate percentages 
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Abstract 

The Delhi Ridge is the Northern extension of the Aravalli hill ranges and is a prominent 

landscape feature of the National Capital Territory (NCT) of Delhi. The presence of Delhi Ridge, 

along with River Yamuna, has been of strategic significance in the selection of Delhi as a 

ócapital cityô since ancient times. Located between the hilly terrain of the Ridge on one side and 

the expanse of River Yamuna on the other, the Delhi of earlier times was provided with the 

necessary protection (and water) much needed in those days. Modern Delhi has grown beyond 

the physical boundaries of the Ridge and the Yamuna. The once barren Ridge has now been 

transformed into a forest, which provides useful ecosystem services to Delhi. The Delhi Ridge 

acts as a buffer for the rapidly increasing air pollution and as a haven for the urban biodiversity 

of Delhi. The Ridge acts as a recharge zone for the ground water aquifer while also providing an 

aesthetic ósense of placeô to Delhi. 

 

Despite the large number of benefits provided by the Delhi Ridge, the latter is under a constant 

threat of encroachment and degradation. This is because land is a highly priced natural 

resource in the NCT of Delhi. The approximately 78 sq. km area of the Delhi Ridge in Delhi is 

thus also seen by many as an area that could be converted into concrete ócommercialô or 

óresidential areasô. It is because of this reason that several legal and illegal building and other 

structures have been installed inside the Delhi Ridge in the last few years. The once continuous 

Delhi Ridge is now found in four unevenly fragmented parts. These are: 1) Northern Ridge 

Forest (0.9 sq km), 2) Central Ridge Forest (8.6 sq km), 3) South-Central Ridge Forest (6.3 sq 

km) and 4) Southern Ridge Forest (62 sq km). There is also considerable ambiguityin the 

demarcation and governance of the Delhi Ridge and a large part of this forest land does not 

even come under the supervision of the Forest Department of the Government of NCT of Delhi. 

The present research contribution is an attempt to carry out a sustainability appraisal of 

the Delhi Ridge by using the principles of environmental economics and participatory research. 

We focus on the North Delhi Ridge and have carried out an economic valuation of this part of 

the Ridge using survey based methods. The óeconomic benefits of biodiversityô have also been 

calculated using Natural Capital Accounting modules. A participatory-GIS approach has been 

followed to highlight the physical boundary of the North Delhi Ridge along with the areas of 

encroachment. We find that the economic value of the North Delhi Ridge is much greater than 

the benefits that may be drawn by modifying its land use land cover to concrete. We also find 

that in the absence of existing notification on the extent of the North Delhi Ridge, there is 

rampant encroachment on its eastern and southern side. We recommend a more stringent 
*Corresponding author 
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 protection of the perimeter of the North Delhi Ridge through more effective governance and 

stakeholder involvement.  

 

Keywords:   ecosystem services, environmental economics, Delhi Ridge, urban ecology,   

 participatory research. 

1. Introduction 

The óDelhi Ridgeô is the vernacular name given to the Northern extension of the Aravalli 

Range as it passes through the Delhi megacity. The Delhi Ridge is also known as the ógreen 

lungsô of Delhi and is a rocky hilly, reserved forest area, which lends a unique geographic 

character to Delhi (Mann and Sehrawat, 2008).The Ridge plays a vital role in maintaining 

salubrious environment in Delhi by acting as a barrier against the hot winds coming from 

Rajasthan. It also provides critical ecosystem services such as recharging the ground water, 

absorbing air pollution, purifying the air, providing habitat for urban biodiversity and giving 

Delhi a ósense of placeôas well as aesthetic beauty. 

 

The rapid pace of urban growth in Delhi is having a significant impact on the Delhi Ridge in the 

present day. This impact has been even more prominent in the last few decades and the Ridge is 

facing threats like encroachment, illegal construction, deforestation and garbage dumping. This 

is resulting in a gradual degradation of the Ridge (Mohan et al, 2000; Nath et al, 1993). It is 

interesting to note that the air quality in Delhi has simultaneously degraded in the same time 

period. While the degradation of air quality in Delhi may not be a direct result of the degradation 

of the Delhi Ridge, it is certain that the protection of the Ridge is certainly a pre-requisite for 

ensuring clean air in Delhi. The Delhi Ridge therefore needs to be conserved and maintained in 

order to ensure the environmental health of Delhi. 

 

According to the Geological Survey of India (GSI), óthe Ridge must be maintained in its 

pristine glory and no further infringements should be permittedô. Recent media reports indicate 

that the first step towards the conservation of Delhi Ridge is its demarcation. The National Green 

Tribunal (NGT) had already ordered Government of Delhi to carry out the demarcation of the 

Ridge in 2013. However, due to reasons that are yet to be established, the demarcation exercise 

is yet to be completed. It is therefore difficult to conserve the Delhi Ridge in a situation when its 

perimeter is not adequately mapped out. At the same time, land is a highly priced resource in a 

megacity like Delhi. Lack of demarcation as well as public interest and pressure could well lead 

to the modification of the land-use of Delhi Ridge from óforest areaô to óresidentialô or 

ócommercialô. Indeed such modifications have begun to take place leading to a reduction in the 

overall area of the Delhi Ridge (based on media reports and personal visits).  

 

The present research contribution is at an attempt at carrying out the sustainability appraisal of 

the Northern part of the Delhi Ridge.The boundary of the Ridge has been identified using 

Participatory-GIS approach. Such an approach has been used previously for identifying the 

benefits of green spaces (Brown, 2014). The political status of the North Delhi Ridge (NDR) was 

ascertained along with carrying out a spatial vulnerability assessment of this study area. Various 

stakeholders of the NDR have also been identified along with attempting to carry out its 

economic valuation.  
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The Delhi Ridge is a natural heritage of Delhi and India and it provides some very useful 

services to the people at large. Despite this, its existence has now become threatened. There is 

thus a great disconnect between citizens and the very natural resources that support them which 

has been highlighted in this paper. Since land is a highly priced resource, greater efforts are 

needed to protect the Ridge. We have attempted to evaluate the economic benefits of the NDR 

which may prove useful in developing a conservation strategy for Delhiôs life supporting system. 

 

2. The Study Area 

The North Delhi Ridge is located in the North Delhi District of the National Capital 

Territory (NCT) of Delhi between 28Á41ǋ34.8ǌN 77Á13ǋ12.9ǌE and 28Á40ǋ04.8ǌN 77Á12ǋ34.4ǌE. 

The North Delhi Ridge (NDR) is also called the Kamala Nehru Ridge and is the smallest among 

the four parts the Delhi Ridge. According to Government of Delhi, NDR occupies an area of 87 

ha and constitutes 1.13 % 

portion of total Delhi 

Ridge area (DoE-

GNCTD, 2014).There is, 

however, ambiguity on 

the total area of the NDR 

and the Survey of India 

has previously reported it to be 82 ha 

(SOI, 1976). NDR consists 

of quartzite rocks formation and is the 

rocky outcrop of the Aravalli Hill range. 

The NDR part of the Ridge has University 

of Delhi on its Western and South-western 

side, Civil Lines on its East side and Timarpur residential area on its Northern side (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map showing (a) location of NCT of Delhi on map of India, (b) location of North 

Delhi Ridge on map of Delhi and (c) North Delhi Ridge.  

2.1 Ridge Management 

Three different agencies manage different parts of the North Delhi Ridge and the parts 

are unequally divided. The Delhi Development Authority (DDA) manages the largest among 

these parts (73 ha) while the North Delhi Municipal Corporation manages 11 ha of total 87 ha. 

Interestingly, the Forest Department of the Government of Delhi manages only about 3 ha of the 

total NDR area. It needs to be noted here that the Delhi Ridge has been notified as a óReserve 

Forestô under Section 4 of the Indian Forest Act, 1927 vide Notification No.F.10(42)-

(a) (b) (c) 

http://en.wikipedia.org/wiki/Quartzite
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1/PA/DCF/93/2012-17(I) dated 24th May, 1994. At the same time, theHonôble Supreme Court of 

India has directed that the Ridge should be maintained in its pristine glory (DoE-GNCTD, 2014). 

2.2 Historical Importance 

Delhi has a rich history which still remains unexplored. Delhi is known to beconsisting 

ofseven (+2) cities which have influenced its history and urban planning from time to time. The 

North Delhi Ridge (earlier a continuous part of the Delhi Ridge) is of considerable significance 

with respect to the history of Delhi. The oldest structure present inside the NDR can be attributed 

to the reign of FerozshahTughlaq. Historians believe that Tughlaq had also made attempts to 

carry out afforestation activity in the Northern ridge in addition to developing it as a game 

reserve (Horton, 2008). The structures remaining inside the NDR from Tughlaq period are 

Chauburja Mosque, Kushk-i-shikar or Pir Ghaib and Ashokan Pillar. TheAshokan Pillar is 

10meter high and was brought to Delhi from Meerut in 1356 as part of a beautification project 

(WMF, 2014). 

 

It is believed that reckless deforestation of NDR took place during the Mughal period and 

continued till early nineteenth century. In the British period, the first efforts to plant the NDR 

were undertaken by J.R. Maconachie and Dr. Ross. This was followed by few others like Rev. 

G.A. Lefroy and Deputy Commissioner C.A. Barron, all of whom attempted to increase the 

vegetation cover of NDR (Mann and Sehrawat, 2008).The Ridge holds tremendous relevance 

from the point of view of the First War of Independencein 1857. The British camped in and 

around the Northern Ridge after the mutiny took place. NDR was the centre of attention during 

the British period even before the mutiny. The British Cantonment was located in Civil Lines. 

The area around the NDR was the administrative hub and hosted buildings such as the Old 

Secretariat (present day Vidhan Sabha) and the Vice Regal Lodge (present day University of 

Delhi Secretariat). A flagstaff tower was constructed inside the NDR in the year 1826. NDR and 

the structures inside the Ridge provided refuge to the British army during the mutiny of 1857. A 

29.5 meter tall óMutiny Memorialô was constructed inside the NDR in 1863 after the British 

regained power. 

2.3 Ecological Significance 

Ecosystem services are of critical importance in rapidly urbanizing megacities like Delhi. 

The city of Delhi has an alarmingly high population of 16.7 million (Census of India, 2011) and 

an increasingly consumerist culture. A recent study by Yale University has placed Delhi as the 

worst polluted city in the world. According to this study, Delhi has surpassed Beijing (EPI, 

2014), the latter of which has been known for its pollution problems since a long time (Down to 

Earth, 2014). This makes it even more important for us to understand and appreciate the 

ecosystem services provided by the Delhi Ridge. The role of Delhi Ridge as the óGreen Lungsô 

of Delhi needs to be revisited. The ógreen lungsô metaphor is very relevant as the Delhi Ridge 

has been preventing the deleterious impacts of air pollution in Delhi to the greatest possible 

extent. The ecosystem services tendered by the Ridge can be classified broadly into four 

categories.  

Provisioning Services are the supply of goods of direct monetary value to the people for 

example timber, fish, fiber, fruits etc. These are of immediate benefit to communities living on 

the fringes of the ridge or those who are encroaching up on it. Regulating services underscore 

the range of functions performed by the ecosystem that cannot be defined in monetary terms but 

are of great value. The regulating services of the Delhi Ridge are paramount for survival of the 

citizens of Delhi. The Ridge protects Delhi from the searing winds and sandstorms of Rajasthan 
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and helps in lowering the temperature by retaining moisture. It checks soil erosion, purifies the 

polluted air, regulates rainfall and recharges the depleting groundwater resource. It also regulates 

global warming by sequestering carbon. These functions are of enormous significance to present 

day Delhi, which is highly polluted and faceschallenges like air pollution water scarcity 

regularly.  

Cultural servicesare not defined in terms of material benefits but are understood as the 

needs of society or are understood for the aesthetic benefits that they provide. The Ridge is the 

only cherished refuge to the threatened urban biodiversity in Delhi. This makes the Ridge an 

ideal spot for birding. The Ridge enhances the landscape and was in fact landscaped by the 

British for the beautification of the capital. NDR is inundated with morning walkers who profit 

from these cultural services. Supporting servicesare difficult to perceive as they are of no direct 

benefit to the people. They are basically services that form the basis for provision of all other 

services and are crucial for the functioning of the ecosystem. Formation of soil, process of plant 

growth, habitat for species, oxygen from plants, nutrient cycling, primary productivity etc. are 

some of the supporting services provided by NDR. 

3. Methodology 

The objective of the present research contribution was to carry out a sustainability 

appraisal of the NDR using survey, participatory GIS and economic valuation tools. Three 

different survey sheets were prepared, one each for morning walkers, students and tourists 

visiting the NDR. A random survey was carried out (between 7.00 am to 8.30 am for morning 

walkers, 12.00 pm to 2.00 pm for students and tourists) to understand the public perception 

towards the Ridge. This was followed by carrying out an exploratory vulnerability assessment of 

the Ridge using GPS. Encroachments and other breach of the Ridge wall, as well as structures 

like waste disposal sites were noted and marked on the map of the NDR using MapInfo GIS 

software (v.10.0). An attempt has also been made to carry out the economic valuation of the 

NDR using rapidly developing environmental economics methods. 

4. Public Perception about NDR 

Preliminary survey conducted for identifying the population universe indicated that 

approximately 300-400 people visit the Ridge as morning walkers every day. Approximately 

100-200 students/ day visit the Ridge on a regular basis while approximately a similar number of 

tourists visit the Ridge on a daily basis. A sample size of n=20, 15 and 15 was then selected for 

morning walkers, students and tourists populations. The random survey encountered 85% males 

and 15% females among the morning walkers, 27% males and 73% females among the students 

and 60% males and 40% females among the tourists (Fig. 2). 

 

 

 
 

Figure 2. Gender profile of the surveyed population visiting North Delhi Ridge. 
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Amoung all males visiting the NDR, maximum percentage of visitors are between the age group 

of 20 to 30 years, whereas in females, maximum percentage of visitors lie in the 10 to 20 years 

age group (Fig. 3). Most of the visitors to Noth Delhi Ridge are youth under the age of 30 years. 

The main reason behind this could be the proximity to the North Campus of University of Delhi. 

 

 
 

Figure 3.  Age profile of the surveyed population visiting North Delhi Ridge. 

 

People visit the NDR largely due to its natural beauty and for obtaining health benefits (Fig. 4). 

Apart from this, the Ridge also provides recreational space for college students and a peaceful 

place for couples (who visit the Ridge as tourists). 

 

 

 
 

Figure. 4. Surveyed populationô purpose of visiting the North Delhi Ridge. 

 

 

Around 49% of total surveyed people visit theNDR daily, mainly for the purpose of morning 

walk(Fig. 5). 17% of sampled visitors visit the Ridge weekly while 20% were found to be 

occasional visitors. Among the total sample size, 56% visitors prefer to reach the Ridge on foot 

while 16% use public transport. 28% of the surveyed population commuted to the NDR using 

their personal vehicle (cars and bikes). 
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Figure 5.  Frequency of visiting the NDR. Figure 6. Mode of transport for visiting NDR. 

 

Only 22% of the sampled population was aware about the history associated with the NDR (Fig. 

7). Detailed analysis revealed that those below the age of 30 years are less aware about the 

history of NDR as compared to those above this age. More than 50% of all visitors feel that the 

Ridge is threatened with encroachment and degradation (Fig. 8). Littering (especially plastic 

waste) by visitors,municipal waste dumping as well as problems of law and order such as chain 

snatching and eve teasing are perceived by the sampled population. 

 

 
 

Figure 7. Awareness on history of NDR.           Figure 8.Threat perception assessment of NDR. 

 

Among the total sampled population, 66 % of people are willing to work for the conservation of 

the NDR. This percentage of population is keen to get involved with any conservation program 

initiated for the protection of the Ridge (Fig. 9). 

 

 
 

 

Figure 9. Surveyed populationsô willingness to contribute in Ridge conservation. 
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50% of the sampled population is willing to pay for entering the Ridge, if such a conservation 

strategy is implemented. Those opposing such a measure are of the opinion that the poor will be 

severely affected and the NDR will become a public space for elite only. It was interesting to 

note that a large proportion of the sampled population consider the NDR as rejuvenation place 

which should not be regulated for any section of the people. 

 

 

 
Figure 10. Surveyed populationsô willingness to pay for entering the NDR. 

 

50% of the people, who are willing to pay to enter the NDR, are largely below 30 years age (Fig. 

10). The amount opined by more than 90% of this population, as entry fees for the NDR, is Rs. 

20/-. 

 

5. Participatory-GIS Analysis  

                A participatory-GIS process is a relatively new concept involving the integration of 

inputs from multiple stakeholders and technical experts with Geographic Information System 

(GIS) to establish pre-defined objectives (Zhang et al, 2013). The objectives in this case were to 

carry out a threat perception and vulnerability assessment of the NDR. It was deduced that the 

boundary of the NDR was yet to be demarcated (personal communication with Forest Officials). 

It was also found that the process of the declaration of the NDR as a ñReserve Forestò has not 

been completed. This implies that the protected status of the NDR does not hold true and 

required further investigation of encroachments around its entire perimeter. The latter was done 

using personal visits to the entire perimeter of the NDR while simultaneously using inputs from 

daily visitors and management authorities of the NDR. A thematic map was prepared based on 

the participatory-GIS data (Fig. 11). 

 

While existing management of the NDR considers it to be a single entity, participatory GIS 

research indicates the existence of at least eight distinct zones (Fig. 11). The zones are formed 

due to the road network that exists inside the NDR and are enclosed by a prominent boundary 

wall. An auxiliary zone of the NDR was also discovered during the participatory-GIS 

exploratory research. 
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Figure 11. A Participatory-GIS map showing the identified zones and heritage sites of the NDR. 

 

The first zone is the largest among all zones and has been christened the University Zone 

based on its location. This is the zone which is frequented more often by morning walkers as 

well as students. The second zone houses the office of the Forest Department as well as a 

nursery. This is the zone managed by the Forest Department and has been christened as the 

Forest Office Zone. The third and the fourth zones are managed by the Municipal Corporation 

of Delhi. The third zone is forested while the fourth zone houses the Hindu Rao hospital 

complex. These third and the fourth zones have been named MCD II Zone  and MCD I 

Zonerespectively. MCD II Zone is also interesting since a large solid waste dumping dhallaon 

(bin) is located in it. Preliminary investigation of the dhallaon indicates that both solid waste as 

well as hospital waste is dumped here. 

 

The fifth zone is forested and has been christened Zone 5 due to the lack of any prominent 

feature. The sixth zone is the second largest among all zones and is being called the Mutiny 

Memorial Zone due to the presence of the Mutiny Memorial in its vicinity. The seventh zone 

houses a large water reservoir and is being called the Water Reservoir Zone. The southern most 

part of the NDR has been converted into a public park which is known as the Kamala Nehru 

Park.  

The participatory-GIS approach identified a zone of the NDR which is no longer part of 

it. This zone lies in the adjacent Civil Lines area and has been christened the Civil Lines Zone. 

More than 90% of this zone is still forested and the zone like approx. 250 m. from the perimeter 

of the present NDR. Residential and commercial structures exist between the present perimeter 

of the NDR and this zone. Encroachments on the South-eastern perimeter of the NDR were 

observed at several places. These were more prominent in the area between the Mutiny 
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Memorial and the outer-wall perimeter towards Civil Lines where cattle grazing inside the NDR 

was also spotted. 

5.1 Tourism Potential of NDR 

The participatory-GIS analysis also revealed the tourism potential of the NDR. 

Participatory-GIS mapping added the logistic perspective to exiting knowledge in the 

development of a tourism package for the NDR. The different heritage structures inside the NDR 

have attracted citizens of all age groups as well as tourists visiting the city. However, no concrete 

efforts have been made to promote tourism in the NDR. We would like to maintain here that 

while tourism in itself could lead to adverse exploitation of the natural beauty of the NDR, the 

NDR can become a hotspot for ecotourism. An experimental attempt to initiate urban ecotourism 

in the NDR has carried out by Delhi Greens NGO and is discussed elsewhere (Singh, 2011). 

The participatory-GIS approach indicated two distinct sectors for carrying out ecotourism 

in the NDR. The first Sector includes Zone 1, which further includes the following heritage 

structures: a) Flagstaff Tower, b) Sarpakaar Jheel wetland, c) Chauburja mosque and d) Khooni 

Khan Jheel wetland (Fig.11). The second sector includes geographically linked Zone 4 and Zone 

7 and includes the following heritage structures: e) Pir Ghaib, f) Hindu Rao Baoli, g) Ashokan 

Pillar, h) Teesri Jheel wetland and i) Mutiny Memorial. A third and larger Sector can be 

conceived which could include both these sectors. Each of the aforementioned structures are part 

of the natural and historical heritage of Delhi and India, and have tremendous economic potential 

with respect to conducting ecotourism. 

6. Economic Valuation of NDR 

The knowledge of ecosystem services has long existed (Tallis, 2013). The methods for 

the economic valuation of such services are now being developed (Whitehead, 2013; Laurans, 

2013). The success of such an approach is validated by the fact that it has also been extended to 

valuing historic environments (Provins et al, 2008). The present research contribution attempts to 

initiate an economic valuation of the NDR. While the economic valuation methods could be used 

on several attributes i.e. above discussed tourism potential, ground water recharge ecosystem 

service etc., the oxygen producing service was selected as the chosen attribute. This was based 

on a previous study on the economic valuation of healthy trees (Delhi Greens, 2013).  

 

There is no official census of the trees exists for the NDR. Consequently, a tree census was made 

in the fourth zone (MCD I Zone) which has the least tree density due to the presence of Hindu 

Rao Hospital complex. A total of 68 healthy trees were counted in this zone. Since this is the 

pilot investigation, the age of the tree was not taken into account. The latter will play an obvious 

role in the oxygen generating capacity of the tree. The figure so obtained was multiplied by the 

economic value (EV) of one tree with respect to (maintenance free) oxygen production (~Rs. 

23,72,50,000/-) (Delhi Greens, 2013). 

 

EVMCD I Zone = 68 x Rs. 23,72,50,000 = Rs. 16,13,30,00,000 

 

We deduce that the economic valuation of the óoxygen producingô ecosystem service of the most 

disturbed zone of the NDR is one thousand six hundred and thirteen crore rupees. The EV so 

obtained will increase multifold if other ecosystem services of this zone are calculated and 

included in the valuation. The EV of the other zones of the NDR (which are both larger and less 

disturbed) is bound to be several times more than the above calculated EV.  
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6. Discussion 

The North Delhi Ridge provides useful ecosystem services to the student population and 

the residents living close to it. However, there is a need to recognize these services and 

understand the importance of the NDR with respect to these services. There is a good level of 

understanding of the importance of the NDR with the residents living in its vicinity. A similar 

level of understanding is wanting with the administrative authorities managing the North Delhi 

Ridge. The NDR and the entire Ridge was notified as Reserve Forest on 24 May, 1994. But the 

process has not been completed due to pending land dispute cases and the Ridge continues to be 

managed by agencies other than the Forest Department. The NDR is managed by three agencies, 

out of which the Forest Department manages only a small part of the entire NDR. Interestingly, 

this is also the part of the NDR which is most conserved and has least encroachment. 

Consequently, it is reasonable to believe that the complete transfer of the NDR to the Forest 

Department will aid in the conservation of the NDR. The study recommends the speedy 

settlement of all pending land disputes and the transfer of the Ridge Forest to the Forest 

Department. 

The NDR has been found to exist in eight distinct and continuous zones based on the 

participatory-GIS analysis. These zones are divided by roads and have variable pressures. 

Consequently, it is suggested that the management of the NDR need to be carried out in a zone 

wise manner. Such a micro-management of the NDR will help enhance the green cover and also 

address environmental challenges such as habitat fragmentation and loss of biodiversity. 

Absence of clear demarcation of the ridge limits any methodological approach in its 

conservation. The ninth zone of the NDR, as identified in the participatory-GIS approach, is an 

interesting find. It is an indicative that there exist areas in the vicinity of the Ridge, which have 

retained the Ridge Forest character, but have been fragmented due to urbanisation. These areas 

could serve the purpose of ecological corridor and could aid in the enhancement of the urban 

biodiversity. 

 

Encroachment from the South-east perimeter and heavy traffic movement are some other 

challenges being faced by the NDR. While littering is observed as a problem, the presence of an 

open-air waste disposal municipal dhallaon adjacent to the Hindu Rao hospital is an indirect 

public health hazard. It is highly recommended that either this municipal dhallaonshouldbe 

removed outside the NDR or it be covered and frequently emptied. Preliminary economic 

valuation of the NDR shows that it provides high economic gains. Indeed, a more comprehensive 

economic valuation is needed to identify the exact economic benefits derived from the NDR. 

Such a study is much needed and should be carried out by (or in collaboration with) the 

Government for more effective results. Such a study will also aid in developing education and 

awareness programmes on the benefits of the NDR. This will then sensitize the people and the 

administration machinery about the importance of protecting and preserving the NDR in its 

present state. 

 

The participatory-GIS assessment also highlighted the tourism potential of the NDR. Almost 

1.89 million foreign tourists visitDelhi every year, making it the third most preferable tourist 

destination among all states in India (ITS, 2010). In addition to the foreign tourists, a large 

number of Indians also visit their state capital each year. According to óIdentification of Tourist 

Circuits across Indiaô Interim report, the top four most visited places in Delhi are Qutub Minar, 

Red Fort, Delhi Zoo and Pragati Maidan (IL&FS, 2012). Strangely, the Northern Ridge and its 
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monuments do not find mention in the list of the tourist destinations of Delhi in this report.This 

highlights the lack of awareness in the people and in the administrationabout the North Delhi 

Ridge and its historical importance. This lack of awareness has indeed robbed the ridge of its 

tourism potential. The NDR has immense tourism potential and is already frequented by those 

who are aware of its ecological and heritage importance. Hence, it can be inferred that if more 

awareness is generated in this direction, the North DelhiRidge will certainly see a spurt in the 

number of (eco)tourists. The latter could also boost conservation measures taking place for 

protecting the NDR and enhance its ecosystem services. 

7. Conclusion 

The conservation of NDR is critical to the sustainability of the urban growth of Delhi. 

However, concrete efforts towards sustainable management of the NDR are wanting and there is 

ambiguity in its political status. While the entire NDR should be under the supervision of the 

Forest Department, that is not the case. Only a small fragment of the NDR is under the Forest 

Department, which was found to be the most protected among all zones appraised in this study. 

The entire NDR must be brought under the Forest Department before any further conservation 

measures can be taken. 

Participatory GIS has been found to be useful tool for promoting people based 

conservation efforts. The NDR was found to be divided into eight continuous zones largely due 

to the presence of a road network traversing through it. These eight zones are of unequal sizes 

and are marked by the presence and absence of concrete structures. There is also a difference in 

the number of visitors frequenting the different zones. Consequently, individual zones face 

unique anthropogenic pressures thereby requiring zone specific management strategy for the 

conservation of the NDR. 

The NDR is of greater relevance today due to ever increasing number of vehicles in NCT 

of Delhi.The inability of the state administration to put a check on unsustainable growth in the 

number of vehicles is concerning and further highlights the significance of the NDR in the 

present day.The NDR is located adjacent to the University of Delhi and acts as a buffer to the air 

pollution contributed by vehicular exhaust and other emissions. In doing so, it acts as a green belt 

which absorbs the air noise pollution and protects the health and well being of a large number of 

youth who frequent the University of Delhi for education purpose.  

The exact economic valuation of the NDR requires a detailed study of all the ecosystem 

services provided by it. Preliminary investigation of just one ecosystem service (oxygen 

production) reveals that the total economic valuation of the NDR may well be above two 

thousand crore rupees. Despite such high economic benefits being provided by the NDR, there 

seems to be lack of concerted efforts towards its protection and preservation. There is thus a need 

carrying out a rigorous economic valuation of the entire Ridge. Such a research work needs to be 

complemented with awareness generationon the ecosystem service benefits of the Ridge to the 

people of Delhi. 
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Climate Change and Water poverty at The Household Level: 

Enhancing adaptive Capacity Through Communication for 

Development 

 
Sakshi Saini 

 

Introduction  

Water is one of the most important resources required for multiple uses across societies 

and cultures. Water is used for domestic, agricultural industrial and environmental purposes. 

Inadequate access to safe water profoundly affects lives and livelihoods of most people 

especially the poor. Access to safe water is therefore imperative to quality of life of people, for 

sustainable development and poverty alleviation. This is apparent by the fact a large majority of 

the population without access to safe water lives on less than two dollars a day (Human 

Development Report, 2006). Globally 1.1 billion people lack access to safe water, almost all of 

them live in the developing world (UNDP, 2006). In India also a large number of households do 

not have safe water supply resulting in significant loss of time and effort especially on the part of 

women, who most often bear the burden of water collection. 

 The role of women as water managers for the family is undisputed in most of the developing 

world. A study conducted by WHO/UNICEF Joint Monitoring Programme for Water Supply and 

Sanitation in 35 developing countries in 2005-06, confirm the evidence that women (64%)  

shoulder the bulk of the water collection (JMP, 2008).   A study on time use pattern across 

18,000 households spread across six states in India, indicated that water collection is a deeply 

gendered task. Women are primarily responsible for water collection and bear 87% of the work 

burden of water collection, the rest being borne by men and children (MOSPI, 1998-99). This 

fact is corroborated by another study commissioned by UNICEF and conducted by Rajiv Gandhi 

National Drinking Water Mission, 1990 that women are the principal collectors of water in 

Indian households, as they bear 86% of the water collection load (Venkateshwaran, 1995). 

 

Translating the losses borne by girls and women in terms of man (woman) hours and economics 

shows a loss of human capital and reduces the ability of the household to capitalize fully on its 

other resources. It is estimated that in India, women fetching water spend about 150 million work 

days per year. Translated into monetary terms, it is equivalent to a national loss of income of 

nearly 10 billion rupees (Srivastava, 2003).      

Climate Change and water  

While on the one hand demand of water is increasing due to demographic, socio-economic and 

technological changes, on the other hand, the availability of water faces serious threat from 

human induced climate change. During the past century, mean world temperature has increased 

by 0.74
 o
C and it is likely to increase by 1.1 to 6.4

0
C in the next century (IPCC, 2007).  It is 

projected that in future, rainfall will become more variable and uncertain leading to increased 
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frequency of droughts and floods.  At the same time, glaciers would be impacted and sea levels 

would rise considerably. All these would have an impact on the spatial and temporal availability 

of water in many parts of the world. Globally, an additional 1.1 to 3.2 billion people may face 

increased water stress for a 3-4
0
C rise in temperature out of which 0.2 to one billion people 

would be from Asia. (IPCC, 2007).   

The requirements of water are continuously increasing due to strong physical and 

industrial growth of the cities as well as rapid rural to urban migration. According to UN 

projections, by 2030, almost 60% of the global population will come to reside in the cities and 

put an additional pressure on the resources including water. Also a large proportion of the growth 

in urbanization will occur in the developing world with over two billion people moving to the 

cities between 2000 and 2030 (United Nations, 2005). This will further push the demand for 

water and other resources in the urban areas, thereby aggravating the already complex situation.  

 It is thus expected that in the coming years, problems of climate change coupled with 

urbanization will put increased pressure on water as well as other resources.  The decreased 

availability of overall water supply in future will negatively impact the quality of life of people 

and more so the women who are hitherto responsible for procurement and management of water.  

Differential impact of Climate Change on Women 

Globally women are more vulnerable to the impacts of Climate Change their limited 

adaptive capacities arise from prevailing social inequalities and ascribed social and economic 

roles that manifest itself in differences in property rights, access to information, lack of 

employment and unequal access to resources. As per Womenôs Manifesto on Climate Change, 

2007, 70% of the worldôs poor who are far more vulnerable to environmental damage are 

women.   

Thus Climate change hits women harder due to their different roles, access to rights and 

information and strict gendered codes there by limiting their mobility. In urban areas it is the 

poor women who are impacted the most by such climatic changes since they represent the 

marginalized section of society with low or poor education, limited income as well as poor 

awareness and knowledge levels about environment. Mega cities such as Delhi, Mumbai, and 

Kolkata are considered to be especially vulnerable due to their large populations, rapid 

migration, and widespread poverty, competition for land and water and increasing multiple 

stresses. . 

Need to adapt to climate change 

It has been projected that even if we stop all GHG emissions now, global temperatures 

will continue to rise for quite some time. It is therefore imperative that efforts be made for the 

adjustment in the natural or human systems to minimize the negative effects of climate change.  

Adaptive capacity is the ability of a system to adjust to climate change in order to moderate the 

potential damages, to take advantage of opportunities, or to cope with the consequences. Some of 

the adaptive strategies are reactive in response to past or current events, others are anticipatory 

based on the assessment of future conditions. Adaptive measures can be undertaken by 

individuals or groups for themselves or by the Government or public institutions.  It is important 
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to actively engage women in areas of preparedness, risk reduction, adaptation and mitigation. 

The eighth Conference of Parties of UNFCCC in 2002 stated that óAdaptation is of high priority 

for all countries and requires urgent attention and action on part of all the countriesô (Adger et.al. 

2005). Adaptive Capacity of people to climate change can be enhanced by increased access to 

monetary resources, infusion of technology, increasing awareness as well as knowledge level of 

people specially the vulnerable groups.   

C4D for enhancing Adaptive Capacity  

The Nobel Peace prize to the IPCC in 2007 did sensitize urban literate population about 

climate change and its impacts. Yet there is considerable lack of awareness among less educated 

and privileged section of the population even in the urban areas.  

Communication is an essential part of human interaction. Dissemination of knowledge 

and information are important for people to successfully respond to opportunities and challenges 

of social, economic and technological changes. Effective communication is a tool that can be 

used to identify problems, encourage participation, invite innovation in problem solving and 

promote adaptation and mitigation. Communication for Development (C4D)is a participatory 

approach that integrates the use of communication strategies, media and processes to enable 

people and institutions to share knowledge and information and reach consensus towards 

common action. Isolated studies conducted in different parts of the world indicate that 

communication for development (C4D) can be very successfully used to enhance awareness and 

knowledge of people, facilitate behavior change and thus enable people to mitigate and adapt to 

climate change. 

Methodology 

Keeping the above in view, the present study has been conducted on the urban poor 

residing in the slum areas of a metropolitan city of Delhi. A primary survey was conducted on 

statistically defined sample (300 families), in the slum clusters drawn from all the five zones of 

New Delhi. A two stage stratified sampling technique was used to select families residing in the 

slums. Information was gathered from the poor women residing in slums related to their 

knowledge of climate change, water and sanitation practices as well as management of natural 

and other resources available to the families. The women were also interviewed about the 

common coping strategies followed by them during environmentally stressful periods. A major 

finding of the survey was that barring a few isolated cases, majority of the women (more than 

95%) were not aware of any phenomenon such as, óClimate Changeô. The survey was also a 

useful tool to gauge the information needs of women as well as the level of complexity of 

information desired for planning appropriate communication strategies for them in order to 

build/enhance their adaptive capacity to climate change.  

Various traditional and modern media were developed to impart knowledge and skills related to 

climate change and various adaptation strategies to women residing in slums. This was done 

because an assessment of the available communication materials related to climate change 

adaptation and mitigation revealed that, the materials were too complex and scientific for the 

poor urban women who were semi- literate or illiterate.  ICTs such as short films, documentaries, 



Journal Global Values Vol. VII 2016                                              Special Issues ISSN (e): 2454-8391 
 

245 
 

public service announcements and camera mediated exercises were scripted and produced. These 

were combined with print and traditional media such as posters, flip charts, flash cards, and 

puppetry and packaged into a communication module in consultation with experts on climate 

change, gender, grassroots level trainers as well as people from the community. The standardized 

communication module on óenhancing adaptive capacity of women to climate changeô was then 

administered to a statistically defined sample of 150 womwn spread over 10 slums in the five 

selected zones of Delhi. The group size of each campaign was 15-20 women to enable face to 

face interaction. The change in the knowledge level of women related to climate change and 

adaptation strategies was gauged by a knowledge assessment tool.  

Results and Discussion 

Profile of the respondents  

Most respondents had been living in Delhi for more than three years and were below the 

poverty line. The state of womenôs education was dismal as almost three-fourths of the women 

were illiterate. Among the rest, 18% women had education up to primary level, 6% up to 

secondary level and less than 1% women had any form of higher education. The differences in 

level of education across the five zones of Delhi were very minor (Table 1). As highlighted by 

the Focus Group Discussions, most women who had been to school also reported that they were 

at best semi-literate, since they had dropped out of school in first, second or third grades and had 

never attempted to read anything after that.   

Table 1: Educational Level of respondents 

Educational 

Level Zones of Delhi (percentages) 

Average % 

(Delhi slums) 

 East West North  South Central Delhi 

Illiterate 73.33 80.00 76.67 71.67 78.33 76.00 

Primary Level 21.67 13.33 16.67 18.33 18.33 17.67 

Secondary Level 5.00 6.67 6.67 8.33 1.67 5.67 

Higher 

Education 0.00 0.00 0.00 1.67 1.67 0.67 

 

Three fourths of the women were housewives and had not taken up paid employment 

because it was not easy to find suitable employment coinciding with their free time. The 

remaining slum women were gainfully employed, as domestic helpers, petty sellers or as daily 

wagers in construction or in factories. 

The communication based assessment revealed that the knowledge level of the women regarding 

climate change was extremely poor as majority of the respondents said there was no change in 

climate and they had not even heard of the term óclimate changeô. They said had they been 

educated, perhaps they would have known about it. The awareness as well as knowledge level of 

the respondents regarding climate change was extremely poor, as a large majority of the 

respondents (98%) had not even heard of the term óclimate changeô. They said that they did not 

know about the issue, were not educated and therefore could not say anything about it. A few 

women said that the rainfall had become very erratic which affected the crops. There were 
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droughts quite often, which caused great losses to agriculture in their respective villages. The 

women said that these changes in weather were due to Godôs will and humans had no control 

over them (Table 2).  

Table 2: Response of the Respondents regarding awareness of climate change 

Do you think 

the climate is 

changing 

Regions of Delhi (percentages) Average 

(%)  

 East West North South Central Delhi 

Yes 3.33 0.00 0.00 5.00 1.67 2.00 

No/canôt say 96.67 100.00 100.00 95.0 98.33 98.0 

 

Knowledge level of the Respondents regarding Impacts of Climate Change 

Since the women had not even heard of the term climate change it was very difficult for 

them to perceive the possible impacts of climate change. A very small fraction of the 40 years 

plus women (0.33-.69%) said that increase in heat waves and longer summers are the impacts of 

climate change, already being experienced by people and will be so in future too (Table 3). There 

were hardly any differences about the perception of women across the five regions in Delhi.  

Table 3: Knowledge regarding the impacts of climate change 

Impacts of climate 

change 

Regions of Delhi (percentages) Average 

(%)  

 East West North South Central Delhi 

Increased heat waves 0.00 0.00 0.00 1.67 0.00 0.33 

Longer summers 0.00 0.00 0.00 1.67 1.67 0.67 

Can't Say 100.00 100.00 100.00 96.66 98.33 99.00 

 

Considering the ignorance of the women towards the issue of climate change and its negative 

impacts on them, it was necessary to build their knowledge base on the issue to enable them to 

adapt to climate change as well as water related stresses. Based on the assessment, a 

communication module was planned to impart knowledge and skills of appropriate and 

contextually suitable (at the household level) adaptation and mitigation strategies related to 

climate change. 

The communication module focused on various aspects of climate literacy such as the 

phenomenon of climate change itself, its causes and impacts on the lives and livelihoods of 

people including gender specific vulnerabilities, impact on resources such as water, contextual 

and sustainable adaptation and mitigation strategies. The key components of the module were as 

follows: 

¶ Ice breaking games to increase the comfort level of the group and get them talking on the 

issue 



Journal Global Values Vol. VII 2016                                              Special Issues ISSN (e): 2454-8391 
 

247 
 

¶ Causes and impacts of climate change on lives and livelihoods of people 

¶ Linkage between climate change, water and women 

¶ Vulnerability of women to climatic stresses and extremes 

¶ Contextual adaptation and mitigation strategies with special reference to water for 

domestic use 

¶ Adaptation strategies to deteriorating quality of water- demonstration on water 

disinfection/purification techniques at the household level  

¶ Recapitulation, question and answer sessions, competitions and quiz on climate change 

¶ Administration of the knowledge assessment tool 

The various media used were modern (films, video clips, documentaries, camera mediated 

exercises, public service announcements), print (posters, flash cards, flip charts) and traditional 

(puppets, skits and demonstrations).  

Assessment of change in awareness, knowledge, attitude and behaviour after the 

Communication intervention 

Before and after the communication intervention, the AKAB assessment tool was 

administered to the women in order to assess the change in their awareness, knowledge, attitudes 

and potential behavior of the urban poor women towards various aspects of climate change.  

Changes in awareness to climate change: Before the intervention, the women had not heard of 

the term climate change either through the mass media (radio/television) or interpersonal 

networks and were also not aware of its causes and impacts. It was heartening to note that after 

administering the communication module there was a dramatic change in overall awareness of 

women about the phenomenon of climate change and its related aspects. Whereas, initially only 

1-2% of the respondents said that they had been experiencing extreme heat, erratic rainfall 

patterns and increased frequency of droughts and floods especially in their respective villages but 

did not know about the term óclimate changeô as well as its causative factors. They also said that 

lack of education was a cause for their lack of awareness about the issue. But after the 

communication intervention, all the respondents (100%) said that climate change was indeed a 

reality to which they themselves could now relate.  

Change in Knowledge of women about climate change and related issues: 

The knowledge of women to climate change was very dismal prior to the communication 

intervention. The women did not know about the phenomenon of climate change, its causes and 

impacts. However, after the communication intervention there was a substantial change in the 

knowledge of women about different aspects of climate change.  

Causes of climate change 

After the intervention almost half of the respondents said that a combination of factors 

such as burning coal for electricity generation, excessive use of petrol and diesel for vehicles 

were the major causes of climate change. More than one- third of the women said that 

deforestation was the major cause of climate change, whereas one-fourth of the women attributed 

climate change to increasing number of cement and steel industries because of increasing 

population.  Only 12% women thought that climate change was due to natural causes. A very 
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small fraction of women said that farm animals and agriculture were responsible for climate 

change (Figure 1). They were closely involved with agricultural activities in their villages and 

felt that agriculture was essential to feed everyone and therefore could not be considered as a 

contributor to climate change.  

 
 

Figure 1 Knowledge of respondents about causes of climate change (n=150) 

Impacts of climate change 

The communication intervention resulted in considerable gain of knowledge about the 

impacts of climate change and most of the women said that climate change had several impacts. 

More than 46% women reported at least three impacts of climate change, another 49% knew 

about four to six impacts and a much smaller number (4.67%) knew of seven or more impacts of 

climate change. Majority of the women (73%) said that increase in the temperature would be the 

main impact of climate change followed by 67% of the respondents who said that change in 

rainfall would be the major impact. An equal percentage of respondents (40%) said that climate 

change would bring about change in river water flow and consequently the availability of water. 

About 30% women feared that climate change would lead to deterioration in the quality of water 

and would also lead to reduction in the size of glaciers (Figure 2). 
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Figure 2: Knowledge of respondents about impacts of climate change-post intervention (n=150) 

 

Mitigation strategies for dealing with climate change 

Before the communication intervention, the women could not relate to the measures to 

reduce the pace of climate change since they did not understand the phenomenon itself. A few 

women had said that increasing pollution in the cities was the cause of changes in the 

environment and therefore needed to be reduced while a few women had said that planting trees 

was important. After the conduct of the communication intervention there was a remarkable gain 

in knowledge of women with regard to the strategies for climate change mitigation. Almost 

three-fourths of the women reported that saving electricity and fuels such as petrol, diesel, 

kerosene etc. as well as planting of trees were important for reducing the pace of climate change 

(Figure 3). 
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Figure 3: Knowledge of climate change mitigation strategies-post intervention (n=150) 

Adaptation strategies to deal with climate change with special emphasis on water management 

at the household level: Almost all the respondents felt that since the climate was changing there 

was an urgent need for everyone to adapt to it. All the women said that there was a need to purify 

or disinfect water especially for drinking purpose. More than 88% women said that water was 

already in short supply and must be conserved for future use.  A large number of women (72-

81%) felt that they should use simple technologies to collect and store water such as the use of 

plastic pipes, carts and cycles, proper storage containers and tanks. The women said that these 

equipments could make their lives much easier. More than 60% respondents felt that women 

were overburdened with water management responsibilities and a redistribution of water related 

roles within the household and involvement of other family members could provide relief to 

them (Figure 4). 

 
Figure 4: Knowledge of women regarding water mediated adaptation strategies-post 

intervention (n=150) 

4.3.3.3.Changes in Attitude of women: 

Climate change 

Before the intervention, majority of the respondents were either neutral or disagreed to 

the occurrence of climate change but this changed drastically after the communication 

intervention. A large majority (82-98%) of the women agreed that climate was changing due to 

which people were facing problems. They also agreed that if people continued to use oil and gas 

at the present rate, the problem of climate change would be aggravated. However, it was 

interesting to note that only half of them felt climate change was a serious problem. They felt 

that there were other more serious issues such as unemployment, poor income, inadequate 

housing, lack of medical and education facilities which required more urgent attention (Table 7). 

Table 7: Attitude of women to climate change pre and post intervention  

Statements of Attitudinal Scale Pre Intervention Post Intervention 

General statements- about climate 

change. 
Agree Neutral Disagree Agree Neutral Disagree 
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Weather in the past 30 years has 

changed. 
12.00 84.00 4.00 98.00 1.67 0.33 

Climate change is a serious 

problem faced by people at 

present. 

3.00 81.00 16.00 49.33 46.00 4.67 

Climate change will be more of a 

problem in future.  
3.00 87.00 10.00 94.00 6.00 0.00 

If the present rate of coal and oil 

use continues, climate change will 

continue to occur at a fast rate. 

9.00 79.00 12.00 84.00 6.00 10.00 

Causes of climate change 

 Before the intervention, since most of the women did not know about climate change, 

they were neutral to the causes of climate change.  After the communication intervention more 

than 86% women disagreed that climate change was due to Godôs will and that high 

consumption of electricity and deforestation have nothing to do with climate change. A large 

majority (84%) of the women agreed that the primary cause of climate change is burning of fuels 

such as petrol/ diesel and oil (Table 8).  

Table 8: Attitude of women to causes of climate change pre and post intervention  

Statements of Attitudinal Scale Pre Intervention Post Intervention 

Causes of Climate change Agree Neutral Disagree Agree Neutral Disagree 

Change in climate is Godôs will. 8.00 82.00 10.00 8.00 6.00 86.00 

The primary human activity that causes 

climate change is the burning of fossil 

fuels such as coal and oil. 

4.00 86.00 10.00 84.00 14.00 2.00 

High consumption of electricity has 

nothing to do with climate change. 

10.00 80.00 10.00 24.00 0.00 76.00 

Cutting of forests has no relationship 

with climate change. 

4.00 88.00 8.00 12.00 2.00 86.00 

 

Impacts of climate change 

 Even before the intervention, 78-82% women agreed that frequency of rainfall at present 

had changed as compared to earlier times and drought and floods occurred more frequently at 

present.  More than 90% women agreed that poorer quality and quantity of water would affect 

their health adversely. However, majority of the women were neutral to climate change 

impacting the quality of lives of their children and grand children in future.  After the 

communication intervention, a larger majority of women (94-98%) felt that frequency of rainfall, 

drought and floods has changed at present as compared to earlier times and agreed that climate 

change will have a negative impact on the quality of life of future generations. In addition 85-

100% women (as compared to 50% women before intervention) felt that climate change will 

impact them negatively as it will enhance their work burdens of water collection, purification 

and storage (Table 9).  

Table 9: Attitude of women to Impacts of climate change pre and post intervention  
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Statements for Attitudinal Scale Pre Intervention Post Intervention 

Impacts of climate change Agree Neutral Disagree Agree Neutral Disagree 

Frequency of rain has changed now 

as compared to that 50 years back. 

82.00 18.00 0.00 94.00 4.00 2.00 

One hears more about droughts and 

floods at present as compared to 

earlier. 

78.00 22.00 0.00 98.00 2.00 0.00 

Climate change will reduce the 

quality of life of our children & 

grandchildren in the future. 

3.00 81.00 16.00 94.00 6.00 0.00 

Climate change and women       

Climate change will more adversely 

affect women. 

9.00 81.00 10.00 90.00 10.00 0.00 

In future women will be more 

burdened by water collection. 

50.00 50.00 0.00 84.00 12.00 4.00 

4.3.3.4. Intent to behaviour change: 

Mitigation strategies: 

Even before the communication intervention, a large majority of the women and their 

families were already practicing several mitigation strategies suggested to them in the present 

study such as minimizing the use of electricity by switching off electrical equipment when not in 

use, use of CFLs, colouring walls with light colours, using public transport and the use of CNG 

vehicles. This was because of very low levels of income of families and very poor availability of 

natural as well as other economic resources to families which strictly called for minimizing their 

use. These families used cycles or public transport to travel long distances and walked to the 

nearby destinations. They could not afford to buy or hire petrol/diesel driven private vehicles. 

After the communication intervention, the other respondents (who were small in number and 

were practicing the above mitigation strategies to some extent) said they would use these 

mitigation strategies in future. In terms of change in potential behaviour, 28% women said they 

would like to try using solar equipment (as compared to none before), 12% women who were 

non users of CFLs wanted to switch over to them and another 14% women thought they would 

like to try the use of CFLs. The constraint felt by most women in the use of CFLs was their high 

cost. As many as 26% women said they would like to adopt better waste disposal techniques in 

the future while 24% women said they would use less plastic bags in future.  

 

Water linked adaptation strategies 

A large number of families (56-100%) found certain adaptation strategies to be very easy 

and were practicing them to some extent even before the communication intervention. These 

were judicious use of water, use of covered and clean utensils for water storage, taking the help 

of other family members in water collection for the household. Most families reported that they 

occasionally used plastic pipes, cycles and/or carts for water accession and transport. Even 

before the intervention, almost 60% women were members of some womenôs group, which 

collected money from every member on a monthly basis and provided lump sum money to a 



Journal Global Values Vol. VII 2016                                              Special Issues ISSN (e): 2454-8391 
 

253 
 

member by rotation. The women said they used this money for meeting personal expenses 

(clothes, jewelry, and gifts). Some women said they could think of utilizing the money for 

purchase of water management related equipment, which could improve the quality of their day-

to-day life. After the intervention, more women (24%) as compared to (4%) earlier felt that they 

would like to install a water tank in their house to provide relief to them as well as use cycles/ 

carts to bring water at least to some extent. For adopting these strategies the women said they 

could not decide on their own and would have to request/motivate the male members of the 

family. A large majority (88%) also said they would install taps in water containers already 

possessed by them. With regard to purification/disinfection of water, even after the 

communication intervention, more than two-third women still said they would not like to invest 

in the purchase of water filter and would also not use boiling as a method of water purification. 

They preferred the use of solar disinfection technique and chlorine tablets for water purification/ 

disinfection since these did not involve much cost. . 

Change in Awareness, Knowledge, Attitude and Behaviour of women to climate change 

A paired samples t-test was conducted to assess the change in awareness, knowledge, 

attitude and behavioural intent of the urban poor women with respect to various aspects of 

climate change before and after the communication intervention. The results showed that there 

was a significant difference in the awareness scores of the women before the intervention 

(M=0.32, SD=0.648) and after the communication intervention (M=2, SD= 0.0); t (149)=31.734, 

p<.001, suggesting that the communication intervention had a statistically significant impact on 

the awareness of women about climate change. 

Overall, the AKAB scores before the intervention were (M=163.91, SD=10.56) which, after the 

communication intervention changed to (M=193.02, SD=12.80; t (149)=20.21, p<.001). Hence, 

it can be concluded that the communication intervention had a very significant impact on the 

overall, awareness, knowledge, attitude and behavioural intent (AKAB) of the urban poor 

women to climate change (Table 10). 

Table: 10: Change in AKAB after the communication intervention 

Variable Pre Test Mean Post Test Mean Mean Difference t score Sig. (2-tailed)*  

Awareness 0.32 2 1.68 31.734 0.001 

Knowledge 27.42 44.78 17.36 31.467 0.001 

Attitude 76.68 85.36 7.6735 17.041 0.001 

Behaviour 59.49 60.88 1.3866 1.323 0.188 

AKAB  163.91 193.02 29.11 20.21 0.001 

                                                                      * 95% level of significance 

A holistic overview of the results of AKAB change after the communication intervention reveal 

that there was a 36.5% change in the overall mean scores of awareness, knowledge, attitude and 

behaviour of the respondents to climate change and related aspects. A breakup of the scores 

indicates the maximum change occurred in the average score of awareness component (74.66%) 

followed by the knowledge level of women (59.66%). The percent change in the attitude of 
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women towards various issues pertaining to climate change was much lower, (13.4%) followed 

by change in their behavioural intent towards climate change adaptation and mitigation strategies 

(4.1%).  It is important to note that despite a significant gain in the awareness and knowledge 

components, there was a limited change in the attitude and intent to behavior change of the 

women (Figure 5).  

 

 

 

Figure 5: Change in AKAB scores after the communication intervention 

Conclusion 

The feedback indicated that the communication intervention was very interactive and 

participatory. It was appreciated by a large majority of women and contributed towards enhanced 

awareness, knowledge and understanding of climate change related issues. Moreover, the pace of 

disseminating information was adjusted to suit their needs such as, while using flip charts and 

flash cards, the facilitator was providing the commentary and could adapt to the audience, unlike 

the films or documentaries which proceeded at a set pace. 

The present exercise has shown that use of Development Communication enabled approach with 

integrated media, such as films, flip charts, flash cards, puppet shows, skits, demonstrations etc. 

can be instrumental in enhancing adaptive capacities of poor urban women to climate change and 

can be suitably used to reduce their vulnerability to climate change. Knowledge and information 

are essential for people to successfully respond to the opportunities and challenges of social, 

economic and technological changes. But to be useful, knowledge and information must be 

effectively planned and delivered to the intended audience. A synergy is essential between 

climate change specialists, trainers and people at grass root level, media planners and producers 

for developing meaningful media which can not only raise awareness and understanding but also 

motivate people to take action and cope with climatic stresses and extremes. 
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Kedarnath Disaster: Natural or Man -Made? 
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Abstract:  

The magnitude of death, destruction and tragedy at the Himalayas of Uttarakhand and 

precisely in Kedarnath is a disaster to be waiting, created by man over a long period of time and 

trend is increasing in recent past years. Catastrophe caused by nature is immeasurable in scale 

and consequences. There is a tremendous loss of life and heavy damage to property. Climate 

condition in Himalayas varies from sub-tropical to heavy snow-clad mountain ranges and peaks. 

Monsoon rain is extremely intense, whic h leads to slop failure, landslide, flash flood and debris 

flow. The calamity of the Uttarakhand Himalaya has wreaked havoc in the entire landscape, 

settlements, pilgrimages and tourists, specifically those which are situated on the path of the 

river valley. Thousands and thousands of people are dead and many more are still missing. 

There is no agency, which have so far came up even with rough data to the estimated no. of 

people die and people who are missing. Environmentalist believe that this disaster is not natural, 

but man made, human activities in these regions have altered the environment which only 

exacerbates the problem, and nature is not solely responsible for it. Uttarakhand Himalayas 

region witnesses a huge demography alteration not only in terms of more human settlements, but 

in form of deforestations and road expansions too, which leads to the overall climate change of 

the region. Massive deforestation makes it extremely vulnerable to flash floods and the existing 

forest is not adequate to hold the water stream coming down heavily from the slope. The rapid 

urbanisation and mass movements of pilgrims in these places has completely changed the 

carrying capacity of these Mountain hills. A destination which is able to hold 10,000 to 15,000 

people at a time is flooded with lakhs of pilgrims and tourists. To accommodate them necessary 

infrastructure has been created at one of the most vulnerable places, which directly jeopardise 

the lives of these peoples. Himalaya being the youngest mountain range is not only enduring to 

major tectonic shift, but also exposed to recurrent climate change. It compels the policy maker to 

analyse how a natural hazard become a disaster with numerous loss of valuable life and 

unprecedented destruction of property. A hazard cannot always be a disaster, unless it has not 

been happening in a habitat area.  The most of the calamity that has been happened is because 

of the growing number of settlements on both sides of the flow of river path and Kedarnath 

pilgrimage is an iconic example of this. 
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1. Introduction 

Kedarnath is situated at the altitude of 3,583 meters in the Rudraprayag district of 

Uttarakhand, which lies in Garhwal Himalaya. The Chorabari and the companion glacier are 

more than a kilometer away from Kedarnath temple. Chorabari glacier is originating point of 

river Mandikini, which travels 85 km southwest to meet Alaknanda at Rudraprayag. Further, 

Alaknanda joins the Bhagirathi River at Devprayag and form the mighty Ganga River. The 

stream emanates from companion glacier joins the Mandakini River upstream of Kedarnath. 

Kedarnath is located in downstream outwash landscape of Chorabari and its companion glacier 

within the Mandakini River. People have encroached the area where the glacial fluvial deposit 

has been dumped. After the encroachment the region is not able to hold the discharge of the 

river. 

Fig. 1 
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Fig. 2 

 

Uttarakhand witness early arrival of the monsoon this year. Monsoon reaches this Himalayan 

state almost two weeks in advance of schedule. Rivers in this Himalayan region have already 

been flown heavy during this month, as glaciers melt because of the temperature. Early arrival of 

the monsoon and incessant rain leads to further melting of ice as ice , as when water falls on the 

ice it melts faster. Monsoon rain in this month is again more than usual. These factors, coupled 

with some other factor leads to overflow of rivers and more water is accumulated in glaciers 

whose outbursts lead to disaster at unprecedented scale.  

Movement of Monsoon wind: Analysis of rainfall data of the past five years demonstrates that 

rainfall has increased in the districts of Uttarakhand, although not in regular manner but with 

arbitration. It does not show a precursor to disaster, but a pressing need of preparedness of 

disaster management, which doesnôt exist in the state so far.   
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Fig. 3 

 

Source: NASA 

Temporary Lake 

A sudden flow of water from Chorabari and companion glacier without any warning 

cause havoc and disaster at centuries old Kedarnath temple and its adjacent area. According to 

Anil Kulkarni
1
 a renowned glaciologist and distinguished visiting scientist from IISc., told 

ñDown to Earthò that due to innocent rain a temporary lake has formed. The lake exists for a 

short duration. The lake burst a there is a breach in the boundary that forms the lake. Basically, 

there are three main reasons for Kedarnath disaster. First, there is heavy rain (120mm in in 24 

hours before the flash of June 16). On 17 June 2013 the state of Uttarakhand received more than 

340 millimeters of rainfall, which is 375 % above the normal benchmark of 65.9 mm rainfall 

during a normal monsoon. Second, rain on the glacier, and third overflow of glacier which has 

already been melted much as the early arrival of monsoon. Snow and ice melt with much higher 

rates when they came in contact with rainwater. An increased rain on the glacier above the 

Kedarnath temple melts the ice. When all these things happened, this caused a fresh flood with 

the heavy downstream of water, and third channel is formed because of this in the path of 

Kedarnath temple and washed everything along its way. 

                                                           
1
Dr. Kulkarni developed a new method to identify glacial terminus using satellite data. This was used to estimate 

retreat of about 1868 Himalayan glaciers. This investigation provided, for the first time, information about 
fragmentation of glaciers, loss in glacial area and about the dramatic impact of climate change on Himalayan 
cryosphere. Dr. Kulkarni developed a model to estimate glacier mass balance by monitoring snow line on the 
glaciers. This has provided, for the first time mass balance of large number Himalayan glaciers, which was 
otherwise available for few glaciers only. 
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Table 1: Rainfall 

 

1.1 Geology of Himalaya 

The Himalaya is one of the youngest mountain systems in the world. It is still growing, 

shifting towards the north, and many rivers which emanates from its continuously deepening the 

river valley that increase the instability of landscape and making it vulnerable place to reside. 

Himalaya the youngest mountain range in the world is also depicted as the abode of snow. The 

higher altitudes of Himalaya are also known as ñthe great Himalayan rangesò are snow clad 

whole of the year and the source of the origin of the major rivers of India, Pakistan, Bhutan, 

Bangladesh and China. Himalaya is bestowed with natureôs beauty, magnificent alpine meadows, 

terraced agriculture field, human settlements on mid altitude, waterfalls, river valleys and all of 

the above, the symbol Hindu Faith. Many Hindu pilgrimage sites are located on the hills and 

terrains of the Himalaya and symbol of Hindu faith, sanctity, and belief. Himalaya being the 

youngest mountain is also known for its geologically unstable, seismically sensitive, 

geographically remote, and ecologically fragile nature. These features can be evident from 

frequent landslide. Events which caused because of extreme weather like rains and cloudbursts is 

also a recurring phenomenon here. Himalayan climate varies from subtropical to cold frigid, this 

variation in weather making it more vulnerable to disasters. Himalaya forms one of the world 

most complex mountain systems in the world, being vigorous in nature, it houses many flora and 

fauna, and recognised as a significant biodiversity reserve. Being a source of many lakes, 

glaciers, and rivers, impact of climate on Himalayan range is enormous as billions of people live 

in the downstream of the river originates from it, so any significant change in the Himalayan 

climate there is respective change and impact on the lives of people residing near its banks of 

flow path of the stream. Fourth assessment report of the IPCC (Intergovernmental panel on 
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climate change) mentioned that there will be no diminishing in the floods in the Himalayan 

region, but the incidence and intensity will grow in future. 

2. Methodology 

An extensive literature review is conducted and information is gathered about the youngest 

mountain range Himalaya and its fragile nature and vulnerability. Most of the research paper of 

all the reputed online journals on the previous Uttarakhand disaster and Himalayan fragility has 

been studied extensively. Content on all the published news, analysis, article of all the 

newspaper, magazine, and other materials. Detailed analysis of the opinion of experts in the field 

on environment and disaster management to understand the different aspect of the problem and 

its genesis.  

A detailed compilation of disaster history of the Uttarakhand region has been commenced after 

that, so that fair understanding of the land vulnerability and disaster typology can be 

comprehended. It helps in incorporating these elements in planning, development and framing 

sustainable development protocol to minimize the human impact on nature. Uttarakhand region 

and Garhwal Himalaya, specifically Kedarnath further evaluated in terms of Eco and Geo 

features and its sensitivity can be tried to establish so that further prevent/minimize the risk and 

swift relief and response can be initiated. 

3. Climate Disaster in Himalayan Region. 

Flash flood and debris flow are happening frequently in the Himalayan region by virtue 

of its structure. It accounts for approx... 70 percent of economic losses and 50 percent of human 

loss of life. Such kind of geological and climatic disaster has a very severe impact on the 

livelihood of the natives residing in those places. Not only the frequency of hazard is increasing 

with time, but its impact and intensity is also growing.  

On 16
th
 of June night and morning of 17

th
 June 2013, the day when devastation took place, 

wreaked the entire land of Uttarakhand. Heavy rain in Monsoon is not a new phenomenon for the 

Himalayan range, but it was more than unusual. Cloudburst, landslide, debris flows are common 

characteristics of Garhwal Himalaya. Human settlements are lies either in the sides of the bank 

of the river or on fragile landscape. Himalayan climate has changed so much, because of the 

rising anthropogenic activities, high population growth and large scale deforestation. It reduces 

the water holding capacity of the land as tress act as a shield in case of the heavy downpour 

stream. Kedarnath because of its famous Hindu temple of Lord Kedar is open for pilgrimage in 

this season and are flooded with pilgrimage and tourist throughout the season. Kedarnath is 

situated 14km from Gaurikund, an urban area on the bank of River Mandikani. 

 

 



Journal Global Values Vol. VII 2016                                              Special Issues ISSN (e): 2454-8391 
 

262 
 

                Fig. 4 

 

Source: NASA image created by Jesse Allen, using data provided courtesy of 

NASA/GSFC/METI/ERSDAC/JAROS, and U.S./Japan ASTER Science Team. Caption by Michon Scott. 

Every year, almost an average 10 lakh pilgrims visit the holy temple of Kedarnath. On the 

disastrous night almost 10, 0000 pilgrims are on the way to Kedarnath and Badrinath. 

Cloudburst, debris flow, glacial lake outburst that starts with the bursting of Basuka Lake and 

Chorabrai which start sudden flash floods wipe out  everything came in its way. It devastated the 

whole Kedarnath town, Rambada, Gaurikund, Sonprayag, Kalimath, Kund, Bhiri, Chandrapauri, 

Augustya Muni, Tilwada, Rudraprayag, a part of Srinagar Garhwal, which are located in the path 

of Stream of Alaknanda River, Devprayag and some areas of Rishikesh and Haridwar. Roads are 

badly damaged and somewhere it is completely washed away because of the heavy flow ofthe 

stream. Peoples are stranded as connectivity is completely brakes away. Heavy rescues and relief 

operation has started by army and air force in the history of Uttarakhand.  

4. Reason. 

Colossal devastation and tragedy at Uttarakhand Himalaya, particularly at Kedarnath 

compelled the policy maker to modify or rewrite the definition of natural hazard and disaster. 

Not every natural hazard is a disaster if it is happened in un-inhabited area, but because of the 

increasing anthropogenic activity and more and more human settlements across these areas, now 

every natural hazard has enough chance to become a disaster and wreak havoc on precious 

human life and property. A disaster destroys landscape, agriculture, residential settlement and 

take lives. It has been found that most of the death and destruction has been happened in the 

place which is on the side of the river path of the stream. Most of the human settlements destroys 

because of the high flow stream, and flood in the river. Landslide occurs which also destroy the 

settlements. The fundamental question is how to avoid the tragedy or minimise its impact on 

human life and property. 

http://asterweb.jpl.nasa.gov/

