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Climate Change: Indicators and Impacts 

Hi friends. So, you may recall last time we discussed about three major components of 

sustainable development which are social, economic and environmental. When we talk about 

environmental impacts of transportation activities or even any other kind of economic 

activities done by human beings, then climate change is a big debate or big topic which 

people talk about very frequently. 

So, today we will discuss about what is climate change and what are its drivers, what are its 

indicators and how does it impact our life and how, means we will try to relate it with the 

transportation activities that is part of anthropogenic activities or human activities.  
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So, when we talk about climate change then some questions are very pertinent like climate is 

really changing or is it just a perception or a kind of very general idea? And what are 

different indicators or impacts of the climate change if climate change is really happening? In 

addition to that, the present development model, does it contribute to the climate change or 

climate change is occurring due to some natural reasons without any contribution of the 

development activities or human activities? 



And if climate change is the real issue, then how can we address those aspects of climate 

change which are directly or indirectly affecting us? So, these are some questions which will 

be answered while we go through this today’s lecture. 
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First of all, what is climate or how does it change? So, in day to day life we talk about 

weather is hot or weather is cold, so in day to day life when these metrological parameters 

like temperature, humidity, precipitation, all these things change then we call it weather. But 

over the years, means like centuries 100s or 1000s of years if we average it out and we find 

that at certain locations these weather patterns are having a particular trend then we call it a 

climate. 

So, climate is a kind of thousands of years average of the weather, you can call indirectly that 

way. So, when it changes, then we have to see the parameters in long term. If we want to 

observe the climate change issues then we have to see it in long term because weather 

changes may be there, like today it may be very hot day and tomorrow it maybe little colder, 

so that does not mean that world is cooling world is warming up, we cannot say like that. 

But if we observe over the years, some data of the temperature or precipitation or any other 

events, and then we do some sort of time series analysis, then we can say that this climate 

change is happening whether good or bad that is another issue.  
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So, how does it happen? So, there are two reasons basically. One is natural like Earth’s 

distance from the sun and Earth is tilted as you know, so the solar insulation is not uniformly 

distributed around the Earth. Somewhere it is more, and in other parts it is less. And also 

Sun’s activity also varies. So, there are natural reasons of climate change.  

Plus there are contributions of natural happenings like oceans activities or volcanic eruptions 

or those kind of things, but then there are contributions by human activities which are 

controllable, means natural reasons we cannot control. That is happening and that is being 

taking place since centuries and millennium kind of things.  

But human activities which are governed by our own economic models or our political 

policies, those things can be controllable, so those are anthropogenic activities means man 

made activities and especially the greenhouse gas emissions. Why it is so? Because you 

might be knowing that greenhouse gases have the tendency of trapping the long wave 

radiation which goes out of the Earth’s surface. So, it traps and it warms up the atmosphere 

and below the atmosphere.  
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Well, if we want to try to relate it with the temperature and solar activity then you will see 

that these are the solar activities which are varying and like within some 11-year data if we 

see or 11-year’s cycle then we see that no net increase is there, it is just sometimes it goes up, 

sometimes it goes down but the temperature is increasing, so that is one indicator. 

How temperature is increasing? Like from 1880, means soon after this industrialization 

happened, steam engine, lot of fossil fuel burning started, so from that era we can relate that 

as we are emitting lot of greenhouse gases, carbon dioxide etc., the temperature is also rising. 

It is not linear of course, but there is a trend, means sometimes it goes up and down. There 

are so many variables, we cannot expect that it would just go in a linear fashion, but of 

course, there is a trend of increasing.  
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So, here you can see this carbon dioxide concentration is increasing over the years in last two 

centuries and this difference between the average temperatures is also increasing. 
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Here it is more clear, you can see like this Average Global Temperature and World Carbon 

Emissions from Fossil Fuel Brining, so the emissions are increasing, this grey line and this 

temperature has this increasing trend. So, means there is a kind of relationship and not only 

these emissions have air pollutants but greenhouse gases also which are the real culprit of 

increasing the global warming or temperature. 
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Well, if you see, the warmest years when temperature was highest, so if we compare from 

earlier temperature record, you can see in 2016 it was the warmest year, on record and then 

2019 the third warmest, so the 7 warmest years have all occurred since 2014, so earlier it was 

not that kind of frequency that so frequently warm years are happening. And then, the 10 

warmest years have all occurred after 2005 that means the rate of increase of global average 

temperature is also increasing.  
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Now, there is a clear cut relationship of greenhouse gases and this Global Average 

Temperature, this has been established by several researchers, so we need to see what are the 

drivers of climate change and one of the major drivers is the greenhouse gas emissions.  

That is again from different human activities, whether it is from industries or coal power 

plants or thermal power plants and transportation activities, or agriculture, livestock, 

everything, they can contribute to greenhouse gas emissions. So these are the basic drivers 

and they can come from different sectors. 
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When we see like not only the CO2 but we talk about greenhouse gas means all those gases 

which has this potential of warming up the atmosphere, so they are many, like carbon 

dioxide, methane, nitrous oxide, and then other like CFCs and other gases. If we assume 

carbon dioxide’s global warming potential as 1, then we find that methane’s potential is 

around 28 to 36 times and nitrous oxide, it is 300 times more global warming potential it has 

in comparison to the carbon dioxide. 

And there are various sources, like carbon dioxide from any kind of burning activity, 

whatever fuel you burn, then CO2 has to be there because oxidation occurs and because of 

oxidation all these organic matters have carbon, so 

 

is there, then methane maybe like from anaerobic digestion or some other activities like 

natural gas or coal extraction, livestock, agriculture activities.  



Nitrous oxide also, that is also emitted by agricultural practices or fertilizers and manure 

activates, then some from combustion of fossil fuels and solid waste also. And industrial 

processes they have other emissions like CFCs, etc. Even water vapour is also greenhouse 

gas, ozone is also greenhouse gas.  

Although ozone is not a primary gas or pollutant, it is a secondary pollutant you can say in 

the troposphere where we are living and it is because of these ozone precursors like NOx and 

CO, these produce ozone because of photochemical reactions in the presence of sun light. But 

in stratosphere ozone is good because it protects us from ultraviolet rays, but in troposphere it 

is problematic, it is air pollutant as well as the greenhouse gas. 
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If we want to see like major greenhouse gases like CO2, methane and N2O, and ozone, then 

you see all these gases are increasing like CO2, methane and N2O, but in stratosphere and 

then this ozone and this troposphere green colour, this is the lower layer, in troposphere it is 

very less amount, the major amount of the ozone is in stratosphere itself, so that is almost 

constant, that is not making much difference.  
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But if we see radiative forcing, which really contributes to the temperature increase, so the 

carbon dioxide has the maximum radiative forcing and after that this is methane and then 

nitrous oxide, and then CFC12, CFC11, all those, so radiative forcing is the real cause of 

increasing the temperature.  
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Then if you want to see because radiative forcing can be plus or minus, means it can increase 

the temperature or it can decrease the temperature, accordingly this figure shows. For 

example, particulate matters or aerosols, if they are sulphate aerosols, light colour aerosols, 

they reflect the solar insulation, radiation, so it reduces the temperature you can say, but black 



carbon, all those dark colour aerosols which captures the heat then it increases the 

temperature. 

So, the positive one red colour, negative one is blue colour, so you can see different gases has 

like carbon dioxide has positive radiative forcing but some gases which destroy ozone, 

because ozone formation and destruction occurs very quickly and it is a cyclic process, so 

those gases can contribute negatively also, plus as I said that some aerosols which reflects the 

lights they can also contribute negatively, but ultimately the forcing is positive, the forcing is 

positive, if you calculate, the sum total is positive.  
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Then there are indicators like climate change happens not only in terms of global warming 

but there are extreme weather patterns, recently you might have observed this, in coastal 

regions there were strong storms and their frequency is increasing, local level, means you 

might have heard in TV, local people they say that we never so frequently and so intensive 

these storms which are occurring now-a-days and scientists, these weather scientists and 

meteorologist, they link it with the climate change issues. Because of climate change their 

frequency is increase, their intensity is also increasing. Then there are other events which we 

will look in later slides.  
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Like increased precipitation, precipitation can be increased or decreased, means it is not the 

uniform effect, for example, air pollution also plays role, like small particles which act as the 

nucleus for the cloud formation, if it is very-very fine particles, then the clouds, these droplets 

will be small and they will have tendency of hanging around, they will not precipitate very 

frequently, but aerosols or particles are larger size, then larger droplets maybe there and there 

are chances of more rain. 

So, similarly, means because of this non-uniform distribution of temperature, etc., 

precipitation may occur in different ways, and it may be like very high rain within small 

period, so lot of flood occurs, storm water does not drain out very quickly, so these kind of 

frequent events, which disrupt our life, they are also related to the climate change.  

So the intense storms or increased precipitation of even decreased precipitation, means as I 

said it is not uniform, somewhere it may suppress the precipitation, somewhere it can 

increase and flood maybe there and these kind of storms maybe there, which Tornados, etc., 

and they may be very-very disastrous. 
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Well, oceans, they are also one big part of CO2 sink. Oceans as you know, this is very simple 

science that these gases are absorbed by water and it is dependent on temperature also. So 

CO2 is absorbed by oceans, so this is a big sink but it also increases the temperature because 

of global warming, so sea level rise is happening, some coastal regions are having some 

troubles.  

And if temperature increases there are some hypotheses that at some point this temperature 

may increase so much that this dissolved CO2 from oceans may get emitted into the 

atmosphere, that would be very disastrous kind of thing, because more CO2 will increase, 

more GHG related effect of global warming and then it will increase the emissions of more 

CO2 from the oceans and more temperatures, so that maybe very disastrous and that situation 

should be prevented.  
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Well, positive effect and negative effect in the sense like carbon dioxide is absorbed that is 

positive effect but negative effect because it can change its chemistry because CO2, this 

H2CO3 is formed by reaction with the water (H2O) and then it can increase the acidity of the 

oceanic waters and aquatic life may be affected by it because after certain acidity there are 

several kind of fishes which die, so those are the negative effects because of acidity. 
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And acid rains which is linked with the air pollution, which is again from transportation 

sector because we have so many types of air pollutants coming out of tail pipes. Well, this is 

again just representation of like acidity increasing, this is neutral and like milk, how much 



they have this pH level, and then vinegar, battery acid, this is just representation and if oceans 

have more acidity then it is a problem. 
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Heating problem which again there are observatories where temperature have been observed 

and it was found that this temperature is increasing over the years of the ocean water also and 

as I said if it will increase more than it will not be able to have more CO2 absorbed by ocean 

waters.  
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So, average global sea surface temperature from 1880 to 2005 it is being shown here, and this 

line is 1971-2000 average, so before this 1960 or so, it was quite lower than this average but 



after 1980 and after 2000 it is beyond this particular average line, so the effect is distributed 

and it is shown over the globe. 
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Then sea level, because of global warming and temperature difference and glaciers are 

melting, more water is going to the sea, and these coastal regions are being threatened by the 

sea level rise and this is happening like from 1880 to 2013, if we do the average then 0.06 

inches per year sea level rise has occurred, but if we look it from 1993, then this value is 

around doubled, 0.11 to 0.14 inch per year. So, that means we are in this particular phase 

where global warming is doing its effects very intensively. 
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Then there are snow and ice glaciers, etc., which are also affected by climate change and 

global warming. 
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And you can see in 2015 these satellite images of artic sea ice is shown here, but earlier in 

1979 it was bigger area, it is now, there have been very less ice, so this melting of ice and 

glaciers they are having very big impact on our climate and our even, agriculture like those 

rivers, etc., which are fed by the glaciers they are affected very negatively.  
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Now, you see this million square miles area which is covered in different months like in 

March it used to be here more than 6, now it is less than 6 in 2015, so 1980 to 2015 that much 



difference is there. Similarly, for September also, this average value which was around 3, 

now it is around 2, so that means the covered area is decreasing, glaciers are receding. 

Similarly, difference layers if you see 5 plus year rise or third, second, first, all these are in a 

decreasing trend. So, thickness is decreasing, so these are the indicators which show that big 

global change is happening around us and we should be aware, we should not ignore it. 
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Now, if you want to see this month and dates when this artic sea ice used to start melting, this 

was around June 15 or so, you can after May 31st and now it is starting around 31st May, 

means 15 days advanced, and when end of the melting season, it used to be in between like 

maybe 15th or 16th September, now it is beyond September means around maybe 10 or 15 

October. So, this whole stretch has increased, the season has increased where melting starting 

and melting closing or stopping, so these are the big changes which we can observe. 
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Then glaciers we have already seen that they are receding over the years.  
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And if we want to see the human health effects or societal effect or social impacts, they are 

also drastic because like if heat waves are there then many people die because of heat waves, 

those are vulnerable, who are having some health issues, so those kind of data are also there, 

we will look at that. Even agricultural production is also affected; if ozone is there then it can 

reduce the yield of the crops. So, those kind of effects are also there. 
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And these are the data like in 1995 from July 11 to 27, you can see like this yellow line is the 

average value of people used to die, daily death data and this brown coloUr, maroon coloUr 

is like peak, so this particular data because of heat wave so many people died, extra people 

died, so that can be related to the heat wave.  
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Similarly, this bacterial disease, Lyme disease which is a kind of a skin disease which also 

increased, they have been increased over the yearS because of some relationship with the 

change in the temperature, relationship with the bacteria and those kind of things. 
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Nile virus also has shown some relationship with the temperature and spread over the area. 
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You can see the ecosystems, so ecosystems have been affected and those are the ecosystems, 

all ecosystems are basically our source of everything, our life is dependent on ecosystems, 

whether it is food or water, all kind of natural services we derive from ecosystems and 

ecosystems have a balance from 1000 of years, if those balance is disturbed, then if some 

ecosystem ruptures or disrupts, its complete dependent, all population can be affected very 

negatively whether it is human being or animal, etc.  
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So we have to be very careful, for examples, wildfires, there are some data that in some forest 

this occurrence of fire is also increasing, and this is also again linked with the temperature 

because of climate change. So, all these ecosystems have risks due to climate change. 
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Similarly, streamflow maybe changed, means, again as I said these, whether it is streams or 

rivers or big ecosystem in a particular location, they have balancing apt over the years and if 

it is disrupted by climate change then the dependent population of different species will be 

completely disrupted.  
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Migratory birds because of certain temperature, some birds like, in Bharatpur we have bird 

sanctuary and from Siberia also cranes come and they hatch babies here and then they go, so 

all, this is a big system which is interdependent to each other and if temperatures change then 

these birds cycle will also be there, their life cycle will also be completely disturbed.  
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So, we have to see that in overall sense the potential impacts of the climate change in terms 

of temperature, sea level rise or precipitation which translates into human health or 

agriculture production or forest or water resources or coastal areas and other these 

ecosystems, if we relate to that then a big picture emerges that climate change is the real issue 



and this is related to the present development model which is based on this fossil fuel based 

economy or carbon economy we call it. 
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And again, if we want to see the disasters like floods, storms, these are natural ones or which 

are related to again the frequency of the climate change related patterns. Then earthquakes 

are there which are different kind of disasters, but the climate change related like draughts or 

floods and storms, they are the real indicators and their frequency and their intensity are 

showing that the climate change is just in front of us and we cannot close our eyes on that 

threat.  
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Well, here you can easily see geophysical kind of, like landslide or, although you can relate 

landslide with climate change because of high intensity of precipitation, etc. But even if we 

discard that particular thing, and earthquakes and other geophysical disaster we see, these are 

very low in numbers, etc. But climate related like the floods and storms, etc., they are in a big 

number or their effect is very large. 
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So, Worldwide Disasters, annual disaster deaths, disaster related deaths have been here 

plotted and you can see at some point of time geophysical related disasters have caused many 

deaths but climate change related deaths have also increased, but thank to technology like 

now we have super computers, we can model, we can predict the rain or storms, etc., and that 

way our system is becoming good and we can save lot of life. 

Although protecting property is not so easy because we cannot transfer our house from one 

place to another, but still human life is the most precious one and we have to save human life, 

we need to save. 
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Well, the impact of see this COVID-19 on CO2 emissions because of lockdown and other 

activities, as there were very less anthropogenic activities whether it is transportation or 

industrial activities, so there was advantage in the sense that emissions were very less, 

whether it is air pollutants or greenhouse gases, so that kind of simulation it shows, but this is 

very temporary.  

This improvement in terms of clean sky and blue sky, and then you can see mountains, peaks 

from 100s of kilometres away because of clean air and clean atmosphere but as I said this is 

temporary phenomena because of our this lockdown kind of policies, but it is also damaging 

our economy and people are suffering. So we want to pursue our economic activities but we 

want to see that this present economic model is good or how can we change it. 

So, earlier also we discussed about that if we change energy resources from this fossil fuel to 

renewable ones, natural ones then maybe there are good advantage, there are signs of 

development which are sustainable.  
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So, the key facts, if we want to summarize, if we want to have clean air, safe drinking water 

and sufficient food, etc., so we should care for the environment and we should see that this 

climate change does not happen up to that extent that our ecosystems get disrupted very badly 

or beyond repair or we cannot take it back to the same level as it used to serve us. 

So, there are data that how different kind of climate change have given us very additional 

deaths because of heat waves or other disasters and those deaths are avoidable if we can curb 

the climate change. So that is the view point for this lecture that we need to address the 

climate change in a way that it does not go beyond this balance level and it remains in the, 

that average value where we can do our activities in normal, it does not become a new 

normal. 
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So, disrupting of national economies or affecting lives, these we have to change, weather 

patterns or sea levels, etc., which are direct indicators of the climate change, so all these 

things we have to see and we have to go for those kind of resources where we can control the 

greenhouse gas emissions and that way we can stop this, which is increasing day by day and 

we can flat like, monitorial protocol really helped us to address this ozone whole issue. 

So, similarly, IPCC is giving reports and all countries are doing their bit, but maybe we need 

to do this positive measures or technological interventions very, in a speedy way so that we 

do not become late. 
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And these are the references which any curious audience can go through, who wants to know 

more about climate change and its different aspects, it is a huge subject, we have given you in 

nutshell just to make you aware about the different aspects of the climate change and as 

climate change is directly related to the greenhouse gas emissions.  

And greenhouse emissions are released from various sources and transportation sector is one 

of the major sources of greenhouse gas and these air pollutants emissions. That’s why this 

climate change issue we have discussed so that in later lectures we can relate its impacts and 

relationship with the transportation sector in a nice way. So, thank you for your kind attention 

and see you in the next lecture. Thanks again.  


