Science, ethics and economic aspects of climate change and need of computer modeling
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Abstract:Release of greenhouse gases from burning of various fossil fuels like coal, oil and natural gas gases increase the global temperature by trapping the reflected and outgoing long wave heat radiation from the terrestrial region which ultimately result in the global warming and ultimately the earth’s climate.  Other human activities, such as cutting down forests, and growing rice, and raising cattle, add to this effect. Global warming and rapid climate change could result in disastrous effects. A large or fast change in climate will have a big effect on plants and animals in the natural environment. The economics of climate change need to be discussed in terms of ethical perspectives to overcome the social impacts. The present paper highlights the general concept of global warming and climate change and explains ecomomic aspects related to climate change with ethical perspectives after highlighting the issues of global warming and climate change, their major causes, consequences and some suggestions to reduce these effects. Key Words: Climate change, environmental economics, global warming, computer simulation. 
1. Introduction:
	Today, the entire world community is facing a problem of global environmental change caused by the global warming. The rapid growth of industries, urbanization and increasing consumerism are the major causes of this problem which are releasing increasing quantities of greenhouse gases and leading to the intensity of the problem. The international community is under the threat of adverse impacts of global warming and climate change. 
The Earth has been formed about 4.6 billion years ago. The earth was originally very hot. Liquid water present appeared about 4.3 billion years ago (zircon dating) on the planet earth. Much of earth’s early history erased during late heavy bombardment (~3.9 billion years ago). The life appeared on earth about 3.8 billion years ago. The process of photosynthesis began on earth about 3.5-2.5 billion years ago. The oxygen and removed carbon dioxide and methane (greenhouse gases) started thereafter. Earth went through periods of cooling (“Snowball Earth”) and warming cycles in thousands of years. Earth began cycles of glacial andinterglacial periods about 3 million years ago. But such process of cooling and warming was very slow. Human activities have changed the composition of the atmosphere in recent years. Today, due rapid growth of industrialization and human induced changes, the cycles are rapid.
 The warmest global average temperatures on record have all occurred within the past 15 years. The warmest two years being 1998 and 2005 which are resultant of increasing concentration of greenhouse gases. If the concentration of greenhouse gases continues to increase, then by 2100, climate models referenced by the IPCC predicted that global temperatures are likely to increase by 1.1 to 6.4 °C (2.0 to 11.5 °F) above 1990 levels. The temperature of the earth was higher by 2 0C than today in the middle Pliocene period (3.15 to 2.85 million years ago). It was 20 0C at high latitudes and 1 0C higher at the equator.

1.1Recent trends: 
	Global warming and climate change refer to an increase in average global temperatures and subsequent impact on the climate. According to IPCC’s report, the global average air temperature near the Earth's surface raisedby 0.74 ± 0.18 °Celsius (1.3 ± 0.32 °Fahrenheit) in the last century. A result of increased penetration of the solar radiation in the atmosphere in the form of short waves and minimizing of the outgoing long wave radiation from the earth’s surface leads to the increase in average temperature of the globe.  
	
1.2 Accelerating Activities: 
There are several human activities responsible for the release of greenhouse gases in to the atmosphere leading to climate changewhich diminish the sinks of these pollutants and contribute to increase the concentration of greenhouse gases or increase the residence time of these gases in the atmospheric region. These activities include forest cutting (Deforestation), burning of agricultural residue, burning of biomass for fuel regular needs, burning of organic matter like solid waste, unhealthy maintenance of animals, burning of fossil fuel for energy and industrial emissions and transportation.

1.3 Increasing emission concentrations: 
The energy from the sun drives the earth’s weather and climate, and heats the earth’s surface and in turn, the earth radiates energy back into space. There are six main greenhouse gases are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), plus three fluorinated industrial gases: hydro fluorocarbons (HFCs), per fluorocarbons (PFCs) and sulphur hexafluoride (SF6). Water vapor and ozone are also considered a greenhouse gases. The concentration of carbon dioxide before industrialization was about 280 ppm which increased to 318 ppm in year 2000. It was 336 ppm in year 2005 and currently its concentration is about 381 ppm. There was increase in its concentration by 55% between 1980 and 1990. 
Concentration methanewas 1.1 ppm in year 1950 which increased to 1.25 ppm in year 1960 and was about 1.7% in year 1970. The rise in its concentration was by 15% of its original concentration between 1980 and 1990. The current rate of increase in the concentration of methane is about 1% per year. The oxides of nitrogen in the forms of Nitrous oxide, nitric oxide, nitrogen dioxide and gaseous ammonia are also increasing. The concentration of nitrous oxide was 280 ppb in 1950 which increased to 300 ppb in 1960 and about 330 ppb in 1970 and 380 ppb in 1985. The present rate of increase is about 0.3% per annum. The concentration was increased by 6% of its original concentration between 1980 and 1990. The water vapors are common and part and parcel of hydrological cycle in the nature, buttheir concentration if increases, adds to the trouble of natural phenomenon of trapping the outgoing long wave radiation from the terrestrial region. 
The chlorofluorocarbons can have long residence period which can extend to 90 to 100 years. The total release of these compounds till 1985 was about 15 million tonnes and supposed to contribute to about 24% of the global warming. The present rate of increase in their concentration is about 4 to 5% per annum.The ozone is a major constituent of fog which is formed from smoke and water vapor. It forms secondary air pollutant in lower atmosphere due to combination of oxides of nitrogen and sulphur with water vapors in presence of sunlight. Stratospheric ozone absorbs UV radiation and also contributes to global heating. The ozone in lower stratospheric and tropospheric region contributes to about 5% to 8% of the global warming.

2. Global Consequences:
The anthropogenic activities leading to increase the greenhouse gases have similar effect on the globe including the change in earth’s climate. There will have several major impacts like temperature of atmosphere, melting of ice from Arctic and Antarctica, increase in see water level, submergence of coastal regions, increased salinity of river water due to intrusion, disturbance of hydrological cycle, increased floods and droughts, increase in intensity of hurricanes and tornado, destruction of flora and fauna, increase in chances of diseases, reduced agricultural productivity, increase in soil erosion, socio-economic conflicts and food shortage.
The climate change in its nature demands that a number of ethical perspectives must be considered and economics is one of them which encompasses to rights, freedoms and security of present and future generations.  The environmental economics can provide valuable guidance on ethical issues by focusing on policy matters. Ethical issues can guide the formulation of economic questions on climate change and establish the meaning and relevance for detailed analysis. Social scientists and the Economists understand the climate change to be an externality. The environmental economists and the environmental socialist understand the climate change not only and externality, but also much more encompassing one. Because, they are familiar with the notion that behavior can reveal implicit individual preferences. The appropriate ethical judgments can be deduced from these revealed preferences.  The climate change threatens the basic elements of life for people around the globe.  It clearly highlights that the responsibility of climate change is universal but not equally shared.   

3. General Mitigation Categories:
We have sufficient to control this worlddisaster bytaking urgent measures. The active action is essential at every level of individual, corporate, local government, states, federals, national governments and international organizations.  There are five general categories of actions that can be taken to mitigate global warming: 1. Reduction of energy use per person per day. 2. Shifting from carbon-based fossil fuels to alternative energy sources. 3. Carbon capture and storage. 4. Geo-engineering including carbon sequestration. 5. Population / birth control, to lessen demand for resources such as energy and land clearing.

4. Specific Mitigation Strategies:The suitable mitigations measures need to be adopted for controlling the phenomenon climate change and need to be adopted by public organizations, institutions, Governments, corporations, schools, religious institutions, and other organizations as well as individuals. The commonly adoptable mitigation measures are i) energy conservation measures ii) promotion of renewable energy such as bio-mass/bio-diesel, solar power, tidal and ocean energy, geothermal power, and wind power iii) use of electric or hybrid automobiles; fuel cells iv) development of new cleaner technologies v) carbon offsets; carbon credits; carbon taxes; enhancing natural carbon dioxide sinks; carbon capture and storage and vi) population control. The general and common mitigation measures are not sufficient to control the growing menace. These scientific mitigations measures and remedial actions areCarbon sequestrations, greening the lands by plantations, trapping of carbon dioxide, promotion of CDM mechanism by the use of cleaner technologies, use of solar energy and other renewable resources, proper management of solid waste, use of organic manures and ban on use and release of CFCs.

5. Climate change and computer modeling:Scientists all over the world depend on computer models for better understand Earth's climate system as they cannot conduct large-scale experiments on the atmosphere unless simulated. Climate models, like weather models, are dependent on a three-dimensional mesh which reaches high into the atmosphere and into the oceans. The models use laws of physics at regular intervals, or grid points to compute or simulate the atmospheric and environmental variables in simulating the exchanges among gases, pollutants, particles, and energy across the atmosphere of the globe.
Computer based Climate models are an important tool for both understanding past climates and making future predictions of climate change. They are based on physics to determine and predict by studying the atmospheric and oceanic dynamics of the modern climate and applying them to climates under different simulated conditions. These simulations for the future typically the only changes are based the concentration of carbon dioxide in the atmosphere. By modeling, periods of the past we can not only understand more of the workings of past climates, but can also assess the performance of models used for future climate change prediction. While recent time periods give good data coverage and allow accurate measures of the quantities predicted by the models, looking deeper into geological time gives us much larger climate changes to test our models against and allows us to study long-term processes within the Earth System. The climate models cover far longer periods than weather models. Therefore, the climate projections appear on regional to global scales rather than local scales and thus enables the researchers and scientists to simulate global climate over years, decades, or millennia. 
The new models should be developed with advanced capabilities to help researchers and scientists to shed light on some of the critical mysteries of global warming, including like the impact of warming temperatures on the massive ice sheets in Greenland and Antarctica, patterns in the ocean and atmosphere affecting regional climate in coming decades, the influence the severity and frequency of tropical cyclones, including hurricanes and the effects of tiny airborne particles, known as aerosols, on clouds and temperatures. To verify the accuracy of these models, scientists may typically simulate past conditions and then compare the model results to actual observations.

6. Conclusions:
The phenomenon of Global warming and subsequent climate change is in progress as a result of human activities leading to several and long lasting adverse impacts. The costs to mitigate will be high and may not work effectively, if not controlled with preventive measures immediately.
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