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Abstract

This paper aims to map the climate change research output of India in five-year period 2005-2009. This study is intended to examine the key factors including number of work published on the topic climate change science and the journals publishing this research work and their position in rankings.  Climate change research in India is mapped based on papers abstracted in ISI Science Citation Index. There were 25,081 publications all over the world; of which Indian subcontinent has published 391 papers in all, and these were published in more than 101scholarly journals.  The scope of the paper is limited to study the growth and dynamics of Indian research output in climate change research. 
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1.1 Introduction
According to the latest scientific assessment, the earth’s climate system has demonstrably changed on global scale; and warming (of 0.1°C per decade) is observed over the last 50 years is attributable to human activities. The Intergovernmental Panel on Climate Change (IPCC) projects that the global mean temperature may increase between 1.4 and 5.8 degrees Celsius by 2100. The impact would be particularly severe in the tropical areas, which mainly consist of developing countries, including India (Sathaye, Shukla & Ravindranath, 2006). ​​ Perception, threats and assessments of risks are viewed by various countries with varying positions though per capita of India’s emissions is one fourth of the global average, top 10% of urban population of India emit below the global average per capita emission (Parekh & Parekh, 2002).   India being one of the rich biodiversity hotspot in the world is losing many animals and plants, which are nearly becoming extinct or in the most endangered species list. Many factors contribute to this adversely being deforestation, poaching, exploitation, man-animal conflicts, rapid urbanization, alarming pollution and lack of literacy and awareness.  What basically requires is the sensitization at the grassroots levels and initiatives at the national level to develop a culture for greener environment, a well-coordinated environment protection protocol between the government and citizens and the passion for protection and conservation on the whole. 

Climate change, global warming, carbon footprint, reducing carbon emissions, green business and greener earth are the most ruminated hot research topics and emerging trends in recent times in the environment sciences research and scientific breakthroughs. Governments and global research communities are more collaborating to make a worldwide impact that the earth must be preserved for posterity and “live and let live” slogans are pitching high among the environmentalists and general public alike.  This is one of the most challenging existential crisis and confronting issue humankind faces ever.   Corporate India is slowly taking over to green practices in response to the climate change mitigation by reducing print paper use, recycling and reuse strategies.  According to a recent McKinsey Global Survey results: of the 1576 number of respondents surveyed,  on issues related to the environment, sustainability, and biodiversity, which are most important to  business, 43 percentage respondents saying Climate change/energy efficiency is regarded as top environmental issue for business (McKinsey Quarterly, August 2010).
Climate change, natural habitats destruction, global warming and depletion of the natural resources are the most important global environmental challenges,  impacting livelihoods and raising concerns for food production and security, water supply, health, and energy.  Climate Change has become an urgent and pervasive preoccupation across the globe, calls for international strategies and ambitious global response to tackling it.  Climate change is now widely regarded as one of the most serious challenges the world faces, with adverse consequences that go far beyond human apprehension and its effects on the environment in which we live.  The impact of this phenomenon is being assessed at national level in the areas of water resources, agriculture, coastal lines, forestry, renewable energy and health areas. In order to reduce the adversity, government and nongovernmental agencies are scrutinizing adaptations, devising institutional frameworks, and investigating the vulnerability areas.  In India, however, lack of enforcement strategies at the administrative and executive level of government is poising a big cause of concern. Policies and rules are widely not augmented for safeguarding the earth and resources;  private players are widely exploiting the natural resources and violating the norms of pollution control leading to alarming levels of discharge of pollutants, apathetic response to environment conservation and risks of carbon emissions, especially in the heavy industries. We urgently require a collective responsibility and the action framework at the micro level, as we march ahead in the global trade and business, realizing the risk, impact and issues. 
Ministry of Environment and Forests, government of India, has devised wide array of long term plans to mitigate the aftermath of climate change. It has chalked out ambitious plans set in motion to control and monitor the effects of environmental changes and its effects. Indian Network of Climate Change Assessment (INCCA) is such a programme in this direction to build the expertise pool and capacity building in preparing for the comprehensive climate change assessment, launched in 2009.  The climate change issue is now part of the larger challenge, requiring attention for sustainable development. Indian government has taken up lot of projects and activities, joining hands with agencies like United Nations Framework Convention on Climate Change (UNFCCC) since 1994. Now, climate change is a key constituent in national development process, as reported in India: Addressing Energy Security and Climate Change (p.10), Ministry of Environment.
All these factors have predominately contributed to the outburst of publications of scientific pursuits across the globe through institutional tie-ups, collaboration among research communities, policymakers and government agencies.  According to B. M. Gupta, S. M. Dhawan, India’s output of science & technology publications is higher in Asia, and particularly earth and environmental sciences remained stagnant during 1985-86 to 2001-02, growth rate at 55.19 percentage. Furthermore, they predicted that growth in this domain would grow in the light of increasing environmental concerns (p. 82).     
1.2 Objectives

The main objective of this study is to present the growth of scientific output in the field of climate change science research over the period of 2005-2009 using bibliometric analysis. Mapping of research output in climate change research in India would help in assessing India’s contribution to the world literature in climate change research.

The main objective of the study is to address the following aspects:

1) To examine the India’s contribution to world’s literature
2) To investigate the pattern of publication output in the field of climate change research during 2005-2009 
3) To analyse the annual distribution and growth of literature during the period.
1.3 Literature Analysis 
Karki and Garg (1997) attempts quantitative assessment of alkaloid chemistry (a subgroup of organic chemistry) research in India as viewed through Chemical Abstracts, focusing on world versus citations of India’s work. Alkaloid chemistry research performed in India is found to be fairly collaborative and part of main stream science. Arunachalam and  Umarani (1998) evaluated agricultural research in India; the research was based on CAB Abstracts 1998, indexing 11,855 publications from India, including 10,412 journal articles, from more than 1280 institutions, also gives an idea of endogenous research capacity. Fish research in India has been examined by Jayashree and Arunachalam (2000), about 460 papers, roughly 5.5% of the world output, came from India every year, of which 82% are journal articles. About 61% of publications are contributed by government laboratories in low impact and low visibility journals and academic institutions in journals of medium impact. According to Stanhill (2001) number of climate change science research total around 7000 and is doubling every 11 years. The annual rate of publication per author and number of authors per paper in climate change science is at 1.75 and 2.5 respectively. Arunachalam and Gunasekaran (2002) undertaken diabetes research in India and China, during 1990–1999, indexed in PubMed, Science Citation Index (SCI) and Biochemistry and Biophysics Citation Index (BBCI). They identified institutions carrying out diabetes research, and these two countries account for 26% of the prevalence of diabetes, they contribute less than 2% of the world’s research. Materials science research in India was analyzed by Mohan, Gupta & Dhawan (2003) for a period of five years (1995-1999), based on a study of papers published by Indian scientists in collaboration with foreign researchers, as covered in Material Science Citation Index (MSCI), most of the work involved bilateral rather than multilateral collaboration.  Gunasekaran (2006) explored Chemical science research in India, data collected from Chemistry Citation Index in 2002. Roughly, 4.5% of the global R&D output in chemical sciences was contributed by Indian in 2002, about 16% of the papers had international collaboration.
Kademani et al, (2006) attempts to highlight quantitatively the growth of world literature on thorium in terms of publication output as per Science Citation Index (1982–2004). During 1982–2004 a total of 3987 papers published, average number of publications was 173. The spurt in the literature output was in 1991–2004, while 94 countries involved in this field of research. Dhawan and Gupta (2007) examined the broad characteristics of India's physics publications output, based on contributions by Indian institutions as indexed in INPSEC-Physics in 1998. The study found that India's physics related contribution is significantly high (86 per cent) of which 26.4 per cent was in high-impact journals.  Gupta, Kshitij, and Verma (2010) have studied computer science output of India during 1999–2008 and reported India’s rank of 13th position in the world on computer science literature output. 
1.4 Methodology 
The data for the study has been sourced out from ISI Science Citation Index – Expanded edition of Web of Knowledge database. The study analyses literature growth trends, examines research activities in different higher education and research institutions across India. The study also identifies the active institutions in India, which published the productive climate change research.

The data contains all types of documents published during 2005 to 2009.The analysis is explored to reveal: (1) number of works published on the climate change, (2) the top rated journals used to publish this research work and their position (3) The top publishing research institutions of India. 

1.5 Results and Discussion 
Table 1: Productivity and world’s share of top 20 countries
	S. No.
	Country
	Record Count
	% of 25081

	1
	USA
	9343
	37.25%

	2
	England
	3538
	14.11%

	3
	Germany
	2422
	9.66%

	4
	Canada
	2360
	9.41%

	5
	Australia
	1811
	7.22%

	6
	Peoples r China
	1720
	6.86%

	7
	France
	1643
	6.55%

	8
	Netherlands
	1039
	4.14%

	9
	Switzerland
	977
	3.90%

	10
	Spain
	940
	3.75%

	11
	Italy
	857
	3.42%

	12
	Japan
	798
	3.18%

	13
	Sweden
	759
	3.03%

	14
	Scotland
	678
	2.70%

	15
	Norway
	626
	2.50%

	16
	Denmark
	492
	1.96%

	17
	Finland
	490
	1.95%

	18
	India
	391
	1.55%

	19
	South Africa
	390
	1.55%

	20
	Belgium
	390
	1.55%


Of the top 20 countries in the climate change research outgrowth during 2005-2009, USA occupies the top position in 37.25 %, followed by England 14.11% as in Table 1. Among the Asian countries China is at 6th position 6.86%, and India is at 18th position with 1.55% respectively. 
Figure 1: Graph showing the trend in climate change research of Top 20 countries
[image: image1.png]Top 20 Countries - Climate Change

Science

40.00%
35.00%

30.00%
25.00%

20.00%
15.00%
10.00%

5.00%
0.00%
-5.00%

nio13ag
VDI44¥Y HLNOS
VIAaNI

ANYINI4
MYYIANIQ
AYMYON
ANV1L0DS
N3AIms

Ny dvr

AL

N[vdS
ANVTYIZLIMS
SANVTYIHLIN
ERL\AE]

VNIHD ¥531d03d
Vivdisny
VAVNYD
ANYINYID
ANVI9N3
vsn





Table 2: The most published subject areas in the climate change domain.
	S. No.
	Subject Area
	Record Count
	% of 25081

	1
	Environmental Sciences
	5361
	21.37%

	2
	Geosciences, Multidisciplinary
	4901
	19.54%

	3
	Ecology
	4342
	17.31%

	4
	Meteorology & Atmospheric Sciences
	3925
	15.65%

	5
	Geography, Physical
	2462
	9.82%

	6
	Water Resources
	1405
	5.60%

	7
	Multidisciplinary Sciences
	1332
	5.31%

	8
	Biodiversity Conservation
	1182
	4.71%

	9
	Marine & Freshwater Biology
	1160
	4.63%

	10
	Oceanography
	1131
	4.51%

	11
	Plant Sciences
	1005
	4.01%

	12
	Forestry
	870
	3.47%

	13
	Environmental Studies
	823
	3.28%

	14
	Paleontology
	764
	3.05%

	15
	Energy & Fuels
	672
	2.68%

	16
	Geochemistry & Geophysics
	666
	2.66%

	17
	Evolutionary Biology
	595
	2.37%

	18
	Engineering, Environmental
	566
	2.26%

	19
	Geology
	538
	2.15%

	20
	Soil Science
	525
	2.09%

	21
	Engineering, Civil
	483
	1.93%

	22
	Biology
	478
	1.91%

	23
	Agronomy
	452
	1.80%

	24
	Limnology
	446
	1.78%

	25
	Zoology
	367
	1.46%


As shown in Table 2, it clearly indicates the multidisciplinary nature of emerging subject – climate science. Though it is broadly drawn from natural sciences, the interdependency of research on other allied subjects is high. The most published subject areas are environmental sciences (21.37%), multidisciplinary geosciences (19.54%), ecology (17.31%), and meteorology & atmospheric sciences at (15.65%). Going by the current rate of research growth, in the near future it would bring forth a new subject – climate science. 
Table 3: Top Published Journals in the world – 2005-09
	S. No.
	Source Title

	Record Count

	% of 25081


	1
	Geophysical Research Letters

	730

	2.91%


	2
	Global Change Biology

	583

	2.32%


	3
	Climatic Change

	551

	2.20%


	4

	Journal of Climate

	519

	2.07%


	5

	Journal of Geophysical Research -Atmospheres

	438

	1.75%


	6
	Palaeogeography Palaeoclimatology Palaeoecology

	317

	1.26%


	7
	Quaternary Science Reviews

	312

	1.24%


	8
	Science

	307

	1.22%


	9

	Proceedings of The National Academy of Sciences of The United States of America

	302

	1.20%


	10
	Energy Policy

	263

	1.05%



	
	
	

	
	
	


The top 10 journals are given in the Table 3. Geophysical Research Letters (IF = 3.204) with maximum record count of 730, with a 2.91 percentage. Global Change Biology has 2.32 percentage, Climate Change at 2.20 percentage and Journal of Climate at 2.07 percentage. Here, exclusive journals on climate change can be observed as new breed of emerging journals. 
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Figure 2: Comparison of climate change literature growth of BRIC countries: SCI versus Google Scholar  

As the Brazil, Russia, India and China (BRIC countries) economies surge ahead in economic growth and development, these countries are the emerging countries in global trade and business. A comparison of research output in SCI and Google Scholar reveals China is higher with 1720 publications in SCI and Google Scholar has 51700 publications. India follows next with 391 publications in SCI and 56200 publications in Google Scholar. 
1.6 Analysis of India’s growth in climate change science
Table 4: India’s research output by top subject areas in 2005-09
	S. No
	Subject Area
	Record Count
	% of 391

	1
	Multidisciplinary Sciences
	79
	20.20%

	2
	Environmental Sciences
	74
	18.93%

	3
	Geosciences, Multidisciplinary
	69
	17.65%

	4
	Meteorology & Atmospheric Sciences
	64
	16.37%

	5
	Geography, Physical
	30
	7.67%

	6
	Water Resources
	30
	7.67%

	7
	Ecology
	23
	5.88%

	8
	Agronomy
	17
	4.35%

	9
	Geology
	17
	4.35%

	10
	Agriculture, Multidisciplinary
	15
	3.84%

	11
	Energy & Fuels
	13
	3.32%

	12
	Environmental Studies
	11
	2.81%

	13
	Paleontology
	11
	2.81%

	14
	Plant Sciences
	10
	2.56%

	15
	Geochemistry & Geophysics
	8
	2.05%

	16
	Biochemistry & Molecular Biology
	7
	1.79%

	17
	Forestry
	7
	1.79%

	18
	Remote Sensing
	7
	1.79%

	19
	Engineering, Civil
	6
	1.53%

	20
	Limnology
	6
	1.53%


Multidisciplinary sciences dominate the subject-wise breakup of the publications as exhibited in Table 4. Of the total 391 records published during 2005-09, Environmental Sciences, Multidisciplinary Geosciences, Meteorology & Atmospheric Sciences and Physical Geography fill the other top slots.  
Table 5: Top 10 institutions in India – 2005-09

	S. No.
	Institution Name
	Record Count
	% of 391

	1
	Indian Institute of Technology
	49
	12.53%

	2
	Indian Institute of Science
	22
	5.63%

	3
	Physics Research Laboratory
	19
	4.86%

	4
	Banaras Hindu University
	16
	4.09%

	5
	Indian Institute of Tropical Meteorology
	15
	3.84%

	6
	University of Delhi
	13
	3.32%

	7
	National Institute of Hydrology
	12
	3.07%

	8
	Wadia Institute of Himalayan Geology
	12
	3.07%

	9
	Birbal Sahni Institute of Paleobotany
	11
	2.81%

	10
	National Institute of Oceanography
	11
	2.81%


The group of Indian Institute of Technology published more output (12.53 %), followed by Indian Institute of Science (5.63%), Physics Research Laboratory( 4.86%).  Government of India through its various ministries and departments is a funder of major projects and activities in India, but it hardly reflect in the SCI database through grants number or fund agency. 
Table 6: Type of documents published in India – 2005-09
	Document Type
	2005
	%
	2006
	%
	2007
	%
	2008
	%
	2009
	%
	Total
	% of 391

	Article
	38
	9.72
	35
	8.95
	76
	19.44
	78
	19.95
	65
	16.62
	292
	74.70%

	Review
	4
	0.02
	6
	1.54
	6
	1.54
	9
	2.3
	18
	4.6
	43
	10.99%

	Conference Proceedings
	3
	0.77
	7
	1.8
	1
	0.26
	15
	3.84
	9
	2.3
	35
	8.95%

	Editorials
	-
	-
	1
	0.26
	-
	-
	4
	0.01
	5
	1.3
	10
	2.56%

	Letters
	1
	0.26
	1
	0.26
	2
	0.51
	1
	0.26
	2
	0.51
	7
	1.79%

	Meetings Abstract
	-
	-
	-
	-
	2
	0.51
	-
	-
	-
	-
	2
	0.51%

	News Items
	-
	-
	-
	-
	1
	0.26
	-
	-
	-
	-
	1
	0.25%

	Correction
	-
	-
	-
	-
	1
	0.26
	-
	-
	-
	-
	1
	0.25%

	Total
	46
	
	50
	
	89
	
	107
	
	99
	
	391
	100.00%

	Percentage  per year
	11.76
	
	12.79
	
	22.76
	
	27.37
	
	25.32
	
	
	


As the varieties of scientific communication proliferate, the influxes of publications vary among the communication of information as in Table 6. Articles are the most published and are seen in 2008 in 19.95 percentage, and it is decreased in 2009 with 16.62 percent. 
Table 7: Comparison of world and India’s Document Types
	Document Type
	World Record Count
	% of 25081
	India Record Count
	% of 391

	Article
	19217
	76.62%
	295
	74.70%

	Review
	2093
	8.35%
	44
	10.99%

	Proceedings paper
	1991
	7.94%
	35
	8.95%

	Editorial material
	874
	3.48%
	11
	2.56%

	News item
	430
	1.71%
	1
	0.25%

	Letter
	235
	0.94%
	7
	1.79%

	Meeting abstract
	151
	0.60%
	2
	0.51%

	Correction
	47
	0.19%
	1
	0.25%

	Book review
	29
	0.12%
	-
	-

	Reprint
	8
	0.03%
	-
	-

	Biographical-item
	5
	0.02%
	-
	-

	Total
	25081
	
	391
	


The literature count of the world’s growth during the period is 25081 records which is about 76.62 percentage and India has 391 records, roughly of 74.70 % percentage, followed by other type. 
Table 8: The Top 10 Prolific Indian Authors in 2005-2009
	S. No.
	Authors
	Affiliation 
	Record Count
	% of 391

	1
	Kalra, N
	Indian Agricultural research Institute
	8
	2.05%

	2
	Pathak, H
	Agricultural research Institute
	8
	2.05%

	3
	Ramesh, R
	Physical Research Laboratory
	8
	2.05%

	4
	Singh, R
	National Center for Medium Range Weather Forecasting
	8
	2.05%

	5
	Mujumdar, P.P
	Indian Institute of Science
	7
	1.79%

	6
	Singh, P
	National Institute of Hydrology
	7
	1.79%

	7
	Sinha, R
	Indian Institute of Technology Khanpur
	7
	1.79%

	8
	Bhattacharyya, T
	National Bureau of Soil Survey & Land Use Planning
	6
	1.53%

	9
	Chander, S
	Indian Agricultural Research Institute
	6
	1.53%

	10
	Ghosh, S
	Indian Institute of Technology Bombay
	6
	1.53%


The top authors include in the Indian subcontinent are Kalra N, Pathak H, Ramesh R and Singh R, each one accounting for a 2.05 percentage, followed by Mujumdar, P.P, Singh, P and Sinha, R having 1.79  percentage as indicated in Table 8. 
Table 9: Articles in Top Journals published by Indian Authors
	S. No.
	Source Title
	Impact Factor 2008  
	Record Count
	% of 391

	1
	Current Science, 
	0.8
	73
	18.67%

	2
	Journal of Geophysical Research-Atmospheres
	3.1
	11
	2.81%

	3
	Journal of Agrometeorology Netherlands
	-
	10
	2.55%

	4
	Journal of The Geological Society of India
	0.4
	9
	2.30%

	5
	Agriculture Ecosystems & Environment 
	2.9
	7
	1.79%

	6
	Environmental Monitoring and Assessment 
	1.0
	7
	1.79%

	7
	Himalayan Geology 
	-
	7
	1.79%

	8
	Hydrological Processes 
	2.0
	7
	1.79%

	9
	International Journal of Climatology
	2.0
	7
	1.79%

	10
	Atmospheric Environment 
	2.9
	6
	1.53%


Current Science accounts for 18.67 percentage of Indian publications, then Journal of Geophysical Research-Atmospheres 2.81 percentage, Journal of Agrometeorology 2.55% as given in the above Table 9. 
1.7 Conclusion 
A total of 25081 papers were published in the field of climate change science during the five year period 2005-2009. There were only 391 publications produced from India, which is approximately 1.55 percentage of the world output. The analysis of the literature during the 2005-09 years indicates a steady growth observed in the successive years from 2005 (11.76%), 2006 (12.79), 2007 (22.76), 2008 (27.37) and a slight decline in 2009 (25.32).  Average citation per year is 308.83 and the average citation per item is 4.68 percentage. Out of top 10 journals where Indian research output is published, Current Science and Himalayan Geology are India-based journals, rest of the journals are international. It reflects the tendency of the authors to publish in top journals having high impact factor and wide circulation. 
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