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Abstract: - The Earth is at a distance of 150 million kilometres 

from the Sun and still the radiation emitted by the Sun drives the 

Earth’s climate system. Variations in the composition and 

intensity of incident solar radiation hitting the Earth may 

produce changes in global and regional climate which are both 

different and additional to those from man-made climate change. 

In the current epoch, solar variation impacts on regional climate 

appear to be quite significant. Annual or decadal variations in 

solar activity are correlated with sunspot activity. Sunspot 

numbers have been observed and recorded over hundreds of 

years. From a global perspective the processes through which 

changes in incident solar radiation affect the temperature of the 

Earth’s atmosphere, and the climate at the surface, are fairly 

understood. The response of climate on regional scales to changes 

in the composition and intensity of incident solar radiation is 

more complex. Understanding the role of variability in solar 

activity is essential for the interpretation of past climate and 

prediction of the future. An effort is made to understand the 

change in atmospheric conditions through boundary studies of 

all the meteorological parameters with incoming solar radiation 

and outgoing long wave radiation.  

Keywords: Sun, Climate change, incoming and outgoing 

radiation, temperature. 

I. INTRODUCTION 

he Earth is at a distance of 150 million kilometers from 

the Sun and still the radiation emitted by the Sun drives 

the earth’s climate system. Variations in the composition and 

intensity of incident solar radiation hitting the Earth may 

produce changes in global and regional climate, and are both 

different from man-made climate change (Brunetti, 2003). At 

present, solar variation impacts on regional climate appear to 

be quite significant, but on a global scale are likely to be much 

smaller than those due to increasing greenhouse effect. 

Broadly, there are two main sources of variation in solar 

radiation. First, changes in the Earth’s orbit around the Sun 

over tens and hundreds of thousands of years directly affect 

the amount of radiant energy hitting the Earth and its 

distribution across the globe. Second, there are internal stellar 

processes that affect the total radiant energy emitted by the 

Sun and is known as solar activity. The long-term orbital 

changes in incident radiation are reflected in the geological 

record and are seen as the trigger for glacial-interglacial 

transitions, with their effect amplified by feedback 

mechanisms. For example, a warming of the planet due to an 

increase in solar irradiance probably results in the release of 

methane and carbon dioxide from stores in the oceans and 

icecaps, and these greenhouse gases can then produce 

additional warming. It is well known that the annular/decadal 

variations in solar activity are having direct correlation with 

sunspot activity. Sunspot numbers have been observed and 

recorded over hundreds of years, as have records of some 

other indicators of solar activity. Evidence of variations in 

solar activity on millennial timescales can be found in the 

records of cosmogenic radionuclides in such long-lived 

natural features as ice cores from large ice sheets, tree rings 

and ocean sediments. Using careful statistical analysis it is 

now possible to identify decadal and centennial signals of 

solar variability in climate data.  

From a global perspective the processes through which 

changes in incident solar radiation affect the temperature of 

the Earth’s atmosphere, and the climate at the surface. The 

spectral composition of the radiation is of crucial importance. 

For example, visible radiation reaches and warms the oceans 

and land surface, ultraviolet radiation is absorbed by 

atmospheric oxygen and ozone, while water vapour and 

carbon dioxide absorb infrared radiation. The production and 

destruction of some gases, such as stratospheric ozone, also 

depend on solar ultraviolet radiation. However, the response 

of climate on regional scales to changes in the composition 

and intensity of incident solar radiation is more complex.  

However, it is not possible to explain the warming of the past 

seventy years on the basis of changes in solar activity alone. 

Over the past 150 years an overall increase in solar activity 

has probably contributed to global warming, mainly during 

the first half of the twentieth century (Verschuren et al. 2000; 

Rajesh and Dutta, 2003). The effect is, however, estimated to 

be much smaller than the total net human forcing of the 

climate system through the emission of greenhouse gases and 

other factors. 

II. EFFECT OF THE EARTH’S ORBIT 

The total amount of solar energy reaching the Earth in a given 

period of time, i.e., the solar energy flux that depends on the 
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distance between the earth and the Sun and, as the Earth has 

an elliptical orbit, this varies during the year. Seasons exist 

because the Earth’s axis is tilted from the direction 

perpendicular to the plane of its orbit. If one pole is tilted 

towards the Sun at a particular point in the orbit, it is summer 

in the associated hemisphere and winter in the other 

hemisphere. The seasons are then reversed at the opposite 

point in the orbit. On timescales of many millennia the 

amount of radiation received at the Earth is altered by 

variations in these orbital parameters. In other words there are 

changes in the flow of solar energy reaching the Earth in a 

given time simply as a result of Earth-Sun geometry rather 

than due to any inherent variations of emissions from the Sun. 

The degree to which the orbit differs from a circle is measured 

by its elliptical or eccentric nature, for a smaller value of the 

ellipticity the closer the orbit is to a circle. This varies over 

time and has a maximum value of about 6% but is currently 

lower, ~ 1.7%. This means that the northern hemisphere 

receives about 7% less radiation in its summer, and 7% more 

in its winter, than the southern in its equivalent seasons 

because the Earth is closer to the Sun in January than in July. 

Averaged over the globe the total solar energy hitting the 

Earth depends on its distance from the Sun, and therefore on 

the ellipticity, but the distribution of the radiation over the 

globe depends on the tilt and precession. The amount of 

energy arriving in summer at high latitudes determines 

whether the winter growth of the ice cap will recede or 

whether the climate will be precipitated into an ice age. Thus 

changes to the seasonal irradiance, when amplified by other 

feedback mechanisms such as greenhouse gases released by 

the initial warming, can lead to much longer-term shifts in 

climatic regime. 

The solar energy from the Sun is the primary source, which 

drives the space weather that occurs in the Sun’s atmosphere 

and may also influence the Earth’s atmosphere to a greater 

extent.  Storms on the Sun, in the form of solar flares and 

coronal mass ejections, can launch showers of radiations and 

powerful magnetic fields into interplanetary space. Weather 

on Earth is the set of ever-changing ambient conditions in our 

atmosphere. Its elements include temperature, air pressure, 

wind speed and direction, humidity, precipitation and so-on. 

Space weather is the set of ever-changing ambient conditions 

in the space within our solar system. Its elements include 

electromagnetic radiation, the solar wind of charged particles 

that flows outward from the Sun, and the force of the 

interplanetary magnetic field, which spirals outward from our 

parent star. Due to the global warming, changes occur for 

large scale weather systems on Earth, especially the surface 

temperature enhances by the increase of carbon dioxide, CO2, 

in the atmosphere. The galactic cosmic rays enhance the 

amount of C
14

 in the atmospheric CO2 and also in vegetation. 

During the increased solar activity close to solar cycle 

maximum years, earth is better shielded from the cosmic rays 

than during the minimum years, and results in the variation of 

the amount of C
14

 which leads to a decrease during minima. 

Thus the C
14

 content of, for example, annual rings of old trees 

may reveal interesting information about the Sun’s 

performance during the last few millennia. Some studies have 

indicated that there is a connection between long term climate 

change and Sun’s activity. One possible mechanism is that 

during high activity levels the decreased amount of galactic 

cosmic rays could lead to reduced cloud formation in the 

atmosphere, and hence increase in temperature.   

III. EXPERIMENTAL METHODOLOGY 

The Earth’s atmosphere is an ocean of air that has a thickness 

of hundreds of kilo meters that protects life from the Sun’s 

intense heat and dangerous radiation. The behavior of the 

atmosphere is quite complex and an effort is made to study its 

features by using Mini Boundary Layer Mast (MBLM), a 

major setup deployed by the Department of Physics of 

Bangalore University at 12.945 N, 77.507 E and 920 m above 

mean sea level under the national network of Indian Space 

Research Organisation (ISRO) Government of India. MBLM 

uses advanced high resolution sensors to measure the 

temperature, relative humidity, wind speed and direction at 

different from the surface.    

IV. THEORETICAL APPROACH 

Climate models use quantitative methods to simulate the 

interactions of the atmosphere, oceans, land surface and ice. 

They are used for variety of purposes from the study of 

dynamics of the climate system to projections of the future 

climate. All climate models take into account of incoming 

energy as short waves electromagnetic radiation, chiefly 

visible and short (near) wave IR, as well as outgoing energy 

as long wave (far) IR electromagnetic radiation from the 

earth.  Any imbalance results in a change in the average 

temperature of the earth. Most talked about models of recent 

years have been those relating temperature to emissions of 

Carbon dioxide. These models project an upward trend in the 

surface temperature record as well as a more rapid increase in 

the temperature at higher altitudes.  Climate models can range 

from relatively simple to quite complex. A simple radiant heat 

transfer model treats the earth as a single point and average 

outgoing energy. A simple model (zero-dimensional model) 

of the radiative equilibrium of the earth is: 

)1(4)1( 422 TrrS    

where LHS of the equation represents the incoming energy 

from the sun, RHS of the equation represents the outgoing 

energy from the earth, both calculated from the Stefan’s 

Boltzmann law, S is the Solar constant (incoming solar 

radiation per unit area), =0.3 is the earth’s average albedo, 

r= 6.371 x 10
6
 m is the radius of the earth, = 5.67 x 10

-8
 JK

-

4
m

-2
S

-1
 is the Stefan’s Boltzmann constant, =0.612 is the 

effective emissivity of the earth. The Eq. (1) can be written as:  
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This simple model readily determines the effect of changes in 

solar output or change in earth albedo or effect of earth 

emissivity on average earth temperature. This model does not 

address the temperature distribution on the earth or the factors 

that move energy about earth.  

V. RESULTS AND DISCUSSION 

At present, the Earth is at an average distance of 150 million 

kilometers the Sun. The total flux of solar radiation or well 

known as solar constant is ~1360 Wm
-2

. Of this 30% is 

reflected away from Earth, back to space, by bright surfaces 

including clouds and ice. The remainder is absorbed, warming 

the surface and the atmosphere. Much of the heat radiation 

emitted by the surface is trapped within the atmosphere by 

greenhouse gases, mainly water vapour but, in the absence of 

other changes, enough heat is emitted to space to balance the 

incoming solar radiation and establish climate equilibrium. 

While this balance is achieved globally, not every location on 

the Earth’s surface is in energy balance and it is the 

distribution of the net radiation imbalances that drives the 

global circulations of the atmosphere and oceans. The 

distribution of daily-averaged solar radiation incident at the 

top of the atmosphere is more in the tropics, and in the 

summer hemisphere. Evidence of the ellipticity of the Earth’s 

orbit can also be seen in the greater irradiance in the southern 

summer than the northern latitudes.  
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Figure 1: Temporal variation of solar constant 

The variation of solar constant at the top of the atmosphere for 

different years since 1600 has been plotted in Fig.1. It shows 

that for decadal and centenary variations. Till 1700 the 

variation in solar constant is about 0.04%, between 1700 to 

1800 years, it is about 0.11%, between 1800 to 1900 years it is 

about 0.04% and during 1900 to 2014 it reached 0.01%. 

Overall the solar constant has shown the variability of 2 Wm
-2

 

for the period from 1600 to 2014. The temperature varies with 

variability in solar constant and is plotted in Fig. 2. The 

temperature depends on solar constant variability and follows 

the same trend as depicted in Fig. 1. The temperature varies 

from 287.78 to 287.89 from 1600 to 2014 years. The 

magnitude of raise in temperature is about 0.038% for the past 

400 years by the Sun. 
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Figure 2: Temporal variation temperature estimated from solar constant 

The most obvious candidate for such a mechanism is a varia-

tion in the total solar energy incident on the atmosphere. Mea-

surements of solar radiation at the Earth’s surface, however, 

have not been able to provide the accuracy required as they 

are subject to uncertainties and fluctuations in atmospheric 

absorption that swamp the small variations in the solar signal. 

Direct measurements of total solar irradiance made from 

satellites outside the Earth’s atmosphere began in 1978. The 

detailed study is very much essential to see the actual 

variations.  

For understanding the variation of meteorological parameters, 

the height profiles make an important role. The diurnal 

variation for monthly mean for the month of October is shown 

in Fig. 3. The temperature merges at all levels during morning 

hours and has a large gap during noon hours (Reid, 1991). 

This is due to the convection of air parcel both horizontally 

and vertically due to the onset of convection after sunrise. The 

range of temperature between minima and maxima is more 

near to the earth’s surface compared to greater heights, 

because earth’s surface exchanges its flux and momentum 

near to the air molecules rather at greater height due to 

molecular convection. At greater heights the exchange of 

energy is only due to convection of air parcel.  
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Figure 3: Diurnal variation of monthly mean values of temperature over 

Bengaluru 

From the plot it is clear that the temperature at 4m height is 

slightly higher in the morning hours and decreases by the end 

of the day. Similarly temperature at height 15m is slightly 

lower in the morning hours and increases by the end of the 

day. 

VI. SUNSPOTS AND CLIMATE PREDICTION 

It is not so clear why the Sun spends part of its time in a 

magnetically quiescent state, and whether the sunspot minima 

occur with a regularity that is sufficient to predict when the 

next quiescent episode might occur (Lassen and Friis-

Christensen, 1995). At present there is no concern about 

another Little Ice Age. Recent satellite measurements of solar 

brightness show an increase from the previous cycle of 

sunspot activity to the current one, indicating that the Earth is 

receiving more energy from the Sun. The current rate of 

increase of solar irradiance continues until the mid 21th 

century, then the surface temperatures will increase by about 

0.5 C (Wilson, 1997). This is small, but not a negligible 

fraction of the expected greenhouse warming. The 

relationship between cycle length and Earth temperatures is 

not well understood  (Reichel et. al., 2001). Lower-than 

normal temperatures tend to occur in years when the sunspot 

cycle is longest, as confirmed by records of the annual 

duration of sea-ice around Iceland. The cycle will be longest 

again in the early 2020's. 

 

Figure 4: Variation of CO2 concentration at Mauna Loa 

 

Figure 5: Global surface temperature anomalies. The monthly means are 

represented on dotted lines whereas smoothed thick line represents the annual 

variation. 

 

Figure 6: The variation in length of sunspot cycles 1–23 
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Table 1: Characteristic properties of solar cycle 1-23 

Solar cycle 
number 

Starting of solar cycle 
(mm/yr) 

Solar maximum 
(mm/yr 

Ending of solar cycle 
(mm/yr) 

Maximum number 
of sunspots 

Position of solar 
max. (years) 

Length of solar 
cycle  (years) 

1 3/1755 6/1761 5/1766 85.9 6.33 11.25 

2 6/1766 9/1769 5/1775 106.1 3.33 9.00 

3 6/1775 5/1778 8/1784 154.4 3.0 9.25 

4 9/1784 2/1788 4/1798 132 3.5 13.67 

5 5/1798 2/1805 7/1810 47.5 6.83 12.25 

6 8/1810 4/1816 4/1823 45.8 5.75 12.75 

7 5/1823 11/1829 10/1833 67.0 6.58 10.5 

8 11/1833 3/1837 6/1843 138.3 3.41 9.67 

9 7/1843 2/1848 11/1855 124.7 4.66 12.42 

10 12/1855 2/1860 2/1867 95.8 4.25 11.25 

11 3/1867 8/1870 11/1878 139 3.5 11.75 

12 12/1878 12/1883 2/1890 63.7 5.0 11.25 

13 3/1890 1/1893 12/1901 85.1 2.91 11.83 

14 1/1902 2/1906 7/1913 63.5 4.16 11.58 

15 8/1913 8/1917 7/1923 103.9 4.0 10.0 

16 8/1923 4/1928 8/1933 77.8 4.75 10.08 

17 9/1933 4/1937 1/1944 114.4 3.66 10.42 

18 2/1944 5/1947 3/1954 151.6 3.66 10.17 

19 4/1954 3/1957 9/1964 190.2 3.0 10.5 

20 10/1964 11/1968 5/1976 195.9 4.16 11.67 

21 6/1976 12/1979 8/1986 155.4 3.25 10.25 

22 9/1986 7/1989 5/1996 157.6 2.91 10.0 

23 6/1996 7/2000 9/2007 119.6 4.16 11.33 

 

Human activities like the burning of fossil fuels, conversion of 

natural prairie to farmland, and deforestation have caused the 

release of CO2 into the atmosphere. From the early 1700’s, 

CO2 has increased from 275 ppm to 393 ppm in the middle of 

2010. The variation of CO2 concentration is shown in Fig. 4. 

From the plot, exponential growth of CO2 concentration with 

period can be observed. The higher concentrations of CO2 in 

the atmosphere will enhance the greenhouse effect making the 

planet warmer. According to computer climate models, if  the 

globe will warm up by 1.5 - 4.5 °C then CO2  concentration 

can reaches the  of 600 ppm by the year 2050. 

The global surface temperature anomalies are plotted in Fig. 

5. Here, the temperature anomaly means a departure from a 

reference value or long-term average. A positive anomaly 

indicates that the observed temperature was warmer than the 

reference value, while a negative anomaly indicates that the 

observed temperature was cooler than the reference value. The 

temperature data for the land and sea surface obtained from 

the Global Historical Climate Network are used to compute 

the temperature anomalies. The result reveals that the there 

exist a temperature anomaly by 1.5 C from its mean values.  

Table 1 gives a catalogue of sunspot cycles 1–23 and several 

characteristics of sunspot cycles are presented. It is clear that 

the length of solar cycle, position of solar maxima of sunspot 

cycle from the beginning of sunspot cycle and maximum 

sunspot number differ from cycle to cycle (Friis-Christensen 

and Lassen, 1991). Some similarities are observed in 

particular sunspot cycles, which is a good base for prediction 

of future sunspot cycles. The variation in length of sunspot 

cycles 1–23 is shown in Fig. 6. It is clear from this figure that 

the 11-year period is not constant, but varies between 9 and 

13.67 years (Archibald, 2006). Sunspot cycle 23 is similar to 

sunspot cycle 20 in the way it rises and falls. Sunspot cycle 20 

took about four years to peak and about seven years to 

descend to its minimum. A major part of the sunspot cycle 

23’s most intense solar activity occurred 3.5–4.5 years after 

solar maximum. The sunspot cycles 17 and 20 reveal 

remarkable and intense solar activity in the late stages of both 
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cycles. Sunspot cycles 17 and 20 are very similar in sunspot 

amplitude to sunspot cycle 23.  
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