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EDITORIAL

i

Science Vision has come a long way since its resumption in 2009. The journal is still evolving in many ways, and 

hopefully it will soon reach the level of our expectations, with respect to content and regularity. However, it is 

encouraging to see that the journal is already well out of the recovery phase. Publishing a quality journal in itself is a 

very challenging task in the face of strong competition from highly resourceful and well-funded publishers. For 

Science Vision, the task is even more tedious as the authors engaged in scientific research are more concerned with 

the advancement of their careers by publishing in ‘impact factor’ bearing technical journals, rather than devoting their 

time in addressing broader issues related to science and society. 

If ‘impact’ and not ‘impact factor’ were the concern of potential authors, they would take into consideration the 

following points regarding ‘Science Vision’:

1. As a not-for-profit journal being run for a cause as noble as science-led socio-economic development of the third 

world, the journal needs patronage of seasoned researchers, who feel strongly about their role and 

responsibilities towards the communities that eke out financial resources for their work. It should be indeed highly 

satisfying for scientific workers to speak out their mind about the nature of their labours.

2. Science Vision is distributed internationally, free-of-cost to nineteen R&D organizations, which are a part of the 

COMSATS’ Network of Centres of Excellence. It also goes to the offices of high officials of relevant Ministries of 

COMSATS’ Member States and embassies of their countries in Pakistan. The audience of the journal may be 

limited but they are the ones who matter the most. To get across one’s ideas to such people is definitely worth the 

effort to scribe a well-considered technically-based opinionated article. To compensate the authors for their time 

and labour, a modest honorarium is also awarded.

As far as the present issue of Science Vision is concerned, there are a few salient features that need to be pointed out. 

To start with, first steps have been taken to solicit the services of specialists from different countries to serve as 

Editorial Board Members. As pointed out previously, the administration would try to include more professionals in the 

Board covering a broader spectrum of scientific disciplines. As usual, the COMSATS’ Coordinating Council Members 

would continue to be a part of the Editorial Advisory Committee, in view of their indispensible role as leaders of large 

groups of scientists working in their organizations. An honourable mention will be made in each issue of those 

advisors, who make contributions to the journal personally or through their colleagues.

As for the content of this issue, the papers included touch upon a number of themes: environment, water conservation, 

research and education, renewable energy, and agriculture. Owing to their relevance and usefulness of the 

information contained, a number of papers from the 5th International Conference of COMSATS Institute of Information 

Technology series on Environmentally Sustainable Development (ESDev 2013) have also been included. These 

papers give this edition a special character as noted in its sub-title: ‘Special Section: Technical Research Papers on 

Environmental Sustainability’. Some of the issues that this edition of the journal covers pertain to: assessment of and 

developing indigenous technologies and methods of coping with environmental problems in developing countries; 

planning and enhancing the quality of tertiary education; diffusion of innovation to the grass-root level; and ethical 

concerns regarding published research. I thank the authors for making scholarly contributions to the journal, as well as 

for their cooperation throughout the long and tedious editorial process. It is hoped that these articles would encourage 

many others to write for the journal.

Lastly, I would like to appreciate the small team of editors of Science Vision for their hard work and commitment. 

Dr. I. E. Qureshi
Executive Director COMSATS

Patron & Editor-in-Chief, Science Vision

A scientific journal of COMSATS – SCIENCE VISION     Vol.20 No.1 (January to June 2014)





SCIENCE VISION

Vol. 20, No. 1
(January to June 2014)

CONTENTS PAGE #

iii

Patron and Editor-in-Chief: Dr. Imtinan Elahi Qureshi 

A scientific journal of COMSATS – SCIENCE VISION     Vol.20 No.1 (January to June 2014)

1. Scientific Misconduct: A Brief Introduction to its Various Aspects 01
- Jameel-un Nabi & Sheharyar Pervez

2. Diffusion of Agricultural Innovation: Farmers’ Opinion on Land Conservation Measures 07
in Pishin, Pakistan
- Said Qasim, Amir Nawaz Khan, Rajendra P. Shrestha & Mohammad Qasim

3. Environmental Impact of Climate Change in Pakistan  15
- Sahibzad Khan & Iftikhar A. Raja

4. Assessment of Weather Indicators for Possible Climate Change 23
- Hadiqa Maqsood, S. Imran Ahmed & Shoaib Ahmed

5. Strategic Planning in Enhancing Research Activities and Publications at Bina Nusantara  35
University – Indonesia
- Harjanto Prabowo, Bahtiar Saleh Abbas & Rinda Hedwig

SPECIAL SECTION: Technical Research Papers on Environmental Sustainability

6. Potential of Biogas Technology Using Different Biomasses in Developing Countries 43
- Qaisar Mahmood & Fayyaz Ali Shah

7. Exposure-response of Triticum Aestivum to TiO  Nanoparticles Application: Seedling Vigor 572

Index and Micronuclei Formation
- Sana Ullah & Muhammad Arshad

8. Dye Removal from Textile Wastewater using Bioadsorbent 63
- S. M. H. Gardazi, Tayyab Ashfaq, Jehanzeb A. Shah,  Maria Siddique, S. Tatheer 
  A. Naqvi, M. Bilal & Iftikhar A. Raja

9. Utilization of Locally Available Bentonites for Water Purification by Activation 67
- Izhar ul Haque Khan, Fareha Tabasum & Salman Iqbal

10. Statistical Characteristics and Stability Index (SI) of Large-Sized Landslide Dams 75
Around the World
- Javed Iqbal, Fuchu Dai, Ling Xu, Zhuang Jianqi, Iftikhar A. Raja, Xinbin Tu & Jian Chen

11. Distribution and Availability of Zinc and Iron as Influenced by Different Land Use System 85
- Faridullah, Umara Abbasi, Aneesah Pervaiz & Salma Jabeen Awan

12. CO  Emission and Agricultural Productivity in Southeast Asian Region: A Pooled Mean 932

Group Estimation
- M. Saiful Islam, M. Kazi Tarique & K. Sohag





SCIENTIFIC MISCONDUCT: A BRIEF INTRODUCTION 
TO ITS VARIOUS ASPECTS

†Jameel-un Nabi*  & 
Sheharyar Pervez*

* 
† 

GIK Institute of Engineering Sciences and Technology, Topi, Pakistan. Corresponding Author’s Email: jnabi00@gmail.com

A scientific journal of COMSATS – SCIENCE VISION     Vol.20 No.1 (January to June 2014) 1

ABSTRACT

Scientific misconduct has various causes, from mere 
ignorance of authors to the outright deceptive 
tendencies of perpetrators. It thrives in an atmosphere 
of indifference, collusion, secrecy and lack of 
accountability. It is necessary to acquaint the public of 
the numerous guises, in which scientific misconduct is 
affecting good and authentic research in a plethora of 
irrelevant and misleading ones. Among the most 
common kinds of misconduct are: fabrication, 
manipulation and plagiarism. With the passage of 
time, the exact nature of academic fraud has become 
subtle and is often very difficult to detect. This paper 
touches upon various aspects of scientific misconduct 
and briefly suggests possible solutions.

Keywords: Scientific Misconduct, Plagiarism, 
Falsification, Fabrication.

1. INTRODUCTION
 

One of the two cardinal sins in scientific research is 
‘laxity’. Many of us have experienced lax colleagues, 
collaborators or students who embrace it as a way of 
life. However, deplorable as it may be, we quite readily 
accept the possibility of lack of care or lapses in 
concentration in even the most methodical of 
researchers. The other sin in scientific research is 
‘scientific misconduct’. Laxity implies sloppiness; 
misconduct implies deviousness. The latter is more 
difficult to spot because, unlike laxity, it requires intent 
and deliberation on the perpetrator’s part, and not just 
that but also finesse and sophistication in the attempt 
to hide it. 

The exact definition of research misconduct is a matter 
of some debate but the U.S. Commission on Research 
Integrity defines it as follows:

“Research misconduct is significant misbehavior that 
improperly appropriates the intellectual property or 
contributions of others, that intentionally impedes the 
progress of research, or that risks corrupting the 
scientific record or compromising the integrity of 
scientific practices. Such behaviors are unethical and 
unacceptable in proposing, conducting, or reporting 
research, or in reviewing the proposals or research 
reports of others.” (U.S. CRI, 1995)

It is now a global phenomenon (Hoag, 2010; 
Cyranoski, 2014; Haq, 2014; and Neelakantan, 2009) 
and the resignation of David Wright, Director of Office 

of Research Integrity, USA, in March 2014, was out of 
frustration with the bureaucracy and an atmosphere 
that was ‘secretive, autocratic and unaccountable’ 
(Kaiser, 2014). This indicates that the fight against 
scientific misconduct is not being as diligently pursued 
as it should be. The true extent of scientific misconduct 
will never be known fully, certainly not in quantitative 
terms because these statistics assume honesty in 
reporting on part of the working partners. Statistics like 
those reported by Fanelli (2009), wherein up to one 
third admitted to having engaged in questionable 
research practices, are therefore at best conservative 
estimates. Nevertheless, many teachers who have 
had any reasonable experience of qualitative analysis 
of research work feel and can relate to a gradual 
loosening of standards both in researchers, as well as 
in students. The news items such as the one on world 
record of 172 retractions (Normile, 2012) by a single 
author only serve to confirm such suspicions. Fang, 
Steen and Casavedall (2012) analyzed 2,047 articles 
on biomedical and life sciences indexed by Pub Med 
that were retracted, to reveal that 67.4% of the 
retractions were attributable to misconduct that 
included fraud, suspected fraud, plagiarism, duplicate 
publication, fabrication (Figure-1). Indeed with the lack 
of any objective and clearly defined moral order, 
individuals committing scientific misconduct or 
specifically plagiarism might not even consider 
themselves to be doing something wrong (Fish, 2010). 

Nevertheless, the fact remains that with the lowering 
of barriers to publication, the percentage of scientific 
retractions has increased (Steen, Casadevall and 
Fang, 2013). But instead of quibbling over numbers it 
might help us to briefly study those cases of scientific 
misconduct that have come to the forefront, and see 
the causes that lie behind them. It may be stated at the 
outset that any notion that scientific misconduct will 
now or ever be totally or virtually eradicated is ill 
founded. As long as the realm of knowledge has 
economic underpinnings in the form of patents, 
research grants and tenure-tracks this is highly 
unlikely. As long as financial constraints exist, such 
incentives shall also be ever present and misconduct 
will most likely appear in increasingly sophisticated 
disguises.
 

2. CATEGORIZING MISCONDUCT

Scientific misconduct may broadly be categorized as 
(i) those pertaining to the actual content, the visible 
and the hidden text so to speak (category 1); and (ii) 
those pertaining to circumstances in which the said 
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are withheld is the second aspect. Perhaps the 
most famous example of the latter case are of 
Jocelyn Bell and that of Rosalind Franklin. 

This kind of plagiarism has not been placed in 
Category-1 because falsification and fabrication, even 
when used to support a thesis that may turn out to be 
correct as some researchers do on the basis of gut 
feeling, necessarily have a negative impact on the 
scientific worth of the thesis in question. On the other 
hand, while plagiarism may impact the scientific worth 
of a paper, the questions that are raised are usually 
concerned with intellectual property rights. A good 
news about plagiarism is that with the development of 
softwares like Turnitin, plagiarism has become 
relatively easier to detect, although as one might 
expect, the ‘intent’ to malpractice is slightly more 
difficult to pin down. The most significant sources of 
establishing that there has been misconduct are in the 
case of fabricated and falsified research, the natural 
replaceability of research; but when that is not 
possible the source is more often a whistleblower. 

Category-1 is also different from Category-2 in its 
moral aspects since the victims of fabrication and 
falsification generally exist ex-post facto. The victims 
of Category-2 may suffer either way. This is not to say 
that either of these is less serious. Indeed a ‘miracle 
cure’ developed on the basis of some fabricated data 
that could endanger the lives of all those who use it is 
no less serious than the exploitation of unwitting 
individuals. For instance, concerning the ethical 
standards in life sciences, Dr. Beaumont’s landmark 
study of Alexis St. Martin (the man who survived a 
shooting incident with an open stomach wound) may 
have been scientifically perfect, but there have been 
questions whether the patient was later exploited for 
the sake of scientific knowledge. Should Dr. 
Beaumont’s case seem to belong to a distant and 
savage past, then consider the case of Dr. D.E. 
Cameron, who receiving funding from the CIA, carried 
out several psychic driving experiments on unwitting 
subjects during the 1950s (Guardian, 2007). Equally 
ill-conducted and ethically transgressing was 
Tuskegee syphilis experiment carried out for 40 years 
starting in 1932, in which the U.S. Public Health 
Service studied the development of syphilis in the 
Afro-American community despite Penicillin having 
become the standard cure for the disease (CDC, 
2013).

Of course not all cases will fall under these two 
categories. One example is ‘sabotage’ - willfully 
tampering with the results and experiments of another 

scientist. The case of Vipul Bhrigu, an Indian 
postdoctoral researcher at the University of Michigan, 
who under the psychological pressures of competition 
tampered with the experiments of a colleague and was 
only caught with a hidden camera, points to an 
altogether different side of research where the 
misconduct did not affect the perpetrator’s research 
(Maher, 2011). 

Collectively, these scandals have a negative 
economic impact on scientific research. Funds for 
scientific research are limited and, in view of the 
economic crises, are being cut the world over. These 
scandals not only result in a waste of resources but 
also taint the profession as a whole, making it 
increasingly difficult for good researchers to secure 
these funds. 

3. CAUSES

We must ask ourselves why people commit 
misconduct and why is it increasing. Like all crimes, 
scientific misconduct is carried out when the 
incentives outweigh the risks. Naturally, if the stakes 
are high then the number of occurrences of such 
misconduct can only be expected to rise. A good 
analogy would be sports where the relatively easier 
detection of outright fixing of the result has led to more 
sophisticated mechanisms involving detection of spot 
fixing. Economics and common sense tell us that in 
order to eradicate a vice, one should remove the 
incentive that the said vice provides. The solution is 
not always in the doubling of the police force. 

The incentive is primarily the attainment of financial 
and political benefits, such as research grants and 
tenure-tracks via corrupt means, etc. Weaknesses in 
the organizational structure open means of exploiting 
them. Lysenko’s case is a remarkable example of how 
the insight of one man into the flaws of the political 
system of Stalinist Russia helped him forge not only a 
career out of it but also exercised undue influence on 
his government’s agriculture policy. Indeed, so long as 
incentives exist so will temptations (Huxley, 1949). 
The flaws in the political systems can be of a wide 
variety in themselves. For instance, United States 
Patent and Trade Mark Office (USPTO) approved 
controversial Korean scientist, Hwang Woo-Suk’s 
patent on a method for creating embryonic stem cells 
(Retraction Watch, 2014). The method was based on 
fabricated data. However it seems that Mr. Suk does 
not have to prove the efficacy of his method because of 
lax patent standards. Mr. Suk’s case may be a high-
profile one, but one can imagine how the desire to add 

research was carried out (category 2). The former 
includes things like fabrication and manipulation of the 
data, the text and the results - things that negatively 
affect the factual accuracy of the text. The case of Jan 
Hendrik Schon is a fascinating and embarrassing 
account of how by fabrication and falsification of his 
data, using, in some cases, the same graph in different 
contexts, this multi-award winning researcher could 
dupe members of his community for as long as he did. 

The second category is related more to the 
circumstances surrounding the creation of the 
scientific text in question than the text itself. It is 
possible that while the academic worth of the research 
might never be in doubt, one might ask whether ethical 
standards were upheld in case of production of some 
results, for instance in cases involving stolen data and 
research. Several students have over the centuries 
accused their mentors of having stolen or exploited 
their research for forwarding their own careers. There 
are following common cases:

- Ghost writing;
- Receiving funds for research that could cause a 

conflict of interest (for instance with religious 
groups or pharmaceuticals). Not citing that conflict 
of interest can also be considered misconduct;

- Human exploitation and animal testing that goes 
beyond the standard of what is considered 
humane, the definition of humane being a topic of 
great debate of course;

- Failure to protect the anonymity of human subjects 
and respondents;

- Plagiarism: It may include text that is taken from 
other sources without proper citation, as well as 
self-plagiarism, repeated publications of one’s 
own text without much difference; and

- Improperly defined authorship: There are two 
aspects to this. It may be a misconduct in the 
active sense, wherein authors are listed despite 
having contributed little to nothing to the text, 
something that is very difficult to detect. On the 
other hand contributions and acknowledgements 
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are withheld is the second aspect. Perhaps the 
most famous example of the latter case are of 
Jocelyn Bell and that of Rosalind Franklin. 

This kind of plagiarism has not been placed in 
Category-1 because falsification and fabrication, even 
when used to support a thesis that may turn out to be 
correct as some researchers do on the basis of gut 
feeling, necessarily have a negative impact on the 
scientific worth of the thesis in question. On the other 
hand, while plagiarism may impact the scientific worth 
of a paper, the questions that are raised are usually 
concerned with intellectual property rights. A good 
news about plagiarism is that with the development of 
softwares like Turnitin, plagiarism has become 
relatively easier to detect, although as one might 
expect, the ‘intent’ to malpractice is slightly more 
difficult to pin down. The most significant sources of 
establishing that there has been misconduct are in the 
case of fabricated and falsified research, the natural 
replaceability of research; but when that is not 
possible the source is more often a whistleblower. 

Category-1 is also different from Category-2 in its 
moral aspects since the victims of fabrication and 
falsification generally exist ex-post facto. The victims 
of Category-2 may suffer either way. This is not to say 
that either of these is less serious. Indeed a ‘miracle 
cure’ developed on the basis of some fabricated data 
that could endanger the lives of all those who use it is 
no less serious than the exploitation of unwitting 
individuals. For instance, concerning the ethical 
standards in life sciences, Dr. Beaumont’s landmark 
study of Alexis St. Martin (the man who survived a 
shooting incident with an open stomach wound) may 
have been scientifically perfect, but there have been 
questions whether the patient was later exploited for 
the sake of scientific knowledge. Should Dr. 
Beaumont’s case seem to belong to a distant and 
savage past, then consider the case of Dr. D.E. 
Cameron, who receiving funding from the CIA, carried 
out several psychic driving experiments on unwitting 
subjects during the 1950s (Guardian, 2007). Equally 
ill-conducted and ethically transgressing was 
Tuskegee syphilis experiment carried out for 40 years 
starting in 1932, in which the U.S. Public Health 
Service studied the development of syphilis in the 
Afro-American community despite Penicillin having 
become the standard cure for the disease (CDC, 
2013).

Of course not all cases will fall under these two 
categories. One example is ‘sabotage’ - willfully 
tampering with the results and experiments of another 

scientist. The case of Vipul Bhrigu, an Indian 
postdoctoral researcher at the University of Michigan, 
who under the psychological pressures of competition 
tampered with the experiments of a colleague and was 
only caught with a hidden camera, points to an 
altogether different side of research where the 
misconduct did not affect the perpetrator’s research 
(Maher, 2011). 

Collectively, these scandals have a negative 
economic impact on scientific research. Funds for 
scientific research are limited and, in view of the 
economic crises, are being cut the world over. These 
scandals not only result in a waste of resources but 
also taint the profession as a whole, making it 
increasingly difficult for good researchers to secure 
these funds. 

3. CAUSES

We must ask ourselves why people commit 
misconduct and why is it increasing. Like all crimes, 
scientific misconduct is carried out when the 
incentives outweigh the risks. Naturally, if the stakes 
are high then the number of occurrences of such 
misconduct can only be expected to rise. A good 
analogy would be sports where the relatively easier 
detection of outright fixing of the result has led to more 
sophisticated mechanisms involving detection of spot 
fixing. Economics and common sense tell us that in 
order to eradicate a vice, one should remove the 
incentive that the said vice provides. The solution is 
not always in the doubling of the police force. 

The incentive is primarily the attainment of financial 
and political benefits, such as research grants and 
tenure-tracks via corrupt means, etc. Weaknesses in 
the organizational structure open means of exploiting 
them. Lysenko’s case is a remarkable example of how 
the insight of one man into the flaws of the political 
system of Stalinist Russia helped him forge not only a 
career out of it but also exercised undue influence on 
his government’s agriculture policy. Indeed, so long as 
incentives exist so will temptations (Huxley, 1949). 
The flaws in the political systems can be of a wide 
variety in themselves. For instance, United States 
Patent and Trade Mark Office (USPTO) approved 
controversial Korean scientist, Hwang Woo-Suk’s 
patent on a method for creating embryonic stem cells 
(Retraction Watch, 2014). The method was based on 
fabricated data. However it seems that Mr. Suk does 
not have to prove the efficacy of his method because of 
lax patent standards. Mr. Suk’s case may be a high-
profile one, but one can imagine how the desire to add 

research was carried out (category 2). The former 
includes things like fabrication and manipulation of the 
data, the text and the results - things that negatively 
affect the factual accuracy of the text. The case of Jan 
Hendrik Schon is a fascinating and embarrassing 
account of how by fabrication and falsification of his 
data, using, in some cases, the same graph in different 
contexts, this multi-award winning researcher could 
dupe members of his community for as long as he did. 

The second category is related more to the 
circumstances surrounding the creation of the 
scientific text in question than the text itself. It is 
possible that while the academic worth of the research 
might never be in doubt, one might ask whether ethical 
standards were upheld in case of production of some 
results, for instance in cases involving stolen data and 
research. Several students have over the centuries 
accused their mentors of having stolen or exploited 
their research for forwarding their own careers. There 
are following common cases:

- Ghost writing;
- Receiving funds for research that could cause a 

conflict of interest (for instance with religious 
groups or pharmaceuticals). Not citing that conflict 
of interest can also be considered misconduct;

- Human exploitation and animal testing that goes 
beyond the standard of what is considered 
humane, the definition of humane being a topic of 
great debate of course;

- Failure to protect the anonymity of human subjects 
and respondents;

- Plagiarism: It may include text that is taken from 
other sources without proper citation, as well as 
self-plagiarism, repeated publications of one’s 
own text without much difference; and

- Improperly defined authorship: There are two 
aspects to this. It may be a misconduct in the 
active sense, wherein authors are listed despite 
having contributed little to nothing to the text, 
something that is very difficult to detect. On the 
other hand contributions and acknowledgements 
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such as the prohibition on universities over accepting 
students from other universities that are not actively 
pursuing cases against their faculty members who 
have been found guilty of misconduct. Moreover, 
respectable university ranking organizations might be 
compelled to withhold the good ranking of such 
universities. This is not an ideal solution since a few 
global organizations tend to have power across 
borders. Plus rulings that are binding will almost 
certainly have a negative effect on universities that 
already suffer from limited resources. Nevertheless 
this could be a first step – a much needed one.
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patents might lead many to produce patentable trash. 
The judicial systems around the world need to get their 
act together and realize that every such incident is for 
them and their country an embarrassment at the 
international level.

Scientific misconduct exists because of our obsession 
with statistics, numbers, and the meaningless indices. 
Given our inability to judge the quality of a person’s 
worth in any meaningful term, a person with a hundred 
patents is more likely to be looked up to than a person 
with one patent, but these numbers do not judge 
quality. Even indices such as Impact Factor, which are 
supposed to judge quality are highly susceptible to 
manipulation (Arnold and Fowler, 2011; Casadevall 
and Fang, 2014). Goodhart’s law arising out of the 
world of economics says that when measures become 
standards, they cease to be good measures. Not too 
different is Campbell’s law: “The more any quantitative 
social indicator (or even some qualitative indicator) is 
used for social decision-making, the more subject it 
will be to corruption pressures and the more apt it will 
be to distort and corrupt the social processes it is 
intended to monitor”.

The more we use sheer numbers for assessing the 
worth or worthlessness of a particular research, 
turning statistics, which are really means to ends the 
less likely are these numbers to reflect the truth. 

4. LOCAL ISSUES
 

Now what is the standard procedure that is to be 
followed when a researcher is suspected to be guilty of 
misconduct? There are a few documents on the 
website of the Higher Education Commission (HEC) of 
Pakistan pertaining to this, along with guidelines about 
Turnitin (plagiarism detection software), but it comes 
with its own ethical and legal issues.

There is also an HEC declared blacklist of faculty 
members available on its website (HEC, 2014), 
consisting of those “listed on the grounds that their 
respective university has not taken appropriate action 
against them as per Plagiarism Policy”. These 
members are ineligible for any financial benefit until 
the conclusion of their cases. As of April 14, 2014, the 
number of researchers listed is seven. Very 
disheartening is the fact that 30 per cent of the content 
of a research paper authored by former Higher 
Education Commission (HEC) Chairperson Javed 
Laghari was plagiarized from a European Union (EU) 
report (Haq, 2014).  But the blame does not rest solely 
with the HEC and in certain cases it did do a 
commendable job (Interface, 2008; Aftab, 2011), but if 

incidents like this carry on, HEC will lose significant 
moral ground in its fight against plagiarism. 

5. WHAT CAN BE DONE
 

So how then do we prevent misconduct from 
happening? Given the abstruseness of much 
research, spotting and catching it eventually depends 
largely on whistleblowers. How then do we encourage 
more and more people to come forward? This will not 
be easy. As always, the implementation of the law is 
more difficult than its formulation and appealing to the 
conscience of the community to turn themselves into 
the model and virtuous researchers not going to be 
enough. Severe punishments could act as a deterrent 
but without a general will to carry them out, as is the 
case in our country, it will rarely work. Scientific 
misconduct is looked upon as a rather minor offense in 
our community. One needs only look at the high-profile 
cases of plagiarism in our own country to vouch for 
that. Of course, the erosion of morals is not limited to 
the academia nor does it originate from it, it is merely 
refracted by the prism of scientific research. Cleansing 
the system of misconduct would require serious 
initiative, some concerted effort on part of its 
practitioners, and a sense of collective responsibility. 
Of course, any such call is bound to seem naive and 
hopelessly idealistic. Some may inquire as to what 
happens to those that do risk going the whistleblowers’ 
way. Indeed certain cases of misconduct are notable 
not so much for the deed itself but for their 
consequence on the whistleblowers. Our academic 
communities are small, even more so considering their 
specialization fields. Given the moral apathy that 
many in academia have become used to (which is 
perhaps it is the sequestered nature of the educational 
institutions that does it, which is perhaps a reflection of 
our times) whistleblowers take a massive amount of 
risk concerning their professional and perhaps even 
personal lives. As ‘tattletales’ they risk losing their jobs 
and the trust of the academic community. A 
whistleblower might only be acting on a hunch, some 
might be willing to report misconduct if their anonymity 
is guaranteed, which of course in most cases is not 
possible. Yet there is the other side to be considered 
too. We certainly do not want people whistle blowing 
on the basis of a hunch; needless to say that the falsely 
accused have suffered enormously as well. 

What the academic community can do is to force their 
universities to enter an international ethics committee, 
the rulings of which on various plagiarism cases will be 
binding. Such a committee will not be effective unless 
the universities have a vested interest in staying in that 
committee. Therefore strict rules should be instituted, 
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such as the prohibition on universities over accepting 
students from other universities that are not actively 
pursuing cases against their faculty members who 
have been found guilty of misconduct. Moreover, 
respectable university ranking organizations might be 
compelled to withhold the good ranking of such 
universities. This is not an ideal solution since a few 
global organizations tend to have power across 
borders. Plus rulings that are binding will almost 
certainly have a negative effect on universities that 
already suffer from limited resources. Nevertheless 
this could be a first step – a much needed one.
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ABSTRACT

Land resources in Pakistan are under severe threat of 
degradation due to population growth. The situation is 
more serious in the arid and semi-arid areas, where 
the natural resources, especially the water-resources, 
are scarce. This paper reviews the study conducted to 
investigate the farmers’ views on land conservation 
measures in Pishin, Pakistan. Data were collected 
through survey questionnaires, focus-group 
discussions and field observations. Increased 
expenditure, poor extension services and lack of 
awareness were found to be the major reasons behind 
the non-adoption of the needed conservation 
measures. Significant differences were found for 
adoption of conservation measures by household 
categories. The study proposes government support 
and proper assistance to farmers by extension agents 
for sustainable use of land and water resources.

Keywords: Conservation measures, farmers’ views, 
land degradation

1. INTRODUCTION

Land degradation has affected vast areas of Pakistan 
(Qasim, et al., 2011). In the past, researchers were 
merely interested in the assessment of land 
degradation. Knowing only about the status and 
causes of degradation cannot solve the problem. This 
may be analogous to the situation that one has 
knowledge about the disease but does not know how 
to treat it. 

To avert land degradation and desertification, 
conservation of land resources is imperative because 
land is the main source of food for people. The problem 
of degradation is more severe in arid parts of the 
country, where soil erosion, unpredictable rainfall and 
uneven topography make the land productivity very 
low (Shah, et al., 2012). Farmers from developing 
countries, including Pakistan, are mostly uninformed 
about the new technologies for land conservation. Soil 
and water conservation (SWC) technologies can help 
enhance agricultural production in water scarce 
regions. Understanding farmers’ opinions on adoption 
of land conservation bear important policy implications 
(Lee & Zhang, 2005). This can help identify their 
concerns regarding adoption of a particular type of 
conservation measure, as well as their willingness for 
adoption. 

The Balochistan province of Pakistan is the biggest 
province in terms of land area, but it is most affected in 
terms of water availability. The farmers in this province 
are faced with the shortage of water for irrigation. 
Majority of the farmers from this area only rely on some 
traditional conservation practices, and they have no 
access to the modern methods of conservation. 
Besides these factors, poor extension services, land 
tenure insecurity, and lack of access to agricultural 
credits create hurdles in adoption of conservation 
measures (Qasim, et al., 2011). There has not been 
any research work done on Soil & Water Conservation 
(SWC) as far as Balochistan is concerned. There is a 
pressing need for information dissemination of SWC 
technologies in arid and semi-arid area for dealing with 
the land degradation issues. This paper reviews the 
research focused at analyzing farmers’ opinions on 
adoption of conservation measures, the types of 
conservation measures and the reasons for non-
adoption in Pishin, Pakistan.

2. METHODOLOGY
 

2.1 Study Area

The Pishin sub-basin was chosen as target area for 
othe research. The area is situated between 29 10' to 

o o o31  North latitude and 66 14' to 67 31' East longitudes 
(Figure-1). It lies to the North-West of Balochistan 
province of Pakistan (Qasim, et al., 2011). The study 

2area covers about 7,004 Km . The month-wise 30-year 
average precipitation and average relative humidity of 
Pishin were 260.75 mm and 46.91, respectively (GoP, 
1998a). The area consists of mountains, plateaus and 
plains. The area is inhabited by the Pashtoons and 
some Baloch tribes, where elderly male family 
members have the authority of taking decisions. Due 
to absence of monsoon rainfall in the area, insufficient 
and uneven rainfall is received in the winters only. The 
study area has limited water availability for agriculture 
purposes. Majority of the farmers from the area are 
interested in the orchard farming that requires higher 
inputs. Due to intensive cultivation, the farmers are 
faced with low soil fertility, lowest crop yields in the 
country and degradation of their farmlands. The 
farmers are unable to pay regular attention to their 
holding due to several socio-economic constraints. If 
the problems continue in the future, severe 
consequences on the food security of the area are 
inevitable. Pishin was selected as a study area based 
on the fact that the farmers in the area are overdrawing 
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the respondents was engaged in agricultural activities. 
Nearly half of the respondents were facing problems of 
land tenure insecurity. It was found that only 15% 
respondents were receiving help from extension 
agents.

3.2 Adoption and Non-adoption of Conservation 
Measures 

Land is an important resource as it provides necessary 
means for food and other basic necessities. This 
resource, however, requires proper care. Like in any 
other developing country the adoption of conservation 
measures in Pakistan has socio-economic 
consequences. In majority of cases, large families not 
only over cultivate their lands in order to feed their 
family members but they also have limitations when 
spending on conservation of their lands. The study 
revealed that only 45% farmers of Pishin had adopted 
a few conservation measures. It was found that most 
of the small size families were taking conservation 
measures. This may be for the reason that the small 
families had least domestic expenditures and were 
able to spare more funds for conservation of their 
lands. On the other hand, adoption by medium and 
large-size families did not show much difference (2 p > 
0.00) (Table-1). Of the non-adopters, bulk (71.8%) of 
the farmers, reported increased expenditures for non-
adoption. 24.5% showed lack of awareness and 3.7% 
reported rented land for non-adoption. This means 
that the problems of land conservation are more 
prominent in areas where the farmers have poor 
socio-economic status, land tenure insecurity and lack 
of awareness. The farmers are still unaware of the 
modern methods and technological improvements, 
despite the availability of relevant research 
publications and media advertisements.  

Out of the adopters, majority (77.8%) attributed the 
reason for adopting conservation measures to 
indigenous knowledge; some (14.4%) mentioned 
neighboring farmers, while 7.8% gave extension 
agents the credit for adoption of conservation 

measures. The extension agents can play a key role in 
disseminating the latest methods of soil water 
conservation. The results of this study revealed that 
only few farmers received assistance from the 
extension agents. This could be one of the main 
reasons behind the non-adoption and that is why the 
farmers are faced with the problems of land 
degradation.

3.3 Main and Sub-types of Conservation 
Measures and Farmers’ Views on their 
Advantages

Based on the learnings of World Overview of 
Conservation Approaches and Technologies 
(WOCAT), a questionnaire was developed for the 
respondents to learn about their preferred 
conservation measures, (i.e. agronomic, vegetative, 
structural and management). The results showed that 
about 80% respondents applied agronomic measures 
on their farms. This may be due to the reason that the 
agronomic measures were economical. 17.7% 
farmers applied structural measures, and vegetative 
measures (windbreaks) were used by only 2.7% 
farmers. The structural measures are very expensive, 
and the farmers were unable to adopt such 
conservation techniques because of their low 
economic status. Management measures, such as 
fencing rangelands, cut and carry of fodder and 
rotational grazing, were totally absent in the area. The 
focused group discussion revealed that overgrazing 
does not bring any problems to the rangelands. The 
farmers that used compost and fertilizers mentioned 
that they use it for maintaining soil fertility. The results 
of the focused group discussion further revealed that 
the farmers did not apply the amounts and the types of 
chemical fertilizers required by their farms, and they 
were also unaware about the harmful effects of excess 
use of fertilizers. About 5% of the farmers used flood 
irrigation (Figure-2) for wheat (Figure-3) and also for 
water-melon. Flood irrigation in the area is being used 
since ancient times. This is a good practice to augment 
cultivated land resulting in higher crop-yield. However, 

the limited water resources of this ecologically fragile 
region. 

2.2 Methods 
 

Before the field survey, a reconnaissance survey was 
arranged for the area to know about the problems of 
the farmers. The study used questionnaire, focused 
group discussions (FGDs) and field observations as 
information gathering tools for collection of primary 
data. There were an estimated 72,752 families with 
about 471,316 family members in Pishin (GoP, 
1998b). Using sample size estimation following 
Yamane (1967), a sample size of 200 farm households 
was chosen for the study. The questionnaire contained 
both close and open ended questions on SWC. Two 
students of M.Sc (Geography) were hired for getting 
the questionnaire filled from the respondents. The 
focused group discussions (FGDs) were also carried 
out with the elder members in the area to get 
information about the use and rights of the natural 
resources and the facilities provided by the extension 
agents in the area. Further, photographs were also 
taken to record the conservation measures used by 
the farmers. 

This study uses land users’ opinions, an important 
method for the assessment of conservation 
measures. Studies have shown that the views and 
interests of the land users are imperative for policy 
implications because they are the principle 

stakeholders of the land. The male heads of the 
households were consulted for survey and FGDs 
because the females were not permitted to give their 
opinions due to cultural and religious norms. 

The statistical software, SPSS version 16 was used to 
analyze the collected data for quantitative analysis 
and drawing inferences. Descriptive statistics and chi 
square were employed to analyze data. Family size 
and land holding sizes were divided into different 
categories, to find the adoption of conservation 
measures by the family and establish land holding 
categories. Cross-tabulation in SPSS was used for 
this purpose.  

3. RESULTS AND DISCUSSION
 

3.1 Socio-economic Profile of the Respondents
 

Results revealed that majority of the respondents 
(>75%) were uneducated. The average age of the 
respondents was 57 years. The average household 
size was nine. With the minimum and maximum values 
of 5 and 14, respectively, the household size was 
divided into three categories of small (1-5), medium (6-
10), and large (11-15). Majority of the respondents 
belonged to the medium category of household size. 
The average land holding size was 46.51 acres. The 
land holding sizes were divided into five classes of 
marginal (0-25), small (26-50), medium (51-75), large 
(76-150) and very large (151-300). A large majority of 
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the respondents was engaged in agricultural activities. 
Nearly half of the respondents were facing problems of 
land tenure insecurity. It was found that only 15% 
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3.2 Adoption and Non-adoption of Conservation 
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cultivated land resulting in higher crop-yield. However, 
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out with the elder members in the area to get 
information about the use and rights of the natural 
resources and the facilities provided by the extension 
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taken to record the conservation measures used by 
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implications because they are the principle 
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because the females were not permitted to give their 
opinions due to cultural and religious norms. 

The statistical software, SPSS version 16 was used to 
analyze the collected data for quantitative analysis 
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this purpose.  
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divided into three categories of small (1-5), medium (6-
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The average land holding size was 46.51 acres. The 
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Figure-5: Terraces Used for Wheat Crop

Figure-4: Stone-walled Terraces Used for Fruit Trees

Figure-2: Flood Water Harvesting for Wheat Cultivation

Figure-3: Wheat Crop Grown on Flood Water Figure-6: Wind Breaks

Figure-7: Compost use before sowing crops
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increase soil fertility, if it is burnt in the farms before 
cultivation of next crop. However, the results of this 
study revealed that the farmers were neither burning 
crop remains in the fields nor were leaving those in 
their fields to get it decomposed, ultimately adding to 
soil fertility. All the farmers using crop remains replied 
that they stored it for using it as livestock feed. The 
results suggest that either the feed resources for 
livestock were insufficient or the farmers were 
unaware of the proper use of crop residues. 

3.5 Fertilizer Quantifies Used for the Crops 

Fertilizers mostly used by farmers were Diammonium 
Phosphate (DAP), urea and nitrophos. Table-2 shows 
the fertilizer quantities used by farmers. The average 
amount of fertilizer used per acre of land was higher for 
the medium farm categories, followed by very large, 
large, marginal and small categories. However, the 
fertilizer amount for the farm categories did not differ 
significantly (F-test P > 0.32) (Table-3). The results 
suggest that farmers were unaware of the suitable 
type and required quantities of fertilizers for use. 

3.6 Compost use by Farm Size

Compost use is more advantageous than chemical 
fertilizers because the agricultural products from 
compost have no side effects on human health. Most 
of the people in developed countries prefer vegetables 
produced through organic farming. Generally farmers 
in the study-area were using compost (Figure-7) to 

maintain fertility of their farm lands. Table-4 shows the 
compost quantity used in farms of different holding 
sizes. The quantity was higher for the very large farms, 
followed by small, medium, marginal and large 
categories. However, there was no statistical 
difference for the average amount of compost by 
different farm categories (F-test P > 0.32) (Table-4). 
The farmers in the area also rear livestock. The 
majority of the farmers prefer goat and sheep for 
rearing. Cows and bulls were also being reared but 
buffaloes were not reared as they require more feed 
resources. The kitchen wastes and the wastes of 
these animals were used for compost making. The 
compost quantitative supplied to the farms was not 
sufficient. A few of the farmers managed to buy 
compost to maintain the fertility of the soils.

3.7 Flood Irrigation

Flood irrigation also called ‘Sailaba irrigation’ in native 
language is being used in the region since ancient 
times. In the past, due to low population and low 
demands, the ‘Karez system’ of irrigation was used. As 
the population in Pakistan increased and the 
production did not remain sufficient, there has been a 
sharp increase in the electric tubewells since 1970. 
With further increase in population, the farmers of the 
area tried to cultivate even on the marginal lands. Of 
the farmers who used flood water for irrigation, 
majority (70%) mentioned that they had been using 
flood water for irrigation for more than 25 years; 20% of 
them mentioned about 25 years, while 10% mentioned 

this irrigation practice has a shortcoming that it is 
dependent on climatic situation, i.e., availability of 
flood water. Therefore, sometimes the farmers face 
uncertain situations in terms of crop yield. An equal 
number of respondents used terraces for fruit trees 
(Figure-4) and also for wheat (Figure-5). The terraces 
were used in the mountainous part of Pishin, known as 
Barshore. The farmers in this area were faced with 
severe soil and water related issues. However, the 
farmers have learned to construct stone-walled 
terraces as shown in Figure-4. The farmers knew how 
advantageous the conservation measures were for 
their farms. For example, they reported that flood 

irrigation increases crop production, and terraces help 
manage soil erosion and conserve water. Very few of 
the respondents (1.5%) used wind breaks (Figure-6) 
on their farms. The farmers knew that using 
windbreaks protects their crops from grazing animals 
and strong winds. 

3.4 Management of Crop Remains 

The crop residue is an important source, which can be 
used for conservation of lands, especially in areas 
having serious threats of soil and water erosion. 
Besides controlling soil erosion, crop residue helps 
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sharp increase in the electric tubewells since 1970. 
With further increase in population, the farmers of the 
area tried to cultivate even on the marginal lands. Of 
the farmers who used flood water for irrigation, 
majority (70%) mentioned that they had been using 
flood water for irrigation for more than 25 years; 20% of 
them mentioned about 25 years, while 10% mentioned 

this irrigation practice has a shortcoming that it is 
dependent on climatic situation, i.e., availability of 
flood water. Therefore, sometimes the farmers face 
uncertain situations in terms of crop yield. An equal 
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(Figure-4) and also for wheat (Figure-5). The terraces 
were used in the mountainous part of Pishin, known as 
Barshore. The farmers in this area were faced with 
severe soil and water related issues. However, the 
farmers have learned to construct stone-walled 
terraces as shown in Figure-4. The farmers knew how 
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their farms. For example, they reported that flood 

irrigation increases crop production, and terraces help 
manage soil erosion and conserve water. Very few of 
the respondents (1.5%) used wind breaks (Figure-6) 
on their farms. The farmers knew that using 
windbreaks protects their crops from grazing animals 
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the use of flood water harvesting since last 15 years 
(Table-5). The farmers also mentioned that their crops 
were affected by the uncertain climatic conditions and 
sometimes they cannot even cultivate if there is no 
rainfall. 

3.8 Using Drip and or Sprinkle Irrigation and their 
Perceived Advantages

The micro-irrigation technology is used throughout the 
world, especially in the arid and semi-arid areas in 
order to augment water supply for the crops. However, 
the results of this study revealed that not a single 
farmer from the target group had reported the use of 
drip and sprinkle irrigation on their farms. The farmers 
were asked to give reasons for not using this 
technology, to which about 52% mentioned lack of 
awareness, 37% reasoned increase in expenditures 
and 11% considered that the technique is not 
advantageous. It can be concluded that majority of 
farmers were willing to adopt this technology, but they 
were unable to do so because of ignorance and lack of 
support from the governmental organizations.

3.9 Farmers’ Views on Support they Need for 
Adoption of Conservation Measures 

To combat land degradation, the farmers should be 
given proper assistance by the government to adopt 
soil and water conservation techniques. The results 
revealed that majority of the responses were 
encouraging introduction of latest technology and 
trainings, fol lowed by alternate l ivelihood 
opportunities, financial support and construction of 
delay action dams. Overall results revealed that the 
farmers from the area were inclined to learning about 
new technologies and trainings to increase the 
agricultural production (Table-6).

4. CONCLUSIONS 

This paper based on a field survey and focused group 
discussion was written to help understand the farmers’ 
opinions on land conservation in Pishin (Balochistan), 
the reasons behind adoption and non-adoption of 
conservation techniques, and the support the farmers’ 
require to adopt conservation measures. Illiteracy, 
insecurity of land tenure and poor extension services 
were the major hurdles in adoption of modern soil 
water conservation measures. In this modern age, the 
farmers from the area were found using only traditional 
measures for conservation of land. It was found that 
agronomic and a few structural measures were mostly 
used by the farmers in the area. Increase in 

expenditures and lack of awareness seem to be the 
major hurdle in conservation of land resources. 
Extension workers should be directed to train the 
farmers to adopt the latest methods of drip or sprinkle 
irrigation, mulching, water harvesting, crop reside 
management, as well as proper use of fertilizers and 
no-tillage techniques. Government and non-
governmental organizations should provide financial 
support in case of expensive drip and sprinkle 
irrigation equipments. Balochistan being the major 
province of the country in terms of land resources can 
play a key role in enhancing the agricultural 
productivity of Pakistan, if proper trainings are given to 
the farmers for sustainable land management. The 
results of this study provide important policy actions 
not only for Pakistan, but also for other areas that have 
similar arid and semi-arid environmental conditions. 
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ABSTRACT

Climate change results in the increase or decrease in 
temperature and rainfall. These have significant 
impact on environment – impinge agricultural crop 
yields, affect human health, cause changes to forests 
and other ecosystems, and even impact our energy 
supply. Climate change is a global phenomenon and 
its impact can be observed on Pakistan’s economy 
and environment. This paper contains details 
concerning the climate change and environmental 
impacts. It takes into account current and projected 
key vulnerabilities, prospects for adaptation, and the 
relationships between climate change mitigation and 
environment. The purpose of the study is to devise 
national policies and incentive systems combined with 
national level capacity-building programs to 
encourage demand-or iented conservat ion 
technologies. Recommendations are also made to 
abate the climate change related issues in country.

1. INTRODUCTION

Despite many complexities, scientific evidence clearly 
points to the fact that the world is warming up. In fact, 
each of the last three decades has been successively 
warmer than those preceding [1]. The Greenland and 
Antarctic ice and glaciers have continued shrinking 
over the last two decades. The sea level rise since the 

thmid-19  century has been larger than the mean rate 
during the previous two millennia. Global warming is 
due to human activity and increasing emission levels 
of greenhouse gases in the atmosphere. The 
concentrations of greenhouse gases (GHGs) in the 
atmosphere – carbon dioxide, methane, and nitrous 
oxide – have increased by 40% since pre-industrial 
times. These emissions are from fossil fuel use and 
land use change [2, 3]. Global surface temperature 

stchange for the end of the 21  century is likely to exceed 

1.5°C, and there are evidences for growing human 
influence on global warming and changes in some 
climate extremes [1, 4].

Various events related to climate change have raised 
interest in understanding the role of global warming in 
driving the extreme weather. Climate models have 
been improved over the years. These models can now 
reproduce observed continental-scale surface 
temperature patterns and warming trends over 
several decades [5-12]. Measured data and modeling 
studies of temperature change, climate feedbacks and 
changes in the Earth’s energy budget, all provide 
confirmation of the magnitude of global warming. If 
emissions of greenhouse gases continue, it may 
cause further warming and bring changes in all 
components of the climate system. This may have 
serious consequences if left unabated. For limiting 
climate change, substantial and sustained reduction in 
greenhouse gas emissions is essential.

Even though Pakistan’s contribution to the total GHG 
emissions is among the lowest in the world, it is still 
among the countries that are most vulnerable to the 
susceptibilities of climate change.  The very low 
technical and financial capacity to adapt to the 
adverse impacts of climate change further adds to the 
complexity of the issue. In Pakistan, climate change 
has constantly manifested itself through extreme 
events, such as the unprecedented floods, droughts 
(as shown in Figure-1), storms and glacial lake 
outbursts, etc. The economic and social losses for 
each of these have been in millions. In the recent 
floods alone, 20 million people have been affected. 
This outbalances the three major in securities of the 
country, namely water, food and energy. Over the 
years, Pakistan made sporadic efforts for climate 
change mitigation and adaptation, but a concerted 

Figure-1: A glimpse of Drought and Floods in Pakistan
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policy and strategy framework does not exist. At the 
same time a cohesive program to combat the issue on  
ground is also absent.

Pakistan is situated in slightly north of the Tropic of 
Cancer. North of Pakistan is the junction of three world 
famous mountain ranges, namely Himalayas, 
Karakoram and Hindu Kush, which possess third 
largest mass of ice after the Earth’s polar regions. 
There are more than 5000 glaciers in Pakistan’s 
territory having huge volume of water in frozen form 
that could sustain the country’s water supplies through 
melting. Winter snowfall tends to sustain the melt 
mass of ice from glaciers, but the balance is disturbed 
due to increased heat.

For this study, data from four meteorological stations in 
different cities of Pakistan, i.e., Skardu, Chitral, 
Islamabad, and Lahore, were analyzed. The selection 
of northern part of Pakistan for study purposes was 
due to the importance of the region, which has glaciers 
and ice-capped mountains. There was higher average 
rainfall, as well as great variation in temperature in 
summer and winter. It was observed that these 
variations in temperature and rainfall cause changes 
in the environment. Weather patterns get erratic, 
which may result in flooding of rivers, damage crops, 
property, human lives, as well as the ecosystem. 
Therefore, it is very necessary to adopt measures for 
mitigating the effects of climate change.

2. PURPOSE OF THE STUDY
 

The following points indicate the purpose of the study:

a. Devising national policies and incentive systems, 
coupled with national level capacity-building 
programs to encourage demand-oriented 
conservation technologies.  

b. Identifying comparative advantages in agriculture 
and agro-based industries in the light of changing 
climate scenarios at national, regional and global 
levels.

c. Integrating environment and development in the 
“Social Action” or other programs that strengthen 
regional cooperation and networking for joint 
actions.

3. DATA ANALYSIS
 

Beside temperature, rainfall is a very important factor 
in the climate change because it is a source for 
ground-water and relative humidity. The amount of 
rainfall greatly affects the vegetation. Rainwater is also 
stored in dams and is used to generate electricity as 

well as for irrigation purposes. Changes in rainfall and 
other forms of precipitation will be one of the most 
critical factors determining the overall impact of 
climate change. Rainfall is much more difficult to 
predict than temperature. Data analyses of rainfall, 
maximum and minimum monthly temperatures were 
made for this study, having a comparison of mean 
monthly values for the period 1981-2010 with the 
mean monthly values for 2011.

3.1 Weather Pattern of Skardu

Monthly average maximum temperature, minimum 
temperature and rainfall (Figure-2) at Skardu were 
analyzed. This analysis suggested that there was a 
significant variation in the rainfall. 

According to the data (Figure-2), the average rainfall in 
the month of January for the period 1981-2010 was 
31.4 mm, while the maximum rainfall was observed in 
the months of April (37.2 mm). On the contrary, in 
2011, rainfall of 6.5 mm was observed in the month of 
January, while the maximum rainfall was observed in 
the month of March (73.0 mm). This variation reflected 
rapid weather change (w.r.t. rainfall) uneven 
behaviour and in irregular patterns, which may have 
serious consequences for the climate, environment 
and human life.

As depicted in the average maximum temperature 
data of Skardu (Figure-3), the temperature values did 
not show too much variation between the maximum 
temperature values of 2011 and the average 
maximum values for the period 1981-2010. However, 
a slight difference was observed in the maximum 
temperature for the month of February.

The average minimum temperature of Skardu in 2011 
(Figure-4), did not show too much variation compared 
to average minimum temperatures for the period 
1981-2010. A slight difference was noted for the 
months of June and December.

3.2 Weather Pattern of Chitral

Analyses of Chitral’s monthly average maximum 
temperature, minimum temperature and rainfall 
(Figures 5, 6 and 7), showed a variation between 
rainfall in 2011  and the average rainfall from 1981 to 
2010. This anomalous behavior tends to affect climate 
adversely which has marked effects on the 
ecosystem. 

In Figure-5, the anomaly is seen in the average 
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Figure-2: Comparison of Average Rainfall at Skardu (1981-2010 and 2011)
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Figure-3: Comparison of Average Maximum temperature at Skardu (1981-2010 and 2011)

Figure-4: Comparison of Average Minimum temperature at Skardu (1981-2010 and 2011)
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policy and strategy framework does not exist. At the 
same time a cohesive program to combat the issue on  
ground is also absent.

Pakistan is situated in slightly north of the Tropic of 
Cancer. North of Pakistan is the junction of three world 
famous mountain ranges, namely Himalayas, 
Karakoram and Hindu Kush, which possess third 
largest mass of ice after the Earth’s polar regions. 
There are more than 5000 glaciers in Pakistan’s 
territory having huge volume of water in frozen form 
that could sustain the country’s water supplies through 
melting. Winter snowfall tends to sustain the melt 
mass of ice from glaciers, but the balance is disturbed 
due to increased heat.

For this study, data from four meteorological stations in 
different cities of Pakistan, i.e., Skardu, Chitral, 
Islamabad, and Lahore, were analyzed. The selection 
of northern part of Pakistan for study purposes was 
due to the importance of the region, which has glaciers 
and ice-capped mountains. There was higher average 
rainfall, as well as great variation in temperature in 
summer and winter. It was observed that these 
variations in temperature and rainfall cause changes 
in the environment. Weather patterns get erratic, 
which may result in flooding of rivers, damage crops, 
property, human lives, as well as the ecosystem. 
Therefore, it is very necessary to adopt measures for 
mitigating the effects of climate change.

2. PURPOSE OF THE STUDY
 

The following points indicate the purpose of the study:

a. Devising national policies and incentive systems, 
coupled with national level capacity-building 
programs to encourage demand-oriented 
conservation technologies.  

b. Identifying comparative advantages in agriculture 
and agro-based industries in the light of changing 
climate scenarios at national, regional and global 
levels.

c. Integrating environment and development in the 
“Social Action” or other programs that strengthen 
regional cooperation and networking for joint 
actions.

3. DATA ANALYSIS
 

Beside temperature, rainfall is a very important factor 
in the climate change because it is a source for 
ground-water and relative humidity. The amount of 
rainfall greatly affects the vegetation. Rainwater is also 
stored in dams and is used to generate electricity as 

well as for irrigation purposes. Changes in rainfall and 
other forms of precipitation will be one of the most 
critical factors determining the overall impact of 
climate change. Rainfall is much more difficult to 
predict than temperature. Data analyses of rainfall, 
maximum and minimum monthly temperatures were 
made for this study, having a comparison of mean 
monthly values for the period 1981-2010 with the 
mean monthly values for 2011.

3.1 Weather Pattern of Skardu

Monthly average maximum temperature, minimum 
temperature and rainfall (Figure-2) at Skardu were 
analyzed. This analysis suggested that there was a 
significant variation in the rainfall. 

According to the data (Figure-2), the average rainfall in 
the month of January for the period 1981-2010 was 
31.4 mm, while the maximum rainfall was observed in 
the months of April (37.2 mm). On the contrary, in 
2011, rainfall of 6.5 mm was observed in the month of 
January, while the maximum rainfall was observed in 
the month of March (73.0 mm). This variation reflected 
rapid weather change (w.r.t. rainfall) uneven 
behaviour and in irregular patterns, which may have 
serious consequences for the climate, environment 
and human life.

As depicted in the average maximum temperature 
data of Skardu (Figure-3), the temperature values did 
not show too much variation between the maximum 
temperature values of 2011 and the average 
maximum values for the period 1981-2010. However, 
a slight difference was observed in the maximum 
temperature for the month of February.

The average minimum temperature of Skardu in 2011 
(Figure-4), did not show too much variation compared 
to average minimum temperatures for the period 
1981-2010. A slight difference was noted for the 
months of June and December.

3.2 Weather Pattern of Chitral

Analyses of Chitral’s monthly average maximum 
temperature, minimum temperature and rainfall 
(Figures 5, 6 and 7), showed a variation between 
rainfall in 2011  and the average rainfall from 1981 to 
2010. This anomalous behavior tends to affect climate 
adversely which has marked effects on the 
ecosystem. 

In Figure-5, the anomaly is seen in the average 
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Figure-2: Comparison of Average Rainfall at Skardu (1981-2010 and 2011)
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Figure-3: Comparison of Average Maximum temperature at Skardu (1981-2010 and 2011)

Figure-4: Comparison of Average Minimum temperature at Skardu (1981-2010 and 2011)
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Figure-5: Comparison of average rainfall at Chitral (1981-2010 and 2011)
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Figure-6: Comparison of Average Maximum temperature at Chitral (1981-2010 and 2011)
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Figure-7: Comparison of Average Minimum temperature at Chitral (1981-2010 and 2011)
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Figure-8: Comparison of average rainfall at Islamabad (1981-2010 and 2011)
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Figure-9: Comparison of Average Maximum temperature at Islamabad (1981-2010 and 2011)
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Figure-10: Comparison of Average Minimum temperature at Islamabad (1981-2010 and 2011)
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Figure-5: Comparison of average rainfall at Chitral (1981-2010 and 2011)
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Figure-6: Comparison of Average Maximum temperature at Chitral (1981-2010 and 2011)
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Figure-7: Comparison of Average Minimum temperature at Chitral (1981-2010 and 2011)
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Figure-8: Comparison of average rainfall at Islamabad (1981-2010 and 2011)

Comparison of Average Rainfall 

Ja
n
u
a
ry

F
e
b
ru

a
ry

M
a
rc

h

A
p
ri
l

M
a
y

Ju
n
e

Ju
ly

A
u
g
u
st

S
e
p
te

m
b
e
r

O
ct

o
b
e
r

N
o
ve

m
b
e
r

D
e
ce

m
b
e
r

400

350

300

250

200

150

100

50

0

Average Rainfall for
1981-2010

Average Rainfall for
2011

Figure-9: Comparison of Average Maximum temperature at Islamabad (1981-2010 and 2011)
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Figure-10: Comparison of Average Minimum temperature at Islamabad (1981-2010 and 2011)
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monthly rainfall for January 2011 (27.5 mm), while the 
maximum rainfall was observed in February 2011 
(113.2 mm). On the other hand, average rainfall in the 
month January for the period 1981-2010 was 47.7 mm 
and the maximum rainfall was observed in the month 
of March (110.9 mm).This variation reflect the rapidly 
changing weather pattern in an uneven and irregular 
fashion, which has the potential to create problems for 
human beings, the local climate and the environment. 
The average maximum temperature (Figure-6) does 
not show too much variation between the average 
maximum temperature for the period 1981-2010 and 
the year 2011. However a slight deviation was 
observed in the month of February.

The minimum temperature of 2011 (Figure-7) did not 
show too much variation either with the average 
minimum temperature, however a slight difference 
was noted for the months of January and August.

3.3 Weather Pattern of Islamabad

The analysis of monthly average monthly rainfall, 
average maximum temperatures, and average 
minimum temperatures (Figure 8, 9, 10) showed a 
rapid variation in the rainfall pattern. As rainfall is a 
major climatic factor in the local weather pattern, this 
anomaly disturbs not only the climate but also all other 
systems, like level of water flow in rivers, flooding, 
water level in dams, which is further associated with 
the generation of electricity and irrigation.  

3.4 Weather Pattern of Lahore

An analysis of average rainfall data of the year 2011 
(Figure-11) suggested anomaly in rainfall pattern for 
January (<10 mm) and maximum average rainfall 
(226.0 mm) in the month of August. When compared to 
the average rainfall of the period 1981 to 2010, the 
average rainfall in January was 24.0 mm and the 
maximum rainfall was observed in the month of July 
(192.0 mm). This variation reflected that weather has 
rapidly changed in the past years in an uneven and 
irregular pattern, which poses risks to climate and 
human life.

An analysis of monthly Average Maximum 
temperature (Figure-12), suggested below average 
maximum temperatures during 2011, other than the 
months of January to February and August to October, 
where the average maximum temperature in 2011 
exceeded the average temperature of the period 
1981-2010. Widespread significant changes in 
extreme high temperature events were not observed. 

Figure-13 shows variation between the average 
minimum temperatures of two time spans, i.e. Average 
minimum temperatures for the period 1981-2010 as 
compared to average minimum temperatures for the 
year 2011. In 2011, a slight increase was observed in 
average minimum temperature, especially from April 
to June and October to November. However no 
particular difference was observed in the temperature 
values taken throughout the remaining year.

Temperature extremes were found to exhibit no 
significant trend in inter-annual variability. There was a 
trend of few extremely low minimum temperature 
events in several widely-separated areas and there 
was some indication of a decrease in day-to-day 
temperature variability in recent decades.

4. CONCLUSIONS

The study data presented a picture of the thermal 
regime in main towns and cities of the northern areas, 
as well as upper Punjab, which is likely to prevail 
during the period 2011-2030.The upward peaks in the 
graphs indicated extreme wet years when flooding 
conditions prevail in different parts of the country. 
Despite flood patterns not recurring, their frequency 
seemed to be increasing over time. The area impacted 
by floods was not found to be as extensive as the 
drought hit areas, and the temperature was not found 
highly variable as compared to other weather 
parameter like rainfall, over monthly, yearly and 
decadal scales. An accurate prediction of the 
expected temperatures can help provide ample time 
for planning contingencies for both farmers and policy 
makers. 

There is a general consensus in the output of most of 
the climate models that the average maximum 
temperatures in Islamabad and Lahore will increase 
by about 3°C during the next hundred years, which is 
about 1°C less than that in the northern areas of 
Pakistan. The pattern of temperature change is similar 
throughout the country. During the first half of the 
century, the increase in temperatures was about 1°C, 
whereas in second half it has been projected at 3°C. 
Such a rise and fall in temperature can usher complex 
changes in  regional ecosystems.

Rainfall is a highly variable climatic parameter over 
time and space. Future projections of rainfall for 
central and upper climatic zones of the country have 
been presented (Figures 2, 5, 8 and 11), which indicate 
large inter-decadal variations. Climatic models project 
the future rainfall pattern in such a way that the 

A scientific journal of COMSATS – SCIENCE VISION     Vol.20 No.1 (January to June 2014)

Environmental Impact of Climate Change in Pakistan Sahibzad Khan and Iftikhar A. Raja

Figure-11: Comparison of average rainfall at Lahore (1981-2010 and 2011)
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Figure-12: Comparison of Average Maximum temperature at Lahore (1981-2010 and 2011)
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Figure-13: Comparison of Average Minimum temperature at Lahore (1981-2010 and 2011)
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monthly rainfall for January 2011 (27.5 mm), while the 
maximum rainfall was observed in February 2011 
(113.2 mm). On the other hand, average rainfall in the 
month January for the period 1981-2010 was 47.7 mm 
and the maximum rainfall was observed in the month 
of March (110.9 mm).This variation reflect the rapidly 
changing weather pattern in an uneven and irregular 
fashion, which has the potential to create problems for 
human beings, the local climate and the environment. 
The average maximum temperature (Figure-6) does 
not show too much variation between the average 
maximum temperature for the period 1981-2010 and 
the year 2011. However a slight deviation was 
observed in the month of February.

The minimum temperature of 2011 (Figure-7) did not 
show too much variation either with the average 
minimum temperature, however a slight difference 
was noted for the months of January and August.

3.3 Weather Pattern of Islamabad

The analysis of monthly average monthly rainfall, 
average maximum temperatures, and average 
minimum temperatures (Figure 8, 9, 10) showed a 
rapid variation in the rainfall pattern. As rainfall is a 
major climatic factor in the local weather pattern, this 
anomaly disturbs not only the climate but also all other 
systems, like level of water flow in rivers, flooding, 
water level in dams, which is further associated with 
the generation of electricity and irrigation.  

3.4 Weather Pattern of Lahore

An analysis of average rainfall data of the year 2011 
(Figure-11) suggested anomaly in rainfall pattern for 
January (<10 mm) and maximum average rainfall 
(226.0 mm) in the month of August. When compared to 
the average rainfall of the period 1981 to 2010, the 
average rainfall in January was 24.0 mm and the 
maximum rainfall was observed in the month of July 
(192.0 mm). This variation reflected that weather has 
rapidly changed in the past years in an uneven and 
irregular pattern, which poses risks to climate and 
human life.

An analysis of monthly Average Maximum 
temperature (Figure-12), suggested below average 
maximum temperatures during 2011, other than the 
months of January to February and August to October, 
where the average maximum temperature in 2011 
exceeded the average temperature of the period 
1981-2010. Widespread significant changes in 
extreme high temperature events were not observed. 

Figure-13 shows variation between the average 
minimum temperatures of two time spans, i.e. Average 
minimum temperatures for the period 1981-2010 as 
compared to average minimum temperatures for the 
year 2011. In 2011, a slight increase was observed in 
average minimum temperature, especially from April 
to June and October to November. However no 
particular difference was observed in the temperature 
values taken throughout the remaining year.

Temperature extremes were found to exhibit no 
significant trend in inter-annual variability. There was a 
trend of few extremely low minimum temperature 
events in several widely-separated areas and there 
was some indication of a decrease in day-to-day 
temperature variability in recent decades.

4. CONCLUSIONS

The study data presented a picture of the thermal 
regime in main towns and cities of the northern areas, 
as well as upper Punjab, which is likely to prevail 
during the period 2011-2030.The upward peaks in the 
graphs indicated extreme wet years when flooding 
conditions prevail in different parts of the country. 
Despite flood patterns not recurring, their frequency 
seemed to be increasing over time. The area impacted 
by floods was not found to be as extensive as the 
drought hit areas, and the temperature was not found 
highly variable as compared to other weather 
parameter like rainfall, over monthly, yearly and 
decadal scales. An accurate prediction of the 
expected temperatures can help provide ample time 
for planning contingencies for both farmers and policy 
makers. 

There is a general consensus in the output of most of 
the climate models that the average maximum 
temperatures in Islamabad and Lahore will increase 
by about 3°C during the next hundred years, which is 
about 1°C less than that in the northern areas of 
Pakistan. The pattern of temperature change is similar 
throughout the country. During the first half of the 
century, the increase in temperatures was about 1°C, 
whereas in second half it has been projected at 3°C. 
Such a rise and fall in temperature can usher complex 
changes in  regional ecosystems.

Rainfall is a highly variable climatic parameter over 
time and space. Future projections of rainfall for 
central and upper climatic zones of the country have 
been presented (Figures 2, 5, 8 and 11), which indicate 
large inter-decadal variations. Climatic models project 
the future rainfall pattern in such a way that the 
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Figure-11: Comparison of average rainfall at Lahore (1981-2010 and 2011)
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Figure-12: Comparison of Average Maximum temperature at Lahore (1981-2010 and 2011)
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Figure-13: Comparison of Average Minimum temperature at Lahore (1981-2010 and 2011)
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amounts of rainfall in the first half of the century are 
likely to increase, whereas in the second half, it will 
follow a sharp decline with highly variable 
occurrences. The decade of 2040s is expected to be a 
largely drought affected period.

5. RECOMMENDATIONS

Action plans to mitigate possible effects of climate 
change with practical measures in the short, medium 
and long-term are recommended. Such plans should 
focus on: assessing and creating an inventory of water 
resources; disaster-risk reduction; and adaptation to 
climate change. Mitigation measures should cater to 
key environmental concerns, including deforestation 
and reduction of GHG emissions from energy sector. 
Another important recommendation may be to 
enhance water-storage capacity by constructing dams 
at various suitable locations in the northern areas of 
Pakistan.

It is also recommended that the provincial 
governments come up with long-term policy measures 
to address the intensity of extreme weather events, as 
well as erratic monsoon patterns in coordination with 
the Federal Government.
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ABSTRACT

thFrom 20  century onwards, a great concern has been 
expressed regarding global climate change. This 
study attempts to perform detailed analysis of 
temperature and precipitation for Karachi city of 
Pakistan, to assess the possible climate change, 
using two data sets (51-year data: 1961-2012 and 31-
year data: 1981-2012) for different parameters. 
Trends were generated using linear regression (LR) 
and Mann-Kendall (MK), which depicted that daily and 
annual temperatures were increasing, with changes in 
minimum temperature being more significant than 
maximum temperature. Analyses also showed 
increase in extreme temperature at night and during 
winter, showing that urbanization was a major factor, 
as the heat from buildings trapped in between 
dissipates at nights. The daily and monthly 
precipitation levels increased in contrast to annual 
precipitation trend, which is justified by the averaged 
monthly analysis showing that decreasing trends were 
much more significant than increasing trends. In 
addition, monthly precipitation showed an increase of 
4.3 mm, using LR and MK test. It can be noticed that 
two extreme winter months (December and January) 
and two extreme hot months (May and October) 
received increased rainfall. However, statistical 
analyses showed overall annual decrease in rainfall. 
Furthermore, decadal analysis indicated sinusoidal 
behaviour of change in climate indicators; making 
climatic change evident but cyclic in nature.

Keywords: Climatic variability, rainfall, temperature, 
statistical analysis

1. INTRODUCTION
 

Climate change has drawn interest of many 
researchers and scientists in the recent decades. The 
change in temperature and precipitation has been 
capturing the attention of researchers since the last 
century. Improved understanding of these changes, 
spatially and temporally, is essential to understand the 
current and future climate change trends. The effect of 
climate change could result in the increased frequency 
and severity of extreme weather events, including 
short duration/high intensity rainfalls and temporal 
distribution of precipitation. Analysis of meteorological 
parameters has been carried out across the globe to 
claim that Earth is undergoing climate change. United 
States Environmental Protection Agency report states 
that since 1901 the global average surface 
temperature has risen at an average rate of 0.13°F per 

decade (or 1.3°F per century), and global precipitation 
has increased at an average rate of 1.9% per century 
[1,2]. 

In the last couple of decades, there has been an 
increase in the incidence, frequency, and intensity of 
extreme climatic events. According to the World 

stMeteorological Organization, the first decade of 21  
century (2001-2010) was the warmest decade 
recorded around the globe and the year 2010 was 
ranked as the warmest year (+0.53°C) followed by 
2005 (+0.52°C), and 1998 (0.52°C). In addition, 
sixteen warmest years of the globe occurred during 
the last two decades [3]. A study shows that over the 
last century, there has been an increase of 2.9°C in 
average air temperature of Asia. The assessment of 
this study was done for past climatic data of Pakistan 
that projected changes for the next half century using 
Global Climate Models (GCM) and Regional Climate 
Models (RCM). It is evaluated that annual mean 
surface temperature of Pakistan has a consistent 

thrising trend since the beginning of 20  century [4]. 
Another study indicated that Pakistan experienced a 
rise of 0.76°C in average annual mean temperature 
during the last 40 years [5].

There are various statistical tests available for the 
verification of trends. The purpose of trend testing is to 
determine if the values of the variable generally 
increase or decrease over some period of time [6]. The 
statistically significant trends are defined by 
parametric or non-parametric statistical tests. Every 
test has its own requirements, method, and quality of 
output depending on the expertise required. The 
selection of the test is based on the requirement to 
achieve the objectives. Trends of meteorological 
parameters for Jordan were analyzed in a study, using 
76-year temperature and precipitation data from 
Amman airport station and various other stations. Two 
statistical tests, lag one serial correlation and MK rank 
test, were used to demonstrate the trends for annual 
and seasonal periods, and it was concluded that in 
addition to the global warming and greenhouse 
effects, the warming trend in the capital city, Amman, is 
a sign of local urbanization effect, including land use 
and greenhouse effect [7]. Another study uses MK’s 
test for the trend detection of annual temperature and 
precipitation in nine states of USA. For the time period 
1900 – 2011, decrease in climatic parameters in two 
states are analyzed whereas increase has been 
observed in the rest of the seven [8].
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The climate of this city is usually hot and arid, having 
o35 C annual average maximum temperature and 25  

annual average minimum temperature [18]. Figure-1 
shows the study area and location of weather station.

2.2 Data collection and Analysis

The data used in this study comprised climatic 
parameters (temperature and rainfall). Since the study 
focuses on trends and variability, large amount of 
historic data were needed; therefore, 51-year monthly 
rainfall and mean temperature data and 31-year daily 
rainfall, and daily maximum and minimum data were 
collected from Karachi Airport weather station, a digital 
weather station managed by PMD. Analysis was done 
using statistical tests. Depending on the requirement 
of the study, relevant statistical tests were employed to 
determine the significance of trends in the data series 
using LR, and MK Rank Test. 

3. RESULTS AND DISCUSSION

3.1 Temperature Trends

Temperature data of the city were analyzed using 
various variables related to temperature. Maximum 
temperature was observed during the daytime and 
mostly recorded at 1500 hrs PST, and minimum 
temperature was observed during night time at 0300 
hrs local time. Mean temperature is the average of 
maximum and minimum temperatures. Daily means 
were calculated from the obtained daily maximum and 
minimum temperatures, available for the years 1981 
to 2012. Monthly mean temperature was available 

oC
from 1961 to 2012. Therefore, only monthly mean 
temperature was analyzed for 51 year data, and rest of 
the analyses were done on 31 year data set (1981-
2012). The daily data was further integrated into 
various variables on monthly and annual time series 
for the selected station in order to achieve detailed 
analysis regarding climate variability in the city. The 
variables were: daily maximum, minimum and mean 
temperatures, monthly maximum, minimum, mean, 
monthly extreme, and averaged monthly, annual 
maximum/minimum mean temperature, and decadal 
analysis of average monthly temperature. Results 
obtained by using LR and MK test are discussed below 
in detail. 

More than one statistical test were performed to verify 
the results and ensure reliability of the outcomes. To 
identify the trends for various variables, LR and MK 
tests were performed for each variable. Figure-2 
shows the decreasing trends for daily maximum, 
minimum, and mean temperatures. The average daily 
temperature of Karachi showed a decrease of 2°C in 
31 years. However, the interesting fact lied in the 
results of MK test, which showed increasing trends for 
maximum, minimum and mean temperatures, 
contrary to LR result. MK statistics for all three 
variables showed significant positive values as given 
in Table-1. Rejecting the trends shown by LR, and 
increasing trend shown by MK were preferably 
accepted for daily temperatures, concluding that 
Karachi’s daytime and night time temperatures were 
increasing significantly.

Analyses of monthly mean temperature for 51-year 

Increase in temperature and precipitation have caught 
a lot of attention, with some researchers believing that 
rapid pace of climate change is due to greenhouse 
gases and ozone layer depletion, while other group of 
researchers claim that the change in climate is due to 
local factors. A technical report on climate change of 
Sindh province by Pakistan Meteorological 
Department (PMD) classifies reasons for climate 
change as natural and anthropogenic. Natural 
changes, like solar and volcanic activities, cause 
short-lived changes in weather conditions and as a 
result produce fluctuations in climatic pattern. 
Anthropogenic reasons, such as urbanization, land 
use, use of aerosols, etc., are controllable but they are 
now dominating the natural ones, due to which 
balance of the atmospheric heat budget has been 
disturbed and more amount of heat has been trapped 
in the biosphere than usually required to regulate the 
life processes [9]. Analysis of Variations (ANOVA) was 
used in a study to analyze rainfall trends in Pakistan for 
30 years (1976-2005) from 30 observatories through 
the country. The study showed an average decrease 
of 1.18 mm in rainfall per decade, across the country 
[10]. The variability of rainfall has increased 
geographically, across seasons, and annually in Asia 
over the past few decades. Decreasing trends in 
rainfall patterns along Pakistan’s coastal areas and 
arid plains have also been observed [11]. Similarly, a 
study was carried out identifying climate change by 
using climatic data of almost 50 years (1961 - 2004) 
and analyzing water flow and sediment transport by 
using flow data of 78 years (1931 - 2009) for three 
stations (namely, Karachi, Hyderabad and Badin) to 
evaluate lower Indus Basin. The trend was surprisingly 
different for each station with Karachi showing an 

increase of 1°C in 44 years, and decrease in annual 
precipitation of 150 mm from 1961 – 2004 [12]. A 
comprehensive report was made regarding the big 
challenges that would be faced by Pakistan due to 
climate change in coming years, putting the 
agriculture sector at risk [13]. About 40% of the people 
of Pakistan are prone to frequent multiple disasters 
due to variations in rainfall patterns, storms, floods, 
and droughts [14, 15]. Extremes, such as very warm 
daily temperatures or heavy rainfall amount, usually 
have the greatest and most direct impact on our 
everyday lives, community and environment. For 
these reasons, detection of changes in extremes has 
become important in current climatological research 
[16]. This study also focused on the extreme monthly 
and annual temperatures.

1.1 Objectives

The objective of this study was to analyze trends of 
various climatic variables (temperature and 
precipitation) for Karachi city using meteorological 
data of 51 years. The data was analyzed by using 
various statistical tools, such as linear regression (LR) 
and Mann-Kendall (MK) for trend verification [17].

2. MATERIAL AND METHODS

2.1 Study Area

Karachi is a metropolitan city of Pakistan, and lies at 
31°33’ 36” N, and 74°21’ 00” E, covering the area of 
1,014 Km². This city has a population of around 18 
million people. It lies in the lower Indus Basin and has a 
flatter topography with loamy sand and gravelly soil. 
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Figure-2: Trends of Daily Temperatures Using LR Method
Figure-1: Map of Study Area and Location of Weather Station
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The climate of this city is usually hot and arid, having 
o35 C annual average maximum temperature and 25  

annual average minimum temperature [18]. Figure-1 
shows the study area and location of weather station.

2.2 Data collection and Analysis

The data used in this study comprised climatic 
parameters (temperature and rainfall). Since the study 
focuses on trends and variability, large amount of 
historic data were needed; therefore, 51-year monthly 
rainfall and mean temperature data and 31-year daily 
rainfall, and daily maximum and minimum data were 
collected from Karachi Airport weather station, a digital 
weather station managed by PMD. Analysis was done 
using statistical tests. Depending on the requirement 
of the study, relevant statistical tests were employed to 
determine the significance of trends in the data series 
using LR, and MK Rank Test. 

3. RESULTS AND DISCUSSION

3.1 Temperature Trends

Temperature data of the city were analyzed using 
various variables related to temperature. Maximum 
temperature was observed during the daytime and 
mostly recorded at 1500 hrs PST, and minimum 
temperature was observed during night time at 0300 
hrs local time. Mean temperature is the average of 
maximum and minimum temperatures. Daily means 
were calculated from the obtained daily maximum and 
minimum temperatures, available for the years 1981 
to 2012. Monthly mean temperature was available 

oC
from 1961 to 2012. Therefore, only monthly mean 
temperature was analyzed for 51 year data, and rest of 
the analyses were done on 31 year data set (1981-
2012). The daily data was further integrated into 
various variables on monthly and annual time series 
for the selected station in order to achieve detailed 
analysis regarding climate variability in the city. The 
variables were: daily maximum, minimum and mean 
temperatures, monthly maximum, minimum, mean, 
monthly extreme, and averaged monthly, annual 
maximum/minimum mean temperature, and decadal 
analysis of average monthly temperature. Results 
obtained by using LR and MK test are discussed below 
in detail. 

More than one statistical test were performed to verify 
the results and ensure reliability of the outcomes. To 
identify the trends for various variables, LR and MK 
tests were performed for each variable. Figure-2 
shows the decreasing trends for daily maximum, 
minimum, and mean temperatures. The average daily 
temperature of Karachi showed a decrease of 2°C in 
31 years. However, the interesting fact lied in the 
results of MK test, which showed increasing trends for 
maximum, minimum and mean temperatures, 
contrary to LR result. MK statistics for all three 
variables showed significant positive values as given 
in Table-1. Rejecting the trends shown by LR, and 
increasing trend shown by MK were preferably 
accepted for daily temperatures, concluding that 
Karachi’s daytime and night time temperatures were 
increasing significantly.

Analyses of monthly mean temperature for 51-year 

Increase in temperature and precipitation have caught 
a lot of attention, with some researchers believing that 
rapid pace of climate change is due to greenhouse 
gases and ozone layer depletion, while other group of 
researchers claim that the change in climate is due to 
local factors. A technical report on climate change of 
Sindh province by Pakistan Meteorological 
Department (PMD) classifies reasons for climate 
change as natural and anthropogenic. Natural 
changes, like solar and volcanic activities, cause 
short-lived changes in weather conditions and as a 
result produce fluctuations in climatic pattern. 
Anthropogenic reasons, such as urbanization, land 
use, use of aerosols, etc., are controllable but they are 
now dominating the natural ones, due to which 
balance of the atmospheric heat budget has been 
disturbed and more amount of heat has been trapped 
in the biosphere than usually required to regulate the 
life processes [9]. Analysis of Variations (ANOVA) was 
used in a study to analyze rainfall trends in Pakistan for 
30 years (1976-2005) from 30 observatories through 
the country. The study showed an average decrease 
of 1.18 mm in rainfall per decade, across the country 
[10]. The variability of rainfall has increased 
geographically, across seasons, and annually in Asia 
over the past few decades. Decreasing trends in 
rainfall patterns along Pakistan’s coastal areas and 
arid plains have also been observed [11]. Similarly, a 
study was carried out identifying climate change by 
using climatic data of almost 50 years (1961 - 2004) 
and analyzing water flow and sediment transport by 
using flow data of 78 years (1931 - 2009) for three 
stations (namely, Karachi, Hyderabad and Badin) to 
evaluate lower Indus Basin. The trend was surprisingly 
different for each station with Karachi showing an 

increase of 1°C in 44 years, and decrease in annual 
precipitation of 150 mm from 1961 – 2004 [12]. A 
comprehensive report was made regarding the big 
challenges that would be faced by Pakistan due to 
climate change in coming years, putting the 
agriculture sector at risk [13]. About 40% of the people 
of Pakistan are prone to frequent multiple disasters 
due to variations in rainfall patterns, storms, floods, 
and droughts [14, 15]. Extremes, such as very warm 
daily temperatures or heavy rainfall amount, usually 
have the greatest and most direct impact on our 
everyday lives, community and environment. For 
these reasons, detection of changes in extremes has 
become important in current climatological research 
[16]. This study also focused on the extreme monthly 
and annual temperatures.

1.1 Objectives

The objective of this study was to analyze trends of 
various climatic variables (temperature and 
precipitation) for Karachi city using meteorological 
data of 51 years. The data was analyzed by using 
various statistical tools, such as linear regression (LR) 
and Mann-Kendall (MK) for trend verification [17].

2. MATERIAL AND METHODS

2.1 Study Area

Karachi is a metropolitan city of Pakistan, and lies at 
31°33’ 36” N, and 74°21’ 00” E, covering the area of 
1,014 Km². This city has a population of around 18 
million people. It lies in the lower Indus Basin and has a 
flatter topography with loamy sand and gravelly soil. 
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Figure-2: Trends of Daily Temperatures Using LR Method
Figure-1: Map of Study Area and Location of Weather Station
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The linear trend for January, February and March gave 
a decreasing trend in maximum as well as minimum 
temperatures with February and March having slopes 
with significant decrease of 8°C and 6.6°C, 
respectively, based on data of 31 years. Maximum 
temperature in April gave no significant change with 
0.9°C increase in minimum temperature. This 
determines that nights in April were getting warmer, 
while there was no change in temperature during day 

time. The increase in minimum temperature in April 
was responsible for the increasing trend of mean 
temperature. The months of May and June showed 
slightly decreasing trend of 0.5°C and 0.8°C, 
respectively. Similar to April, minimum temperature in 
the month of July was rising by 1°C, indicating warmer 
nights. 

On the other hand, the maximum temperature has 

data showed a contrasting trend from that of 31-year 
time-series data. In terms of linear regression, monthly 
maximum temperatures showed similar trends as that 
of daily temperature trend, however, more number of 
previous years added to the mean monthly 
temperature that escalated the trend. Figure-3a and 
3b illustrate this trend. MK test showed similar trends 
for monthly temperatures with slight negative values 
for monthly maximum and monthly minimum and 
significant positive value for monthly mean. But, due to 
lack of available data, it was hard to detect whether 
maximum or minimum temperatures were responsible 
for this variation. To further analyze the averaged 
monthly trend, decadal analysis was done (Figures-4a 
and 4b). Data of 51 years was divided into five 10-year 

sets to generate trend for each decade. Analysis 
showed that for first two decades, averaged 
temperature increased up to 0.5°C and 0.85°C, 
respectively. Temperature in the third decade (1981-
1990) decreased drastically about 2.3°C. It increased 
for the next (fourth) decade (1991-2000) and 
decreased in the following decade (2001-2010). 
Figure-4b also illustrates a sinusoidal trend indicating 
that no constant trend was seen.

For the detailed study of average monthly 
temperatures, monthly maximum and monthly 
minimum temperatures for every month were 
evaluated to identify the trend for each month 
(however no figures have been shown in this paper). 
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Figure-3a: Trends of Monthly Maximum & Minimum Temperatures Using LR
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Figure-3b: Trend of Average Monthly Temperature Using LR

Table-1: Test Interpretation for Temperature Variables
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The linear trend for January, February and March gave 
a decreasing trend in maximum as well as minimum 
temperatures with February and March having slopes 
with significant decrease of 8°C and 6.6°C, 
respectively, based on data of 31 years. Maximum 
temperature in April gave no significant change with 
0.9°C increase in minimum temperature. This 
determines that nights in April were getting warmer, 
while there was no change in temperature during day 

time. The increase in minimum temperature in April 
was responsible for the increasing trend of mean 
temperature. The months of May and June showed 
slightly decreasing trend of 0.5°C and 0.8°C, 
respectively. Similar to April, minimum temperature in 
the month of July was rising by 1°C, indicating warmer 
nights. 

On the other hand, the maximum temperature has 

data showed a contrasting trend from that of 31-year 
time-series data. In terms of linear regression, monthly 
maximum temperatures showed similar trends as that 
of daily temperature trend, however, more number of 
previous years added to the mean monthly 
temperature that escalated the trend. Figure-3a and 
3b illustrate this trend. MK test showed similar trends 
for monthly temperatures with slight negative values 
for monthly maximum and monthly minimum and 
significant positive value for monthly mean. But, due to 
lack of available data, it was hard to detect whether 
maximum or minimum temperatures were responsible 
for this variation. To further analyze the averaged 
monthly trend, decadal analysis was done (Figures-4a 
and 4b). Data of 51 years was divided into five 10-year 

sets to generate trend for each decade. Analysis 
showed that for first two decades, averaged 
temperature increased up to 0.5°C and 0.85°C, 
respectively. Temperature in the third decade (1981-
1990) decreased drastically about 2.3°C. It increased 
for the next (fourth) decade (1991-2000) and 
decreased in the following decade (2001-2010). 
Figure-4b also illustrates a sinusoidal trend indicating 
that no constant trend was seen.

For the detailed study of average monthly 
temperatures, monthly maximum and monthly 
minimum temperatures for every month were 
evaluated to identify the trend for each month 
(however no figures have been shown in this paper). 
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Figure-3a: Trends of Monthly Maximum & Minimum Temperatures Using LR
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Figure-3b: Trend of Average Monthly Temperature Using LR

Table-1: Test Interpretation for Temperature Variables
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20 and 100 for maximum and minimum annual 
temperatures, respectively. Results of both the tests  
move dissimilar again but to a minor degree. 
Nevertheless, the minor increasing trends in annual 
maximum temperature shown by MK test were given 
preference over LR results. The values of MK’s 
statistics are also shown in Table-1. To reveal the 
variation in annual extreme temperature, extreme 
values for every year were assembled to attain a trend. 
Figure-7 illustrates slightly increasing trend of 0.2°C 
using LR. Likewise, the results using MK test also 
showed small positive value of 5, indicating that 
extreme temperature was rising. 

3.2 Precipitation Trends

Seen in the context of Pakistan, a country with a very 
large population, agriculture based economy and high 

vulnerability index to natural disasters, it was 
important to determine trends of rainfall evaluating the 
effects it could cause in future.

Daily precipitation data was available from 1981 to 
2012, whereas monthly precipitation data was 
available of 51 years (from 1961 to 2012). Monthly 
data was further assembled to make annual data for 
analysis. Averaged monthly analyses were also made 
to signify the months responsible for setting the 
specific trend. Similar to the temperature analysis, LR 
and MK tests were performed on precipitation data 
using the variables, such as daily precipitation, 
monthly precipitation, average monthly precipitation 
(i.e., rainfall of each month for the time period, annual 
precipitation, and decadal precipitation).

been decreasing slightly by 0.4°C. The interesting 
point lies in the variation of August, September, and 
October, where August depicts increasing 
temperature, September decreasing, and October 
again showed increasing trend. The minimum 
temperature in all three months varied radically as 
compared to maximum temperature. In addition, the 
nights of October had warmed up to 2.8°C, with only 
0.7°C increase in maximum temperatures. The trend 
for November interestingly showed that maximum 
temperature decreased by 1.9°C and minimum 
temperature increased by 1°C, consequently making 
the mean temperature drop to a value of 0.2°C. 
December, being a cold month, showed significant 
decrease in both maximum and minimum 
temperatures.
 

Since extreme values of climatic variables play a 
significant role in evaluating the climatic changes, 
extreme temperature data were also evaluated for 
each month to identify monthly trend indicating which 

months were getting warmer. Using LR and MK to 
analyze monthly data, it was explicated that there 
would be slight decrease in their extreme values in 
May and June. Decreasing trend was found in 
September using LR and increasing trend through MK 
test. However, both tests showed increasing trend for 
extreme temperatures of January, February, March, 
April and August, with March increasing up to 4.4°C 
and having MK value of 201. Figure-5 shows graphs 
for extreme values of each month and Table-1 shows 
the MK outputs. This determines that extreme 
temperatures were rising in winter and spring except 
for the months of May and June.
 

Furthermore, analysis was also conducted to pursue 
the yearly variability. Figure-6 shows the annual trends 
using LR. Similar to the trends observed in daily and 
monthly values for the time period 1981 to 2012, 
annual values also showed decreasing trend for 
maximum and minimum temperatures by 2.1°C and 
1°C, respectively. MK test showed positive values of 
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Figure-6: Annual temperature trends using LR
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Figure-4a: Decadal analysis of average monthly 
temperature

Figure-4b: Sinusoidal trend of decadal average 
monthly temperature using LR

Figure-5: Trends for monthly extreme temperatures
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20 and 100 for maximum and minimum annual 
temperatures, respectively. Results of both the tests  
move dissimilar again but to a minor degree. 
Nevertheless, the minor increasing trends in annual 
maximum temperature shown by MK test were given 
preference over LR results. The values of MK’s 
statistics are also shown in Table-1. To reveal the 
variation in annual extreme temperature, extreme 
values for every year were assembled to attain a trend. 
Figure-7 illustrates slightly increasing trend of 0.2°C 
using LR. Likewise, the results using MK test also 
showed small positive value of 5, indicating that 
extreme temperature was rising. 

3.2 Precipitation Trends

Seen in the context of Pakistan, a country with a very 
large population, agriculture based economy and high 

vulnerability index to natural disasters, it was 
important to determine trends of rainfall evaluating the 
effects it could cause in future.

Daily precipitation data was available from 1981 to 
2012, whereas monthly precipitation data was 
available of 51 years (from 1961 to 2012). Monthly 
data was further assembled to make annual data for 
analysis. Averaged monthly analyses were also made 
to signify the months responsible for setting the 
specific trend. Similar to the temperature analysis, LR 
and MK tests were performed on precipitation data 
using the variables, such as daily precipitation, 
monthly precipitation, average monthly precipitation 
(i.e., rainfall of each month for the time period, annual 
precipitation, and decadal precipitation).

been decreasing slightly by 0.4°C. The interesting 
point lies in the variation of August, September, and 
October, where August depicts increasing 
temperature, September decreasing, and October 
again showed increasing trend. The minimum 
temperature in all three months varied radically as 
compared to maximum temperature. In addition, the 
nights of October had warmed up to 2.8°C, with only 
0.7°C increase in maximum temperatures. The trend 
for November interestingly showed that maximum 
temperature decreased by 1.9°C and minimum 
temperature increased by 1°C, consequently making 
the mean temperature drop to a value of 0.2°C. 
December, being a cold month, showed significant 
decrease in both maximum and minimum 
temperatures.
 

Since extreme values of climatic variables play a 
significant role in evaluating the climatic changes, 
extreme temperature data were also evaluated for 
each month to identify monthly trend indicating which 

months were getting warmer. Using LR and MK to 
analyze monthly data, it was explicated that there 
would be slight decrease in their extreme values in 
May and June. Decreasing trend was found in 
September using LR and increasing trend through MK 
test. However, both tests showed increasing trend for 
extreme temperatures of January, February, March, 
April and August, with March increasing up to 4.4°C 
and having MK value of 201. Figure-5 shows graphs 
for extreme values of each month and Table-1 shows 
the MK outputs. This determines that extreme 
temperatures were rising in winter and spring except 
for the months of May and June.
 

Furthermore, analysis was also conducted to pursue 
the yearly variability. Figure-6 shows the annual trends 
using LR. Similar to the trends observed in daily and 
monthly values for the time period 1981 to 2012, 
annual values also showed decreasing trend for 
maximum and minimum temperatures by 2.1°C and 
1°C, respectively. MK test showed positive values of 
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Figure-6: Annual temperature trends using LR
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Figure-4a: Decadal analysis of average monthly 
temperature

Figure-4b: Sinusoidal trend of decadal average 
monthly temperature using LR

Figure-5: Trends for monthly extreme temperatures
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positive values of 17 and 27, respectively. By 
analyzing the monthly average precipitation for 
February, March, April, July and November, both LR 
and MK test showed similar decreasing trends. Table-
2 shows details of decreasing trend for these months 
on the basis of MK test (Note: figures are not shown for 
averaged monthly precipitation).

The annual trend performed using LR showed a drop 
of 36 mm in rainfall (Figure-10). Results of MK test 
were also indicating decreasing trend with negative 
value of -42.00. This concludes that the amount of 
rainfall was less in the recent years as compared to 
preceding years. This observational decrease in 
rainfall data was supported by the published data in 

Figure-8 depicts trend attained for daily precipitation, 
using LR, showing an increase in daily precipitation of 
about 4.1 mm in 51 years of given temporal data. By 
performing MK test for similar data, Man-Kendall’s 
statistics (S) showed higher positive value indicating 
significant increasing trend, as presented in Table-2. 
This depicts that daily precipitation in recent years was 
increasing. As known to all, the more precise the data 
the higher the accuracy in output. However, in case of 
precipitation, monthly data were preferred over daily, 
in order to eradicate the noise in data. Figure-9 
illustrates slightly decreasing trend for monthly 
precipitation of about 4.7 mm. This result, attained 
from LR was different than MK value. The results 
showed significant increase in MK value for the 
monthly precipitation. As in the case of analysis of 
temperature, MK trend was preferred over LR 
because of its greater relevance to hydrologic 

scenarios. Therefore, it is stated that rainfall was 
increasing on monthly basis as well. This study also 
encompassesd precipitation trends for every month 
showing increasing trends for the months of January, 
May, October and December using LR and MK test. 
The months of October and December showed 
increasing trend by 4.3 mm and 6.1 mm, with MK’s 
statistics of 72 and 32, respectively. It was noticed that 
the two extreme winter months (December and 
January) and the two extreme hot months (May and 
October) were showing increased amounts of rainfall. 
The three months of June, August, and September, 
showed varying results for LR and MK test. There was 
a significant increase of 20 mm in the month of June, 
whereas MK’s statistics showed a decreasing trend 
with a negative value of -14.00. The months of August 
and September showed decreasing trend using LR, 
whereas MK test depicted increasing trend with 
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Figure-8: Trend for daily precipitation using LR 

Table-2: Test Interpretation for Precipitation Variables

Figure-9: Trend for monthly precipitation using LR
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Figure-10: Trend for annual precipitation using LR

Figure-11a: Decadal precipitation trend using LR Figure-11b: Sinusoidal trend of decadal precipitation
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positive values of 17 and 27, respectively. By 
analyzing the monthly average precipitation for 
February, March, April, July and November, both LR 
and MK test showed similar decreasing trends. Table-
2 shows details of decreasing trend for these months 
on the basis of MK test (Note: figures are not shown for 
averaged monthly precipitation).

The annual trend performed using LR showed a drop 
of 36 mm in rainfall (Figure-10). Results of MK test 
were also indicating decreasing trend with negative 
value of -42.00. This concludes that the amount of 
rainfall was less in the recent years as compared to 
preceding years. This observational decrease in 
rainfall data was supported by the published data in 

Figure-8 depicts trend attained for daily precipitation, 
using LR, showing an increase in daily precipitation of 
about 4.1 mm in 51 years of given temporal data. By 
performing MK test for similar data, Man-Kendall’s 
statistics (S) showed higher positive value indicating 
significant increasing trend, as presented in Table-2. 
This depicts that daily precipitation in recent years was 
increasing. As known to all, the more precise the data 
the higher the accuracy in output. However, in case of 
precipitation, monthly data were preferred over daily, 
in order to eradicate the noise in data. Figure-9 
illustrates slightly decreasing trend for monthly 
precipitation of about 4.7 mm. This result, attained 
from LR was different than MK value. The results 
showed significant increase in MK value for the 
monthly precipitation. As in the case of analysis of 
temperature, MK trend was preferred over LR 
because of its greater relevance to hydrologic 

scenarios. Therefore, it is stated that rainfall was 
increasing on monthly basis as well. This study also 
encompassesd precipitation trends for every month 
showing increasing trends for the months of January, 
May, October and December using LR and MK test. 
The months of October and December showed 
increasing trend by 4.3 mm and 6.1 mm, with MK’s 
statistics of 72 and 32, respectively. It was noticed that 
the two extreme winter months (December and 
January) and the two extreme hot months (May and 
October) were showing increased amounts of rainfall. 
The three months of June, August, and September, 
showed varying results for LR and MK test. There was 
a significant increase of 20 mm in the month of June, 
whereas MK’s statistics showed a decreasing trend 
with a negative value of -14.00. The months of August 
and September showed decreasing trend using LR, 
whereas MK test depicted increasing trend with 
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Figure-8: Trend for daily precipitation using LR 

Table-2: Test Interpretation for Precipitation Variables

Figure-9: Trend for monthly precipitation using LR
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Figure-10: Trend for annual precipitation using LR

Figure-11a: Decadal precipitation trend using LR Figure-11b: Sinusoidal trend of decadal precipitation
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IPCC (2001) report, which indicated about 0.3% 
average decrease in rainfall per decade for the 
subtropical land areas as opposed to tropical lands 
with 0.3% increase per decade [19]. Similar to 
temperature analysis, decadal analysis was also done 
for precipitation. Figure-11(a) shows the trend lines 
generated for every 10-year precipitation, illustrating 
varying increase and decrease in decades. Figure-
11(b) shows the sinusoidal curve indicating that 
precipitation is not following a constant trend.

4. CONCLUSIONS AND RECOMMENDATIONS
 

The application to the trend detection framework to 
Karachi city has resulted in the identification of 
interesting trends for both temperature and 
precipitation. The conclusions of the study are given 
as follows:

i. Statistical tests used for trend detection gave 
similar as well as contrasting results for same 
hydrological variables. However, results from MK 
test were given preference over LR, since MK test 
accounts for more parameters, such as p-value, 
alpha, variance and MK statistics, increasing its 
significance and resulting in less uncertainty. The 
trend line was likely to be easily distorted by 
outliers giving less accuracy.

ii. Daily and annual maximum and minimum 
temperatures were rising (MK results) with a slight 
increase in maximum and significant increase in 
minimum temperatures. Monthly maximum and 
minimum trends for 31 years showed slight 
decrease, whereas, mean monthly temperature 
using 51- year data showed significant increase. 
Averaged minimum monthly and extreme 
temperature analyses showed that temperature in 
winter (December & January) and temperature at 
night time increased, indicating that urbanization 
was a major factor contributing to the increase, as 
the heat from buildings trapped in between them 
are released at night time.

iii. Analysis of daily and monthly precipitation values 
showed increasing trend (MK results). However, 
annual precipitation for Karachi city on the basis of 
51-year data showed decreasing trend, which was 
justified by the monthly analyses performed, 
where increasing trend for months of January, 
May, August, September, October and December 
were less significant in magnitude as compared to 
other months that showed decrease.

iv. Decadal analysis indicated that climate change 
was evident but not prominent, as the analysis 
confirmed its sinusoidal behaviour.
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IPCC (2001) report, which indicated about 0.3% 
average decrease in rainfall per decade for the 
subtropical land areas as opposed to tropical lands 
with 0.3% increase per decade [19]. Similar to 
temperature analysis, decadal analysis was also done 
for precipitation. Figure-11(a) shows the trend lines 
generated for every 10-year precipitation, illustrating 
varying increase and decrease in decades. Figure-
11(b) shows the sinusoidal curve indicating that 
precipitation is not following a constant trend.

4. CONCLUSIONS AND RECOMMENDATIONS
 

The application to the trend detection framework to 
Karachi city has resulted in the identification of 
interesting trends for both temperature and 
precipitation. The conclusions of the study are given 
as follows:

i. Statistical tests used for trend detection gave 
similar as well as contrasting results for same 
hydrological variables. However, results from MK 
test were given preference over LR, since MK test 
accounts for more parameters, such as p-value, 
alpha, variance and MK statistics, increasing its 
significance and resulting in less uncertainty. The 
trend line was likely to be easily distorted by 
outliers giving less accuracy.

ii. Daily and annual maximum and minimum 
temperatures were rising (MK results) with a slight 
increase in maximum and significant increase in 
minimum temperatures. Monthly maximum and 
minimum trends for 31 years showed slight 
decrease, whereas, mean monthly temperature 
using 51- year data showed significant increase. 
Averaged minimum monthly and extreme 
temperature analyses showed that temperature in 
winter (December & January) and temperature at 
night time increased, indicating that urbanization 
was a major factor contributing to the increase, as 
the heat from buildings trapped in between them 
are released at night time.

iii. Analysis of daily and monthly precipitation values 
showed increasing trend (MK results). However, 
annual precipitation for Karachi city on the basis of 
51-year data showed decreasing trend, which was 
justified by the monthly analyses performed, 
where increasing trend for months of January, 
May, August, September, October and December 
were less significant in magnitude as compared to 
other months that showed decrease.

iv. Decadal analysis indicated that climate change 
was evident but not prominent, as the analysis 
confirmed its sinusoidal behaviour.
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ABSTRACT

Established in 1981, Bina Nusantara University 
(UBiNus), Jakarta, is one of the largest private-sector 
institutions in Indonesia. With more than 27,000 
students now, UBiNus initially focused on 
strengthening and enhancing the number of its 
academic programs. However, this paradigm shifted 
when 2020 Vision was announced by the University's 
Board of Management in 2010. UBiNus started 
focusing on increasing the number of research and 
publications through its available resources. This 
required strong commitment and strategic planning at 
the beginning, a brief account of which constitute this 

thpaper. UBiNus has achieved the rank of 13  best 
institute for its publications by Scopus out of 3,151 
higher education institutions in Indonesia. The 
university continues to focus on its research programs 
and activities. 

Keywords: Research, Publication, Private university, 
Developing country, Strategic planning

1. INTRODUCTION

Located in Jakarta and South Tangerang, Bina 
Nusantara University (UBiNus) is one of the largest 
private-sector universities in Indonesia. When it was 
first established in 1981, UBiNus was a computer 
college focusing on computer education, including 
management of informatics, computerized 
accounting, computer sciences, and computer 
engineering. In 1996, the college spread its wings to 
become a university focusing on engineering, natural 
sciences, management, culture or languages, and 
computer education. Although UBiNus had many 
academic programs, computer education (Prabowo, 
2007) was given highest priority. Therefore, all 
courses were expected to be delivered (taught and 
learned) using computers. In the recent years, the 
Board of Management and the Rector focused on 
improving computer facilities, the quality of academic 
programs. Several efforts were made in order to attain 
a better service-quality higher than those in other 
universities of Indonesia. By adopting ISO 9000 in 
1996 (Idrus, 1999), UBiNus became the first University 
in Indonesia that complied with Service Excellence 
(Anderes Gui, et al., 2012). UBiNus also focused on 
the quality of graduates it produced by aligning the 
cirricula with the needs of the industries, which 
resulted in 70% of graduates getting jobs upon 

graduation. Through active research and marketing 
activities (Iskandar, 2014), UBiNus also tried to 
enlarge the number of faculties and offered a variety of 
study programmes (http://binus.ac.id). That is why 
today UBiNus has become one of the most valued 
private universities of Indonesia.

The university not only focuses on improving the 
quality of its graduates and alumni, it also strives to 
help below-average students through its Student 
Advisory Center that is responsible for assisting the 
students in improving their academic performance. 
Currently, UBiNus has more than 27,000 enrolled 
students and around 1,500 faculty members. Earlier, 
all efforts of the university were focused on improving 
the teaching quality, including lecture preparation, 
materials to be delivered, programmes on students' 
achievements, collaborations with industries, e-
learning (Ratna, D. K., Suliman, A., 2003), and 
teachers' training. Although, research activities and 
paper writing were done by the faculty members, the 
number of publications was still minimum as 
compared to other achievements.  The reason was 
that in the past UBiNus only provided basic level 
laboratory facilities, and the development activities 
were merely conducted at computer laboratories. 
Furthermore, some study programs having 
collaborative arrangements with other research 
centers had no laboratories. However, since the 
University’s Board of Management in 2010 has 
introduced its 2020 Vision, this situation is bound to 
change.

The 2020 Vision is depicted in Figure-1, which shows 
that the emphasis of the university is now on the high-
impact research and academic quality that would lead 
to its sustainable growth. Human resource, 
innovation, and excellence are the main focus of 
university’s development program in order to achieve 
the high-impact research and improve the quality of 
education. This new paradigm is expected to improve 
the research activities and publications, both in 
number and quality. Moreover all the research results 
are encouraged to become learning materials for 
classroom activities (Michael, Richard & Rebecca, 
2007).

2. STRATEGIC PLANNING

As discussed earlier, the university has now shifted its 
focused on research activities in order to improve its 
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vision cannot be realized without having elaborate 
strategic objectives and until these objectives are 
made a part of a working plan for each staff that can 
later be evaluated in performance indicators. These 
indicators are evaluated every three months (by term) 
to assess the achievement of each indicator. As per 
the work plan, discussions are held if performance 
according to an indicator in the second term is not at 
par with the desired level. A serious action is taken in 
the form of either additional activities or shifting the 
activity to other possibilities. The roadmap for 
achieving strategic objective of enhancing research 
and publications performance of the university is 
presented in Figure-2.
 

The plans were developed in 2009 and their full 
implementation is expected by the year 2020. It is 

hoped that in 2015, the student intake will be doubled 
compared to year 2010. In order to meet the new 
demand, a new campus has been developed out of 
town in Tangerang city. The strategic objectives 
provide framework for accomplishing target with the 
support of every department and its staff members, as 
well as Board of Management. All the budgetary 
allocations and work plans are made in accordance 
with strategic objectives and monitored regularly in 
order to understand every problem faced during the 
implementation phase.

In 2014, UBiNus expects every faculty member to 
contribute at least one international paper and filing of 
25 patents. In order to get 4-star ranking by QS Rating 
System (Martin, et al., 2014), it is suggested that the 

overall academic quality. Thus, the university will not 
only lead to increased number of research products, 
but also attract industries' collaboration. If this activity 
can enhance the number of collaborations, it could 
also enhance the employability and entrepreneurship 
opportunities for UBiNuS students. The same would 

increase the stakeholders' trust and resultantly attract 
more students to join the university. The trend can be 
seen by the increasing number of registered students 
from over the years with the current total student 
enrolment of 27,000  (2013), which is expected to 
further increase the coming years. However, this 
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vision cannot be realized without having elaborate 
strategic objectives and until these objectives are 
made a part of a working plan for each staff that can 
later be evaluated in performance indicators. These 
indicators are evaluated every three months (by term) 
to assess the achievement of each indicator. As per 
the work plan, discussions are held if performance 
according to an indicator in the second term is not at 
par with the desired level. A serious action is taken in 
the form of either additional activities or shifting the 
activity to other possibilities. The roadmap for 
achieving strategic objective of enhancing research 
and publications performance of the university is 
presented in Figure-2.
 

The plans were developed in 2009 and their full 
implementation is expected by the year 2020. It is 

hoped that in 2015, the student intake will be doubled 
compared to year 2010. In order to meet the new 
demand, a new campus has been developed out of 
town in Tangerang city. The strategic objectives 
provide framework for accomplishing target with the 
support of every department and its staff members, as 
well as Board of Management. All the budgetary 
allocations and work plans are made in accordance 
with strategic objectives and monitored regularly in 
order to understand every problem faced during the 
implementation phase.

In 2014, UBiNus expects every faculty member to 
contribute at least one international paper and filing of 
25 patents. In order to get 4-star ranking by QS Rating 
System (Martin, et al., 2014), it is suggested that the 

overall academic quality. Thus, the university will not 
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of research writing mentoring was also conducted by 
English Language Center in cooperation with senior 
researchers of the university. Each participant of such 
mentoring program is intensively supervised and 
awarded certificate when they submit their paper(s) in 
international journals or proceedings. The mentoring 
program continues todate. The chosen field of 
expertise varies according to the Study Program, and 
the number of participants.
 

The number of Scopus-indexed publications have 
been on increase, which will help the university to 

thattain 14  place out of 3,151 higher education 

institutions in Indonesia (Figure-7). At present, 
UBiNus holds first place among the private-sector 
universities in the country. In order to increase the 
number of Scopus-indexed publications, incentive 
initiative program that has been launched, which 
imparts training to the author(s) of research 
publication. The incentive under this program varies 
from a million to 5 million rupiahs, depending on the 
rank of the journal or proceedings.
 

The contributors of Scopus-indexed publications 
come from almost all Study Programs. Figure-8 shows 
that 43% comes from UBiNus Graduate Program 

number of Scopus-indexed publications should also 
increase proportionate to the strength of faculty 
members. It is highly expected that every faculty 
member will have published papers by 2018 (a paper 
per year) in Scopus-indexed journal. Moreover, the 
number of intellectual properties is also highly 
expected to rise up to 75 each year. As high-impact 
research at university-level is expected to be 
multidisciplinary, every study program at UBiNus 
focus on solving problems at national level. Due to 
such mechanisms, many research activities of UBiNus 
are funded by National Funding Programs through 
Indonesian Ministry of Education and Culture 
(http://simlitabmas.dikti.go.id/). 

 
Figure-3 shows that University’s central research 
theme is generated into research topics according to 
the competence of each Study Program and Research 
Interest Group (RIG) as per the university's research 
roadmap. Before applying for research grant, each 
research topic is evaluated through a peer-review 
process. There are two sources of grants available for 
researchers at UBiNus; the first source is UBiNus itself 
allocating 7.8 billion rupiahs per year, and the other is 
National Funding Program, which provides about 3.5 
billion Indonesian rupiahs. Both funding programs rely 
on peer-reviewing process, and each research topic is 
aligned with UBiNus’ Research Theme and the 
national problem solving needs. Mainly, the research 
is 'applied' in nature and is published in proceedings, 
journals and patent productions. The different 
parameters of UBiNus Research Theme are shown in 
Figure-4.

Publishing research results in a journal or patent 
production, also helps in enriching teaching/learning 
material (Figure-5). Such information materials are 
reviewed by Content Concentration Coordinator from 
each study program to ensure the quality of the 
content. This content enrichment process is directly 
controlled by the study program and monitored 
regularly by the Research Office. In the following 
section strategic planning, data collection on research 
and publication achievement are discussed in detail . 

3. I M P L E M E N TAT I O N ,  R E S U LT S  A N D  
DISCUSSION

The implementation of strategic planning was not easy 
at the beginning (Anonim, 2013). Paradigm changes 
played an important role in ensuring that every 
resource supports the plan. Selecting role models as 
leaders of research interest group (RIG) also helped 
the enhancement of research activities, as well as 
increasing the number of publications. These RIGs are 
expected to enhance the multidisciplinary research 
among Study Programs. The research group’s 
activities are upgraded to become a research program 
if, in due course, the research realizes its prescribed 
objectives.

Figure-6 shows that number of international 
publications increased over time, especially from 2011 
to 2012 where the strategic plan was fully 
implemented. During the time, UBiNus also organized 
international seminar that encouraged all faculty 
members to submit their research proposals. A series 
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is 'applied' in nature and is published in proceedings, 
journals and patent productions. The different 
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Publishing research results in a journal or patent 
production, also helps in enriching teaching/learning 
material (Figure-5). Such information materials are 
reviewed by Content Concentration Coordinator from 
each study program to ensure the quality of the 
content. This content enrichment process is directly 
controlled by the study program and monitored 
regularly by the Research Office. In the following 
section strategic planning, data collection on research 
and publication achievement are discussed in detail . 
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DISCUSSION

The implementation of strategic planning was not easy 
at the beginning (Anonim, 2013). Paradigm changes 
played an important role in ensuring that every 
resource supports the plan. Selecting role models as 
leaders of research interest group (RIG) also helped 
the enhancement of research activities, as well as 
increasing the number of publications. These RIGs are 
expected to enhance the multidisciplinary research 
among Study Programs. The research group’s 
activities are upgraded to become a research program 
if, in due course, the research realizes its prescribed 
objectives.

Figure-6 shows that number of international 
publications increased over time, especially from 2011 
to 2012 where the strategic plan was fully 
implemented. During the time, UBiNus also organized 
international seminar that encouraged all faculty 
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members are asked to identify most suitable research 
collaborators and publish more papers in high impact 
journal, as well as to secure more research grants. As 
for the Head of Department or School, they are asked 
to identify areas of focused research interest, 
including the next hot research topics, create a world- 
class department or school, and increase group level 
funding. As for Deans and Vice Rectors, they are 
asked to benchmark against peer institutions, define 
their strategic direction, establish world-class 
capability, and optimize allocation of the funds.

In order to further strengthen the university's research 
activity, a research center was established in 2014 to 
empower RIG in Bioinformatics: BiNus International 
Genome Research Center (BIOGEN). BIOGEN will 
have research partnership with organizations 
conducting biomedical research, such as Dharmais 
Hospital, Indonesia, and will also have partnership 
with BioRelm in University of Southern California, 
Affymetrix, Amazon, and Fujitsu.

Besides implementing these strategic plans 
conducive environment for research needs to be 
created, as well all faculty members are involved in 
research programs which results in higher number of 
Scopus Indexed publications. Faculty members need 
to be encourged to search for avenues for more 
external research grants, increasing the number of 
multidisciplinary research programs, getting more 
offers for travelling abroad for research activities, 
developing awareness on intellectual property 
commercialization, and producing more research 
results for curriculum enrichment.

4. CONCLUSIONS
 

Being one of the largest private-sector universities in 
Indonesia, one of UBiNus' goals is improving the 
quality of its research and publications. Several 
strategies were proposed and implemented 
successfully in the past three years. As a result, 
UBiNus made many achievements and received 
honors from the Government of Indonesia through the 
National Higher Education Department, the Ministry of 
Education and Culture, Indonesia. The public 
acceptance also shows that UBiNus now stands first 
among the private-sector universities of the country 
with most number of Scopus-indexed publications. 
Hopefully with this strategic planning, UBiNus can set 
precedents for other universities in developing 
countries for enhancing their capacities in research 
and publications.
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(BGP), 21% from Faculty of Engineering (FENG), 21% 
from School of Computer Science (SOCS), 7% from 
School of Information Systems (SIS), 5% from School 
of Business Management (SOBM), 2% from Faculty of 
Humanities (FHUM), and 1% from Faculty of Economy 
and Communication (FECOM), and none from School 
of Design (SOD).

The number of registered patents by the end of 2013 
was 36, and 1 patent has benefited the Indonesia 
Ministry of Law. Since the number of patents keeps on 
increasing, a strategic plan for technology transfer is 
needed and a technology transfer affairs is necessary. 
This matter will be pursued in the later part of 2014 by 
both Research Office and Legal Department of Bina 
Nusantara University.

There are several strategic issues discussed in the 
meeting of Board of Management in order to increase 
the number of Scopus-indexed publications. The first 
is the empowerment of research coordinators who are 
responsible for research quality in Study Program. The 
second is a crash program on Ph.D. recruitment which 
in reality is quite difficult to achieve since every Ph.D. 
in Indonesia is already working in other universities. 
Third is subscribing to Scopus as part of motivating 
factor in order to enable authors to find appropriate 

reference material in their field of study. Fourth is 
organizing Scopus-indexed seminar within UBiNus 
and collaborating with Scopus-indexed publishers for 
publishing the seminar results in Scopus-indexed 
proceedings. Fifth, is recognizing the potential faculty 
members who are able to do extensive research and 
publications with more than two international 
publications per year. Sixth is providing significant 
research and publication funding so that every author 
can have the chance to get the research funds, as well 
as arrange for travel abroad for international seminars 
or conferences. Seventh is establishing more 
graduate programs so that UBiNus is able to produce 
bigger number of graduate students doing research. 
Nowadays, UBiNus has four Graduate Programs: 
Master Program in Management, Master Program in 
Information Technology, Master Program in 
Information Systems Management, and Doctorate 
Program in Research Management. Last strategy is 
establishing greater number of joint research projects 
with other institutions and increasing the number of 
RIGs. These strategic measures are now being 
implemented simultaneously and hopefully in 2018 
the desired results will be achieved. 

However, each resource is expected to meet different 
needs to achieve the desired objectives. Faculty 
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ABSTRACT

Developing countries are facing critical energy crises. 
Ever-increasing prices of fossil fuels have resulted in 
serious impacts on the lives of common people in 
many developing countries. The environmental 
phenomena are being seriously affected consequent 
to increased use of fossil fuels. The renewable energy 
offers better choice as it is clean source of energy. In 
view of the limited supply of fossil fuels, biofuels have 
been considered as future fuels. The demand of 
biogas technology is increasing and various 
researchers are trying to improve it. These are low-
cost systems and can be run with very small budget. 
An increased focus is being placed over the use of 
anaerobic treatment for a number of reasons, 
including; energy recovery; minimizing the harmful 
effects of suspended solids; cutting down the cost  of 
waste treatment to almost half over aerobic systems; 
resultant digestate to be used for land farming; and its 
compactness as a treatment system. This review 
focuses on the low cost bioenergy sources in 
developing countries of the world. Various practical 
aspects of biogas generation and factors influencing it 
have been presented. The potential of various 
biomasses, especially algal biomass, has also been 
discussed. 

Keywords: Anaerobic digestion, Biogas, Bioenergy, 
Biomasses, Developing countries.

1. INTRODUCTION

This manuscript reviews the potential of various 
biomasses in the production of biogas, which can 
contribute towards meeting the present energy needs. 
The world is facing critical shortage in energy supplies. 
Ever-increasing prices of fossil fuels have resulted in 
serious impacts on the lives of common people in 
many developing countries. Increased fossil fuel 
burning has caused tremendous damage to the 
environment in terms of global warming; however, 
biogas technology is green technology that doesn’t 
release green house gases and therefore does not 
contribute much to the global warming. Biogas 
comprises 80% of the total renewable energy and it is 
10% of the global energy demands (IEA Bioenergy, 
2009). Climate change caused by the GHG emissions 
due to burning of fossil fuels is an associated problem. 
Climate change is being perceived as a serious 
phenomenon evident by the severe weather patterns 
in many parts of the world. Energy shortage and 

climate change are one of the main challenges of the 
st21  century, and currently scientists are looking for 

many alternatives to fossil fuels that can help mitigate 
these challenges.

stThe first decade of 21  century has witnessed 
substantial increase in the fossil energy use. Being 
rational, such unlimited demand of fossil fuels cannot 
be fulfilled. The world population continues to grow 
and, over the next 40 years, agricultural production will 
have to increase by some 60% (FAO, 2011). 
Consequently, the energy demands are also expected 
to rise alongwith the environmental degradation. 
During the last few decades, reduction of GHG 
emissions and protection of the environment by using 
a green, efficient energy source that is able to replace 
the fossil fuels has become the center of attention. 
Indeed, the need of cutting down CO  emissions was 2

seriously realized during early 1990s that resulted in 
the declaration of Kyoto Protocol. Although such 
international agreements have been signed by a 
majority of the nations (except some biggest fossil fuel 
consuming nations), greenhouse gas emissions are 
still expected to rise with serious inherent threats to 
sustainability of the biosphere. Global oil use surged 
by 3.4 percent in 2004, to 82.4 million barrels per day 
(Global Fossil Fuel Consumption Surges, 2014). In 
recent past, USA and China were the main fossil fuel 
consumers using almost half of the world’s fossil fuels 
(Global Fossil Fuel Consumption Surges, 2014). The 
fossil fuel consumption of China was around 11% in 
2004 which was ranked second in the world 
consuming 6.6 million barrels per day. In USA, the 
daily consumption was 20.5 million barrels a day — 
which was around 25% of the global fossil fuel usage. 
Geological experts have raised doubts in meeting 
such a huge global oil requirements in future and 
others projected that annual fuel production will fail to 
meet these demands as early as the middle of the next 
decade. It has been pointed out that oil output has 
considerably decreased during recently as compared 
to last three decades. Such decreased outputs in 
many oil producing countries suggest that the era of 
relatively stable oil prices is at an end (Global Fossil 
Fuel Consumption Surges, 2014). 

The new renewable energy sources especially solar, 
wind and biomass is centre of attention at the moment 
(Popp, et al., 2014). In spite of their marginal 
contribution in total global renewable energy supplies, 
considerable research is being conducted to explore 
these energy sources. Prior to industrial revolution, 
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1981). Finally, two types of methanogenic bacteria i.e. 
the hydrogenotrophic methanogens that use 
hydrogen and formate produced by other bacteria to 
reduce CO  to CH  and the acetotrophic bacteria 2 4

metabolize acetate to CO  and CH  (Figure-1).2 4

3. T E C H N O L O G I C A L  A S P E C T S  O F  
METHANOGENESIS

The chemical properties of various substrates can 
greatly influence the methanogenesis and ultimately 
the biogas concentration. Various nutritional 
requirements of the bacterial species involved in 
methanogenesis help them to grow and multiply in 
narrow range of conditions. The nutrients ratios 
especially those of carbon, nitrogen, phosphorus and 
sulfur (C:N:P:S) at 600:15:5:3 are best for the 
methanogens to grow (Weiland and Hassan, 2001). 
Methane production can be accomplished at a range 

oof temperatures e.g. psychrophilic (<20 C) to 
othermophilic conditions (>60 C) (Kashyap, et al., 

2003). Increasing the temperature may enhance the 
process through its effect on various enzymes 
involved in the process by increasing the solubility of 
organic compounds and increase death rates of 
pathogenic bacteria (Boe, 2006). However, an 
adequate nutrient supply must be ensured for the 

maximum microbial growth; major nutrients such as 
Carbon and Nitrogen (Kayhanian and Rich, 1995) and 
minor nutrients, such as Fe, Zn and Co (Cobalt) are 
important for proper microbial growth (Cresson, et al., 
2006). Various authors have reported that best range 
of C/N ratio varies between 10 and 30, with an 
optimum between 15 and 25 (Speece, 1984; Nyns, 
1986; Hansson and Christenssen, 2005; Yen and 
Brune, 2007; Liu, et al., 2008). This ratio has a 
noteworthy influence on fatty acid production and its 
production rates during methane generation (Liu, et 
al., 2008). It is often suggested that an optimum C/N 
ratio is between 20:1 and 30:1. The synthesis of 
bacterial enzymes involved in the waste degradation 
is hampered if nitrogen is not in adequate supply. 
However, increased nitrogen supply may cause the 
production of NH , thereby inhibiting bacterial activity. 3

C/N ratio in range of 20-30 enhances the production of 
fatty acids (Callaghan, et al., 2002; Yen and Brune, 
2007; Liu, et al., 2008).  Likewise various bacterial 
species have varying pH requirements; while 
methanogens work in a very narrow pH range (from 
5.5-7.5) (Boe, 2006). Fermentative bacteria work at 
pH range of 4.0-8.5. Volatile Faulty Acids (VFAs) are 
the intermediate compounds produced during 
anaerobic digestion. VFAs are subsequently 
transformed into methane and carbon dioxide (Pind, et 

bioenergy was the main source of heat. Afterwards, 
the fossil fuels were the main energy source for 
various economic activities. The major objective of 
bioenergy development may be its use in the 
transportation sector in place of fossil fuels (Popp, et 
al., 2014). 

2. BIOGAS

Biogas production may involve the use of various 
organic wastes particularly from food industry, sewage 
sludge, animal excreta or organic fraction of municipal 
wastes, etc. Various crops called as energy crops, 
especially maize, are being cultivated in certain 
countries which are digested to produce various forms 
of bioenergy (Boone, et, al., 1993; Mata-Alvarez, et al. 
2000). The biomass production in many European 
countries is a common practice at the moment (de 
Graaf and Fendler, 2010). In Germany alone, maize is 
produced for its use in bioenergy production (Weiland, 
2010).

There are several advantages of biogas which 
include; it is a mean to convert chemical energy 
contained in the waste to a beneficial usable form of 
energy, the digestate produced during this process 
can be employed in land farming to enhance crop 
productivity, and finally it is means to reduce solid 
waste and its hazardous environmental impacts 
(Zieminski and Frac, 2012). Bacterial consortium of 
anaerobic bacteria takes part in methanogenesis 
through degradation of organic substrates. The 
composition of waste materials used in the process 
usually determines the quality of produced biogas.

Methane CH  (50–75%); carbon dioxide CO  4 2

(25–45%); hydrogen sulfide H S (0–1%); hydrogen H  2 2

(0–1%); carbon monoxide CO (0–2%); nitrogen N  2

(0–2%); ammonia NH  (0–1%); oxygen O  (0–2%); 3 2

and water H O (2–7%) (de Graaf and Fendler,  2010). 2

The produced biogas has many commercial usages 
(Claassen, et al, 1999; Verstraete, et al, 2002), like in 
industry and power production:

i. Thermal energy for boilers is being produced 
along electric energy in associated units – (2.1 
kWh of electrical energy and 2.9 kWh of heat is 

3obtained from 1 m  of biogas); 
ii. The electric energy in spark for igniting turbine 

engines;
iii. Fueling of transport vehicles; and
iv. Use in different technological units, e.g. in the 

production of methanol.          

Arbon (2002) has reported the average efficiency of 
3anaerobic systems to be around 0.24 m  of methane 

from 1 kg of dry organic matter. One cubic meter of 
-3biogas has calorific value of 26 MJ m  may replace 

30.77 m  of natural gas with 33.5 MJ calorific value, 1.1 
kg of hard coal with 23.4 MJ calorific value or 2 kg of 
firewood of 13.3 MJ calorific value (Arbon, 2002). 
Shah, et al. (2014) have comprehensively reviewed 
various aspects of microbial ecology of anaerobic 
digesters. In view of the limited supply of fossil fuels, 
biofuels have been considered as future fuels. 
Biofuels can be produced at a very low cost as 
compared to fossil fuels and are thus economical. 
Fossil fuels are produced naturally over a span of 
millions of years under high pressure and temperature 
in Earth, while biofuels can be produced in a short 
period, from a number of biomasses. Significantly less 
carbon output and fewer toxins are produced from 
burning of biofuels, making them a safer alternative to 
preserve atmospheric quality and lower air pollution. 
The poorly developed tropical countries can be 
benefitted from biogas technology due to its suitability 
of climatic conditions there, as optimum biogas 
production has been observed at temperatures 

oaround 30–35 C (Chakraborti and Guha, 1991).

Biogas is considered as clean form of energy, which 
has potential to replace fossil fuels and help reduce 
green house emissions. However, there are certain 
constrainsts for its full scale implementation and full 
utilization (Gupta, et al., 2012). Still its use has been 
advised due to a number of reasons which include: 
energy gain, off shooting the harmful impacts of 
suspended solids, alleviating the cost of waste 
treatment to almost half over aerobic systems, and the 
production of good quality effluent for irrigation and a 
compact treatment system (Kalogo and Verstraete, 
1999). The technology results in mineralization of 
organic matter in the form of methane gas and CO  in 2

discrete steps, by the rigorous activity of several 
microbial consortia (McInerney and Bryant, 1981). 
Initially, fermentative bacteria (FB) hydrolyze the 
polymers like polysaccharides, proteins and lipids, 
and ferment the hydrolysis products to acetate and 

+longer chain fatty acids, CO , formate, H , NH  and 2 2 4
-HS . Further, a group of organisms, called proton-

reducing acetogenic bacteria, degrade propionate 
and longer chain fatty acids, alcohols, amino acids and 
aromatic compounds to the methanogenic substrates, 
H , formate, and acetate. The degradation of these 2

compounds wi th  hydrogen product ion is  
thermodynamically unfavorable unless the 
concentration of H  or formate is kept low by H utilizing 2 2 

bacteria as methanogens (McInerney and Bryant, 
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Figure-1: Schematic Diagram Showing the Various Steps Involved in the Complete Degradation of Organic 
Matter to Methane and Carbon Dioxide (McInerney and Bryant, 1981)
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1981). Finally, two types of methanogenic bacteria i.e. 
the hydrogenotrophic methanogens that use 
hydrogen and formate produced by other bacteria to 
reduce CO  to CH  and the acetotrophic bacteria 2 4

metabolize acetate to CO  and CH  (Figure-1).2 4

3. T E C H N O L O G I C A L  A S P E C T S  O F  
METHANOGENESIS

The chemical properties of various substrates can 
greatly influence the methanogenesis and ultimately 
the biogas concentration. Various nutritional 
requirements of the bacterial species involved in 
methanogenesis help them to grow and multiply in 
narrow range of conditions. The nutrients ratios 
especially those of carbon, nitrogen, phosphorus and 
sulfur (C:N:P:S) at 600:15:5:3 are best for the 
methanogens to grow (Weiland and Hassan, 2001). 
Methane production can be accomplished at a range 

oof temperatures e.g. psychrophilic (<20 C) to 
othermophilic conditions (>60 C) (Kashyap, et al., 

2003). Increasing the temperature may enhance the 
process through its effect on various enzymes 
involved in the process by increasing the solubility of 
organic compounds and increase death rates of 
pathogenic bacteria (Boe, 2006). However, an 
adequate nutrient supply must be ensured for the 

maximum microbial growth; major nutrients such as 
Carbon and Nitrogen (Kayhanian and Rich, 1995) and 
minor nutrients, such as Fe, Zn and Co (Cobalt) are 
important for proper microbial growth (Cresson, et al., 
2006). Various authors have reported that best range 
of C/N ratio varies between 10 and 30, with an 
optimum between 15 and 25 (Speece, 1984; Nyns, 
1986; Hansson and Christenssen, 2005; Yen and 
Brune, 2007; Liu, et al., 2008). This ratio has a 
noteworthy influence on fatty acid production and its 
production rates during methane generation (Liu, et 
al., 2008). It is often suggested that an optimum C/N 
ratio is between 20:1 and 30:1. The synthesis of 
bacterial enzymes involved in the waste degradation 
is hampered if nitrogen is not in adequate supply. 
However, increased nitrogen supply may cause the 
production of NH , thereby inhibiting bacterial activity. 3

C/N ratio in range of 20-30 enhances the production of 
fatty acids (Callaghan, et al., 2002; Yen and Brune, 
2007; Liu, et al., 2008).  Likewise various bacterial 
species have varying pH requirements; while 
methanogens work in a very narrow pH range (from 
5.5-7.5) (Boe, 2006). Fermentative bacteria work at 
pH range of 4.0-8.5. Volatile Faulty Acids (VFAs) are 
the intermediate compounds produced during 
anaerobic digestion. VFAs are subsequently 
transformed into methane and carbon dioxide (Pind, et 

bioenergy was the main source of heat. Afterwards, 
the fossil fuels were the main energy source for 
various economic activities. The major objective of 
bioenergy development may be its use in the 
transportation sector in place of fossil fuels (Popp, et 
al., 2014). 

2. BIOGAS

Biogas production may involve the use of various 
organic wastes particularly from food industry, sewage 
sludge, animal excreta or organic fraction of municipal 
wastes, etc. Various crops called as energy crops, 
especially maize, are being cultivated in certain 
countries which are digested to produce various forms 
of bioenergy (Boone, et, al., 1993; Mata-Alvarez, et al. 
2000). The biomass production in many European 
countries is a common practice at the moment (de 
Graaf and Fendler, 2010). In Germany alone, maize is 
produced for its use in bioenergy production (Weiland, 
2010).

There are several advantages of biogas which 
include; it is a mean to convert chemical energy 
contained in the waste to a beneficial usable form of 
energy, the digestate produced during this process 
can be employed in land farming to enhance crop 
productivity, and finally it is means to reduce solid 
waste and its hazardous environmental impacts 
(Zieminski and Frac, 2012). Bacterial consortium of 
anaerobic bacteria takes part in methanogenesis 
through degradation of organic substrates. The 
composition of waste materials used in the process 
usually determines the quality of produced biogas.

Methane CH  (50–75%); carbon dioxide CO  4 2

(25–45%); hydrogen sulfide H S (0–1%); hydrogen H  2 2

(0–1%); carbon monoxide CO (0–2%); nitrogen N  2

(0–2%); ammonia NH  (0–1%); oxygen O  (0–2%); 3 2

and water H O (2–7%) (de Graaf and Fendler,  2010). 2

The produced biogas has many commercial usages 
(Claassen, et al, 1999; Verstraete, et al, 2002), like in 
industry and power production:

i. Thermal energy for boilers is being produced 
along electric energy in associated units – (2.1 
kWh of electrical energy and 2.9 kWh of heat is 

3obtained from 1 m  of biogas); 
ii. The electric energy in spark for igniting turbine 

engines;
iii. Fueling of transport vehicles; and
iv. Use in different technological units, e.g. in the 

production of methanol.          

Arbon (2002) has reported the average efficiency of 
3anaerobic systems to be around 0.24 m  of methane 

from 1 kg of dry organic matter. One cubic meter of 
-3biogas has calorific value of 26 MJ m  may replace 

30.77 m  of natural gas with 33.5 MJ calorific value, 1.1 
kg of hard coal with 23.4 MJ calorific value or 2 kg of 
firewood of 13.3 MJ calorific value (Arbon, 2002). 
Shah, et al. (2014) have comprehensively reviewed 
various aspects of microbial ecology of anaerobic 
digesters. In view of the limited supply of fossil fuels, 
biofuels have been considered as future fuels. 
Biofuels can be produced at a very low cost as 
compared to fossil fuels and are thus economical. 
Fossil fuels are produced naturally over a span of 
millions of years under high pressure and temperature 
in Earth, while biofuels can be produced in a short 
period, from a number of biomasses. Significantly less 
carbon output and fewer toxins are produced from 
burning of biofuels, making them a safer alternative to 
preserve atmospheric quality and lower air pollution. 
The poorly developed tropical countries can be 
benefitted from biogas technology due to its suitability 
of climatic conditions there, as optimum biogas 
production has been observed at temperatures 

oaround 30–35 C (Chakraborti and Guha, 1991).

Biogas is considered as clean form of energy, which 
has potential to replace fossil fuels and help reduce 
green house emissions. However, there are certain 
constrainsts for its full scale implementation and full 
utilization (Gupta, et al., 2012). Still its use has been 
advised due to a number of reasons which include: 
energy gain, off shooting the harmful impacts of 
suspended solids, alleviating the cost of waste 
treatment to almost half over aerobic systems, and the 
production of good quality effluent for irrigation and a 
compact treatment system (Kalogo and Verstraete, 
1999). The technology results in mineralization of 
organic matter in the form of methane gas and CO  in 2

discrete steps, by the rigorous activity of several 
microbial consortia (McInerney and Bryant, 1981). 
Initially, fermentative bacteria (FB) hydrolyze the 
polymers like polysaccharides, proteins and lipids, 
and ferment the hydrolysis products to acetate and 

+longer chain fatty acids, CO , formate, H , NH  and 2 2 4
-HS . Further, a group of organisms, called proton-

reducing acetogenic bacteria, degrade propionate 
and longer chain fatty acids, alcohols, amino acids and 
aromatic compounds to the methanogenic substrates, 
H , formate, and acetate. The degradation of these 2

compounds wi th  hydrogen product ion is  
thermodynamically unfavorable unless the 
concentration of H  or formate is kept low by H utilizing 2 2 

bacteria as methanogens (McInerney and Bryant, 
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Figure-1: Schematic Diagram Showing the Various Steps Involved in the Complete Degradation of Organic 
Matter to Methane and Carbon Dioxide (McInerney and Bryant, 1981)
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magnesium ions that are inhibitory to anaerobic 
digestion at high concentrations. Methanogens are 
sensitive to excessively high salinity levels but their 
susceptibility varies. Lakaniemi, et al. (2011) reported 
significantly lower CH  yields from NaOH-flocculated 4

marine microalga Dunaliella tertiolecta than from 
chitosan-flocculated freshwater microalga Chlorella 
vulgaris. Mussgnug, et al. (2010) reported similar or 
higher CH  production from marine microalga, D. 4

salina, than from freshwater species. Factors affecting 
the level of inhibition of methanogenesis include: 
biomass feedstock type and concentration and source 
and previous growth history of microbial consortia in 
anaerobic digestion. Potential salt inhibition can be 
reduced by using cultures from saline environments 
and by successive enrichment at incremental 
concentrations of salt ions (Feijoo, et al., 1995).

Due to presence of high protein content in algal 
biomass under optimal growth conditions, the 
biomass has a relatively low C/N ratio, which may 
reduce digestibi l i ty and cause ammonium 
accumulation (Yen and Brune, 2007). C/N ratio can be 
adjusted to more optimal values with C-rich co-
substrates, such as cellulose (e.g., waste paper) (Yen 
and Brune, 2007) or glycerol (Ehimen, et al., 2009). 
The C/N ratios of algal biomass can also be modified 
by selecting growth conditions that reduce cellular 
protein synthesis and favor lipid or carbohydrate 
production; an example is nitrogen limitation 
(Sheehan et al., 1998). High lipid content would 
increase the theoretical CH  yield, whilst it can also 4

cause problems in the digestion due to adhesion of fat 
on cell surfaces. This may lead to mass transfer 
limitations and unwanted floatation of digester 
biomass. Nitrogen limited cultivation would be useful 
for energetic balance and sustainability of microalgal 
biomass production because nitrogen fertilizer 
production consumes significant amount of energy 
(Ras, et al., 2011). When normalized to surface area, 
microalgal biomass production requires substantially 
more nitrogen as compared to most terrestrial plants 
(Sialve, et al., 2009).

The anaerobic digestion of untreated biomass usually 
takes longer retention times to get high biogas yields 
i.e. 20–30 days (Hulatt, et al. 2012;  Zamalloa, et al., 
2011). Anaerobic digestion of microalgal biomass has 
been investigated in batch and fed-batch systems, as 
well as in continuously stirred tank reactors (Sialve, et 
al., 2009). Zamalloa, et al. (2011) suggested that 
anaerobic sludge blanket reactors, anaerobic filter 
reactors and anaerobic membrane bioreactors should 
be tested due to their high volumetric conversion 

rates. These processes have been designed for 
wastewater treatment and high solid contents of micro 
algal slurry may interfere with generation of anaerobic 
biomass and clog the membranes. It was suggested 
by Verstraete, et al. (2011) that effective biomethane 
rate can be obtained from algae at the loading rate of 

-3 -120 kg DM m day . Mussugnug, et al. (2010) 
demonstrated that biogas potential is strongly 
dependent on type of species and pretreatment. 
Fermentation of green algae Chlamydomonas 
reeinhardtii was efficient with the production of 587 mL 

-1biogas per gV S . However, the fermentation of 
Senedesmus obliquus was inefficient, with only 287 

-1mL biogas per gV S  being produced (Mussugnug, et 
al., 2010). The methane content was significantly 
increased due to addition of carbon-rich corn straw to 
the co-digestion process with Taihu blue green algae 
(Zhong, et al., 2012). The C/N ratio of 20:1 was found 
to be the best in terms of methane productivity, which 
is increased by 61.69% as compared to algae 
digestion alone. The co-digestion of macroalgae 
(15%) with WAS (85%) is feasible at a rate of methane 
production 26% higher than WAS alone without 
decreasing the overall biodegradability of the 
substrate (42–45% methane yield) (Zhong, et al., 
2012).

The methanogenesis of microalgae should be 
accomplished at Substrate/Inoculum (S/I) ratio of 0.5 
to avoid process imbalance caused by VFA 
accumulation. TSS concentrations of 10 g TS/kg are 
required to obtain the highest biodegradability and 
biogas production. The results obtained confirm that 
the Bio Methane Potential (BMP) depended on the 

+ microalgal species. Likewise, the NH released was 4

independent of the biomass concentration and the S/I 
ratio used. Thermal hydrolysis was the most effective 
pretreatment, supporting the increase of productivity 
and biodegradability to over 60%. The required 
temperature during pretreatment depended on the 
amount of substrate (Costa, et al., 2012; Alzate, et al., 
2012). 

5. BIOGAS IN DEVELOPING COUNTRIES

Biogas is one of the renewable technologies; its 60% 
constitutes methane which can be employed in 
household or commercial energy consuming 
processes. 

Anaerobic technology has been widely used in many 
developing countries especially in India and China 
with  4 and 27 million biogas plants, respectively 
(Bond and Templeton, 2011). Traditionally, the 

al., 2003). The VFAs concentration may increase 
during process disturbance and their increase leads to 
the process failure (Tiwari, et al., 2006). 

The loading rate is defined as the concentration of 
organic substance fed into the digester on daily basis 
which is dependent upon the total capacity of the 
digester. Majority of wastes are biodegradable and 
produce high biogas yields; certain wastes can result 
in high VFA generation. Under-loading produces less 
amount of biogas, while overloading may lead to 
excessive VFA production which is another 
abnormality, so proper amount of loading is very 
crucial. Various harmful substances like antibiotics, 
heavy metals and detergents may cause process 

-1failures. The Table-1 shows the concentration (mg L ) 
for a variety of inhibitors.

Batch mode operation is better choice to determine 
the effect of retention time as compared to continuous 
mode. Agitation or mixing is normally helpful in 
bringing substrates in contact with the bacterial cell 
surface which then convert into products. Agitation 
also helps in removing produced biogas to be 
collected at the top of digester. It also minimizes the 
foam production in the reactor which may cause 
process disturbances. Various feed stocks employed 
and tested in the anaerobic process include:

• Waste from various foods both cooked and 
uncooked;

• Used oil and other fats;
• Most widely used material is animal wastes;
• Waste suldges from domestic and municipal 

sources.

Recently, the digestion of two types of waste 
substrates i.e. co-digestion is gaining popularity that 
increases the biodegradability and ultimately high 
biogas yields (Weiland, 1999; Kaparaju, et al., 2006). 

4. BIOGAS POTENTIAL OF ALGAL BIOMASS

Methane production from microalgal biomass has 
been investigated for many freshwater and marine 
microalgae. The digestibility of microalgal biomass 
significantly varies even between closely related 
species (Mussugnug, et al., 2010). CH  yields from 4

microalgae vary depending upon their biochemical 
composition, cell wall structure and other process 
parameters like bioreactor type and the operational 
temperature. Theoretically, proteins, carbohydrates 
and lipids yield 0.851, 0.415 and 1.014 L CH  per gram 4

of volatile solids, respectively (Sialve, et al., 2009). 
Chemical composition of microalgal biomass varies 
among microalgal species and even within the same 
species under different growth conditions (Sheehan, 
et al., 1998). Biogas potential of various microalgal 
species should be investigated in future studies.

Rigid eukaryotic cell walls of microalgae can limit the 
anaerobic digestion of the biomass (Golueke, 1957; 
Chen and Oswald, 1998). Biogas generation often 
depends on the temperature of the digester. Due to 
chemical composition of the microalgae, some 
pretreatment is required to enhance biogas production 
from such feed stocks. For example, Golueke et al. 
(1957) reported 5–10% increase in digestibility of 
microalgal biomass, when the digestion temperature 

owas increased from 35 to 50 C. Chen and Oswald 
(1998) increased the CH  yield by 33% by heat 4

opretreating microalgal biomass at 100 C for 8 hours. In 
both examples, the amount of energy spent during 
pretreatment was higher than the amount recovered 
from the process (Sialve, et al., 2009; Yen and Brune, 
2007).  Drying of microalgal biomass prior to digestion 
would also increase energy consumption and has 
been reported to reduce CH  yields (Mussugnug et al., 4

2010). These findings together with data on terrestrial 
plant materials (Lakaniemi, et al., 2012) indicate that 
pretreatments of microalgal biomass do not increase 
the energy gain of CH  production. Biomass slurries of 4

salt water algae contain sodium, calcium and 
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magnesium ions that are inhibitory to anaerobic 
digestion at high concentrations. Methanogens are 
sensitive to excessively high salinity levels but their 
susceptibility varies. Lakaniemi, et al. (2011) reported 
significantly lower CH  yields from NaOH-flocculated 4

marine microalga Dunaliella tertiolecta than from 
chitosan-flocculated freshwater microalga Chlorella 
vulgaris. Mussgnug, et al. (2010) reported similar or 
higher CH  production from marine microalga, D. 4

salina, than from freshwater species. Factors affecting 
the level of inhibition of methanogenesis include: 
biomass feedstock type and concentration and source 
and previous growth history of microbial consortia in 
anaerobic digestion. Potential salt inhibition can be 
reduced by using cultures from saline environments 
and by successive enrichment at incremental 
concentrations of salt ions (Feijoo, et al., 1995).

Due to presence of high protein content in algal 
biomass under optimal growth conditions, the 
biomass has a relatively low C/N ratio, which may 
reduce digestibi l i ty and cause ammonium 
accumulation (Yen and Brune, 2007). C/N ratio can be 
adjusted to more optimal values with C-rich co-
substrates, such as cellulose (e.g., waste paper) (Yen 
and Brune, 2007) or glycerol (Ehimen, et al., 2009). 
The C/N ratios of algal biomass can also be modified 
by selecting growth conditions that reduce cellular 
protein synthesis and favor lipid or carbohydrate 
production; an example is nitrogen limitation 
(Sheehan et al., 1998). High lipid content would 
increase the theoretical CH  yield, whilst it can also 4

cause problems in the digestion due to adhesion of fat 
on cell surfaces. This may lead to mass transfer 
limitations and unwanted floatation of digester 
biomass. Nitrogen limited cultivation would be useful 
for energetic balance and sustainability of microalgal 
biomass production because nitrogen fertilizer 
production consumes significant amount of energy 
(Ras, et al., 2011). When normalized to surface area, 
microalgal biomass production requires substantially 
more nitrogen as compared to most terrestrial plants 
(Sialve, et al., 2009).

The anaerobic digestion of untreated biomass usually 
takes longer retention times to get high biogas yields 
i.e. 20–30 days (Hulatt, et al. 2012;  Zamalloa, et al., 
2011). Anaerobic digestion of microalgal biomass has 
been investigated in batch and fed-batch systems, as 
well as in continuously stirred tank reactors (Sialve, et 
al., 2009). Zamalloa, et al. (2011) suggested that 
anaerobic sludge blanket reactors, anaerobic filter 
reactors and anaerobic membrane bioreactors should 
be tested due to their high volumetric conversion 

rates. These processes have been designed for 
wastewater treatment and high solid contents of micro 
algal slurry may interfere with generation of anaerobic 
biomass and clog the membranes. It was suggested 
by Verstraete, et al. (2011) that effective biomethane 
rate can be obtained from algae at the loading rate of 

-3 -120 kg DM m day . Mussugnug, et al. (2010) 
demonstrated that biogas potential is strongly 
dependent on type of species and pretreatment. 
Fermentation of green algae Chlamydomonas 
reeinhardtii was efficient with the production of 587 mL 

-1biogas per gV S . However, the fermentation of 
Senedesmus obliquus was inefficient, with only 287 

-1mL biogas per gV S  being produced (Mussugnug, et 
al., 2010). The methane content was significantly 
increased due to addition of carbon-rich corn straw to 
the co-digestion process with Taihu blue green algae 
(Zhong, et al., 2012). The C/N ratio of 20:1 was found 
to be the best in terms of methane productivity, which 
is increased by 61.69% as compared to algae 
digestion alone. The co-digestion of macroalgae 
(15%) with WAS (85%) is feasible at a rate of methane 
production 26% higher than WAS alone without 
decreasing the overall biodegradability of the 
substrate (42–45% methane yield) (Zhong, et al., 
2012).

The methanogenesis of microalgae should be 
accomplished at Substrate/Inoculum (S/I) ratio of 0.5 
to avoid process imbalance caused by VFA 
accumulation. TSS concentrations of 10 g TS/kg are 
required to obtain the highest biodegradability and 
biogas production. The results obtained confirm that 
the Bio Methane Potential (BMP) depended on the 

+ microalgal species. Likewise, the NH released was 4

independent of the biomass concentration and the S/I 
ratio used. Thermal hydrolysis was the most effective 
pretreatment, supporting the increase of productivity 
and biodegradability to over 60%. The required 
temperature during pretreatment depended on the 
amount of substrate (Costa, et al., 2012; Alzate, et al., 
2012). 

5. BIOGAS IN DEVELOPING COUNTRIES

Biogas is one of the renewable technologies; its 60% 
constitutes methane which can be employed in 
household or commercial energy consuming 
processes. 

Anaerobic technology has been widely used in many 
developing countries especially in India and China 
with  4 and 27 million biogas plants, respectively 
(Bond and Templeton, 2011). Traditionally, the 

al., 2003). The VFAs concentration may increase 
during process disturbance and their increase leads to 
the process failure (Tiwari, et al., 2006). 

The loading rate is defined as the concentration of 
organic substance fed into the digester on daily basis 
which is dependent upon the total capacity of the 
digester. Majority of wastes are biodegradable and 
produce high biogas yields; certain wastes can result 
in high VFA generation. Under-loading produces less 
amount of biogas, while overloading may lead to 
excessive VFA production which is another 
abnormality, so proper amount of loading is very 
crucial. Various harmful substances like antibiotics, 
heavy metals and detergents may cause process 

-1failures. The Table-1 shows the concentration (mg L ) 
for a variety of inhibitors.

Batch mode operation is better choice to determine 
the effect of retention time as compared to continuous 
mode. Agitation or mixing is normally helpful in 
bringing substrates in contact with the bacterial cell 
surface which then convert into products. Agitation 
also helps in removing produced biogas to be 
collected at the top of digester. It also minimizes the 
foam production in the reactor which may cause 
process disturbances. Various feed stocks employed 
and tested in the anaerobic process include:

• Waste from various foods both cooked and 
uncooked;

• Used oil and other fats;
• Most widely used material is animal wastes;
• Waste suldges from domestic and municipal 

sources.

Recently, the digestion of two types of waste 
substrates i.e. co-digestion is gaining popularity that 
increases the biodegradability and ultimately high 
biogas yields (Weiland, 1999; Kaparaju, et al., 2006). 

4. BIOGAS POTENTIAL OF ALGAL BIOMASS

Methane production from microalgal biomass has 
been investigated for many freshwater and marine 
microalgae. The digestibility of microalgal biomass 
significantly varies even between closely related 
species (Mussugnug, et al., 2010). CH  yields from 4

microalgae vary depending upon their biochemical 
composition, cell wall structure and other process 
parameters like bioreactor type and the operational 
temperature. Theoretically, proteins, carbohydrates 
and lipids yield 0.851, 0.415 and 1.014 L CH  per gram 4

of volatile solids, respectively (Sialve, et al., 2009). 
Chemical composition of microalgal biomass varies 
among microalgal species and even within the same 
species under different growth conditions (Sheehan, 
et al., 1998). Biogas potential of various microalgal 
species should be investigated in future studies.

Rigid eukaryotic cell walls of microalgae can limit the 
anaerobic digestion of the biomass (Golueke, 1957; 
Chen and Oswald, 1998). Biogas generation often 
depends on the temperature of the digester. Due to 
chemical composition of the microalgae, some 
pretreatment is required to enhance biogas production 
from such feed stocks. For example, Golueke et al. 
(1957) reported 5–10% increase in digestibility of 
microalgal biomass, when the digestion temperature 

owas increased from 35 to 50 C. Chen and Oswald 
(1998) increased the CH  yield by 33% by heat 4

opretreating microalgal biomass at 100 C for 8 hours. In 
both examples, the amount of energy spent during 
pretreatment was higher than the amount recovered 
from the process (Sialve, et al., 2009; Yen and Brune, 
2007).  Drying of microalgal biomass prior to digestion 
would also increase energy consumption and has 
been reported to reduce CH  yields (Mussugnug et al., 4

2010). These findings together with data on terrestrial 
plant materials (Lakaniemi, et al., 2012) indicate that 
pretreatments of microalgal biomass do not increase 
the energy gain of CH  production. Biomass slurries of 4

salt water algae contain sodium, calcium and 
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Biogas is becoming an increasingly important source 
of clean energy for rural and urban areas in developing 
countries, as can be seen by the increased 
construction of biodigesters. Biogas digester 
technology has been domesticated in Nigeria and a 
number of pilot biogas plants have been built with 
majority (over 75%) of operational Nigerian manure 
digesters on piggery, cattle farms or abattoirs. A trend 
is now seen among academic institutions in Nigeria in 
the design and construction of biogas digesters. 
These technologies include biogas digesters that are 
being used to collect farm animal waste, which is 
converted into biogas through anaerobic processes 
(Temilola, et al., 2014).

6. DESIGN OF ANAEROBIC DIGESTERS

For an optimum biogas yield, various process 
parameters like higher organic loading rate (OLR), 
and low hydraulic retention time (HRT) are crucial 
(Ward, et al., 2008). Operational parameters, e.g. 
HRT, mixing, number of tanks, process temperature 
(Vandevivere, et al., 2003) and the properties of the 
feedstock may serve as the basis of digester design 
(Lynd, et al., 2002). It was suggested that the digestion 
of lignocellulosic substrates, such as grass silage, the 
dry matter content, and the solubility and hydrolysis 
rates played a critical role (Qi, et al., 2005). The 
information given in Table-2 compared the efficiencies 
of various kinds of digester configurations as 
presented by various researchers (Marchaim, 1992; 
Barnett, 1978; Vandevivere et al., 2003; Lehtomäki, et 
al., 2004). The strengths and weaknesses of various 
digesters have been presented in Table-3.

In one-stage digestion involves all the microbiological 
phases in one tank to accomplish anaerobic digestion 
(Callander and Barford, 1983). While two-stage 
process involves two microbial phases separated from 
each other (Vandevivere, et al., 2003). Two-stage 
digestion may allow both stages to be complete 
microbial processes with the second stage 
incorporating storage of digestate and remedial gas 
collection (Yu, et al., 2002). Normally hydrolysis and 
and rest of stages are performed in two separate 
digesters (Gunaseelan, 1997). Two stage processes 
have potentially higher biogas yields in smaller 
digesters (Liu, et al., 2006). The pilot and lab-scale 
two-stage systems for anaerobic digestion of 
Municipal Solid Waste (MSW), agricultural residues 
and market waste were studied by Parawira et al. 
(2008). Majority of the investigators, used two-stage 
digesters for lab-scale or pilot scale studies but didn’t 
use them for commercial biogas generation. In the 

one-stage process may involve either dry batch 
systems or wet continuous systems. Whereas, 
continuous and wet processes are preferred in the 
two-stage process (De Baere, 2008).

Vandevivere, et al. (2003) named digesters with the 
feedstock comprising of 20–40% dry matter as dry 
anaerobic digesters. While those with less than 20% 
dry matter were classified as wet digesters. Currently, 
one-stage dry continuous and dry batch digesters are 
relatively new. The use of innovative digesters for 
Municipal Solid Waste (MSW), biowaste and grass 
silage is expected to continue in the future. One-stage 
dry batch systems typically employ a system whereby 
high solid content feedstock is fed into a vessel without 
initial dilution. Recirculation of water/leachate is 
employed. No mixing is required and its parasitic 
energy demands are very low (Vandevivere, et al., 
2003). Vertical continuously stirred tank reactor 
(CSTR) configuration is the most commonly used 
configuration in 90% of the newly erected wet 
digesters (Weiland, 2006).

The feeding of batch mode digesters is usually simple; 
they are fed, sealed and placed for certain time period 
(Barnett, 1978). In contrast, the substrate is regularly 
and continuously fed either mechanically or by force of 
the newly entered substrate in continuous digesters, 
(Demirbas and Ozturk, 2005). Plug flow, CSTR, 
anaerobic filters and upflow anaerobic sludge blanket 
(UASB) systems are the examples of the continuous 
systems. About 90% of the industrial scale plants 
currently operating in Europe are different ‘continuous 
type’ digesters in configurations (Bouallagni, et al., 
2005), e.g., a continuous one-stage digester (Lissens, 
et al., 2001) used for anaerobic digestion of OFMSW, 
solid waste and biowaste. However, batch digesters 
may be more suitable for grass silage digestion due to 
the dry solid contents (bailed silage has solids content 
of about 32%) (Lettinga, 1995).

High solid retention time is achieved through 
attachment of biomass to high density carriers and 
formation of highly settleable granules in anaerobic 
reactors (Lettinga, 1995). Upflow anaerobic filters, 
UASB, anaerobic packed-bed and fluidized bed 
reactors are utilized as high-rate digesters for both lab 
and industrial scales. The use of UASB among high-
rate digesters has increased and widened recently 
(Weiland, 2003)  by taking feed with solid content less 
than 4% or up to 15% (Barnett, 1978;  Barampouti, et 
al., 2005) at retention times of 0.5–12 days 
(Vandevivere, et al. 2003). Marchaim (1992) 
suggested solid content of less than 4% in UASB, 

anaerobic digesters were run by feeding livestock 
wastes, Process failures in many countries could be 
explained on the basis of lack of skilled personals to 
operate the biogas plants.  There is need to establish 
biogas recovery technology and operational support 
networks in future. Currently, it has been realized that 
new substrates such as kitchen waste, weeds and 
crop residues should be tested for their potential of 
biogas production. Further, there is need to enhance 
the biodegradability of such substrates for better 
biogas yields (Bond and Templeton, 2011). Low 
population densities in many rural African 
communities may depend on the low cost biogas 
technology to avoid their dependence on costly fossil 
fuels. Biogas plant serves the dual purposes of 
reducing environmental pollution and generating 
energy (Amigun and von Blottnitz, 2010).

A number of environmental concerns have been 
posed by the concentrated effluents from palm oil mill 
effluent (POME) in Malaysia. Such effluents have very 
high organic contents which are best suited for the 
biogas digesters to generate biogas. Biogas 
generated from anaerobic digestion of POME can 
replace palm kernel shell and mesocarp fiber, which 
has higher economic value as boiler fuel; upgraded to 
be used in gas engine for power generation. It is 
estimated that net profit of RM 3.8 million per year can 
be obtained in a palm oil mill with processing capacity 
of 60 tones/hr from electricity generation using biogas 
produced from POME treatment (Ji, et al., 2013).
 

On one hand, the main factors identified as positively 
promoting the adoption of biogas technology are 
education, number of cattle, family income, family size 
and age. On the other hand, the main factors 
negatively correlated with the household's decision to 
adopt biogas technology are gender, and number of 
poultry birds. Education plays a very important role in 
the biogas plants adoption process, as the more the 
family-head is educated, the more this household is 
likely to adopt biogas technology. The number of cattle 
belonging to the household is another core component 
of producing biogas. Female headed households 
have more interest in taking the decision to use biogas 
plants. Regarding the initial investments required, 
income is also a determining factor in the adoption 
process of biogas technology within the household. 
 

United Nations is committed to promoting sustainable 
renewable energy by adopting new arrangement on 
subsidies, taxes, and some other policies. The existing 
subsidy and flat credit system can be continued for a 
standard level where visible incentives are offered by 
government. Moreover the benefits of renewable 

energy as well as biogas technology need to be highly 
publicised especially to rural populations. Thus, 
electronic and print media could help to spread the 
technology throughout the country. Local 
governments and elites could also support the 
expanding of the biogas technology. They could draw 
the public attention on the existing energy problem, 
which could be solved by adopting the biogas 
technology.

Despite its huge potential and numerous advantages, 
significant role of renewable energy still lags behind 
the ambitious claims for it due to the initially high 
investment costs, concerns about local impacts, lack 
of research outcomes and poor institutional and 
economic arrangements (Duchin, 1995). However, 
local awareness of the benefits of biogas and 
willingness to adapt combined with availability of 
subsidies, as well as soft loan to enable the installation 
of the biogas plant, stand out for the most important 
factors contributing to a successful large-scale uptake 
of the technology.
 

Biomass supplies more than 11.5% of the world's 
primary energy and about 79.7% of the world's energy 
consumption (Maghanaki, et al., 2013). In 2012, about 
194.8 million ton of renewable energy was consumed 
in the world and about 0.1 million ton was consumed in 
Iran. Biogas was produced by anaerobic fermentation. 
Global biogas capacity would reach 22,000 Mega Watt 
(MW) by 2025. European biogas electricity production 
in 2006 was 17,272 GWh per year, of which 7338 Giga 
Watt Hour (GWh) was by Germany alone. Biogas now 
represents 1.2% of the annual production of electricity 
and nearly 10% of renewable energy, with an installed 
power close to 1500 MW. A published analysis by 
Global Information Inc (GII) showed, global biogas 
installed capacity is expected to achieve moderate 
growth over the next 12 years, reaching 22.040 MW by 
2025 and making a Compound Annual Growth Rate 
(CAGR) of 7.2%. The world biogas market has grown 
considerably between 2001 and 2011, with installed 
capacity expanding to 8.377 MW in 2011 from 2.388 
MW in 2001. This equals a CAGR of 13.4%. The 
potential of biomass sources in Iran is estimated to be 
132 million ton (oil equivalent) in the form of 
agricultural and forest wastes, livestock wastes, 
municipal wastes, sewage and industrial wastes. 
Biogas in Iran would generate about 16,146.35 million 

3m , which is approximately 323 petajoule of energy. 
The potential of biogas production from biomass 
sources in Iran presents examples of biogas 
production, applications and quantitative potential of 
different sources in the country (Maghanaki, et al., 
2013).
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Biogas is becoming an increasingly important source 
of clean energy for rural and urban areas in developing 
countries, as can be seen by the increased 
construction of biodigesters. Biogas digester 
technology has been domesticated in Nigeria and a 
number of pilot biogas plants have been built with 
majority (over 75%) of operational Nigerian manure 
digesters on piggery, cattle farms or abattoirs. A trend 
is now seen among academic institutions in Nigeria in 
the design and construction of biogas digesters. 
These technologies include biogas digesters that are 
being used to collect farm animal waste, which is 
converted into biogas through anaerobic processes 
(Temilola, et al., 2014).

6. DESIGN OF ANAEROBIC DIGESTERS

For an optimum biogas yield, various process 
parameters like higher organic loading rate (OLR), 
and low hydraulic retention time (HRT) are crucial 
(Ward, et al., 2008). Operational parameters, e.g. 
HRT, mixing, number of tanks, process temperature 
(Vandevivere, et al., 2003) and the properties of the 
feedstock may serve as the basis of digester design 
(Lynd, et al., 2002). It was suggested that the digestion 
of lignocellulosic substrates, such as grass silage, the 
dry matter content, and the solubility and hydrolysis 
rates played a critical role (Qi, et al., 2005). The 
information given in Table-2 compared the efficiencies 
of various kinds of digester configurations as 
presented by various researchers (Marchaim, 1992; 
Barnett, 1978; Vandevivere et al., 2003; Lehtomäki, et 
al., 2004). The strengths and weaknesses of various 
digesters have been presented in Table-3.

In one-stage digestion involves all the microbiological 
phases in one tank to accomplish anaerobic digestion 
(Callander and Barford, 1983). While two-stage 
process involves two microbial phases separated from 
each other (Vandevivere, et al., 2003). Two-stage 
digestion may allow both stages to be complete 
microbial processes with the second stage 
incorporating storage of digestate and remedial gas 
collection (Yu, et al., 2002). Normally hydrolysis and 
and rest of stages are performed in two separate 
digesters (Gunaseelan, 1997). Two stage processes 
have potentially higher biogas yields in smaller 
digesters (Liu, et al., 2006). The pilot and lab-scale 
two-stage systems for anaerobic digestion of 
Municipal Solid Waste (MSW), agricultural residues 
and market waste were studied by Parawira et al. 
(2008). Majority of the investigators, used two-stage 
digesters for lab-scale or pilot scale studies but didn’t 
use them for commercial biogas generation. In the 

one-stage process may involve either dry batch 
systems or wet continuous systems. Whereas, 
continuous and wet processes are preferred in the 
two-stage process (De Baere, 2008).

Vandevivere, et al. (2003) named digesters with the 
feedstock comprising of 20–40% dry matter as dry 
anaerobic digesters. While those with less than 20% 
dry matter were classified as wet digesters. Currently, 
one-stage dry continuous and dry batch digesters are 
relatively new. The use of innovative digesters for 
Municipal Solid Waste (MSW), biowaste and grass 
silage is expected to continue in the future. One-stage 
dry batch systems typically employ a system whereby 
high solid content feedstock is fed into a vessel without 
initial dilution. Recirculation of water/leachate is 
employed. No mixing is required and its parasitic 
energy demands are very low (Vandevivere, et al., 
2003). Vertical continuously stirred tank reactor 
(CSTR) configuration is the most commonly used 
configuration in 90% of the newly erected wet 
digesters (Weiland, 2006).

The feeding of batch mode digesters is usually simple; 
they are fed, sealed and placed for certain time period 
(Barnett, 1978). In contrast, the substrate is regularly 
and continuously fed either mechanically or by force of 
the newly entered substrate in continuous digesters, 
(Demirbas and Ozturk, 2005). Plug flow, CSTR, 
anaerobic filters and upflow anaerobic sludge blanket 
(UASB) systems are the examples of the continuous 
systems. About 90% of the industrial scale plants 
currently operating in Europe are different ‘continuous 
type’ digesters in configurations (Bouallagni, et al., 
2005), e.g., a continuous one-stage digester (Lissens, 
et al., 2001) used for anaerobic digestion of OFMSW, 
solid waste and biowaste. However, batch digesters 
may be more suitable for grass silage digestion due to 
the dry solid contents (bailed silage has solids content 
of about 32%) (Lettinga, 1995).

High solid retention time is achieved through 
attachment of biomass to high density carriers and 
formation of highly settleable granules in anaerobic 
reactors (Lettinga, 1995). Upflow anaerobic filters, 
UASB, anaerobic packed-bed and fluidized bed 
reactors are utilized as high-rate digesters for both lab 
and industrial scales. The use of UASB among high-
rate digesters has increased and widened recently 
(Weiland, 2003)  by taking feed with solid content less 
than 4% or up to 15% (Barnett, 1978;  Barampouti, et 
al., 2005) at retention times of 0.5–12 days 
(Vandevivere, et al. 2003). Marchaim (1992) 
suggested solid content of less than 4% in UASB, 

anaerobic digesters were run by feeding livestock 
wastes, Process failures in many countries could be 
explained on the basis of lack of skilled personals to 
operate the biogas plants.  There is need to establish 
biogas recovery technology and operational support 
networks in future. Currently, it has been realized that 
new substrates such as kitchen waste, weeds and 
crop residues should be tested for their potential of 
biogas production. Further, there is need to enhance 
the biodegradability of such substrates for better 
biogas yields (Bond and Templeton, 2011). Low 
population densities in many rural African 
communities may depend on the low cost biogas 
technology to avoid their dependence on costly fossil 
fuels. Biogas plant serves the dual purposes of 
reducing environmental pollution and generating 
energy (Amigun and von Blottnitz, 2010).

A number of environmental concerns have been 
posed by the concentrated effluents from palm oil mill 
effluent (POME) in Malaysia. Such effluents have very 
high organic contents which are best suited for the 
biogas digesters to generate biogas. Biogas 
generated from anaerobic digestion of POME can 
replace palm kernel shell and mesocarp fiber, which 
has higher economic value as boiler fuel; upgraded to 
be used in gas engine for power generation. It is 
estimated that net profit of RM 3.8 million per year can 
be obtained in a palm oil mill with processing capacity 
of 60 tones/hr from electricity generation using biogas 
produced from POME treatment (Ji, et al., 2013).
 

On one hand, the main factors identified as positively 
promoting the adoption of biogas technology are 
education, number of cattle, family income, family size 
and age. On the other hand, the main factors 
negatively correlated with the household's decision to 
adopt biogas technology are gender, and number of 
poultry birds. Education plays a very important role in 
the biogas plants adoption process, as the more the 
family-head is educated, the more this household is 
likely to adopt biogas technology. The number of cattle 
belonging to the household is another core component 
of producing biogas. Female headed households 
have more interest in taking the decision to use biogas 
plants. Regarding the initial investments required, 
income is also a determining factor in the adoption 
process of biogas technology within the household. 
 

United Nations is committed to promoting sustainable 
renewable energy by adopting new arrangement on 
subsidies, taxes, and some other policies. The existing 
subsidy and flat credit system can be continued for a 
standard level where visible incentives are offered by 
government. Moreover the benefits of renewable 

energy as well as biogas technology need to be highly 
publicised especially to rural populations. Thus, 
electronic and print media could help to spread the 
technology throughout the country. Local 
governments and elites could also support the 
expanding of the biogas technology. They could draw 
the public attention on the existing energy problem, 
which could be solved by adopting the biogas 
technology.

Despite its huge potential and numerous advantages, 
significant role of renewable energy still lags behind 
the ambitious claims for it due to the initially high 
investment costs, concerns about local impacts, lack 
of research outcomes and poor institutional and 
economic arrangements (Duchin, 1995). However, 
local awareness of the benefits of biogas and 
willingness to adapt combined with availability of 
subsidies, as well as soft loan to enable the installation 
of the biogas plant, stand out for the most important 
factors contributing to a successful large-scale uptake 
of the technology.
 

Biomass supplies more than 11.5% of the world's 
primary energy and about 79.7% of the world's energy 
consumption (Maghanaki, et al., 2013). In 2012, about 
194.8 million ton of renewable energy was consumed 
in the world and about 0.1 million ton was consumed in 
Iran. Biogas was produced by anaerobic fermentation. 
Global biogas capacity would reach 22,000 Mega Watt 
(MW) by 2025. European biogas electricity production 
in 2006 was 17,272 GWh per year, of which 7338 Giga 
Watt Hour (GWh) was by Germany alone. Biogas now 
represents 1.2% of the annual production of electricity 
and nearly 10% of renewable energy, with an installed 
power close to 1500 MW. A published analysis by 
Global Information Inc (GII) showed, global biogas 
installed capacity is expected to achieve moderate 
growth over the next 12 years, reaching 22.040 MW by 
2025 and making a Compound Annual Growth Rate 
(CAGR) of 7.2%. The world biogas market has grown 
considerably between 2001 and 2011, with installed 
capacity expanding to 8.377 MW in 2011 from 2.388 
MW in 2001. This equals a CAGR of 13.4%. The 
potential of biomass sources in Iran is estimated to be 
132 million ton (oil equivalent) in the form of 
agricultural and forest wastes, livestock wastes, 
municipal wastes, sewage and industrial wastes. 
Biogas in Iran would generate about 16,146.35 million 

3m , which is approximately 323 petajoule of energy. 
The potential of biogas production from biomass 
sources in Iran presents examples of biogas 
production, applications and quantitative potential of 
different sources in the country (Maghanaki, et al., 
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cost tubular digester, i.e hydraulic retention time and 
biogas pressure. The hydraulic retention time is 
normally determined from the liquid volume calculated 
from the cylindrical shape of the bag and not from the 
trench dimensions. This causes the reduction in HRT 
from 6% to 51% depending on the dimensions of the 
trench. While the biogas pressure reducing HRT by as 
much as 15% (Marti-Herrero, 2011).

7. CONCLUSIONS

Biogas has considerable potential to replace fossil 
fuels and it is considered as clean technology with 
smaller green house gas emissions. In view of limited 
supply of fossil fuels, biofuels have been considered 
as future fuels. Biofuels can be produced at a 
substantially low cost as compared to fossil fuels and 
are thus economical. Lack of awareness renders the 
under utilization of the potential of this option. 
Anaerobic digestion employs various types of feed 

while Barnett, et al. (1978) allowed for solid content of 
up to 15% in UASB. Moreover, the UASB reactor is 
suggested by various authors (Bal and Dhagat, 2001; 
Paula and Foresti, 1992) to offer benefits over other 
high-rate digesters, when applied to high organic 
loading rates. For digestion of grass silage, high-rate 
digesters are applied in connection with leach beds 
(Lehtoma¨ki, et al., 2008; Yu, et al., 2002). 

Low-cost tubular digesters originally developed in 
tropical regions adapted to the extreme weather 
conditions for production in household digesters 
located at high altitude, operating under psychrophilic 
conditions. The useful volume of the digester ranged 

3between 2.4 and 7.5 m , and hydraulic residence time 
(HRT) between 60 and 90 days. The temperature 
inside the digester’s greenhouse ranged between 20 

oand 25 C. A specific biogas production around 0.35 
3m /kg was obtained while treating cow manure, with 

some 65% CH  in biogas (Ferrer, et al., 2011). The 4

solar radiation, wind velocity, ambient temperature 
and digester geometry, known as time dependent 
thermal model, affect the performance of tubular 
digester. The model outputs include temperature of 
the slurry, the biogas, its holding membrane and the 
green house air, wall and cover. Heat transfer 
phenomena through radiation, convection and 
conduction are considered between all systems 
elements (Perrigault, et al., 2012). At high altitude the 
unheated tubular co-digester is implemented to 
investigate the biogas productions and green house 
effect on process temperature. The result shows that 
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Table-3: The strengths and weaknesses of various digester configurations

Source: Marchaim, 1992; Barnett, 1978; Vandevivere, et al., 2003

Table-2: The comparison of different digester configurations for high solid content feed stocks

Source: Marchaim, 1992; Barnett, 1978; Vandevivere, et al., 2003; Lehtomäki, et al., 2004

biogas  productions   through   the   co-digestion  
3 -3 -1(0.08 m  biogas m  digester d )  outweigh  guinea  pig 

3 -3 -1manure  digestion, (0.03 m  biogas m  digester d ), 
but  did   not   improve   cow   manure   digestion  

3 -3 -1(0.12 m  biogas m  digester d ), which may be due to 
characteristics of guinea pig manure. The effect of 
temperature of the green house is doubtful because 
the internal temperature of liquor is fairly constant 

o(20 C) (Garffi, et al., 2011).

In tubular digester the methane yields from the co-
digestion of olive mill waste water with olive mill solid 
waste (TCOD=56 g COD/L) at an HRT of 12 days is 
0.95 l/l/d. However, it is 0.7 l/l/d when olive mill waste 
water is digested alone at the same conditions of HRT 
and TCOD (Boubaker and Ridha, 2006). Increase in 
methane production is quantified when swine manure 
was co-digested with used cooking grease in plug flow 
digesters that operate at ambient temperature without 
mixing. When 2.5% cooking grease is co-digested 
with swine manure produced high amount of methane 
45 l/day, a 1245 increase from the control, with a total 
biogas productions of 67.3 L/day and 66.9% CH  in the 4

produced biogas. Adding small amounts of grease to 
the influent is a simple way to double energy 
production without affecting other digester benefits. 
Due to difference in digester green house design the 
dome roof digester the biogas production is higher 
than in shed roof digester. However, due to low organic 

3 -1loading rate (0.6 kg VS m  digester d ) and 
temperature the biogas production is low (Garffi, et al., 
2011).There are two problems associated with low 
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stocks mainly organic in nature arising from food 
industry and municipal sources.  The cultivation of 
energy crops is the main focus currently to replace 
fossil fuels with renewable bioenergies in many 
countries. Codigestion of various feed stocks has 
been thought to be better choice over monodigestion.  
The chemical composition of feed substrates is crucial 
in determination of biogas produced. In view of high 
polymeric substrates in feed stock, pretreatment has 
been suggested to increase biogas production. Two-
stage process usually produces greater biogas and it 
needs to be employed at full scale. Agitation of 
substrate is another option to enhance the biogas 
production. 
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stocks mainly organic in nature arising from food 
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fossil fuels with renewable bioenergies in many 
countries. Codigestion of various feed stocks has 
been thought to be better choice over monodigestion.  
The chemical composition of feed substrates is crucial 
in determination of biogas produced. In view of high 
polymeric substrates in feed stock, pretreatment has 
been suggested to increase biogas production. Two-
stage process usually produces greater biogas and it 
needs to be employed at full scale. Agitation of 
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ABSTRACT

The effects of Titanium dioxide (TiO ) nanoparticles 2

(TNPs) on early growth characteristics of Triticum 
aestivum (Wheat) growth and cell nuclei integrity were 
assessed under hydroponic conditions. Seeds of 
wheat variety, Inqalab 91, were collected from 
National Agricultural Research Centre (NARC), 
Islamabad, Pakistan. These were then disinfected and 
exposed  to  different  Titanium dioxide (TiO ) levels: 2

-10, 25, 50, 100, 200, 400 and 600 mg L . Maximum 
vigor index of 2,722 was obtained at concentration of 

-1 -1200 mg L  TiO . Additionally, at TNPs dose 200 mg L , 2

germination rate was found to be 96.67%, indicating 
proper conditions for seed growth and negligible 
retardation. However, due to germination inhibition at 

-1higher TNPs concentration, i.e. @ 600 mg L , vigor 
index dropped to 2,477. These results were explained 
by micronucleus assay where large numbers of 
micronuclei were formed in root tips and exhibited the 
signs of toxicity. From these results, it can be 

-1concluded  that  TNPs  concentration up to 200 mg L  
promoted growth and encouraged seed germination. 

-1At higher levels of TNPs 400 and 600 mg L , toxicity 
was evident.

Keywords: Triticum aestivum, TiO  NPs, germination, 2

micronucleus assay

1. INTRODUCTION
 

Titanium dioxide nanoparticles (TNPs) are, currently, 
produced in very large amounts throughout the world 
and are used in a variety of commercial goods. These 
particles are mostly used in cosmetics as sun block 
components, in which TNPs helps to protect the skin 
from damaging UV rays. The potential release of large 
amount of TNPs in the environment contaminates soil 
and water.  The release of nanoparticles into the 
environment has not been measured exactly till now 
but computer modeling shows that sewage sludge 

-1would contain about 136 mg kg  of TNPs (Gottschalk, 
et al., 2009).  Crops grown on soil containing TNPs 
may accumulate these nanoparticles and translocate 
into the roots, shoots and even to the edible parts of 
the plants.
 

There are many studies that provide the evidence of 
nanoparticles accumulation in shoots, roots and 
sometimes transfer to leaves, seeds and fruits. 
According to a study, CeO  nanoparticles entered the 2

kidney bean plant and were responsible for its 
secondary root growth (Majumdar, et al., 2014). 
Transformation of CeO  nanoparticles was also 2

observed when applied to agar and soil medium 
cultivated plants (Cui, et al., 2014). However, the 
unique properties of nanoparticles may cause 
unexpected biological effects, such as toxicity. Some 
research studies show that TNPs have adverse effect 
on plants (Cremonini, 2011). Copper nanoparticles 
show toxic effects towards two important plants and 
reduce seedling growth rate in wheat and mungbean 
plants (Lee, et al., 2008). The toxic effect of TiO  was 2

also investigated in the algal species Desdodesmus 
supsipicatus (Hunde-Rinke and Simon, 2006). While 
Castiglione, et al. (2011) demonstrated that TNPs 
have negative effect on Vicia narbonensis.

On the other hand, there are some studies that 
reported that TNPs have positive effects on the plant 
yield and increase the uptake of some essential 
elements in the plant tissues. Titanium dioxide 
nanoparticles do not cause any damage to plants even 
if greater than the recommended rate is used (Frazer, 
2001). Titanium dioxide nanoparticles had positive 
effect on germination of aged seeds and growth of 
shoots when exposed up to certain concentrations 
(Zheng, et al., 2005). It was demonstrated by another 
study that Silver nanoparticles (AgNPs) promote the 
root growth of Eruca sativa plant (Vaninni, et al., 2013). 
In Egypt, TiO  is allowed to be used as artificial colors 2

in food products (Gain Report, 2005). It is known that 
TNPs break down ethylene gas produced in storage 
room and convert it into harmless products like water 
and carbon dioxide. TiO  is used to treat air in fruit, 2

vegetables and cut flower storage area to prevent 
spoilage and increase shelf life of these products 
(Fonseca, 2004). As phytotoxicity research on TNPs 
has yielded confusing results, ranging from strong 
toxicity to positive effects, there is a need to assess the 
varieties and species for specific effects. Therefore, in 
this study, the effects of TNPs on the germination, 
seed vigor index and micronuclei were studied for 
wheat. 

2. METHODOLOGY
 

2.1 Synthesis of Nanoparticles

Titanium dioxide nanoparticles were prepared from 
general purpose reagent of TiO nanopowder (Sigma 2 

Aldrich, USA), by dispersing nanoparticles in distilled 
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seed germination was due to the insistence of 
nanoparticles. Menard, et al. (2011) demonstrated that 
the nanoparticles size, shape and surface properties 
are the major factors that determine the toxicity of 
Titanium nanoparticles.

3.2 Seedling Vigour Index

-1Among different concentrations of TNPs, 200 mg L  
showed  the maximum vigor index (2722) and ³ 400 

-1mg L  (2576) showed decreased seed vigor index and 
-1even lower at 600 mg L , i.e. 2,477 (Figure-2). This 

decline in the value of vigor index indicated that the 
higher concentrations might have negative impact on 
plant growth. However, lower levels had a promontory 
effect in response to TNPs exposure. The inhibition of 
seed vigor index at higher concentration was also 
confirmed by micronucleus assay, in which large 

numbers of micronuclei are observed in root tips of 
wheat plants. Interestingly, plant biomass was not 
affected significantly (data not shown). In this context, 
it is important to mention that seedling vigor index is an 
important indicator that helps to find out minor effects 
and cumulative pictures that appear different after 
combining some insignificant results. 

3.3 Micronucleus Assay

The results of micronucleus assay of low 
concentration of TNPs showed that the cell division is 
not statistically different from the control (data not 
shown). All tested concentrations show micronucleus 

-1formation in studied cells but 400 mg L  and 600 mg L  
induced the maximum micronuclei in the roots of 
wheat plant (Figure-3). The result of this study shows 

-1

water through ultrasonication for 30 minutes. 
Scanning electron microscopy and X-Ray diffraction 
analysis were carried out to know the size and 
crystalline structure of TNPs. The average size of the 
prepared TNPs was 54 nm and had crystalline 
anatase phase. All the chemicals like potassium meta-
bisulphate, calcium hypochlorite, hydrochloric acid, 
acetic acid, ethanol and basic fuchsin of different 
brands and of analytical grade were purchased from 
local market. Triticum aestivum (wheat variety ‘Inqalab 
91’) dry seeds were collected from National 
Agricultural Research Center, Islamabad, Pakistan. 
The seeds selected for the experiments were of 
uniform size in order to minimize errors in seed 
germination and seedling vigor index.

2.2 Seed Treatment and Preparation of TNPs 
Suspensions

Different concentrations of TNPs were prepared to 
achieve TNPs levels in hydroponics: 25, 50, 100, 200, 

-1400 and 600 mg L , in addition to the control without 
spiking of TNPs. Wheat seeds were sterilized using 
1% calcium hypochlorite solution for 10 minutes 
before application. Then seeds were washed with 
distilled water thoroughly and 15 seeds of similar size 
were randomly selected and placed on sterilized moist 
filter paper in petri dishes. Then 5 mL of TNPs solution 
was added to petri dishes (four replicates per 
treatment) to achieve the desired levels. For the 
control treatment, seeds were only treated with 5 mL of 
distilled water. The petri dishes were placed in 
laboratory under normal light condition for 7 days for 
germination test. Different parameters were studied 
including germination percentage, seed vigor index 
and biomass. Germination time of the seeds was 
calculated based on Matthews and Khajeh-Hosseini 
(2007), as shown in equation 1:
 

MGT= SF.X/  F                                                 (1)

Where, MGT is the mean germination time, F is the 
number of seeds newly germinated in a certain 
number of days, and X is the number of days after 
sowing.

The seedling vigor index was calculated according to 
Vashisth and Nagarajan (2010): 

    Seedling Vigor index =                            
 Germination Percentage × Seedling length      (2)

 

After seven days of exposure, plantlets were dried in 
oven for 48 hours and dry biomass of roots and shoots 
was calculated.

S

2.3 Micronucleus Test

When the seed germinated and roots extend up to 1-2 
cm in length, the plantlets were exposed to different 
concentrations of TNPs for 24 hour. After 24 hour of 
exposure, the root tips of about 1-2 cm were cut and 
fixed in freshly prepared Carnoy solution, which is a 
mixture of glacial acetic acid and ethanol (1:3) and 
stored at 4ºC overnight. For the preparation of 
microscopic slides, the roots were first placed in 
distilled water at room temperature for 5 minutes after 
refrigeration. Then the root tips were hydrolyzed in 1N 

oHCl for 10 minutes at 60 C in water bath. The roots 
were stained with fuchsin stain for 2 hours and slides 
were prepared for microscopic observations. Squash 
Technique was used for the preparation of slides in 
45% acetic acid. A total of 300 cells were analyzed 
visually for each concentration for micronucleus test, 
under Optika Microscope at 40 X magnification.

3. RESULTS AND DISCUSSION

3.1 Effects on Germination

Seeds of the wheat plant responded differently to the 
different treatments of TNPs concentrations. The 
percentage of seed germination on exposure of TNPs 
was observed to be almost the same as in controlable 
one. The treatment of 25, 50 and 200 showed 96.67% 
germination. However, it was not significantly different 
from control treatment (Figure-1). No toxic effect of 
TNP, was observed on seed germination. Song et al. 
(2013) also observed similar results on exposure of 
tomato seeds to TNPs in the dark. Investigations by 
Qian, et al. (2013) verified that AgNPs did not affect 
seed germination of Arabidopsis thaliana. 
Interestingly, some organisms like Staphylococcus 
aureus and Bacillus thuringiensis have shown the 
ability to adapt to and survive the exposure to Silver 
nano-particles (AgNPs) at low concentration 
(Mirzajani, et al., 2013). Zheng, et al. (2005) observed 
increase in germination rate of seeds of spinach when 
exposed to TNPs. They reported that the 
enhancement of seed germination is due to the 
formation of super oxide radical, enhancing 
penetrability of seed capsule and facilitating 
absorption of water and oxygen molecules into the 
cell. Thus the rate of metabolism and germination 
increases upon exposure to TNPs. In contrast to this, 
some researchers have shown that nanoparticles 
exposure may inhibit seed germination of plants. 
Mushtaq (2011) observed inhibitory effect of 
nanoparticles-exposure on seed germination of 
cucumber plants. It was observed that inhibition of 
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Figure-1: Germination Percentage of Wheat Exposed to Different Levels of TNPs; Error 
Bars Represent Standard Deviation for Different Replicates
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seed germination was due to the insistence of 
nanoparticles. Menard, et al. (2011) demonstrated that 
the nanoparticles size, shape and surface properties 
are the major factors that determine the toxicity of 
Titanium nanoparticles.
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-1

water through ultrasonication for 30 minutes. 
Scanning electron microscopy and X-Ray diffraction 
analysis were carried out to know the size and 
crystalline structure of TNPs. The average size of the 
prepared TNPs was 54 nm and had crystalline 
anatase phase. All the chemicals like potassium meta-
bisulphate, calcium hypochlorite, hydrochloric acid, 
acetic acid, ethanol and basic fuchsin of different 
brands and of analytical grade were purchased from 
local market. Triticum aestivum (wheat variety ‘Inqalab 
91’) dry seeds were collected from National 
Agricultural Research Center, Islamabad, Pakistan. 
The seeds selected for the experiments were of 
uniform size in order to minimize errors in seed 
germination and seedling vigor index.

2.2 Seed Treatment and Preparation of TNPs 
Suspensions

Different concentrations of TNPs were prepared to 
achieve TNPs levels in hydroponics: 25, 50, 100, 200, 

-1400 and 600 mg L , in addition to the control without 
spiking of TNPs. Wheat seeds were sterilized using 
1% calcium hypochlorite solution for 10 minutes 
before application. Then seeds were washed with 
distilled water thoroughly and 15 seeds of similar size 
were randomly selected and placed on sterilized moist 
filter paper in petri dishes. Then 5 mL of TNPs solution 
was added to petri dishes (four replicates per 
treatment) to achieve the desired levels. For the 
control treatment, seeds were only treated with 5 mL of 
distilled water. The petri dishes were placed in 
laboratory under normal light condition for 7 days for 
germination test. Different parameters were studied 
including germination percentage, seed vigor index 
and biomass. Germination time of the seeds was 
calculated based on Matthews and Khajeh-Hosseini 
(2007), as shown in equation 1:
 

MGT= SF.X/  F                                                 (1)

Where, MGT is the mean germination time, F is the 
number of seeds newly germinated in a certain 
number of days, and X is the number of days after 
sowing.

The seedling vigor index was calculated according to 
Vashisth and Nagarajan (2010): 

    Seedling Vigor index =                            
 Germination Percentage × Seedling length      (2)

 

After seven days of exposure, plantlets were dried in 
oven for 48 hours and dry biomass of roots and shoots 
was calculated.

S

2.3 Micronucleus Test

When the seed germinated and roots extend up to 1-2 
cm in length, the plantlets were exposed to different 
concentrations of TNPs for 24 hour. After 24 hour of 
exposure, the root tips of about 1-2 cm were cut and 
fixed in freshly prepared Carnoy solution, which is a 
mixture of glacial acetic acid and ethanol (1:3) and 
stored at 4ºC overnight. For the preparation of 
microscopic slides, the roots were first placed in 
distilled water at room temperature for 5 minutes after 
refrigeration. Then the root tips were hydrolyzed in 1N 

oHCl for 10 minutes at 60 C in water bath. The roots 
were stained with fuchsin stain for 2 hours and slides 
were prepared for microscopic observations. Squash 
Technique was used for the preparation of slides in 
45% acetic acid. A total of 300 cells were analyzed 
visually for each concentration for micronucleus test, 
under Optika Microscope at 40 X magnification.

3. RESULTS AND DISCUSSION

3.1 Effects on Germination

Seeds of the wheat plant responded differently to the 
different treatments of TNPs concentrations. The 
percentage of seed germination on exposure of TNPs 
was observed to be almost the same as in controlable 
one. The treatment of 25, 50 and 200 showed 96.67% 
germination. However, it was not significantly different 
from control treatment (Figure-1). No toxic effect of 
TNP, was observed on seed germination. Song et al. 
(2013) also observed similar results on exposure of 
tomato seeds to TNPs in the dark. Investigations by 
Qian, et al. (2013) verified that AgNPs did not affect 
seed germination of Arabidopsis thaliana. 
Interestingly, some organisms like Staphylococcus 
aureus and Bacillus thuringiensis have shown the 
ability to adapt to and survive the exposure to Silver 
nano-particles (AgNPs) at low concentration 
(Mirzajani, et al., 2013). Zheng, et al. (2005) observed 
increase in germination rate of seeds of spinach when 
exposed to TNPs. They reported that the 
enhancement of seed germination is due to the 
formation of super oxide radical, enhancing 
penetrability of seed capsule and facilitating 
absorption of water and oxygen molecules into the 
cell. Thus the rate of metabolism and germination 
increases upon exposure to TNPs. In contrast to this, 
some researchers have shown that nanoparticles 
exposure may inhibit seed germination of plants. 
Mushtaq (2011) observed inhibitory effect of 
nanoparticles-exposure on seed germination of 
cucumber plants. It was observed that inhibition of 

A scientific journal of COMSATS – SCIENCE VISION     Vol.20 No.1 (January to June 2014)

Figure-1: Germination Percentage of Wheat Exposed to Different Levels of TNPs; Error 
Bars Represent Standard Deviation for Different Replicates

100

95

90

85

80

0 25 50 100 200 400 600
-1Concentration TNPs (mg L )

G
e
rm

a
in

a
ti

o
n

 p
e
rc

e
n

ta
g

e
 (

%
)

Figure-2: Seedling Vigor Index (SVI) of Wheat Treated with Different Levels of TNPs

28

26

24

22

20

S
e
e
d

in
g

 V
ig

o
r 

In
d

e
x

0 25 50 100 200 400 600
-1Concentration of TNPs (mg L )



60 61

REFERENCES

! Castiglione, M.R., Giorgetti, L., Geri, C., and 
Cremonini, R., 2011. The effects of nano-TiO  on 2

seed germination, development and mitosis of 
root tip cells of Vicia narbonensis L. and Zea mays 
L. Journal of Nanoparticles Research, 1(6), pp. 
2443-2449.

! Cui, D., et al., 2014. Effect of cerium oxide 
nanoparticles on asparagus lettuce culture in an 
agar medium. Environmental Science Nano, 1(5), 
pp. 459-465

! Fonseca, J., 2004. Titanium dioxide and food 
safety. Western Vegetable Newsletter, 2(3), pp. 2-
3.

! Frazer, L., 2001. Titanium dioxide: Environmental 
white knight. Environmental Health Perspectives, 
109 (4), pp. 174-177.

! Gain Report, 2005. Food and agricultural import 
regulations and standards. Gain Report Number 
EG 5018, pp. 3-23.

! Hunde-Rinke, K., and Simon. M., 2006. Ecotoxic 
effect of photcatalytic active TiO  nanoparticles on 2

algae and daphnids. Environmental Science 
Pollution Research, 13, pp. 225-232.

! Kumari, M., et al., 2011. Cytogenetic and 
genotoxic effects of zinc oxide nanoparticles on 
root cell of Allium cepa. Journal of Hazardous 
Materials, 90, pp. 613-621.

! Lee, W., An, Y., Yoon, H., Kweon, H., 2008. 
Toxic i ty  and bioavai labi l i ty  of  copper 
nanoparticles to the terrestrial plants mung bean 
and wheat: Plant uptake for water insoluble 
nanoparticles. Environmental Toxicology and 
Chemistry, 27(9), pp. 1915-1921.

! Ma, T.H., et al., 1995. The improved Allium/Vicia 
root tip micronucleus assay for clastogenicity of 
environmental pollutants. Mutation Research, 
334, pp. 185-195.

! Majumdar, S., et. al., 2014. Exposure of cerium 
oxide nanoparticles to kindey bean shows 
disturbance in the plant defense mechanism. 
Journal of Hazardous Materials, 278, pp. 279-
287.

! Matthews, S., and Khajeh-Hosseini, M., 2007. 
Length of the lag period of germination and 
metabolic repair explain vigor differences in seed 
lots of maize (Zea mays). Seed Science 
Technology, 35, pp. 200-212

! Menard, A., Drobne, D., and Jemec, A., 2011. 
Ecotoxicity of nanosized TiO . Review of in vivo 2

data. Environmental Pollution, 159(3), pp. 677-
684.

! Mirzajani, F., et al., 2013. Effect of silver 

nanoparticles on Oryza sativa L. and its 
rhizosphere bacteria. Ecotoxicology and 
Environmental Safety, 88, pp. 48-54.

! Mushtaq, Y.K., 2011. Effect of nanoscale Fe O , 3 4

TiO  and carbon particles on cucumber seed 2

germination. Journal of Environmental Science 
and Health, Part A, 46, pp. 1732–1735.

! Qian, H., et al., 2013. Comparison of the toxicity of 
silver nanoparticles and silver ions on the growth 
of terrestrial plant model Arabidopsis thaliana. 
Journal of Environmental Science, 25(9), pp. 
1947-1956.

! Song, U., et al., 2013. Functional analysis of 
nanoparticles toxicity: a comparative study of the 
effects of TiO  and Ag on tomatoes. Ecotoxicology 2

and Environmental Safety, 93, pp. 60-67.
! Vannini, et al., 2013. Morphological and proteomic 

responses of Eruca sativa exposed to silver 
nanoparticles or silver nitrate. PloS One, 
8(7):e68752. doi:10.1371/journal.pone. 0068752.

! Vashisth, A., and Nagarajan, S., 2010. Effect on 
germination and early growth characteristics in 
sunflower (Helianthus annuus) seeds exposed to 
static magnetic field. Journal of Plant Physiology, 
167, pp. 149-156.

! Zheng, L., Hong, F., Lu, S., and Liu, C., 2005. 
Effect of nano-TiO  on strength of naturally aged 2

seeds and growth of spinach. Biological Trace 
Element Research, 104(1), pp. 83-91.

significant difference in the frequency of micronucleus 
induction in the root of wheat plant on exposure to 
TNPs compared to the control (Figure-3). Some 
pictorial views of the results are presented in Figure-4. 
Similar results were reported in Allium cepa root tips 
exposed to AgNPs (Kumari, et al., 2011) and Zinc 
oxide (ZnO) nanoparticles (Pand, et al., 2011). 
According to Ma, et al. (1995), the formation of 
Micronuclei is the result of small pieces separated 
from the proper nucleus at the time of cell division. The 
increase in the number of micronuclei supports the 
argument that the tested chemicals are cytotoxic and 
can produce different types of chromosomal 
aberrations. Although the short term exposure to TNPs 
showed increase in frequency of appearance of 
micronuclei in treated root tips, but further 
experiments are needed to clarify the biochemical 
mechanisms involved.

4. CONCLUSIONS

Different TNP concentrations had no significant effect 
on  seed  germination.  High concentrations  (³ 400 

-1mg L ) of TNPs caused adverse effects on wheat plant 
growth and these were confirmed by seedling vigor 
index and micronucleus assay. Different plant species 
and cultivars may behave differently upon exposure to 
nanoparticles, so more environmentally relevant 
experimental concentrations as well as species 
should be tested in order to evaluate their potential 
adverse effects.
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Figure-3: Percentage of cells with micronuclei formed in root tips of wheat plants; 
Error bars represent standard deviation for different replicates.
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Figure-4: Pictorial view of micronuclei formation upon exposure to TNPs (a) Control with 
negligible number of cells with micronuclei; (b) very high number of cells with micronuclei 
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Figure-3: Percentage of cells with micronuclei formed in root tips of wheat plants; 
Error bars represent standard deviation for different replicates.
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Figure-4: Pictorial view of micronuclei formation upon exposure to TNPs (a) Control with 
negligible number of cells with micronuclei; (b) very high number of cells with micronuclei 
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ABSTRACT

Textile industries throughout the world produce huge 
quantities of dyes and pigments annually. Effluents 
from textile industries are dye wastewater, and 
disposal of these wastes to freshwater bodies causes 
damage to the environment. Among the treatment 
technologies, adsorption is an attractive and viable 
option, provided that the sorbent is inexpensive and 
readily available for use. In this study, a typical basic 
dye, methylene blue, in wastewater was treated using 
Melia azedarach sawdust. The effects of contact time, 
adsorbent amount and particle size were investigated 
on the removal efficiency of adsorbent for methylene 
blue. Complete removal of the dye were attained at 
higher adsorbent dose of 3 g/L with 50 mg/L initial dye 
concentration. The maximum adsorption was at 240 
minutes, whereas more than 90% removal with 105 
µm particle size of 1 g/L adsorbent for same initial dye 
concentration. The experimental data best fits with 

2Langmuir adsorption isotherm (R = 0.991).

Keywords: Methylene blue, Melia azedarach (MA), 
adsorption, Isotherm

1. INTRODUCTION

The effluents from textile industries are dye 
wastewater and their disposal into freshwater 
ecosystem causes damage to the environment. Even 
in very low concentrations, these can be toxic to the 
aquatic life. Existing physico-chemical methods for 
dye removal have low efficiency, high operational 
costs and result in large amount of sludge generation 
(Charumathi & Das, 2012). Adsorption has been 
demonstrated as an efficient and economical method 
for dye removal from wastewater. Some of the 
reported adsorbents are activated carbon (Auta & 
Hameed, 2011), bagasse (Tsai, et al., 2001; Valix, 
Cheung & McKay; 2004, Ahmedna, Marshall, & Rao, 
2000) ,  co t ton  seed  she l l s  (Th inakaran ,  
Panneerselvam, Baskaral ingam, Elango & 
Sivanesan, 2008), activated carbon coir pith (Kavitha 
& Namasivayam, 2007; Namasivayam & Kavitha, 
2002; Namasivayam, et al., 2001; Siddique et al. 
2009), silk cotton hull (Kadirvelu, et al., 2003) and C. 
tropicalis (Charumathi & Das, 2012).

The adsorption through activated carbon is a very 
useful technique; however, the major constraints to 
this are high production cost and energy consumption. 

Therefore, the forest and agricultural waste materials 
can be an alternative choice for dye removal from 
wastewater because of their good performance and 
cost effectiveness. In this regard, sawdust from 
azedarach (MA) was investigated for dye removal in a 
batch experiment. The maximum dye removal was 
tested as a function of contact time, adsorbent dosage 
and particle size.

2. MATERIALS AND METHODS

The sawdust of MA was obtained from local wood 
workers in Abbottabad, Pakistan. It was washed, dried 
and sieved to variable sizes (400, 250,180 and 105 
µm) before being used. Methylene blue dye (C.I. 
52015) (Merck, Germany) was used as reagent. The 
1000 mg/L stock solution of dye was prepared by 
dissolving 1 gram of dye in 1000 ml deionized water.

The adsorption experiments were carried out in batch 
mode. Adsorption studies were conducted by placing 
0.050 grams of adsorbent in 50 ml of dye solution in 
100 ml conical flasks, using 50 mg/L initial dye 
concentration. The solutions were agitated at 220 rpm 

ofor four hours at 30 C. The solution agitated at 20, 40, 
60, 140, 180, 240, 480 minutes to check the effective 
contact time for maximum dye removal. The effect of 
adsorbent amount and particle size was also 
measured. The adsorbent was separated from 
solution by centrifugation at 4000 rpm for 10 minutes. 
The concentration of the dye was determined by UV- 
visible spectrophotometer at maximum wavelength of 
688 nm. The methylene blue removal in the adsorbent 
phase was calculated by the following formula:

Percentage removal (%) = (C -C )/C  X 100o e o

and
q  = (C -C )V/me o e

Where,
q  is the amount of dye adsorbed (mg/g) at e

equilibrium.
C  and C  are the initial and final concentrations of o e

the dye, respectively.
‘V’ is the volume of the solution and ‘m’ is the mass 
of adsorbent in grams.

Melia 
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uptake because of more exposed surface area; as in 
the case of 105 µm size, more than 90 % removal 
attained.

3.4 Isotherm Studies

Adsorption isotherm studies were conducted in order 
to correlate adsorption capacity of the adsorbent and 
residual concentration of the adsorbate present in the 
aqueous solution (Rehman, et al., 2012). Various 

isotherm models have been applied for several dye 
concentrations and same adsorbent dose. The higher 

2determination coefficient (R  = 0.991) suggests that 
Langmuir isotherm model best fits with the adsorption 
data (Figure-4). In the Langmuir isotherm model, it is 
assumed that adsorption occurs at specific 
homogeneous sites on the surface of an adsorbent 
and there are no significant interactions among 
adsorbed species. A single layer of adsorbent 
molecules saturates the adsorbent surface.    

3. RESULTS

3.1 Effect of Contact Time

The contact time for maximum dye removal was 
investigated using Melia azedarach sawdust (Figure- 
1). The contact time ranges from 20-480 minutes with 
interval of 20 minutes. The results indicate that 
adsorption of methylene blue increases rapidly with 
time during first 80 minutes, and saturation point 
reached in 200-240 minutes.

3.2 Effect of Adsorbent Dose

The Melin azadarach (MA) adsorbent dose effects 
were investigated for methylene blue removal. The 

data collected reflects that the dye removal also 
increases with increasing bioadsorbent. The 
adsorbent dose varied from 0.5 to 5 g/L. Hundred 
percent removal of the methylene blue dye is attained 
on increasing the adsorbent dosage to 3 g/L. 
Complete removal of the dye is observed at adsorbent 
dosage higher than 1 g/L because of more surface 
area and binding sites availability for dye molecule. 
However, per gram uptake may reduce.

3.3 Effect of Particle Size

The smaller particle size favors more removal as 
indicated in Figure-3. The particle size that were 
investigated vary in the range of 105-400 µm size. The 
smaller particles of Melin azadarach  show more  (MA)
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oFigure-1: Effect of Contact Time on Methylene Blue Removal (T: 30 C, C : 50 mg/L, dosage: 1g/L)o

oFigure-2: Effect of Adsorbent Dose on Methylene Blue Removal (T: 30 C, C : 50 mg/L, time: 240 min)o

oFigure-3: Effect of Contact Time on Methylene Blue Removal (T:30 C, C :50 mg/L, dosage: 1g/L, Time: 240 min)o

Figure-4: Correlation between Adsorption capacity of MA and residual concentration of the
adsorbate (Methylene blue)
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uptake because of more exposed surface area; as in 
the case of 105 µm size, more than 90 % removal 
attained.

3.4 Isotherm Studies

Adsorption isotherm studies were conducted in order 
to correlate adsorption capacity of the adsorbent and 
residual concentration of the adsorbate present in the 
aqueous solution (Rehman, et al., 2012). Various 

isotherm models have been applied for several dye 
concentrations and same adsorbent dose. The higher 

2determination coefficient (R  = 0.991) suggests that 
Langmuir isotherm model best fits with the adsorption 
data (Figure-4). In the Langmuir isotherm model, it is 
assumed that adsorption occurs at specific 
homogeneous sites on the surface of an adsorbent 
and there are no significant interactions among 
adsorbed species. A single layer of adsorbent 
molecules saturates the adsorbent surface.    

3. RESULTS

3.1 Effect of Contact Time

The contact time for maximum dye removal was 
investigated using Melia azedarach sawdust (Figure- 
1). The contact time ranges from 20-480 minutes with 
interval of 20 minutes. The results indicate that 
adsorption of methylene blue increases rapidly with 
time during first 80 minutes, and saturation point 
reached in 200-240 minutes.

3.2 Effect of Adsorbent Dose

The Melin azadarach (MA) adsorbent dose effects 
were investigated for methylene blue removal. The 

data collected reflects that the dye removal also 
increases with increasing bioadsorbent. The 
adsorbent dose varied from 0.5 to 5 g/L. Hundred 
percent removal of the methylene blue dye is attained 
on increasing the adsorbent dosage to 3 g/L. 
Complete removal of the dye is observed at adsorbent 
dosage higher than 1 g/L because of more surface 
area and binding sites availability for dye molecule. 
However, per gram uptake may reduce.

3.3 Effect of Particle Size

The smaller particle size favors more removal as 
indicated in Figure-3. The particle size that were 
investigated vary in the range of 105-400 µm size. The 
smaller particles of Melin azadarach  show more  (MA)
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4. CONCLUSIONS

The aim of this study was to investigate the potential of 
Melin azadarach sawdust as an adsorbent for removal 
of methylene blue dye from water. The adsorption 
process is studied as a function of the contact time, 
adsorbent amount, and variable particle sizes. The 
results show that the MA sawdust was effective in 
removing methylene blue from wastewater. More than 
90 percent removal of the methylene blue is achieved 
at 105 micrometer adsorbent particles size and only 1 
g/L dosage. The Langmuir adsorption isotherm best 

2fits (R =0.991) and the adsorption data suggests the 
specific homogeneous adsorption on adsorbent 
surface. 

These results showed that Melin azadarach can be 
used effectively as an adsorbent material for the 
removal of methylene blue from wastewaters.
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ABSTRACT

Acid activation of commercial bentonite was 
conducted and tested for adsorption of impurities in 
water and industrial products. The properties of 
adsorption/absorption of bentonite are also used to 
remove impurities for the processing of edible oils and 
fats, as well as for the purification of products like 
honey and alcohol. The design of various experiments 
in order to assess and simulate the effects of acid 
activation of commercial bentonite on the adsorption 
capacity of methylene blue dye is described in this 
paper. The key parameters of the acid activation, 
namely acid concentration, contact time, temperature 
and type of acid, were established. The results 
indicated effects of these variables on the 
effectiveness of adsorption. The Swelling Index value 
of activated bentonite was 20 ml per 2 gram in 
deionized water as compared to 8 ml per 2 gm in 
unactivated samples. The acid concentration exerts a 
predominant individual effect as compared to other 
parameters. Bentonite activated by 5N HCl has more 
adsorption capacity than 40% H SO . Excessive 2 4

activation is discussed in terms of loss in both porosity 
and acid strength.

Keywords: Water purification, Bentonites, Absorption 
Index.

1. INTRODUCTION

Due to absorptive and catalytic properties of 
bentonite, it is used in wide variety of applications. Use 
of acid-activated clays are most common in adsorption 
studies of different materials. In the presence of metal 
cations in water, the interaction of montmorillonite with 
chitosane involves a complex coagulation-flocculation 
process that includes not only absorption, but also 
chelation and ion-exchange [1]. A series of features 
including the available surface area and acidity of the 
clay sheets, along with the exchangeable cations 
exert influence upon the bleaching capacity of a given 
clay [2-4]. Acid treatment is expected to improve the 
specific surface area and porosity, unless the clay 
framework collapses, more particularly under severe 
activation conditions. Nonetheless, the decay in 
bleaching effectiveness cannot be explained in terms 
of only clay structure collapsing, as reported by Kheok 
& Lim [5]. The acidic activation of bentonites must 
involve partial delamination, inducing an increase in 
the silica/alumina ratio. As a result, there is an 
increase in the number of weak acidic Si–OH groups, 

and subsequently in the global acidity of the clay, 
though only up to certain levels. Nevertheless, this 
may occur at the expense of not only [Si–O–Al]H 
groups in the tetrahedral layers of the clay lamellae, if 
traces of beidellite are present, but also most of 

2+[Al–O–Metal ]H groups, in the case of an extensive 
acid attack on the octahedral layer in montmorillonite. 
These removed groups are well known for displaying 
stronger acidities than terminal silanols [6] and are 
presumably involved in absorption site [7]. 
Consequently, both the acidity strength and negative 
charge of the clay surface will rather decrease, in 
contrast with results reported by Kheok & Lim [5]. Acid 
activated bentonite clays (which are usually known as 
bleaching clays) show a much higher bleaching 
capacity. During acid treatment of the clay, initially 

+interlayer cations are replaced with H  ions followed by 
partial destruction of aluminum octahedral and silicon 
tetrahedral sheets with subsequent dissolution of 
structural cations. It is believed that this process 
results in the delamination of the structure, which 
consequently increases clay specific surface area and 
pore volume that improves the adsorption capacity of 
color producing substances from the oil.

The mechanism of retention of the pigments, including 
carotene and carotenoids, at the surface of an 
activated clay is not clear. There are small quantities of 
chlorophyll found in nearly every type of edible oil that 
also contribute to the coloration. The chlorophyll 
molecule is believed to be adsorbed as a protonated 
species, pointing out the importance of the acidic 
properties of the bleaching clay. The surface acidity 
and the porous structure of bentonite can be changed 
to the desired extent by acid activation. These 
changes depend on: the smectite minerals, other clay 
minerals and non-clay minerals contained in the 
bentonite, as well as the chemical composition, the 
type of cations between the layers, the type of the acid, 
the mass percent of the acid in the bentonite-acid 
mixture, the process temperature, and the process 
period. The desired changes in the physicochemical 
properties of a bentonite occurring as a result of acid 
activation, depend considerably on the condition of 
acid activation such as the acid concentration and the 
duration and temperature of the activation process. 
Acid reactions of various bentonites have been 
intensively investigated to explain these changes. The 
present study was therefore carried out in order to 
evaluate the adsorption capacity of commercial 
bentonite after acid activation with Hcl.
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adsorption mechanism is considered as a ligand-
exchange process between As(V) ions and the 
hydroxide groups present on the surface of Al-SZP1. 
The adsorbed As(V) ions were desorbed effectively by 
a 40 mM NaOH solution. Continuous operation was 
demonstrated in a column packed with Al-SZP1 [30].

Existing overviews of arsenic removal include 
technologies that have traditionally been used 
(oxidation, precipitation/coagulation/membrane 
separation) with far less attention paid to adsorption. 
No previous review is available where readers can get 
an overview of the sorption capacities of both available 
and developed sorbents used for arsenic remediation 
together with the traditional remediation methods. 
Some low-cost adsorbents are superior, including 
treated slags, carbons developed from agricultural 
waste (char carbons and coconut husk carbons), 
biosorbents (immobilized biomass, orange juice 
residue), goethite and some commercial adsorbents, 
which include resins, gels, silica; treated silica tested 
for arsenic removal came out to be most superior. 
Immobilized biomass adsorbents offered outstanding 
performances. The use of bentonite as adsorbent is 
also very cheap and effective for the removal of 
arsenic from drinking water.

The purpose of this study is to highlight the fact that the 
presence of arsenic in drinking water causes cancer in 
different body parts and it is very dangerous for health. 
In Bangladesh it is rapidly increasing the health 
dangers among the people who are continuously 
drinking arsenic containing water. Thus, it is 
suggested under the light of experiments that 
bentonite clay may be used as a good adsorbent of 
arsenic from drinking water, and by activation of 
bentonite its adsorption capacity is enhanced to get 
better results. Both natural and commercial bentonites 
can be used for adsorption because it is an 
inexpensive way to remove arsenic from drinking 
water.

The objectives of the study were:

- To improve the water quality containing arsenic by 
using adsorption techniques; and

- Maximum adsorption of arsenic from drinking 
water through activated and non-activated 
bentonite clay.

2. EXPERIMENTAL WORK

2.1 For Activation Study with HCl

Commercial bentonite clay was used for the study. 
Studies were performed on the air-dried and sieved 
(<149 mm) samples. 10 gm of the sample was mixed 
with HCl solution (100 ml) of concentration (5N), and 
the resulting suspension was heated at 80±2 ºC for 2 
hours with continuous stirring. The slurry was cooled, 
filtered and washed thoroughly with distilled water to 
remove remaining chloride ions (tested by AgNO  3

solution). It was dried initially at room temperature and 
then heated at 70 ºC for 3 hours. The lumps of dried 
clay were crushed and sieved again to less than149 
mm particle size.

2.2 For Activation Study with H SO2 4

Ten gram sample of bentonite clay was taken in 250 ml 
conical flask. An amount of 80 ml of 40% H SO  was 2 4

added and heated after fitting reflex condenser. The 
material was filtered and washed with distilled water 
until the filtrate shows neutralized pH, which is 
confirmed by pH paper. Then residue was dried in an 
oven at 100 ºC and activated sample was crushed and 
sieved.

2.3 Adsorption Study of Methylene Blue

For the analysis of adsorption capacity of both above-
mentioned activated samples (by 40% H SO  and 5N 2 4

HCl), an experiment was performed with methylene 
blue dye. Stock solution of methylene blue was 
prepared by adding 0.1 gm of dye in 1000 mL distilled 
water. Then some dilutions were made ranging from 1 
to 10%. After that 10 gm of sieved activated clay 
sample was taken in conical flask, and 30 mL of 
distilled water was added. The mixture was stirred and 
then drop by drop standard solution of dye was added 
till the point when solution retained its colour and 
discoloration (adsorption by bentonite) stopped.

2.4 Adsorption Study of Arsenic

Four samples of commercial bentonite were used for 
the experiment. Two of the these were acid activated 
and other two were non activated. Two of the samples 
of arsenic contained water of concentrations 1000 ppb 
and 2000 ppb. Ten to 15 grams of activated and non 
activated bentonite were treated with both samples of 
arsenic containing water, and these were allowed to sit 
for 4 to 5 days before filtering them. The used 
bentonite was separated and the concentration of 

It is known that clay minerals possess attractive 
properties as solid acids. Their acidities are due to 
active centers on the surface that exhibit Bronsted and 
Lewis acidities. Such an important property, which 
governs most of the clay's interactions in so many 
application areas, needs to be determined 
quantitatively in relation to structural changes during 
acid activation and thermal treatment. Bentonites are 
used as industrial raw materials in more than 25 
application areas, including the production of selective 
adsorbents [8], bleaching earth [9], catalyst beds, 
carbonless copy paper and medication. The 
absorption capacity of the bentonite is increased many 
times by activation process. The process considerably 
increases the absorptive properties of montmorillonite 
without disturbing the layered crystal structure of 
these clays [10]. New pores are created by liberation 

3+ 2+ 3+ 2+of some ions, such as Al , Fe , Fe , Mg  from the 
octahedral layer exposed at edges of smectite. 
Similarly, silicon (Si) released from tetrahedral layer 

+precipitates in the form of amorphous silica with H  
ions [11]. Activation process enhances the surface 
area and pores diameter [12,13,14] of the clays, 
thereby absorbing more amount of pigments. Increase 
in surface area is a function of acid strength and time of 
treatment of the clay [15] along with other parameters. 
It has been observed that bleaching capacity of clays 
is increased more than four times by acid activation 
process [16]. Tiny pores present in clays contain salts 
that are removed by the acid treatment thereby 
increasing the effective absorption area and the 
bleaching powder. It has been shown that activation 
with hydrochloric acid is more effective as compared to 
sulphuric acid treatment [17,18]. Therefore, 
hydrochloric acid (HCI) was used for activation of 
these clays.
 
The ingested or inhaled inorganic arsenic through 
medicinal, occupational and environmental exposures 
is well-documented as a human carcinogen of skin 
and lung. Using the prevalence of skin cancer among 
residents in an endemic area of chronic arsenicism 
and an unexposed control area [19], U.S. 
Environmental Protection Agency (EPA) made an 
estimation of potency index of developing skin cancer 

-3of 1.3 x 10  for an American male who is exposed to 1 
mg/kg/day inorganic arsenic through drinking water, for 
a 76-year lifespan [20]. Based on the data from 
smelter workers in Anaconda (Montana) [21] and in 
Tacoma (Washington) [22], a potency index of 
developing lung cancer was estimated ranging from 

-3 -24.6 x 10  to 2.4 x 10  for an American male who is 
exposed to 1 mg/kg/day inorganic arsenic through 
inhalation [23]. Significant associations between 

ingested arsenic and malignant neoplasms of the liver, 
lung, bladder, and kidney among residents in the 
endemic area of chronic arsenicism were reported by 
Chen, et al., 1985, 1986, and 1988; Wu, et al., 1989 
[31-33]. The elevated risk of internal organ cancers 
associated with inorganic arsenic exposure through 
drinking water is observed not only in the confined 
endemic area but also observed in 314 precints and 
townships of Taiwan [24]. The first described health 
effect, reported by Agricola in De Re Metallica in 1556 
[25], involved arsenical cobalt that ate away the skin of 
the hands of workmen. In 1888, Hutchison first 
described carcinoma of the skin in patients treated 
with arsenical mixtures for psoriasis and other skin 
conditions [26]. Subsequent investigations have 
confirmed that ingestion of inorganic arsenic can 
cause skin cancer and that inhalation of inorganic 
arsenic can cause lung cancer [27]. Both organic and 
inorganic arsenic are present in varying amounts in 
food. Fish, for example, contains relatively high 
concentrations of organic arsenic. However, inorganic 
forms of arsenic are much more toxic than its organic 
forms. Inorganic arsenic can be present as either 
arsenate [As (V)] or arsenite [As(III)]. Although As(III) 
is more toxic, human metabolism of As(V) involves 
reduction to As(III) before undergoing detoxification by 
methylation [27]. Arsenic is present in soil at levels 
ranging from 0.2 to 40 mg/g (rarely more than 10 mg/g) 

3and in urban air at levels around 0.02 mg/m  [28], but 
for the general population the main exposure to 
inorganic arsenic is through ingestion. Although most 
major U.S. drinking water supplies contain levels lower 
than 5 mg/L, it has been estimated that about 350,000 
people might drink water containing more than 50 mg/L 
[29], the standard for arsenic set by the U.S. 
Environmental Protection Agency (EPA).

The demand for effective and inexpensive adsorbents 
is to increase response to the deleterious health 
effects of arsenic exposure through drinking water. A 
novel adsorbent, aluminum-loaded Shirasu-zeolite P1 
(Al-SZP1) was prepared and employed for the 
adsorption and removal of arsenic (V) (As(V)) ion from 
aqueous system. The process of adsorption follows 
first-order kinetics and the adsorption behavior is fitted 
with a Freundlich isotherm. The adsorption of As (V) is 
slightly dependent on the initial pH over a wide range 
[30]. Al-SZP1 was found with a high As (V) adsorption 
ability, equivalent to that of activated alumina, and 
seems to be especially suitable for removal of As(V) in 
low concentrations. The addition of arsenite, chloride, 
nitrate, sulphate, chromate, and acetate ions hardly 
affected the As(V) adsorption, whereas the coexisting 
phosphate greatly interfered with the adsorption. The 
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adsorption mechanism is considered as a ligand-
exchange process between As(V) ions and the 
hydroxide groups present on the surface of Al-SZP1. 
The adsorbed As(V) ions were desorbed effectively by 
a 40 mM NaOH solution. Continuous operation was 
demonstrated in a column packed with Al-SZP1 [30].

Existing overviews of arsenic removal include 
technologies that have traditionally been used 
(oxidation, precipitation/coagulation/membrane 
separation) with far less attention paid to adsorption. 
No previous review is available where readers can get 
an overview of the sorption capacities of both available 
and developed sorbents used for arsenic remediation 
together with the traditional remediation methods. 
Some low-cost adsorbents are superior, including 
treated slags, carbons developed from agricultural 
waste (char carbons and coconut husk carbons), 
biosorbents (immobilized biomass, orange juice 
residue), goethite and some commercial adsorbents, 
which include resins, gels, silica; treated silica tested 
for arsenic removal came out to be most superior. 
Immobilized biomass adsorbents offered outstanding 
performances. The use of bentonite as adsorbent is 
also very cheap and effective for the removal of 
arsenic from drinking water.

The purpose of this study is to highlight the fact that the 
presence of arsenic in drinking water causes cancer in 
different body parts and it is very dangerous for health. 
In Bangladesh it is rapidly increasing the health 
dangers among the people who are continuously 
drinking arsenic containing water. Thus, it is 
suggested under the light of experiments that 
bentonite clay may be used as a good adsorbent of 
arsenic from drinking water, and by activation of 
bentonite its adsorption capacity is enhanced to get 
better results. Both natural and commercial bentonites 
can be used for adsorption because it is an 
inexpensive way to remove arsenic from drinking 
water.

The objectives of the study were:

- To improve the water quality containing arsenic by 
using adsorption techniques; and

- Maximum adsorption of arsenic from drinking 
water through activated and non-activated 
bentonite clay.

2. EXPERIMENTAL WORK

2.1 For Activation Study with HCl

Commercial bentonite clay was used for the study. 
Studies were performed on the air-dried and sieved 
(<149 mm) samples. 10 gm of the sample was mixed 
with HCl solution (100 ml) of concentration (5N), and 
the resulting suspension was heated at 80±2 ºC for 2 
hours with continuous stirring. The slurry was cooled, 
filtered and washed thoroughly with distilled water to 
remove remaining chloride ions (tested by AgNO  3

solution). It was dried initially at room temperature and 
then heated at 70 ºC for 3 hours. The lumps of dried 
clay were crushed and sieved again to less than149 
mm particle size.

2.2 For Activation Study with H SO2 4

Ten gram sample of bentonite clay was taken in 250 ml 
conical flask. An amount of 80 ml of 40% H SO  was 2 4

added and heated after fitting reflex condenser. The 
material was filtered and washed with distilled water 
until the filtrate shows neutralized pH, which is 
confirmed by pH paper. Then residue was dried in an 
oven at 100 ºC and activated sample was crushed and 
sieved.

2.3 Adsorption Study of Methylene Blue

For the analysis of adsorption capacity of both above-
mentioned activated samples (by 40% H SO  and 5N 2 4

HCl), an experiment was performed with methylene 
blue dye. Stock solution of methylene blue was 
prepared by adding 0.1 gm of dye in 1000 mL distilled 
water. Then some dilutions were made ranging from 1 
to 10%. After that 10 gm of sieved activated clay 
sample was taken in conical flask, and 30 mL of 
distilled water was added. The mixture was stirred and 
then drop by drop standard solution of dye was added 
till the point when solution retained its colour and 
discoloration (adsorption by bentonite) stopped.

2.4 Adsorption Study of Arsenic

Four samples of commercial bentonite were used for 
the experiment. Two of the these were acid activated 
and other two were non activated. Two of the samples 
of arsenic contained water of concentrations 1000 ppb 
and 2000 ppb. Ten to 15 grams of activated and non 
activated bentonite were treated with both samples of 
arsenic containing water, and these were allowed to sit 
for 4 to 5 days before filtering them. The used 
bentonite was separated and the concentration of 

It is known that clay minerals possess attractive 
properties as solid acids. Their acidities are due to 
active centers on the surface that exhibit Bronsted and 
Lewis acidities. Such an important property, which 
governs most of the clay's interactions in so many 
application areas, needs to be determined 
quantitatively in relation to structural changes during 
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mg/kg/day inorganic arsenic through drinking water, for 
a 76-year lifespan [20]. Based on the data from 
smelter workers in Anaconda (Montana) [21] and in 
Tacoma (Washington) [22], a potency index of 
developing lung cancer was estimated ranging from 

-3 -24.6 x 10  to 2.4 x 10  for an American male who is 
exposed to 1 mg/kg/day inorganic arsenic through 
inhalation [23]. Significant associations between 

ingested arsenic and malignant neoplasms of the liver, 
lung, bladder, and kidney among residents in the 
endemic area of chronic arsenicism were reported by 
Chen, et al., 1985, 1986, and 1988; Wu, et al., 1989 
[31-33]. The elevated risk of internal organ cancers 
associated with inorganic arsenic exposure through 
drinking water is observed not only in the confined 
endemic area but also observed in 314 precints and 
townships of Taiwan [24]. The first described health 
effect, reported by Agricola in De Re Metallica in 1556 
[25], involved arsenical cobalt that ate away the skin of 
the hands of workmen. In 1888, Hutchison first 
described carcinoma of the skin in patients treated 
with arsenical mixtures for psoriasis and other skin 
conditions [26]. Subsequent investigations have 
confirmed that ingestion of inorganic arsenic can 
cause skin cancer and that inhalation of inorganic 
arsenic can cause lung cancer [27]. Both organic and 
inorganic arsenic are present in varying amounts in 
food. Fish, for example, contains relatively high 
concentrations of organic arsenic. However, inorganic 
forms of arsenic are much more toxic than its organic 
forms. Inorganic arsenic can be present as either 
arsenate [As (V)] or arsenite [As(III)]. Although As(III) 
is more toxic, human metabolism of As(V) involves 
reduction to As(III) before undergoing detoxification by 
methylation [27]. Arsenic is present in soil at levels 
ranging from 0.2 to 40 mg/g (rarely more than 10 mg/g) 

3and in urban air at levels around 0.02 mg/m  [28], but 
for the general population the main exposure to 
inorganic arsenic is through ingestion. Although most 
major U.S. drinking water supplies contain levels lower 
than 5 mg/L, it has been estimated that about 350,000 
people might drink water containing more than 50 mg/L 
[29], the standard for arsenic set by the U.S. 
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some days for adsorption. As a result, it was proved 
that adsorption capacities of 33% HCl activated clay 
samples was greater compared to samples activated 
with 40% H SO . Their absorption was 0.022 and 2 4

0.047, respectively. Using bentonite as absorbent can 
reduce the content of arsenic in drinking water by 100 
to 200 times.

4. CONCLUSION

This research paper was based on a study that 
focused on physical characterization and evaluation of 
activation parameters. Activation of bentonite clay was 
carried out with H SO  as well as with HCl, and 2 4

subsequent adsorption capacity of natural and 
act ivated c lay was determined by using 

arsenic in that treated water was checked.

3. RESULTS AND DISCUSSIONS

The results of the study are tabulated in Table1-8, and 
Figure-1.

Studies have been undertaken on the bentonite clay 
samples (from Azad Jammu and Kashmir) procured 
from industry in connection with the commercial 
utilization. Different studies have been carried out. 
Activation of clay samples can be undertaken by acid 
as well base. But clay samples were activated by 20% 
H SO  and the weight loss of clays was in the range of 2 4

5% to 33% in three clay samples.

Adsorption capacity of clay samples was studied 
before and after acid activation. Clay sample was 
taken in conical flask with potassium thiocyanide and 
distilled water, and was then titrated with ferric 
ammonium suphate. On the addition of ferric 
ammonium sulphate, a reddish orange dye was 
produced, after which the adsorption of this dye by 
clay samples was observed. Activated samples 
adsorbed less as compared to inactivated samples. 
The volume adsorbed by activated samples was 9 ml 
and 7 ml, while on it was 26 ml and 28 ml for 
unactivated samples. Clay samples were then 
activated by 33% HCl and 40% H SO . In order to 2 4

compare the adsorption capacity of the two activated 
samples, the water solution of clay samples were 
titrated with methylene blue dye and allowed to sit for 
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clays. Colloids Surf. 17, 1986, 241-249.
16. Rhodes, C.N., et al., 1992. Structural 

characterization and optimization of acid-treated 
montmorillonite and highporosity silica supports 
for ZnCl2 alkylation catalysts. Journal of the 
Chemical Society, Faraday Transactions, 88 (15), 
pp. 2269-2274.

17. Kardy, N.S., et al., 2007. Sedimentaological and 
Technical studies on the Montmorillonitic clays of 
Abu Tartur Plateau, Western Desert, Egypt. 
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19. Salawudeen, T.O., et al., 2007. Performance 
evaluation of acid treated clays for palm oil 
bleaching. Journal of Engineering and Applied 
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Environmental Perspectives, Lederer, W. & 
Fensterheim, R. (eds). Van Nostrand Reinhold: 
New York .

24. Higgins, I., et al., 1982. Mortality of Anaconda 
smelter workers in relation to arsenic and other 
exposures. Department of Epidemiology, 
University of Michigan: Ann Arbor, MI, 
USA.Enterline, P.E., and Marsh, G. M., 1980. 
Mortality studies of smelter workers. American 
Journal of Industrial Medicine, 1, p. 251.

25. Enterline, P.E., and Marsh, G. M., 1980. Mortality 
studies of smelter workers. American Journal of 
Industrial Medicine, 1, p. 251.

26. Chen, C.W., and Chen, C. J., 1991. Integrated 
quantitative cancer risk assessment of inorganic 
arsenic. In Proceedings of the Symposium on 
Health Risk Assessment on Environmental, 
Occupational and Lifestyle Hazards, Wen, C.P. 
(ed.). 66. Institute of Biomedical Sciences, 
Academia Sinica: Taipei.

27. Chen, C.J., and Wang, C.J., 1990. Ecological 
correlation between arsenic level in well water and 

age-adjusted mortal i ty f rom mal ignant 
neoplasms. Cancer Research, 50, pp. 5470

28. Hunter, D., 1957. The Diseases of Occupations. 
English Universities Press, London.

29. Yan-Hua, X., Tsunenori, N., Akira, O., 2002. 
Adsorption and removal of arsenic(v) from 
drinking water by aluminum-loaded shirasu-
zeolite, department of bioengineering, faculty of 
engineering, Kagoshima university, 1-21-40, 
Korimoto, Kagoshima 890-0065, Japan, 92, 
275–28

30. Mohan, D., and Pittman, C. U., 2007. Arsenic 
removal  f rom water /wastewater  us ing 
adsorbents—A Critical Review, Journal of 
hazardous materials, 142, pp. 1–53.

31. Chen. C. J., Chuang. Y. C., Lin, T. M., and Wu. H. 
Y., 1985. Malignant neoplasms among residents 
of a blackfoot disease-endemic area in Taiwan: 
high-arsenic artesian well water and cancers. 
Cancer Res., 45, pp. 5895-5899.

32. Chen, C. J., Chuang, Y. C., You, S. L., Lin, T. M., 
and Wu, H. Y., 1986. A retrospective study on 
malignant neoplasms of bladder, lung and liver in 
blackfoot disease endemic area in Taiwan. Br. J. 
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spectrophotometer. The percentage weight loss was 
found from 4.6% to 9.6% and absorbance values 
0.009 to 0.047, respectively, was found. The samples 
of Azad Jammu and Kashmir have reduced their 
adsorption capacity after treatment with dilute acid 
because of the presence of impurities. But in case of 
market sample, adsorption capacity was reduced by 
treatment with dilute acid because of purity or 
composition of sample. The adsorption capacity of 
commercial sample increased by treating with HCl. 
This was due to the composition of minerals. It is 
concluded that bentonite clay is an economical and 
effective source for the removal of arsenic from 
drinking water owing to its adsorption capacity. Cheap 
treatment methods can be developed for the removal 
of arsenic from water to prevent adverse health effects 
of arsenic, particularly by exploiting the potential of 
bentonite.

Bentonite can be used at large scale for water cleaning 
from heavy metals by using adsorption techniques. As 
bentonite is a cheap adsorbent, awareness should be 
created about its benefits, to create its widespread 
utilization for purification of drinking water even at 
domestic levels.
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ABSTRACT

In the last few decades, landslide dams have received 
greater attention of researchers, as they have caused 
loss to property and human lives. Over 261 large-sized 
landslide dams from different countries of the world 

3with volume greater than 1 x 105 m  have been 
reviewed for this study. The data collected for this 
study shows that 58% of the catastrophic landslides 
were triggered by earthquakes and 21 % by rainfall, 
revealing that earthquake and rainfall are the two 
major triggers, accounting for 75% of large-sized 
landslide dams. These land-slides were most frequent 
during last two decades (1990-2010) throughout the 
world. The mean landslide dam volume of the studied 

6 3cases was 53.39 x 10  m  with mean dam height of 
71.98 m, while the mean lake volume was found to be 

6 3156.62 x 10  m . Failure of these large landslide dams 
pose a severe threat to the property and people living 
downstream, hence immediate attention is required to 
deal with this problem. A stability index (SI) has been 
derived on the basis on 59 large-sized landslide dams 
(out of the 261 dams) with complete parametric 
information. 

Keywords: Landslide dam, longevity, statistical 
characteristics, landslide frequency, classification.

1. INTRODUCTION

Landslide dams are hazardous land forms. Mostly due 
to climatic changes, human activities, and frequent 
earthquakes, landslides have become common 
occurrences. It requires quick predictions and 
accurate measures to mitigate the effect of such 
hazards. In mountainous areas, landslides are the 
second most destructive natural hazard after 
earthquake (Li, et al., 1999; U.S. Geological Survey, 
2000). Many researchers have devotedly studied 
landslide dams (e.g., Costa and Schuster, 1991; 
Korup, 2006; Ermili and Casagali, 2003), however 
there remains a need for building comprehensive 
database on large-sized landslide dams in order to 
pave way for subsequent studies in a systematic 
manner. 

A set of 261 cases has been reviewed in this paper, 
comprising of a data-set of 59 large-sized landslide 
dams with complete information about their landslide 
volume, dam height, length, width, volume, and life 
span. There exists well established relationship 

between earthquake size (magnitude) and the 
probability of large landslides (Keefer, 1994). 
Empirical evidence compiled by Keefer (1999) 
suggests that coseismic triggering of landslide 

9volumes in the order of 10  m  would require an 
earthquake of magnitude M>8. Due to their large 
volumes, rock avalanches usually have clearly 
defined source areas, easily identified by large scars 
or arcuate depressions on hillslopes (Hewitt, 2002; 
Ballantyne and Stone, 2004; Mitchell, et al., 2007). 

In terms of size, there seems to be no difference 
between earthquake-induced landslides and those 
triggered by rainfall. Baoping Wen, et al. (2004) 
suggested that in terms of lithology and geological 
structures, rainfall-induced landslides occurred more 
often in soils with slip surfaces along the soilrock 
contacts. Moreover, it is more likely to occur in the 
stratified rocks with contrast in competency in which 
slip surfaces occurr along bedding planes. While 
earthquake-induced landslides were more prevalent 
in stratified competent rocks in which slip surfaces 
occurred along cross-bedding joints. 

As data for these landslide dams were collected from a 
wide variety of sources, the detailed information may 
varies. But the assessment has been made primarily 
on major characteristics. The comparison of all these 
large-sized landslide dams have also been made, on 
the basis of their impact factors, frequencies, runout, 
velocities, horizontal and vertical distances, failure 
modes, runout behavior, and other important aspects. 
A statistical assessment and distribution of all 
landslides has been made and compared in this paper.

2. DATASET OF CATASTROPHIC LANDSLIDES

Large-sized landslide dams are defined in this paper 
5 3as having volume of more than 1 x 10  m  and are 

among the most significant geological hazards. The 
data presented in this paper is collected from different 
published papers and from authors’ own observations. 
A subset of 59 large-sized landslide dams with 
complete information about landslide volume, dam 
height, dam length, dam width, dam volume, lake 
volume and dam life span, has been used to calculate 
the stability of the large-sized landslide dams (Table-
1).  

3
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3.1 Type of Landslides

Baoping, Wen, et al. (2004) stated that when landslide 
frequency and their kinematic parameters are 
correlated with slope geometry, it is observed that (a) 
slide-type landslides have been active on slopes with 
gradients between 10°C and 35°C, and heights 
between 100 and 1,000 m; (b) two slide-flow-type 
landslides occurred on slopes with about the same 
gradients (33° and 34°) and heights between 320 and 
450 m; and (c) flow-type landslides seemed to occur at 
slopes steeper than 36° and higher than 300 m. 
Different researchers gave their own classifications for 
landslides on the basis of movement behavior (e.g, 
Baoping Wen, et al. 2004). As the data in this paper is 
collected from different sources, keeping in mind the 
original characteristics of the landslides, six types 
have been noted: (i) rock-avalanche; (ii) flows; (iii) 
rock-slide; (iv) flow-slide; (v) complex slides (mixture 
of different type movements); and (vi) slides. Among 
122 known cases with known movement type, 45% 
were rock-slides, 3% were flows, 17% were rock-
avalanches, 17% were flow-slides, 11% were slides, 
and 7% were complex slides (Figure-6).

3.2 Landslide triggers

Earthquakes and the rainfall are the two major 
triggering factors for all the large-sized landslide dams 
with some other minor triggers (Figure-1). There are 
clear, well-documented relationships between 

earthquake size and the probability of large landslides 
(Keefer, 1994). In terms of size, there seems to be no 
difference between earthquake-induced landslides 
and those triggered by rainfall. Out of the cases in 
which triggers of the large-sized landslide dams were 
known, 58% large-sized landslide dams were 
triggered by earthquakes, 21% by rainfall, 13% by 
physio-clamatic factors and 8% by other minor factors, 
like bank erosion, loading and undercutting, and 
human activities (Figure-5). It has also been observed 
that rainfall related large-sized landslide dams mostly 
occur in soil and loosed strata, while earthquake-
triggered landslide dams occur due to the large rocky 
landslides.

3.3 Landslides distribution and volume

The study data reveals that China has most number of 
large-size landslide dams (58). Other countries having 
such dams include: Italy (43), New Zealand (42), 
Japan (35), Canada (29), USA (26), Tien Shan 
Mountains (7), India (4), Peru (2), Taiwan (3), Ecuador 
(3), Bhutan (1), Papua New Guinea (1), Switzerland 
(3), Kyrgyz (1), Tajikistan (1), Poland (1), Costa Rica 
(1), Nepal (1), Russia (1), and Guatemala (1), as given 
in Figure-2. 

In 10% cases of large-size land slide dams (out of 
6 3261), the dam volume was less the 0.1 x 10 m , in 26% 

6 3cases the volume was about 0.1-1 x 10  m , in 55%  
6 3cases the volume was about 1-99 x 10 m , in 7 %  

 
3. CHARACTERISTIC ANALYSIS OF THE 

LARGE-SIZED LANDSLIDE

The data set of 261 large-size landslide dams show 

that such dams are controlled by a number of 
physiographical factors. Some of the most import 
factors are discussed as follows:
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Figure-2: Large-sized landslide dams distribution around the World (261 dams)

6 3< 0.1 x 10 m 6 30.1-1 x 10 m 6 31-99 x 10 m
6 3100-1000 x 10 m 6 3> 1000 x 10 m

Figure-3: Comparison of landslide dam volume with the lake volume (261 dams)

Figire-4: Time and frequency distribution of large-sized landslide dams around the World (261 dams)

time periods
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correlated with slope geometry, it is observed that (a) 
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that such dams are controlled by a number of 
physiographical factors. Some of the most import 
factors are discussed as follows:
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Figure-2: Large-sized landslide dams distribution around the World (261 dams)

6 3< 0.1 x 10 m 6 30.1-1 x 10 m 6 31-99 x 10 m
6 3100-1000 x 10 m 6 3> 1000 x 10 m

Figure-3: Comparison of landslide dam volume with the lake volume (261 dams)

Figire-4: Time and frequency distribution of large-sized landslide dams around the World (261 dams)

time periods
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4. DISCUSSION ON THE LARGE-SIZED 
LANDSLIDE DAMS 

Landslides may obstruct river flow and result in 
creating landslide dams. Such phenomena have 
occurred in many tectonically active regions of the 
world (Swanson, et al., 1986; Costa and Schuster, 
1988; Casagli and Ermini, 1999; Ermini and Casagli, 
2003; Korup, 2004). It is a fact that not all but most of 
the large-sized landslides make landslide dams once 
they occurred. Of the 37 rockslides (with volumes over 

6 320 x 10  m ) that occurred around the world during the 
period 1900-2000, 51% formed significant landslide-
dammed lakes (Evans, 2006). Failure of these dams 
may pose severe threat to downstream property and 
human lives. The catastrophic breaching of landslide 
dams has resulted in significant natural disasters 
(Montadon, 1933; Eisbacher & Clague, 1984). The 
release of a very large impoundment volume can be 
expected to be highly catastrophic as in the case of the 
1841 Indus flood in Pakistan, in which approximately 

9 310  m  of water was released (Hewitt, 1968) with 
effects described in contemporary reports, 
summarized by Mason (1929).

4.1 Formation and Failure

Most of the large landslides occuring in the vicinity of a 
river may obstruct flow and results in landslide dams 
that may persist from few minutes to hundreds of 
years, depending upon lithologic, parametric, and 
topographic conditions of the blockage. Such 
phenomena have occurred in many tectonically active 
regions of the world (Swanson, et al., 1986; Costa and 
Schuster, 1988; Casagli and Ermini, 1999; Ermini and 
Casagli, 2003; Korup, 2004). In 4% cases the lake 

6 3volume was less than 0.1 x 10  m , in 16% cases the 
6 3lake volume was about 0.1-1x 10  m , in 58% cases 

6 3volume was about 1-99 x 10  m , in 18% cases volume 
6 3was about 100-999 x 10  m , while only in 4% cases 

6 3the volume exceeded  limit of more than 1000 x 10  m  
(Figure-3). Of the 37  rockslides  (with volumes over 

6 320 x 10  m ) that occurred around the world during the 
period 1900-2000, 51% formed significant landslide-
dammed lakes (Evans, 2006). From this investigation, 
it is clear that in 96% cases the volumes of lakes were 

5 3greater than 1 x 10  m . The very low percentage (4%) 
of the smaller lakes shows that they were only formed 
in rare cases due to less resistance offered by the 
small landslide volume against the river flow.

Failure of landslide dams may include overtopping, 
piping, slope failure of upstream or downstream face, 
overtopping by a landslide-generated wave and the 

effects of human activity (usually as a result of attempt 
to excavate a spillway over the debris dam). Not all 
landslide dams are unstable or have failure potential, 
indeed some landslide dams have been utilized as 
foundations for artificial storage dams or for sites of 
power generation (Evans, 2006; Heim, 1932). 
Keeping in view the original data for all landslides, 
possible failure modes of landslide dams were divided 
into four types: (i) overtopping, (ii) overtopping with 
strong erosion, (iii) piping and seepage, and (iv) any 
other failure mode. Out of the dams with known failure 
modes the 81% dams failed by overtopping, 10% by 
overtopping with strong bank erosion, 6% by piping 
and seepage, and 3% by other different modes of 
failures, like progressive failure, etc. (Figure-5). 

A statistical assessment and distribution of all 
landslides has been made and compared. The mean 

6dam volume was 53.39 x 10 m  with the maximum 
mean dam height of 71.98 m and the mean lake 

6 3volume was calculated to be 156.62 x 10  m , which is 
the highest landslide frequency during the last two 
decades after 1990 for large-sized landslide dams 
from all over the world.

4.2 Landslide Dams Stability Index (SI)

Some researchers have also performed the dam 
stability assessment using different geomorphic 
parameters but not exclusively on large-sized dams 
(Canuti, et al., 1998; Casagli and Ermini, 1999; Ermini 
and Casagli, 2003; Pirocchi, 1992; Swanson, et al., 
1986). All of the these researchers used the ratio of the 
following parameters to find out the stability of the 
dams:

• The dam volume is considered as the main 
stabilizing factor since it controls the dam’s weight.

• The water-shed area is considered as the main 
stabilizing factor since it controls the channel 
discharge and stream power, and indirectly the 
dam shape.

• The dam height is main stabilizing factor  since it 
controls both overtopping and piping failure 
mechanisms.

Casagli and Ermini (1999) and Canuti, et al. (1998) 
defined the blockage index (BI), using this parameter 
for a preliminary forecast of blockage evolution:

BI = log (V /A )d b

3where, V  is the landslide dam volume (m ) and A  the d b
2catchment area (km ). From the results obtained, the 

3 

cases the volume was  100-1000 x 10 m  and 
6 3only in 2% cases it exceeded the size of 1000 x 10  m  

(Figure-3). This assessment shows that in 90% cases 
the  volume  of  landside dams was greater than 1 x 

5 310  m . According to the present data, mean landslide 
6 3dam volume was 53.39 x 10  m , while the maximum 

mean dam height was recorded to be 71.98 m and the 
mean  lake  volume  was  calculated  to be 156.62 x 

6 310  m , with highest landslide frequency during the 
period of 1970s and 1980s for large-sized landslide 
dams from all over the world.

3.4 Occurrence time and frequency of landslides

According to the statistical calculations, 12% 
landslides have occurred before 1800, 10% occurred 
from 1800 to 1899, 14% occurred from 1900 to 1949, 
8% occurred in the period of 1950-1969, 23% 
occurred in the period of 1970-1989, and 34% 
between 1990 and 2010 time period (Figure-4).

This data shows that only a few large-sized landslide 
dams have occurred before 1800, but it can be 
assumed that there may be too much data missing for 
that period. But it can also be noted that for the period 
between 1800 to 1970 there was also not too much 
frequency of creation of landslide of dams, if we 
calculate the frequency on the basis of 20-year period 
gap for that phase, then it would be 2.57 for every 20- 
year period. The frequency of landslides during the 
period 1970 to 1989 was 23% among all the studied 

6 3about  cases; 34% large-sized landslide dams occurred in 
the period from 1990 to 2010. Current statistics show 
that large-sized landslide dams have an increasing 
trend (Figure-4). 

From these assessments it can be concluded that the 
large-sized landslide dams frequency was the highest 
during last two decades from 1990 and 2010 all 
around the World.

3.5 Relationship with active tectonics

A hypothesis of a palaeoseismic origin for a rock-slope 
failure needs to be supported by evidence such as 
proximity to active faults, occurrence of modern 
analogues, limiting equilibrium back analyses and 
demonstrated synchroneity of failure with fault rupture 
(Crozier, et al., 1995). It has been observed that 
maximum percentages of the slide triggered by 
earthquakes are centered along or very near to an 
active fault zone. The locations of the giant landslides 
are very close to the major fault zones in China, 
particularly the active earthquake zones (Baoping 
Wen, et al. 2004). Baoping Wen, et al. (2004) stated 
that tectonic imposed controls on landslides occur in 
three ways: (1) creating favorable terrains; (2) 
providing sufficient landslide-prone materials, such as 
highly fractured and weak rocks; and (3) extra driving 
force of seismic activity. In this study, 58% dams were 
triggered by earthquake, and among these, maximum 
lie within or near the active fault zone.
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mean dam height of 71.98 m and the mean lake 

6 3volume was calculated to be 156.62 x 10  m , which is 
the highest landslide frequency during the last two 
decades after 1990 for large-sized landslide dams 
from all over the world.

4.2 Landslide Dams Stability Index (SI)

Some researchers have also performed the dam 
stability assessment using different geomorphic 
parameters but not exclusively on large-sized dams 
(Canuti, et al., 1998; Casagli and Ermini, 1999; Ermini 
and Casagli, 2003; Pirocchi, 1992; Swanson, et al., 
1986). All of the these researchers used the ratio of the 
following parameters to find out the stability of the 
dams:

• The dam volume is considered as the main 
stabilizing factor since it controls the dam’s weight.

• The water-shed area is considered as the main 
stabilizing factor since it controls the channel 
discharge and stream power, and indirectly the 
dam shape.

• The dam height is main stabilizing factor  since it 
controls both overtopping and piping failure 
mechanisms.

Casagli and Ermini (1999) and Canuti, et al. (1998) 
defined the blockage index (BI), using this parameter 
for a preliminary forecast of blockage evolution:

BI = log (V /A )d b

3where, V  is the landslide dam volume (m ) and A  the d b
2catchment area (km ). From the results obtained, the 

3 

cases the volume was  100-1000 x 10 m  and 
6 3only in 2% cases it exceeded the size of 1000 x 10  m  

(Figure-3). This assessment shows that in 90% cases 
the  volume  of  landside dams was greater than 1 x 

5 310  m . According to the present data, mean landslide 
6 3dam volume was 53.39 x 10  m , while the maximum 

mean dam height was recorded to be 71.98 m and the 
mean  lake  volume  was  calculated  to be 156.62 x 

6 310  m , with highest landslide frequency during the 
period of 1970s and 1980s for large-sized landslide 
dams from all over the world.

3.4 Occurrence time and frequency of landslides

According to the statistical calculations, 12% 
landslides have occurred before 1800, 10% occurred 
from 1800 to 1899, 14% occurred from 1900 to 1949, 
8% occurred in the period of 1950-1969, 23% 
occurred in the period of 1970-1989, and 34% 
between 1990 and 2010 time period (Figure-4).

This data shows that only a few large-sized landslide 
dams have occurred before 1800, but it can be 
assumed that there may be too much data missing for 
that period. But it can also be noted that for the period 
between 1800 to 1970 there was also not too much 
frequency of creation of landslide of dams, if we 
calculate the frequency on the basis of 20-year period 
gap for that phase, then it would be 2.57 for every 20- 
year period. The frequency of landslides during the 
period 1970 to 1989 was 23% among all the studied 

6 3about  cases; 34% large-sized landslide dams occurred in 
the period from 1990 to 2010. Current statistics show 
that large-sized landslide dams have an increasing 
trend (Figure-4). 

From these assessments it can be concluded that the 
large-sized landslide dams frequency was the highest 
during last two decades from 1990 and 2010 all 
around the World.

3.5 Relationship with active tectonics

A hypothesis of a palaeoseismic origin for a rock-slope 
failure needs to be supported by evidence such as 
proximity to active faults, occurrence of modern 
analogues, limiting equilibrium back analyses and 
demonstrated synchroneity of failure with fault rupture 
(Crozier, et al., 1995). It has been observed that 
maximum percentages of the slide triggered by 
earthquakes are centered along or very near to an 
active fault zone. The locations of the giant landslides 
are very close to the major fault zones in China, 
particularly the active earthquake zones (Baoping 
Wen, et al. 2004). Baoping Wen, et al. (2004) stated 
that tectonic imposed controls on landslides occur in 
three ways: (1) creating favorable terrains; (2) 
providing sufficient landslide-prone materials, such as 
highly fractured and weak rocks; and (3) extra driving 
force of seismic activity. In this study, 58% dams were 
triggered by earthquake, and among these, maximum 
lie within or near the active fault zone.
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4.3 Landslide dam types 

On the basis of classification proposed by Costa and 
Schuster (1988), following five types out of the six dam 
types were found (type-V was absent). These types 
are not mutually exclusive. A landslide could be Type- 
II, Type-III, and Type-IV or other types at the same 
time. The failure mechanism, evolution process, and 
the stability analysis of landslide dams are very 
complex (Costa and Schuster, 1988). The available 
data shows that 1% were Type-I dams, 47% were 
Type- II dams, 16% were Type-III dams, and 3% were 
Type-IV dams, 3% were Type-VI dams. Whereas, 
there were also dams that were the combination of two 
types, that is, 15% represented Type-I and II 
combined, and 15% represented Type-II and III 
combined. This shows that Type I, II and III are most 
common dam types, with more than 75% making 
Type-II and/or Type-III dams.

5. SUMMARY AND CONCLUSIONS

A data set of 261 large-sized landslide dams was 
collected and reviewed carefully in order to make a 
comprehensive assessment. Based on the data-set, 
statistical characteristics (lithologies, relation with 
tectonics, types of movement, triggers, volumes, 
frequencies, failure modes and special distribution) of 
landslides have been investigated. Maximum of 
landslides were located in China (58), 43 in Italy, 42 in 
New Zealand, 35 in Japan, 29 in Canada, and a small 
number was in other different countries. The highest 
frequency of the occurrence of landslide dams was 
observed during the last two decades (1990-2010).

A data set of 261 large-size landslide dams was 
reviewed under 20 headings (name, location, time of 
occurrence, dam dimensions, H/L ratio, volumes, 
material, triggers, types of movement, failure modes, 
dammed river, etc.). A subset of 59 large-sized 
landslide dams (Costa and Schuster, 1991) 
comprising landslide volume, dam height, dam length, 
dam width, dam volume, lake volume and dam life 
span was studied in detail in order to find out the 
stability (SI) of these dams. According to the available 
data,  the  mean landslide dam volume was 53.39 x 

6 310  m , with the maximum mean dam height of 71.98 m 
6 3and the mean lake volume of 156.62 x 10  m . Most of 

large-sized landslide dams were triggered by 
earthquakes (58%) followed by those triggered by 
rainfall (21%). While the dam failure in most of the 
cases was observed due to overtopping (81%). 
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authors propose that a lower boundary for cases of 
complete dam formation can be given by BI = 3 and an 
upper boundary for failed dams by BI = 5, while a lower 
boundary for stable dams by BI = 4. 

Ermini and Casagli (2003) did an attempt to improve 
this model on a relativity larger number of landslide 
dams by setting up a new index. All the case histories 
collected were ranked in the two main evolution 
classes: Stable & Unstable. The relationship used in 
this classification is known as dimensionless blockage 
index (DBI):
 

DBI = log (A  x H  / V )b d d

where, H  represents dam height, V  landslide dam d d

volume and A  catchment area. DBI<2.5 represents b

the stability domain, DBI between 2.5-3.08 represents 
the uncertain domain, while DBI > 3.08 represents the 
instability domain. 

In this study, we used three additional variables: lake 
volume, landslide volume and dam height, as they are 
considered the most important factors in dam failure 
mechanism. A detailed data set of 59 large-sized 
landslide dams (Costa and Schuster, 1991) with 
complete information about landslide volume, dam 

height, dam length, dam width, dam volume, lake 
volume and dam life span (Table-1) has been used to 
calculate the stability of the large-sized landslide 
dams. It is mathematically represented as follows:

SI = ln((V/V ) x (H /L ))l d d d

where, SI is the stability index, ln is natural log, V is l

lake volume, V  is dam volume, H  is dam height and L  d d d

is dam length. According to stability index (SI), if the SI 
value is -2.9 or less, the dam will be considered stable, 
otherwise it will be consider as unstable. But if the 
landslide volume and dam volume ratio is 2:5 or 
greater, then non-zero positive SI values will also be 
considered as stable (Table-1).  

Possible improvements in this empirical model could 
be made by using other variables and more 
comprehensive data. Lithology of the dam area can 
play a more important role in improving and resetting a 
new accurate and precise model, for which the efforts 
by the scientific community are required. A basic 
classification related to dam’s stability is proposed as 
follows:
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landslide dams (Costa and Schuster, 1991) 
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span was studied in detail in order to find out the 
stability (SI) of these dams. According to the available 
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ABSTRACT

Land use has a strong influence on soil. This paper is 
based on a research that was conducted to study the 
effects of different land use patterns in heavy metal 
accumulation and to measure the bio-availability of 
heavy metals. Significant difference was found in soils 
undergoing different land use systems, as well as 
among different heavy metals. The results showed 
that there was a large difference in effects of 
accumulation of Iron (Fe)  and Zinc (Zn) in soils under 
different land use patterns. Based on the assessments 
of heavy metal concentrations in soil of maize field or 
wheat cultivated land, the higher accumulation of 
heavy metals was found in fallow land as compared to 
pasture lands. While minimum concentration was 
found in forest land (both thick and thin). The 
concentration of  metals considerably varied in order 
of HClO  + HNO  > Na EDTA > NaOH > KNO  > H 0 for  4 3 2 3 2

Zn and other metals. Results from the study showed 
that land use effects soil depth and the concentration 
of heavy metals decreases with soil depth.

Keywords: Crops, Heavy metals, Land use system, 
soil.

1. INTRODUCTION

Land utilization has significant implications for heavy 
metal concentration in the soil. Change in land use 
usually leads to a change in cultivation management, 
which may deeply influence the soil quality [20]. As 
heavy metals in soils have direct influence on human 
health through food intake, the content of heavy 
metals is becoming one of the most important 
evaluation indices for soil quality. The effects of land 
use patterns on heavy metal accumulation have been 
investigated that mainly focused on farmland, 
uncovered vegetable land, forest land and orchards 
[43].

Mo¨ller, A., et al. (2005) assessed the extent and 
severity of heavy metal contamination of arable soils 
of Ghouta, Damascus – an area of intensive 
agricultural production [1]. The group examined the 
present degree and spatial distribution of heavy metal 
concentrations in 51 soil profiles and in 22 topsoil 
samples in the Ghouta area. The soils were digested 
with aqua regia for heavy metal analysis. Lead (Pb), 
Copper (Cu), and Zinc (Zn) concentrations in the 
topsoils exhibited increased values due to 
anthropogenic impact. The major sources for heavy 

metal contamination in Damascus city are most 
possibly emissions from vehicles. These emissions 
transported by air and sewage water together with 
household and industrial sewage effluents have been 
considered to be responsible for the increased heavy 
metal concentrations found in the soils of the central 
Barada area. However, the values in most of the cases 
were below tolerable limits for agricultural use. 

-1Chromium concentrations up to 1800 mg kg  were 
found near a tannery industrial estate. Concerning the 
health risk to the population, bioavailability and 
mobility of heavy metals seems to be of minor 
importance in view of the soil properties of the study 
area. However, direct ingestion of soil, e.g., by children 
and inhalation of dust may contribute largely to the 
accumulation of heavy metals in human and livestock.

Land use has always had a strong influence on soils. 
In most areas it is the main factor in determining soil 
quality [25]. Threats to soils, such as erosion, 
contamination, humus reduction, sealing and 
excavation can be linked to land use [8]. It is important 
to gain sufficient knowledge about the effects of 
different types of land use on soil properties and on the 
capacity of the soil to fulfil certain functions. Urban 
environments are the areas where soils most directly 
interact with humans [38]. Many researchers have 
highlighted the need for a better understanding of 
urban soils, focusing on the information needed for soil 
management [37]. The prolonged presence of the 
contaminants in urban soils and their proximity to 
people are increasing the exposure of the urban 
population to heavy metals. Information on the 
mobilization, dispersion, deposition and distribution of 
potentially toxic metals in urban ecosystems plays an 
important role in the assessment of trace metal 
contamination and in the evaluation of potential 
environmental and health implications [7].

Although greenhouse vegetable fields are an 
important land use pattern that developed very rapidly 
in recent years and contributed largely to the supply of 
agricultural products, especially vegetables. There are 
some cultivation practices, such as excessive and 
inappropriate use of chemical and organic fertilizers, 
that when applied for vulnerability management 
practices, caused soil quality to degrade in 
greenhouse vegetable fields. A few studies 
concerning the accumulation of heavy metals in soils 
have also been made [29]. Therefore, research on 
heavy metal accumulation and the rules of variation on  
land-use patterns has important theoretical and 
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vegetable sample was found to contain a high level of 
Cu or Zn. In contrast one vegetable sample contained 

-10.243 mg Pb kg  FW that was above the Chinese Food 
Hygiene Standards whereas the corresponding soil 
Pb concentration was lower than the Chinese Soil 
Environmental Quality Standard. 

Vegetable crop plants have high ability to accumulate 
metals  from the environment, and may pose risks to 
human health  when they are grown on or near 
contaminated lands, and consumed. Metal 
accumulation in plant depends on plant  species, 
growth stages, types of soil and metals, soil 
conditions, weather and environment [3]. Thus, 
accumulation of heavy metals in the edible parts of 
vegetables  represent a direct pathway for their 
incorporation into the human food chain [19]. The 
health risk will  depend upon the land use systems, its 
physical characteristics, types of vegetables 
cultivated and the consumption rate [12].

2. MATERIALS AND METHODS

The soil samples were collected from six different land 
systems. These samples were taken from Thick forest 
(THF), Thin forest (TNF), Pasture land (PSL), Fallow 
land (FWL), Wheat cultivated land (WCL) and Maize 
cultivated land (MCL). From each land system, two soil 
samples were taken, i.e., one from top soil profile (0-20 
cm) and one from sub-soil profile (20-100 cm), and 
each sample was replicated three times. Heavy metal 
fractions were determined by sequential extraction 
procedure. For determination of total metal 

-concentration, samples were digested with HNO3

HClO  (1:5) on hot plate and then brought to a volume 4

of 50 ml with distilled water. Polarized Zeeman atomic 
absorption spectrophotometer was used in order to 
determine the concentration of metals.

Modified version of sequential extraction procedure 
was used in order to fractionate different forms of 
metals (Pb, Cd, Zn, Ni, Cu, Fe). Sequential extraction 
was carried out for each soil sample of six different 
land systems by using 5 g of soil sample in 50 ml 
centrifuge tube. The trace elements were fractionated 
into exchangeable, adsorbed, organically bound, 
carbonate precipitated and residual forms by 
sequential extraction with 25 ml of KNO , de-ionized 3

with water H O, 0.5M NaOH, 0.005M Na EDTA, 4M 2 2

HNO . All these chemicals were added step by step 3

and after the addition of each chemical, samples were 
shaken for 16 hrs in a shaker and then centrifuged for 
10 min at 2500 rpm. The resulting supernatant solution 
was filtered by a 0.22 µm filter. The metal content in all 

these samples were determined by using Polarized 
Zeeman atomic absorption spectrophotometer using 
different standards.

3. RESULTS AND DISCUSSION

Heavy metals fractionation through different land 
systems: Thick forest (THF), Thin forest (TNF), 
Pasture land (PSL), Fallow land (FWL), Wheat 
cultivated land (WCL) and Maize cultivated land 
(MCL)], showed significant difference in all land 
systems. The concentration of heavy metals 
considerably varied in order of HClO  + HNO  > 4 3

Na EDTA > NaOH > KNO  > H 0 for metals, such as 2 3 2

Zinc (Zn), Copper (Cu), Lead (Pb), Cadmium (Cd), and 
Iron (Fe). However the concentration of heavy metal 
for Ni was in the order of HClO  + HNO  > NaOH > 4 3

Na EDTA > KNO  > H O (Table-1). There was a 2 3 2

significant difference in the accumulation of different 
concentrations of heavy metals in different land 
systems. Bai, Ling-yu, et al (2010) showed highly 
significant difference in the accumulation of Cr, Ni, Cu, 
As, Cd, and Zn in soils under different land use 
patterns.

The Fe content in different land use systems were 
greater in top soil profiles than the sub-soil profiles 
(Figure-1). The total iron content in the fallow land 
having highest amounts of total, water soluble, 
exchangeable, carbonate precipitated, residual and 
organically bound forms were present in top profiles as 
compared to sub profiles (Figure-1). Greater Fe 
concentration was observed in top soil profile than in 
sub soils. In the surface soil horizon micronutrient 
distribution was controlled by soil pH and cation 
exchange capacity and so on [26]. The natural and 
human disturbance was greater in the surface horizon 
than in the deeper layers. Zn content in different 
fractions depended on respective total metal 
concentrations in different land system soils, showed 
that the metal extractability is higher in the 
contaminated soils as compared to non-contaminated 
soils irrespective of the extractant used, indicating 
greater potential bio-availability of metals in the 
contaminated soils [32].

Since heavy metals can naturally occur within some P 
fertilizers, and relatively high contents of Cu, Zn, and 
other heavy metals occur in organic manures, 
continuous and combined use of these nutrient 
sources at high application rates can lead to the 
accumulation of heavy metals in agricultural soils [35]. 
The total concentration of Zn in different land use 
systems was found to be the highest in fallow land soil 

practical value not only on the optimum utilization of 
land, but also on preventing excessive accumulation 
of heavy metals which leads to degradation of soil 
quality [30]. The research focused on the impacts of 
different land use patterns on heavy metal 
accumulation in soils. It aimed to provide a reasonable 
theoretical basis for ecological risk assessment, 
forecasting of heavy metal accumulation in soils and 
sustainable use of soil resource under highly intensive 
farming.

Bai, L.Y., et al. (2010) studied heavy metal 
accumulation in soils of different land patterns, and its 
influencing factors, which would provide a theoretical 
basis for controlling the content of heavy metals in 
soils [4]. To identify the effects of land use on the 
accumulation of heavy metals in soils, 148 soil 
samples were collected from four land use patterns, 
including greenhouse field, uncovered vegetable field, 
maize field and forest field in China. Cr, Ni, Cu, As, Cd, 
Pb, and Zn contents of those samples were 
determined with Inductively Coupled Plasma (ICP) 
and ICP-Mass. The result showed that there was 
rather a large difference in effects of the accumulation 
of Cr, Ni, Cu, As, Cd, and Zn in soils under different 
land use patterns except for Pb. Based on the 
assessment that compared with background 
concentrations in soil, a higher accumulation of heavy 
metals was found, in greenhouse and uncovered 
vegetable fields, and much less in maize field and 
forest area. The mean contents of heavy metals in 
soils from high to low were arranged in order of 
greenhouse field, uncovered vegetable field, maize 
field, and forest field. Cd and Cu had relatively serious 
accumulation in soils compared to Cr, Ni, As, and Zn. 
The accumulation of heavy metals, such as Cr, Ni, Cu, 
As, Cd, and Zn in soils was significantly affected by 
land use patterns. It was suggested that the 
application of chemical fertilizers, organic fertilizers 
and pesticides with high contents of heavy metals 
should be avoided to prevent the accumulation of 
heavy metals and keep high quality soils for 
sustainable use.

Essentially, the heavy metals have only become a 
focus of public interest since analytical techniques 
have made it possible to detect them even in very 
small traces or amounts. The relatively careless 
handling of heavy metals and their compounds in 
former times can partly be explained by the fact that 
their effects were unknown. Today analytical detection 

-1is possible down to a thousandth of a mg kg  for 
certain matrixes. This has made it possible for 
toxicologists in animal experiments to follow up the 

effects of individual substances down to the smallest 
concentrations. Their warnings particularly with regard 
to the effects on health of chronic consumption and the 
accumulations to which this leads have startled the 
public and at times mostly as a result of the activities of 
so-called pressure groups have generated genuine 
hysteria [2]. All this has taken place in the context of a 
steady increase in the processing of all types of heavy 
metals in industry and the household. Therefore, 
proper disposal, recycling and the regulation of the 
application of sewage to agricultural land, have 
assumed great importance [16].

Hovmand, M.F., et al. (2008) analyzed atmospheric 
heavy metal (HM) deposition (bulk precipitation) in 
Denmark, combined with European emission 
inventories, that form the basis for calculating  
accumulated atmospheric input to a remote forest 
plantation on the island of Laesoe [34]. Soil samples 
were taken in two depths that is from 0-10 cm and 10-
20 cm from eight forest sites at the island  to determine 
the increase in heavy metal content in the eolian 
deposited top soils of the plantation. Concentrations of 
lead, cadmium, copper, zinc, vanadium, nickel, and 
arsenic were determined in atmospheric deposition 
and in soils. The accumulated atmospheric  deposition 
is of the same magnitude as the increase of these 
metals in the top soil.

Although soil heavy metal pollution is often mentioned, 
little recent information is available on heavy metal 
transfer from soil to vegetables [42]. Some studies 
reported that the bioavailability of soil metal to 
vegetable is controlled by soil properties, soil metal 
speciation and plant species [13]. In addition, foliar 
uptake of atmospheric heavy metal emissions have 
also been identified as an important pathway of heavy 
metal contamination in vegetable crops [35].

Hao, et al. (2009) conducted study on vegetable fields 
in peri-urban areas, from where they received large 
amounts of extraneous heavy metals because of rapid 
urbanization and industrialization in China [22]. The 
concentrations of Cu, Zn, and Pb in 30 soil samples 
and 32 vegetable samples  collected from 30 different 
sites in Southern Jiangsu Province of China were 
measured and their transfer from soil to vegetable was 
determined. The results showed that the soil samples 
had wide ranges of pH (4.25–7.85) and electrical 

-1conductivity (EC) (0.24–3.42 dS m ). Among the soil 
samples there were four soil samples containing 
higher Cu and two soil samples containing higher Zn 
concentrations than those specified in the Chinese 
Soil Environmental Quality Standard. However no 
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vegetable sample was found to contain a high level of 
Cu or Zn. In contrast one vegetable sample contained 

-10.243 mg Pb kg  FW that was above the Chinese Food 
Hygiene Standards whereas the corresponding soil 
Pb concentration was lower than the Chinese Soil 
Environmental Quality Standard. 

Vegetable crop plants have high ability to accumulate 
metals  from the environment, and may pose risks to 
human health  when they are grown on or near 
contaminated lands, and consumed. Metal 
accumulation in plant depends on plant  species, 
growth stages, types of soil and metals, soil 
conditions, weather and environment [3]. Thus, 
accumulation of heavy metals in the edible parts of 
vegetables  represent a direct pathway for their 
incorporation into the human food chain [19]. The 
health risk will  depend upon the land use systems, its 
physical characteristics, types of vegetables 
cultivated and the consumption rate [12].

2. MATERIALS AND METHODS

The soil samples were collected from six different land 
systems. These samples were taken from Thick forest 
(THF), Thin forest (TNF), Pasture land (PSL), Fallow 
land (FWL), Wheat cultivated land (WCL) and Maize 
cultivated land (MCL). From each land system, two soil 
samples were taken, i.e., one from top soil profile (0-20 
cm) and one from sub-soil profile (20-100 cm), and 
each sample was replicated three times. Heavy metal 
fractions were determined by sequential extraction 
procedure. For determination of total metal 

-concentration, samples were digested with HNO3

HClO  (1:5) on hot plate and then brought to a volume 4

of 50 ml with distilled water. Polarized Zeeman atomic 
absorption spectrophotometer was used in order to 
determine the concentration of metals.

Modified version of sequential extraction procedure 
was used in order to fractionate different forms of 
metals (Pb, Cd, Zn, Ni, Cu, Fe). Sequential extraction 
was carried out for each soil sample of six different 
land systems by using 5 g of soil sample in 50 ml 
centrifuge tube. The trace elements were fractionated 
into exchangeable, adsorbed, organically bound, 
carbonate precipitated and residual forms by 
sequential extraction with 25 ml of KNO , de-ionized 3

with water H O, 0.5M NaOH, 0.005M Na EDTA, 4M 2 2

HNO . All these chemicals were added step by step 3

and after the addition of each chemical, samples were 
shaken for 16 hrs in a shaker and then centrifuged for 
10 min at 2500 rpm. The resulting supernatant solution 
was filtered by a 0.22 µm filter. The metal content in all 

these samples were determined by using Polarized 
Zeeman atomic absorption spectrophotometer using 
different standards.

3. RESULTS AND DISCUSSION

Heavy metals fractionation through different land 
systems: Thick forest (THF), Thin forest (TNF), 
Pasture land (PSL), Fallow land (FWL), Wheat 
cultivated land (WCL) and Maize cultivated land 
(MCL)], showed significant difference in all land 
systems. The concentration of heavy metals 
considerably varied in order of HClO  + HNO  > 4 3

Na EDTA > NaOH > KNO  > H 0 for metals, such as 2 3 2

Zinc (Zn), Copper (Cu), Lead (Pb), Cadmium (Cd), and 
Iron (Fe). However the concentration of heavy metal 
for Ni was in the order of HClO  + HNO  > NaOH > 4 3

Na EDTA > KNO  > H O (Table-1). There was a 2 3 2

significant difference in the accumulation of different 
concentrations of heavy metals in different land 
systems. Bai, Ling-yu, et al (2010) showed highly 
significant difference in the accumulation of Cr, Ni, Cu, 
As, Cd, and Zn in soils under different land use 
patterns.

The Fe content in different land use systems were 
greater in top soil profiles than the sub-soil profiles 
(Figure-1). The total iron content in the fallow land 
having highest amounts of total, water soluble, 
exchangeable, carbonate precipitated, residual and 
organically bound forms were present in top profiles as 
compared to sub profiles (Figure-1). Greater Fe 
concentration was observed in top soil profile than in 
sub soils. In the surface soil horizon micronutrient 
distribution was controlled by soil pH and cation 
exchange capacity and so on [26]. The natural and 
human disturbance was greater in the surface horizon 
than in the deeper layers. Zn content in different 
fractions depended on respective total metal 
concentrations in different land system soils, showed 
that the metal extractability is higher in the 
contaminated soils as compared to non-contaminated 
soils irrespective of the extractant used, indicating 
greater potential bio-availability of metals in the 
contaminated soils [32].

Since heavy metals can naturally occur within some P 
fertilizers, and relatively high contents of Cu, Zn, and 
other heavy metals occur in organic manures, 
continuous and combined use of these nutrient 
sources at high application rates can lead to the 
accumulation of heavy metals in agricultural soils [35]. 
The total concentration of Zn in different land use 
systems was found to be the highest in fallow land soil 

practical value not only on the optimum utilization of 
land, but also on preventing excessive accumulation 
of heavy metals which leads to degradation of soil 
quality [30]. The research focused on the impacts of 
different land use patterns on heavy metal 
accumulation in soils. It aimed to provide a reasonable 
theoretical basis for ecological risk assessment, 
forecasting of heavy metal accumulation in soils and 
sustainable use of soil resource under highly intensive 
farming.

Bai, L.Y., et al. (2010) studied heavy metal 
accumulation in soils of different land patterns, and its 
influencing factors, which would provide a theoretical 
basis for controlling the content of heavy metals in 
soils [4]. To identify the effects of land use on the 
accumulation of heavy metals in soils, 148 soil 
samples were collected from four land use patterns, 
including greenhouse field, uncovered vegetable field, 
maize field and forest field in China. Cr, Ni, Cu, As, Cd, 
Pb, and Zn contents of those samples were 
determined with Inductively Coupled Plasma (ICP) 
and ICP-Mass. The result showed that there was 
rather a large difference in effects of the accumulation 
of Cr, Ni, Cu, As, Cd, and Zn in soils under different 
land use patterns except for Pb. Based on the 
assessment that compared with background 
concentrations in soil, a higher accumulation of heavy 
metals was found, in greenhouse and uncovered 
vegetable fields, and much less in maize field and 
forest area. The mean contents of heavy metals in 
soils from high to low were arranged in order of 
greenhouse field, uncovered vegetable field, maize 
field, and forest field. Cd and Cu had relatively serious 
accumulation in soils compared to Cr, Ni, As, and Zn. 
The accumulation of heavy metals, such as Cr, Ni, Cu, 
As, Cd, and Zn in soils was significantly affected by 
land use patterns. It was suggested that the 
application of chemical fertilizers, organic fertilizers 
and pesticides with high contents of heavy metals 
should be avoided to prevent the accumulation of 
heavy metals and keep high quality soils for 
sustainable use.

Essentially, the heavy metals have only become a 
focus of public interest since analytical techniques 
have made it possible to detect them even in very 
small traces or amounts. The relatively careless 
handling of heavy metals and their compounds in 
former times can partly be explained by the fact that 
their effects were unknown. Today analytical detection 

-1is possible down to a thousandth of a mg kg  for 
certain matrixes. This has made it possible for 
toxicologists in animal experiments to follow up the 

effects of individual substances down to the smallest 
concentrations. Their warnings particularly with regard 
to the effects on health of chronic consumption and the 
accumulations to which this leads have startled the 
public and at times mostly as a result of the activities of 
so-called pressure groups have generated genuine 
hysteria [2]. All this has taken place in the context of a 
steady increase in the processing of all types of heavy 
metals in industry and the household. Therefore, 
proper disposal, recycling and the regulation of the 
application of sewage to agricultural land, have 
assumed great importance [16].

Hovmand, M.F., et al. (2008) analyzed atmospheric 
heavy metal (HM) deposition (bulk precipitation) in 
Denmark, combined with European emission 
inventories, that form the basis for calculating  
accumulated atmospheric input to a remote forest 
plantation on the island of Laesoe [34]. Soil samples 
were taken in two depths that is from 0-10 cm and 10-
20 cm from eight forest sites at the island  to determine 
the increase in heavy metal content in the eolian 
deposited top soils of the plantation. Concentrations of 
lead, cadmium, copper, zinc, vanadium, nickel, and 
arsenic were determined in atmospheric deposition 
and in soils. The accumulated atmospheric  deposition 
is of the same magnitude as the increase of these 
metals in the top soil.

Although soil heavy metal pollution is often mentioned, 
little recent information is available on heavy metal 
transfer from soil to vegetables [42]. Some studies 
reported that the bioavailability of soil metal to 
vegetable is controlled by soil properties, soil metal 
speciation and plant species [13]. In addition, foliar 
uptake of atmospheric heavy metal emissions have 
also been identified as an important pathway of heavy 
metal contamination in vegetable crops [35].

Hao, et al. (2009) conducted study on vegetable fields 
in peri-urban areas, from where they received large 
amounts of extraneous heavy metals because of rapid 
urbanization and industrialization in China [22]. The 
concentrations of Cu, Zn, and Pb in 30 soil samples 
and 32 vegetable samples  collected from 30 different 
sites in Southern Jiangsu Province of China were 
measured and their transfer from soil to vegetable was 
determined. The results showed that the soil samples 
had wide ranges of pH (4.25–7.85) and electrical 

-1conductivity (EC) (0.24–3.42 dS m ). Among the soil 
samples there were four soil samples containing 
higher Cu and two soil samples containing higher Zn 
concentrations than those specified in the Chinese 
Soil Environmental Quality Standard. However no 
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-1with 123.25 mg kg  and lowest in thick forest (71.23 
-1mg kg ) (Table-1). Zinc is a necessary element for 

humans, animals and plants and is often found in the 
limestone soils. Chemical fertilizers, pesticides and 
pigments add in zinc to the environment, which is also 
used in a variety of alloys, such as bronze and brass 
[36].The extractable zinc content using different 
extractants was noticed in the following order HNO  > 3

Na EDTA > NaOH > KNO  (Table-1). Zinc was mostly 2 3

concentrated in the residual fraction, although it was 
also present in other fractions [5]. The  greater 
percentage of Zn in the residual fraction probably 
reflects the greater tendency for Zn to become 
unavailable [5]. A significant amount of Zn was 
associated with the non residual fractions in soils 
studied, indicating that this metal was potentially 
bioavailable. The exchangeable fraction is generally 
considered immediate nutrient reservoir for plants 
[13]. The greater concentration of Zn was in residual 
form but its content was also significant in carbonate, 
precipitated and organically bound form.  Water and 
soils in the suburbs have suffered from heavy metal 
pollution to some extent, which might lead to 
excessive accumulation of one or several heavy 
metals, such as Cd, Hg, Cr, As, and Pb in vegetables 
[25]. Metals associated with carbonates would be 
susceptible to pH changes, and may be regarded as 
potentially phytoavailable. 

4. CONCLUSIONS
 

A study was conducted to compare changes in heavy 
metals fractions through different land systems, which 
were thick forest (THF), thin forest (TNF), pasture land 
(PSL), fallow land (FWL), wheat cultivated land (WCL) 
and maize cultivated land (MCL). The research 
focused on the impacts of different land use patterns 
on heavy metal accumulation in soils. It aimed to 
provide a reasonable theoretical basis for ecological 
risk assessment, forecasting of heavy metal 
accumulation in soils and sustainable use of soil 
resource. The study showed significant difference in 
all land systems. Heavy metals were observed highest 
in fallow land, and lowest in thick forest land. The 
concentrations varied in order of FWL > PL > MCL > 
WCL > TNF > TFS. The concentrations of heavy 
metals considerably varied in order of HClO  + HNO > 4 3 

Na EDTA > NaOH > KNO  > H 0 for Zn, Cu, Pb, Cd, Fe. 2 3 2

However, the concentration of nickel was in the order 
of HClO  + HNO  > NaOH > Na EDTA > KNO  > H O. 4 3 2 3 2

Results showed that land use affects soil depth and 
concentration of heavy metals decreased with soil 
depth. This research carried on heavy metal 
accumulation under different  land use systems has 
important theoretical and practical value, not only on 
the optimization of land use but also on preventing 
excessive accumulation of heavy metals that leads to 
degradation of soil quality.
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-1with 123.25 mg kg  and lowest in thick forest (71.23 
-1mg kg ) (Table-1). Zinc is a necessary element for 

humans, animals and plants and is often found in the 
limestone soils. Chemical fertilizers, pesticides and 
pigments add in zinc to the environment, which is also 
used in a variety of alloys, such as bronze and brass 
[36].The extractable zinc content using different 
extractants was noticed in the following order HNO  > 3

Na EDTA > NaOH > KNO  (Table-1). Zinc was mostly 2 3

concentrated in the residual fraction, although it was 
also present in other fractions [5]. The  greater 
percentage of Zn in the residual fraction probably 
reflects the greater tendency for Zn to become 
unavailable [5]. A significant amount of Zn was 
associated with the non residual fractions in soils 
studied, indicating that this metal was potentially 
bioavailable. The exchangeable fraction is generally 
considered immediate nutrient reservoir for plants 
[13]. The greater concentration of Zn was in residual 
form but its content was also significant in carbonate, 
precipitated and organically bound form.  Water and 
soils in the suburbs have suffered from heavy metal 
pollution to some extent, which might lead to 
excessive accumulation of one or several heavy 
metals, such as Cd, Hg, Cr, As, and Pb in vegetables 
[25]. Metals associated with carbonates would be 
susceptible to pH changes, and may be regarded as 
potentially phytoavailable. 

4. CONCLUSIONS
 

A study was conducted to compare changes in heavy 
metals fractions through different land systems, which 
were thick forest (THF), thin forest (TNF), pasture land 
(PSL), fallow land (FWL), wheat cultivated land (WCL) 
and maize cultivated land (MCL). The research 
focused on the impacts of different land use patterns 
on heavy metal accumulation in soils. It aimed to 
provide a reasonable theoretical basis for ecological 
risk assessment, forecasting of heavy metal 
accumulation in soils and sustainable use of soil 
resource. The study showed significant difference in 
all land systems. Heavy metals were observed highest 
in fallow land, and lowest in thick forest land. The 
concentrations varied in order of FWL > PL > MCL > 
WCL > TNF > TFS. The concentrations of heavy 
metals considerably varied in order of HClO  + HNO > 4 3 

Na EDTA > NaOH > KNO  > H 0 for Zn, Cu, Pb, Cd, Fe. 2 3 2

However, the concentration of nickel was in the order 
of HClO  + HNO  > NaOH > Na EDTA > KNO  > H O. 4 3 2 3 2

Results showed that land use affects soil depth and 
concentration of heavy metals decreased with soil 
depth. This research carried on heavy metal 
accumulation under different  land use systems has 
important theoretical and practical value, not only on 
the optimization of land use but also on preventing 
excessive accumulation of heavy metals that leads to 
degradation of soil quality.
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ABSTRACT
 

Frequent natural calamities, extreme climatic events 
and unexpected seasonal changes are the obvious 
examples of global warming. Carbon emissions by 
industrial units all over the world are believed to be the 
major contributor of the global warming that can lead 
to reduced agricultural productivity. This paper 
examines the impact of CO  emission on agricultural 2

productivity in Southeast Asian countries. It 
investigates the dynamic relationship between CO  2

emission (along with other control-variables) and 
agricultural output using panel data set comprising 
data from Southeast Asian countries. Following the 
dynamic heterogeneous panel techniques developed 
by Pesaran and Shin (1999) for estimating the short- 
run and long-run effects using autoregressive 
distributed lag (ARDL) model in the error correction 
form, the study then estimated the empirical model 
based on pooled mean group (PMG) estimator. The 
study found that increased CO  emission resulted in 2

higher agricultural productivity because of the fact that 
farmers around the globe quickly adapt to climate 
change. In addition, use of submersible pump and 
other capital machineries significantly increased 
agricultural yield and led to reduced dependency on 
human capital, while use of chemical fertilizers 
increased productivity in short-run but had a harmful 
impact in the long-run.

Keywords: CO  emission, agricultural productivity, 2

Southeast Asia, and PMG estimation.
 

1. INTRODUCTION
 

Agriculture sector is climate dependent and sensitive 
to climate changes that have direct effect on its 
productivity. Various climatic events, such as rise in 
temperature, change in the frequency and intensity of 
rainfall and natural calamities (such as, cyclone, 
tornado, and tsunami) are directly linked to increased 
level of CO  emission. Extreme climatic events are 2

likely to become more common and to have 
substantial effects on irrigated agriculture. 

As most of the developing countries depend heavily on 
agriculture, the effects of CO  emission on productive 2

croplands are likely to be threatening to both the 
welfare of the populations and the economic 
development of these countries. Tropical regions in 
the developing world are particularly vulnerable to 
damage from environmental changes because the 

unfertile soils that cover large areas of these regions 
already have made much of the land unusable for 
cultivation. 
 

The choice of the crops cultivated and the optimal 
planting and harvesting times depend directly on the 
weather conditions in each region. This implies that 
the impending climate change due to increase in 
greenhouse gases will have direct effect on 
agricultural productivity, and, consequently, on 
farmers’ incomes.
 

Climate change is already evident in Europe, Asia and 
other parts of the world, as noted by a comparison of 
the frequency of draughts and other extreme weather 
phenomena in the last half century (Olesen and Bindi, 
2002). Many people believe that emissions of 
greenhouse gases due to anthroprogenic activities will 
lead to higher temperatures and increased 

stprecipitation during the 21  century. Similarly, these 
changes are thought to have an impact on economic 
well being as well. The question remains: ‘if such 
changes occur, will their economic effects be positive 
or negative?’ A definitive answer to this question is 
likely to take a while, but recent research has shed 
light on one important aspect. Deschênes Olivier and 
Michael Greenstone (2007) showed that the changes 
in temperatures and precipitation forecast by the 
standard models of climate change will actually benefit 
agriculture in America. The most widely cited models 
of climate change predict that over the remainder of 
the century, average temperatures will rise by about 

o50 F, and precipitation will eventually result in an 
average 8-inch increase in rain every year. Using 
these predictions, combined with the effects of past 
swings in temperature and precipitation, the authors 
concluded that agricultural productivity in the United 
States is likely to rise slightly (about 4 percent) due to 
climate change, yielding modest positive economic 
benefits.

In Southeast Asian region the overall agricultural 
productivity has shown gradual increase (Sujan, et al., 
2011). The factors behind this growth are many but 
some are very influencing. The use of chemical 
fertilizers seems to have played an important role in 
this growth. In this paper, therefore, we examine the 
effect of various factors behind the increase in South 
Asia’s agricultural productivity, and suggest 
appropriate policy options addressing carbon 
emission and agricultural productivity in Southeast 
Asia.
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Malaysia, Philippines, Lao People's Democratic 
Republic, Iran, and Cambodia, for a period of 37 years 
ranging from 1975 to 2011. Data was collected from 
FAO and the World Bank database and E-views 7 was 
used to analyze the data.

3.1 The Static Models

The traditional static models, such as pooled OLS, 
fixed effect and random effect have some serious 
limitations. For example, pooled OLS is highly 
restricted model since it considers the common 
intercept and coefficients for all cross-sectional and 
time series observations. In fixed effect model both the 
cross-sectional and time effect series can be 
observed, although such observation is restricted with 
the loss of degree of freedom due to introduction of a 
large number of dummy variables, especially in two 
way fixed models (Gujarati, 2002). In contrast to the 
fixed effect model, random effect is relatively less 
restrictive, since it considers cross sectional effects. 
However, random effect also has other severe 
limitations, i.e. the model is time invariant. This implies 
that the error at any period is uncorrelated with past, 
present and future, known as strict exogenity 
(Arellano, 2004). However, in real life such 
assumption very often rules out. 

Furthermore, panel cointegration test reveals the 
long- run relationship, like pedroni, fisher, bretung and 
so on, but these models have some prerequisite 
conditions. For instance, all the variables have to be of 
the same integrated order otherwise the models would 
provide spurious results (Gries, et al., 2009). 
Moreover, there is always the possibility of 
multicollinearity, since most models consider a 
number of variables. Moreover, these models hold 
another assumption, i.e., the errors are conditionally 
homoskedastic and not serially correlated, which is 
very unexpected in the case of macro time series data 
(Arellano, 2004). 

Once this assumption rules out the ordinary 
regression formula for estimating the within-group 
variance, it leads to inconsistent standard errors. On 
the other hand, random effect would be an appropriate 
specification in drawing N individuals randomly from a 
large population, but still the model is time invariant. 
Therefore, the model is unable to capture the dynamic 
nature of the data.

3.2 The Dynamic Panel Methodologies

One of the oldest methodologies used in panel data 

analysis to capture the dynamic nature of the data 
series is the ‘GMM panel estimators’, where GMM 
stands for Gaussian Mixture Model. This model 
captures the short-run dynamics. However, in this 
approach, the integration and the cointegration 
properties of the data are ignored. Thus, it is not clear 
whether the estimated panel models represent a 
structural long-run equilibrium relationship or a 
spurious one (Christopoulos & Tsionas, 2004). 
Moreover, Kiviet (1995) argued that in GMM 
estimation the imposit ion of homogeneity 
assumptions on the coefficients of lagged dependant 
variables could lead to serious biases. Moreover, the 
GMM and other pooled estimation models, such as the 
fixed effects and instrumental variables approach are 
intended to address potential mis-specifications and 
achieve consistent estimates in the presence of 
endogeneity.

The estimation procedures assume homogeneity in 
the slope coefficients. Then again, these estimation 
procedures are likely to produce inconsistent and 
misleading long-run coefficients unless the slope 
coefficients are indeed identical (Pesaran, et 
al.,1999).

Since the study focuses on identifying the long and 
short-run association between CO  and agriculture 2

GDP, as well as to investigate the possibility of 
heterogeneous dynamic issues across countries, the 
appropriate technique to be used for the analysis of 
dynamic panels is autoregressive distributed lag 
ARDL (p,q) model in the error correction form. Then to 
estimate the model based on the mean group (MG) 
presented by Pesaran and Smith (1995) and pooled 
mean group (PMG) estimators developed by Pesaran, 
et al. (1999).

3.3 The PMG Model

Pesaran and Smith (1995), Pesaran (1997), and 
Pesaran and Shin (1999), present the autoregressive 
distributed lag (ARDL) in the error correction form as a 
relatively new cointegration test. Here emphasis has 
been laid to have simple modifications to standard 
methods in order to have consistent and efficient 
estimates of the parameters in a long-run relationship. 
Though Johansen (1995) and Philipps & Bruce (1990) 
argued that the long-run relationships exist only in the 
context of cointegration among integrated variables, 
but Pesaran and Shin (1999) argued against such 
assumption and presented number of econometric 
advantages of the PMG and MG comparing with other 
methods. First, the application of PMG and MG 

2. LITERATURE REVIEW

Tremendous volume of research has been done in the 
field of climate change and global warming. However, 
specific studies on ‘impact of carbon emission on 
agricultural productivity’ are limited in number. Singh 
and Stewart (1991) examined the potential impacts of 
climate change resulting from an effective doubling of 
atmospheric CO  on the potential and anticipated 2

yields of a variety of agricultural crops, including corn, 
soya, potatoes, wheat, phaseolus beans, sorghum, 
barley, oats, rapeseed and sunflowers, as well as two 
horticultural crops, namely apples and grapes for 
southern Quebec. It was found that yields would 
increase for some crops, such as corn, soybeans, 
potatoes, phaseolus beans and sorghum and would 
decrease for the cereal and oilseed crops, namely 
wheat, barley, oats, sunflowers and rapeseed. 
Production opportunities for apples and grapes were 
enhanced. Also, it appeared that the more northerly 
regions of Abitibi-Témiscamingue and Lac St-Jean 
would benefit most, in terms of agriculture, from a CO -2

induced climate change.

Olszyk, et al. (1999) estimated potential impacts of 
global climate change on rice yield in the Philippines 
and found that with ambient CO  and elevated 2

temperature, both simulations and experiments 
generally showed no change in grain yield and 
biomass. But none of the responses in the 
experiments were statistically significant. For both 
elevated CO  and elevated temperature, simulated 2

grain yield increased in all three seasons, whereas 
there were no significant effects on experimental grain 
yield.

Arthur, et al. (2007) investigated the environmental 
consequence of increased atmospheric carbon 
dioxide. Using a descriptive method, the study 
concluded that increased atmospheric carbon 
emission showed a marked positive effect in plant 
growth, and predictions of harmful climatic effects due 
to future increases in hydrocarbon use and minor 
amounts of green house gases like CO  do not 2

conform to current experimental knowledge.

Daniel, et al. (2009) examined potential climate 
change impacts on the productivity of five major crops 
in the Eastern China and found that aggregate 
potential productivity increased 6.5% for rice, 8.3% for 
canola, 18.6% for corn, 22.9% for potato, and 24.9% 
for winter wheat. Although with significant spatial 
variability for each crop and without the enhanced 
CO -fertilization effect, potential productivity declines 2

in all cases ranging from 2.5 % to 12 %.

Quiggin, et al, (2010) used a simulation model of state-
contingent production to analyze the effects of climate 
change adaptation, which revealed that climate 
change will have adverse effect on irrigated agriculture 
in the Murray–Darling Basin in Australia, and a 
combination of climate mitigation and adaptation 
through variation in land and water uses will allow the 
maintenance of agricultural water use and 
environmental flows. Seo (2011) examined gross cell 
product (GCP) of Australia and New Zealand to 
quantify the impact of climate change and revealed 
that GCP falls sharply as temperature increases in the 
region. A 1°C increase in temperature would increase 
the productivity with an elasticity of -2.4, and 1 percent 
decrease in precipitation would decrease productivity 
with an elasticity of -2.3 with exception for forest 
vegetation on the coast that will benefit from initial 
warming. 

Hui, et al. (2013) found that simulated productions of 
grain crop inherit uncertainty from using different 
climate models, emission scenarios and the crops 
simulation models. They assessed that the magnitude 
of change in crop production due to climate change 
appears within ±10% for China, and also reported that 
three cereal crop yields showed decline under climate 
change scenarios, and only wheat yields in some 
region showed increase. Besides, the uncertainty for 
crop yield projection is associated with climate change 
scenarios, CO  fertilization effects and adaptation 2

options.

Thus, it is concluded that the literature on “CO  and 2

agriculture production linkage” is not very rich and 
findings of previous researches cited above are mixed 
around the different parts of globe, perhaps because 
of variations in climatic conditions. 

3. M E T H O D O L O G Y  A N D  M O D E L  
SPECIFICATION

This study has paid a sterling attention to assess the 
impact of CO  emission along with other relevant 2

control variables, e.g., use of fertilizer, capital and 
population, on agriculture growth. In general, there is a 
consensus that panel data has fundamental 
advantages over a cross section or time series data, 
as panel estimation blends the time and cross 
sectional observations. Therefore, to accomplish the 
task panel data set has been used for 13 countries in 
Southeast Asia, namely Bangladesh, India, Bhutan, 
Nepal, Pakistan, Sri Lanka, Maldives, Thailand, 
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Malaysia, Philippines, Lao People's Democratic 
Republic, Iran, and Cambodia, for a period of 37 years 
ranging from 1975 to 2011. Data was collected from 
FAO and the World Bank database and E-views 7 was 
used to analyze the data.

3.1 The Static Models

The traditional static models, such as pooled OLS, 
fixed effect and random effect have some serious 
limitations. For example, pooled OLS is highly 
restricted model since it considers the common 
intercept and coefficients for all cross-sectional and 
time series observations. In fixed effect model both the 
cross-sectional and time effect series can be 
observed, although such observation is restricted with 
the loss of degree of freedom due to introduction of a 
large number of dummy variables, especially in two 
way fixed models (Gujarati, 2002). In contrast to the 
fixed effect model, random effect is relatively less 
restrictive, since it considers cross sectional effects. 
However, random effect also has other severe 
limitations, i.e. the model is time invariant. This implies 
that the error at any period is uncorrelated with past, 
present and future, known as strict exogenity 
(Arellano, 2004). However, in real life such 
assumption very often rules out. 

Furthermore, panel cointegration test reveals the 
long- run relationship, like pedroni, fisher, bretung and 
so on, but these models have some prerequisite 
conditions. For instance, all the variables have to be of 
the same integrated order otherwise the models would 
provide spurious results (Gries, et al., 2009). 
Moreover, there is always the possibility of 
multicollinearity, since most models consider a 
number of variables. Moreover, these models hold 
another assumption, i.e., the errors are conditionally 
homoskedastic and not serially correlated, which is 
very unexpected in the case of macro time series data 
(Arellano, 2004). 

Once this assumption rules out the ordinary 
regression formula for estimating the within-group 
variance, it leads to inconsistent standard errors. On 
the other hand, random effect would be an appropriate 
specification in drawing N individuals randomly from a 
large population, but still the model is time invariant. 
Therefore, the model is unable to capture the dynamic 
nature of the data.

3.2 The Dynamic Panel Methodologies

One of the oldest methodologies used in panel data 

analysis to capture the dynamic nature of the data 
series is the ‘GMM panel estimators’, where GMM 
stands for Gaussian Mixture Model. This model 
captures the short-run dynamics. However, in this 
approach, the integration and the cointegration 
properties of the data are ignored. Thus, it is not clear 
whether the estimated panel models represent a 
structural long-run equilibrium relationship or a 
spurious one (Christopoulos & Tsionas, 2004). 
Moreover, Kiviet (1995) argued that in GMM 
estimation the imposit ion of homogeneity 
assumptions on the coefficients of lagged dependant 
variables could lead to serious biases. Moreover, the 
GMM and other pooled estimation models, such as the 
fixed effects and instrumental variables approach are 
intended to address potential mis-specifications and 
achieve consistent estimates in the presence of 
endogeneity.

The estimation procedures assume homogeneity in 
the slope coefficients. Then again, these estimation 
procedures are likely to produce inconsistent and 
misleading long-run coefficients unless the slope 
coefficients are indeed identical (Pesaran, et 
al.,1999).

Since the study focuses on identifying the long and 
short-run association between CO  and agriculture 2

GDP, as well as to investigate the possibility of 
heterogeneous dynamic issues across countries, the 
appropriate technique to be used for the analysis of 
dynamic panels is autoregressive distributed lag 
ARDL (p,q) model in the error correction form. Then to 
estimate the model based on the mean group (MG) 
presented by Pesaran and Smith (1995) and pooled 
mean group (PMG) estimators developed by Pesaran, 
et al. (1999).

3.3 The PMG Model

Pesaran and Smith (1995), Pesaran (1997), and 
Pesaran and Shin (1999), present the autoregressive 
distributed lag (ARDL) in the error correction form as a 
relatively new cointegration test. Here emphasis has 
been laid to have simple modifications to standard 
methods in order to have consistent and efficient 
estimates of the parameters in a long-run relationship. 
Though Johansen (1995) and Philipps & Bruce (1990) 
argued that the long-run relationships exist only in the 
context of cointegration among integrated variables, 
but Pesaran and Shin (1999) argued against such 
assumption and presented number of econometric 
advantages of the PMG and MG comparing with other 
methods. First, the application of PMG and MG 

2. LITERATURE REVIEW

Tremendous volume of research has been done in the 
field of climate change and global warming. However, 
specific studies on ‘impact of carbon emission on 
agricultural productivity’ are limited in number. Singh 
and Stewart (1991) examined the potential impacts of 
climate change resulting from an effective doubling of 
atmospheric CO  on the potential and anticipated 2

yields of a variety of agricultural crops, including corn, 
soya, potatoes, wheat, phaseolus beans, sorghum, 
barley, oats, rapeseed and sunflowers, as well as two 
horticultural crops, namely apples and grapes for 
southern Quebec. It was found that yields would 
increase for some crops, such as corn, soybeans, 
potatoes, phaseolus beans and sorghum and would 
decrease for the cereal and oilseed crops, namely 
wheat, barley, oats, sunflowers and rapeseed. 
Production opportunities for apples and grapes were 
enhanced. Also, it appeared that the more northerly 
regions of Abitibi-Témiscamingue and Lac St-Jean 
would benefit most, in terms of agriculture, from a CO -2

induced climate change.

Olszyk, et al. (1999) estimated potential impacts of 
global climate change on rice yield in the Philippines 
and found that with ambient CO  and elevated 2

temperature, both simulations and experiments 
generally showed no change in grain yield and 
biomass. But none of the responses in the 
experiments were statistically significant. For both 
elevated CO  and elevated temperature, simulated 2

grain yield increased in all three seasons, whereas 
there were no significant effects on experimental grain 
yield.

Arthur, et al. (2007) investigated the environmental 
consequence of increased atmospheric carbon 
dioxide. Using a descriptive method, the study 
concluded that increased atmospheric carbon 
emission showed a marked positive effect in plant 
growth, and predictions of harmful climatic effects due 
to future increases in hydrocarbon use and minor 
amounts of green house gases like CO  do not 2

conform to current experimental knowledge.

Daniel, et al. (2009) examined potential climate 
change impacts on the productivity of five major crops 
in the Eastern China and found that aggregate 
potential productivity increased 6.5% for rice, 8.3% for 
canola, 18.6% for corn, 22.9% for potato, and 24.9% 
for winter wheat. Although with significant spatial 
variability for each crop and without the enhanced 
CO -fertilization effect, potential productivity declines 2

in all cases ranging from 2.5 % to 12 %.

Quiggin, et al, (2010) used a simulation model of state-
contingent production to analyze the effects of climate 
change adaptation, which revealed that climate 
change will have adverse effect on irrigated agriculture 
in the Murray–Darling Basin in Australia, and a 
combination of climate mitigation and adaptation 
through variation in land and water uses will allow the 
maintenance of agricultural water use and 
environmental flows. Seo (2011) examined gross cell 
product (GCP) of Australia and New Zealand to 
quantify the impact of climate change and revealed 
that GCP falls sharply as temperature increases in the 
region. A 1°C increase in temperature would increase 
the productivity with an elasticity of -2.4, and 1 percent 
decrease in precipitation would decrease productivity 
with an elasticity of -2.3 with exception for forest 
vegetation on the coast that will benefit from initial 
warming. 

Hui, et al. (2013) found that simulated productions of 
grain crop inherit uncertainty from using different 
climate models, emission scenarios and the crops 
simulation models. They assessed that the magnitude 
of change in crop production due to climate change 
appears within ±10% for China, and also reported that 
three cereal crop yields showed decline under climate 
change scenarios, and only wheat yields in some 
region showed increase. Besides, the uncertainty for 
crop yield projection is associated with climate change 
scenarios, CO  fertilization effects and adaptation 2

options.

Thus, it is concluded that the literature on “CO  and 2

agriculture production linkage” is not very rich and 
findings of previous researches cited above are mixed 
around the different parts of globe, perhaps because 
of variations in climatic conditions. 

3. M E T H O D O L O G Y  A N D  M O D E L  
SPECIFICATION

This study has paid a sterling attention to assess the 
impact of CO  emission along with other relevant 2

control variables, e.g., use of fertilizer, capital and 
population, on agriculture growth. In general, there is a 
consensus that panel data has fundamental 
advantages over a cross section or time series data, 
as panel estimation blends the time and cross 
sectional observations. Therefore, to accomplish the 
task panel data set has been used for 13 countries in 
Southeast Asia, namely Bangladesh, India, Bhutan, 
Nepal, Pakistan, Sri Lanka, Maldives, Thailand, 
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significantly different, and one uses the average 
estimator. If there are outliers the average estimator 
may have a large variance and in that case the 
Hausman test would have little relevance. 

Another important issue is that when the main interest 
is on the long-run parameters, and with a limited 
number of time series observations, ARDL lag 
structure should not be overextended as this imposes 
excessive parameter requirements on the data. The 
lag order can be selected either by tests, such as the 
Schwartz-Bayesian Criterion, or it might be imposed 
according to the data limitation, as is the case here that 
the time dimension is not long enough to over-extend 
the lags (Loayza and Ranciere, 2006).

Given the above discussion, the choice amongst the 
methodologies is a trade-off between efficiency and 
consistency. Therefore, at this stage the study 
developed the ARDL specification formulated with 
reference of Loayza and Ranciere (2006), which can 
be presented as follows:

where, y is agriculture GDP, X is a set of independent 
variables, including the CO , the subscripts i and t 2

represent country and time, respectively. The term in 
the square brackets contains the long- run growth 
regression. 

The equation (1) can be estimated by either PMG or 
MG or even DFE estimators, where all the three 
models consider the long-run equilibrium and the 
heterogeneity of dynamic adjustment process 
(Demetriades and Hook, 2006). Moreover, these 
estimators are computed by maximum likelihood 
estimations.

4. RESULTS AND DISCUSSION

The Table-1 summarizes the dynamic impact of CO  2

emission along with other control variables on real 
agriculture GDP growth. As per the PMG, MG and DFE 
estimators under panel ARDL(p,q) model by Pesaran, 
et al (2001), the error correction coefficient has to be 
negative and greater than -2 for the confirmation of the 
long-run elasticity. Expectedly, all the three estimators 
provide negative (greater than -2) and statistically 
significant coefficient. Since each model has particular 
features in terms of long-run and short-run 
homogeneity restriction, hence for this study 
Hausman test was conducted to evaluate the 

difference among PMG, MG and DFE. Here the long-
run coefficients from PMG are restricted to be 
homogenous, while unrestricted for MG (Pesaran, 
Shin, and Smith, 1999). However, DFE considers all 
the coefficients, short-run and long-run are restricted 
to be same for all countries. Table-1 shows that 
Hausman test-1 accepts the null of coefficient 
restricted to be same in long-run, whereas Hausman 
test-2 confirms that the coefficient of both short-run 
and long-run are homogenous. Since the table shows 
DFE is consistent and efficient over PMG and MG, 
therefore this study emphasizes on interpreting the 
result from DFE as the Hausman test confirms that 
DFE is consistent and efficient over MG and PMG, 
which implies that the impact of CO  along with other 2

controls follow a homogenous nature across the 
concerned countries in short and long-run.

It is found that CO  has a positive and statistically 2

significant effect at 1% level indicating that it promoted 
the Agricultrual Gross Domestic Product (AGDP) 
despite having a lot of criticism about emission as 
shown by DFE estimation. This finding is not surprising 
since it is in line with the empirical findings of several 
studies including Singh and Stewart (1991). Table-1 
also shows a positive and significant association 
between CO  and AGDP in short-run, though the result 2

obtained from PMG and MG analyses showed a 
statistically insignificant result.

In addition, the long-run coefficient from the DFE 
reported that capital employed in agriculture sector 
has a positive and significant impact on AGDP though 
PMG and MG provided positive but insignificant 
coefficients. However, the positive sign with 
statistically significant coefficient of capital from all 
three estimators revealed that capital fostered AGDP 
in the short-run in countries under study.

The population involved in agriculture sector, 
however, does not have a significant impact on AGDP, 
neither in short-run nor in the long-run as provided by 
the DFE estimation, because farmers use more of 
capital equipments and depend less on human capital. 
Though PMG found a significant coefficient, but the 
study considers DFE as per Hausman confirmation of 
long-run and short-run homogeneity restriction.

Though chemical fertilizer is used in agriculture sector 
very extensively, it has a negative impact on long- run 
AGDP, as the coefficient of fertilizer obtained from 
DFE is negative and significant. However, the short- 
run impact of fertilizer is significantly positive for 
fostering the short-run AGDP.

estimators do not require cointegration tests. 
Moreover, validity of stationarity or integration 
between the variables to estimate long-run 
relationships and of pre-testing for unit roots is no 
longer required, because this methodology allows 
estimations of different variables with different order of 
stationarity, i.e. it is valid whether the variables of 
interest are I(1) or I(0).

Moreover, this model is appropriate for the panel with 
large N and T dimensions, thus there is no issue of 
short panel or long panel. Secondly, this estimator 
enables us to estimate short and long-run effects 
simultaneously from (ARDL) model. Thirdly, failure to 
test hypothesis on the estimated coefficients in the 
long-run due to endogeneity problems in Engle 
Granger method can be resolved by autoregressive 
distributed lag approach.

Furthermore, PMG allows short-run coefficients, 
including the intercepts, the speed of adjustment to the 
long-run equilibrium values, and error variances to be 
heterogeneous country by country, while the long-run 
slop coefficients are restricted to be homogeneous 
across countries.

However, there are several requirements for the 
validity, consistency and efficiency of this 
methodology. First, the existence of a long-run 
relationship among the variables of interest requires 
that, the coefficient on the error–correction term has to 
be negative and not lower than -2. Secondly, an 
important assumption for the consistency of the PMG 
estimates is that, the resulting residual of the error-
correction model be serially uncorrelated and the 
explanatory variables can be treated as exogenous. 
But these conditions can be fulfilled by including the 
ARDL (p,q) lags for the dependent (p) and 
independent variables (q) in error-correction form. 
Third, the relative size of T and N is crucial, since both 
of them are large this allows us to work on dynamic 
panel technique. This also helps to avoid the bias in 
the average estimators and resolve the issue of 
heterogeneity. Eberhardt and Teal (2010) argued that 
the treatment of heterogeneity is central to 
understanding the growth process. Additionally, for 
small N the average estimators in this approach are 
quite sensitive to outliers and small model 
permutations (Favara, 2003). Finally this estimator is 
particularly useful when there are reasons to expect 
that the long-run equilibrium relationships between 
variables to be similar across countries, because they 
might have similar nature in terms of agricultural 
production.

3.4 The Mean Group Estimator (MG)

The second technique (MG) introduced by Pesaran & 
Smith (1995) calls for estimating separate regressions 
for each country and calculating the coefficients as un-
weighted means of the estimated coefficients for the 
individual countries. This does not impose any 
restriction. It allows for all coefficients to vary and be 
heterogeneous in the long-run and short-run. 
However, the necessary condition for the consistency 
and validity of this approach is to have a sufficiently 
large time-series dimension of the data. In addition, 
the cross-country dimension should also be large 
(about 20 to 30 countries according to Pesaran, et 
al.,1999) and of roughly the same order of magnitude.

3.5 Dynamic Fixed Effect (FE) Model

Finally, the dynamic FE estimator is very similar to 
PMG estimator in confining the coefficient of the co-
integrating vector to be equal across all panels in the 
long-run. The FE model further restricts the speed of 
adjustment coefficient and the short-run coefficient to 
be equal. Dynamic fixed effect (DFE) model allows 
panel-specific intercepts. DFE model also calculates 
the standard error while allowing intra-group 
correlation. As discussed by Baltagi, Gri, and Xiong 
(2000), FE models are subject to a simultaneous 
equation bias from the endogeneity between the error 
term and the lagged dependent variable. The 
Hausman test can be easily performed to measure the 
extent of this endogeneity.

3.6 A Choice between MG or PMG or DFE Model

For the desired purposes under the assumption of 
long-run slope homogeneity, the PMG estimator offers 
an increase in the efficiency of the estimates with 
respect to mean group estimators (Pesaran, et al., 
1999). This is because a homogeneous nature exists 
in countries under study in terms of agriculture growth 
and CO . We, therefore, expect that the long-term 2

relationship between agriculture growth and CO  2

would be more homogenous across the middle 
income countries. However, short-run impacts of CO  2

on agricultural productivity may vary across countries.
However, Hausman test can be used to test whether 
there is a significant difference between the PMG and 
MG. The null of this test is that the difference between 
PMG and MG estimations is not significant. If the null is 
not rejected, they are not significantly different; one 
uses the PMG estimator, since it is efficient. The 
alternative is that there is a significant difference 
between PMG and MG. If the null is rejected, they are 
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significantly different, and one uses the average 
estimator. If there are outliers the average estimator 
may have a large variance and in that case the 
Hausman test would have little relevance. 

Another important issue is that when the main interest 
is on the long-run parameters, and with a limited 
number of time series observations, ARDL lag 
structure should not be overextended as this imposes 
excessive parameter requirements on the data. The 
lag order can be selected either by tests, such as the 
Schwartz-Bayesian Criterion, or it might be imposed 
according to the data limitation, as is the case here that 
the time dimension is not long enough to over-extend 
the lags (Loayza and Ranciere, 2006).

Given the above discussion, the choice amongst the 
methodologies is a trade-off between efficiency and 
consistency. Therefore, at this stage the study 
developed the ARDL specification formulated with 
reference of Loayza and Ranciere (2006), which can 
be presented as follows:

where, y is agriculture GDP, X is a set of independent 
variables, including the CO , the subscripts i and t 2

represent country and time, respectively. The term in 
the square brackets contains the long- run growth 
regression. 

The equation (1) can be estimated by either PMG or 
MG or even DFE estimators, where all the three 
models consider the long-run equilibrium and the 
heterogeneity of dynamic adjustment process 
(Demetriades and Hook, 2006). Moreover, these 
estimators are computed by maximum likelihood 
estimations.

4. RESULTS AND DISCUSSION

The Table-1 summarizes the dynamic impact of CO  2

emission along with other control variables on real 
agriculture GDP growth. As per the PMG, MG and DFE 
estimators under panel ARDL(p,q) model by Pesaran, 
et al (2001), the error correction coefficient has to be 
negative and greater than -2 for the confirmation of the 
long-run elasticity. Expectedly, all the three estimators 
provide negative (greater than -2) and statistically 
significant coefficient. Since each model has particular 
features in terms of long-run and short-run 
homogeneity restriction, hence for this study 
Hausman test was conducted to evaluate the 

difference among PMG, MG and DFE. Here the long-
run coefficients from PMG are restricted to be 
homogenous, while unrestricted for MG (Pesaran, 
Shin, and Smith, 1999). However, DFE considers all 
the coefficients, short-run and long-run are restricted 
to be same for all countries. Table-1 shows that 
Hausman test-1 accepts the null of coefficient 
restricted to be same in long-run, whereas Hausman 
test-2 confirms that the coefficient of both short-run 
and long-run are homogenous. Since the table shows 
DFE is consistent and efficient over PMG and MG, 
therefore this study emphasizes on interpreting the 
result from DFE as the Hausman test confirms that 
DFE is consistent and efficient over MG and PMG, 
which implies that the impact of CO  along with other 2

controls follow a homogenous nature across the 
concerned countries in short and long-run.

It is found that CO  has a positive and statistically 2

significant effect at 1% level indicating that it promoted 
the Agricultrual Gross Domestic Product (AGDP) 
despite having a lot of criticism about emission as 
shown by DFE estimation. This finding is not surprising 
since it is in line with the empirical findings of several 
studies including Singh and Stewart (1991). Table-1 
also shows a positive and significant association 
between CO  and AGDP in short-run, though the result 2

obtained from PMG and MG analyses showed a 
statistically insignificant result.

In addition, the long-run coefficient from the DFE 
reported that capital employed in agriculture sector 
has a positive and significant impact on AGDP though 
PMG and MG provided positive but insignificant 
coefficients. However, the positive sign with 
statistically significant coefficient of capital from all 
three estimators revealed that capital fostered AGDP 
in the short-run in countries under study.

The population involved in agriculture sector, 
however, does not have a significant impact on AGDP, 
neither in short-run nor in the long-run as provided by 
the DFE estimation, because farmers use more of 
capital equipments and depend less on human capital. 
Though PMG found a significant coefficient, but the 
study considers DFE as per Hausman confirmation of 
long-run and short-run homogeneity restriction.

Though chemical fertilizer is used in agriculture sector 
very extensively, it has a negative impact on long- run 
AGDP, as the coefficient of fertilizer obtained from 
DFE is negative and significant. However, the short- 
run impact of fertilizer is significantly positive for 
fostering the short-run AGDP.

estimators do not require cointegration tests. 
Moreover, validity of stationarity or integration 
between the variables to estimate long-run 
relationships and of pre-testing for unit roots is no 
longer required, because this methodology allows 
estimations of different variables with different order of 
stationarity, i.e. it is valid whether the variables of 
interest are I(1) or I(0).

Moreover, this model is appropriate for the panel with 
large N and T dimensions, thus there is no issue of 
short panel or long panel. Secondly, this estimator 
enables us to estimate short and long-run effects 
simultaneously from (ARDL) model. Thirdly, failure to 
test hypothesis on the estimated coefficients in the 
long-run due to endogeneity problems in Engle 
Granger method can be resolved by autoregressive 
distributed lag approach.

Furthermore, PMG allows short-run coefficients, 
including the intercepts, the speed of adjustment to the 
long-run equilibrium values, and error variances to be 
heterogeneous country by country, while the long-run 
slop coefficients are restricted to be homogeneous 
across countries.

However, there are several requirements for the 
validity, consistency and efficiency of this 
methodology. First, the existence of a long-run 
relationship among the variables of interest requires 
that, the coefficient on the error–correction term has to 
be negative and not lower than -2. Secondly, an 
important assumption for the consistency of the PMG 
estimates is that, the resulting residual of the error-
correction model be serially uncorrelated and the 
explanatory variables can be treated as exogenous. 
But these conditions can be fulfilled by including the 
ARDL (p,q) lags for the dependent (p) and 
independent variables (q) in error-correction form. 
Third, the relative size of T and N is crucial, since both 
of them are large this allows us to work on dynamic 
panel technique. This also helps to avoid the bias in 
the average estimators and resolve the issue of 
heterogeneity. Eberhardt and Teal (2010) argued that 
the treatment of heterogeneity is central to 
understanding the growth process. Additionally, for 
small N the average estimators in this approach are 
quite sensitive to outliers and small model 
permutations (Favara, 2003). Finally this estimator is 
particularly useful when there are reasons to expect 
that the long-run equilibrium relationships between 
variables to be similar across countries, because they 
might have similar nature in terms of agricultural 
production.

3.4 The Mean Group Estimator (MG)

The second technique (MG) introduced by Pesaran & 
Smith (1995) calls for estimating separate regressions 
for each country and calculating the coefficients as un-
weighted means of the estimated coefficients for the 
individual countries. This does not impose any 
restriction. It allows for all coefficients to vary and be 
heterogeneous in the long-run and short-run. 
However, the necessary condition for the consistency 
and validity of this approach is to have a sufficiently 
large time-series dimension of the data. In addition, 
the cross-country dimension should also be large 
(about 20 to 30 countries according to Pesaran, et 
al.,1999) and of roughly the same order of magnitude.

3.5 Dynamic Fixed Effect (FE) Model

Finally, the dynamic FE estimator is very similar to 
PMG estimator in confining the coefficient of the co-
integrating vector to be equal across all panels in the 
long-run. The FE model further restricts the speed of 
adjustment coefficient and the short-run coefficient to 
be equal. Dynamic fixed effect (DFE) model allows 
panel-specific intercepts. DFE model also calculates 
the standard error while allowing intra-group 
correlation. As discussed by Baltagi, Gri, and Xiong 
(2000), FE models are subject to a simultaneous 
equation bias from the endogeneity between the error 
term and the lagged dependent variable. The 
Hausman test can be easily performed to measure the 
extent of this endogeneity.

3.6 A Choice between MG or PMG or DFE Model

For the desired purposes under the assumption of 
long-run slope homogeneity, the PMG estimator offers 
an increase in the efficiency of the estimates with 
respect to mean group estimators (Pesaran, et al., 
1999). This is because a homogeneous nature exists 
in countries under study in terms of agriculture growth 
and CO . We, therefore, expect that the long-term 2

relationship between agriculture growth and CO  2

would be more homogenous across the middle 
income countries. However, short-run impacts of CO  2

on agricultural productivity may vary across countries.
However, Hausman test can be used to test whether 
there is a significant difference between the PMG and 
MG. The null of this test is that the difference between 
PMG and MG estimations is not significant. If the null is 
not rejected, they are not significantly different; one 
uses the PMG estimator, since it is efficient. The 
alternative is that there is a significant difference 
between PMG and MG. If the null is rejected, they are 
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