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Abstract: Global warming has emerged as a major issue of concern as the fallout would have a wide-spread impact
on many climate processes in addition to posing a serious threat for human development, directly or in-directly.
COP21 at the Paris agreement settled to limit global warming well below 2°C in the future. This goal can be
attained by ensuring a drastic reduction in the emission of greenhouse gases or by cutting down the use of energy
consumption, an obvious solution but difficult to implement. A more acceptable and easy approach would be to
reduce the use of energy to cool buildings and surfaces by adopting simple scientific techniques. The present work
explores the feasibility of one such approach, which can be applied in large cities and urban regions; knowing
that by increasing the surface reflectance (albedo) for incoming solar short wave (SSW) radiation it is possible
to decrease the temperature of the surface. If the appropriated surface area is large enough then it is possible to
cause a decrease in the ambient air temperature. Three different types of heat-resistant Superseal Thermoflex P-111
coatings of different colours were applied on the roof surface to evaluate their respective reflectance properties
towards the incoming SSW radiation incident on the roof with reference to the resulting surface temperature. The
average reflectance in the spectral range 280-880 nm — for dark pink, light pink and white colour coats — were
estimated as 0.44, 0.61 and 0.76, respectively; the obtained values were significantly larger than that observed
for asphalt/cement coated surfaces. The higher reflectance of white coating leads to less heat absorption by the
roof surface open to the SSW radiation and thus a significant drop in the surface temperature. Also, the heat
transmitted underneath the surface space will be much reduced, even the emission (loss) of radiation (Infra-Red)
from such a surface into the surrounding environment will be reduced.
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Introduction (COP21) of the United Nations Framework Convention

on Climate Change (UNFCCC, 2015) suggested options

In the present era, global warming has arisen as an
issue of concern that has serious implications for the
biosphere and human population; direct or indirect
(James et al., 2017; Hossain et al., 2016). The Paris
agreement (2015) in the 21%* Conference of Parties
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combat the global temperature rise (Rayner Tim et al.,
2019). All parties agreed to counter the global warming
by keeping the rise in the average global ambient
temperature well below 2°C in the future; even this
rise causes serious concern for many vulnerable nations
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(island nations and countries having vast coastlines) and
poses a threat to their existence from the anticipated sea-
level rise. The vulnerable nations advocate the global
temperature rise within 1.5 °C, which may reduce the
effect of climate change (Sellers et al., 1996; UNFCCC,
2015; Chen et al., 2017; James et al., 2017). To
achieve the set limits for the global rise in the ambient
temperature, and avert the ensued widespread effects
on the Earth’s physical environment, it is important that
all the stake holders such as the scientists, engineers,
policy makers, politicians, and citizens must work in
concert. The major concerns arising from the increase
in the average global temperature are a disruption in the
hydrological cycle, glacier melting, increase in sea level,
excess/deficit rainfall, a threat to food security, and the
enforced changes on human demography (Pachauri et
al., 2014; Fischer and Knutti, 2015; Arnell et al., 2016;
Schleussner et al., 2016; Kraaijenbrink et al., 2017;
Mohammed et al., 2017; Vautard et al., 2014; Karmalkar
and Bradley, 2017; Xu et al., 2017). In view of the
anticipated widespread disruption of the existing natural
environment’s attributes and the induced multifarious
adverse impact on the man-centric developmental
aspects, it is but imperative to seek scientific rational
solutions to curtail the rising global warming trend. In
this note, we outline a simple and benign solution based
on the physics of the surface reflectance properties to
arrest the warming trend.

The most discussed option, in this regard, is by
directly controlling the increase in the concentrations
of greenhouse gases in the atmosphere or by reducing
the use of energy at the local, regional and global levels
(Cui et al., 2009; Jacobson and Ten Hoeved, 2012);
this is, but complicated and tedious to implement
and has resulted in only partial success. It is difficult
to compromise on the respective national economic
development goals by capping or reducing the use of
energy, particularly as the rising human population
(27 billion) pushes the energy consumption demand
upwards (Caldeira and Brown, 2019). However,
approaches using the established principles of physics
to decrease the ambient temperature or energy use are
more feasible as they do not require a compromise
at the level of economic development (Allen et al.,
1969; Rosenfield et al., 1998; Jacobson and Hoeved,
2012; Gaffin et al., 2012). The current trends of using
electricity-based cooling devices (air-conditioners) in
urban areas during summer and for heating during
winter have further added to global warming (IPCC,
2015). Any benign but science-based measure would
have a significant impact in not only lowering the use

of energy to cool or heat the human dwellings but also
have the corresponding impact to cause a decline in
CO, release into the atmosphere (Jahandideh-Tehrani
et al., 2015; Bartos and Chester, 2015; Kraucunas et
al., 2015; van Vliet et al., 2016; Arnfield, 2003; Weng
et al., 2004; Shunlin et al., 1998; Tadeu et al., 2005).
Due to the absorption and holding capacity of heat, an
urban area experiences a much warmer temperature
than the nearby rural area. This phenomenon is known
as Urban Heat Island (UHL) (Oke, 1982). UHL impacts
the local weather condition of a region (Rizwan et al.,
2008; Myrup, 1969). The approach presented in this
note exploits the consequence of the interaction of
different colour coated surfaces with the incoming solar
short wave (SSW) radiation in terms of their reflectance.
If the major part of the incident SSW radiation can be
reflected back into space and knowing that the Earth’s
atmosphere is transparent towards SSW, it stands to
reason that the absorption of SSW incident on surfaces
will significantly decrease. If this decrease is significant
and the surface area is large enough then the surface
will cool significantly, and this would contribute toward
decreasing the temperature of the atmosphere in contact.
In this regard, it is important to state that a significantly
large roof surface area can be appropriate for the houses
and large buildings in urban areas.

Interaction of Solar Radiation
in the Atmosphere

Essentially, the solar radiation entering the Earth’s
atmosphere is designated as SSW and comprises of a
small fraction of ultraviolet (200-400 nm), predominant
part as visible radiation (400-700 nm) and infra-red
radiation (>700 nm) (Myers et al., 2004; Blonquist and
Bugbee, 2018; Denning, 2018). Through its passage
towards Earth’s surface, most of the ultraviolet fraction is
filtered out or absorbed (Stratospheric Ozone layer) and
a small part of the SSW undergoes reflection involving
Earth’s atmospheric constituents (Figure 1). SSW energy
received at the top of the atmosphere mostly resides
in the visible spectrum and the constituents of the
atmosphere are essentially transparent (no absorption)
to the visible radiation fraction (Jacquemoud and Baret,
1990; Goodin et al., 1993; Jacquemoud et al., 1995;
Jacquemoud et al.,1996). The composition of total
solar spectrum energy in different distinctive parts at
the top of the atmosphere and on the Earth’s surface is
analysed using the ASTM G173-03 reference spectra
developed by the North American PV industry and the
American Society for Testing and Materials (ASTM)
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Figure 1: (a) ASTM G173-03 Reference Spectra Derived from SMARTS v.2.9.2 showing the average total solar radiation

received outside the atmosphere of the earth (black curve), on different surface orientations (red curve, direct tilt),

direct + circumsolar (blue) and (b) Solar spectral spread received on the ground. (The information is available in
American Society for Testing and Materials, 2012; NREL, 2015.).

(Figure 1a,b; ASTM, 2012; NREL, 2015). The standard
spectra are measured for direct normal and global tilted
(at 37°) spectral irradiance and have been used in many
earlier studies (Marzo et al., 2018, 1996; Simpson and
Mcpherson, 1997; Jacquemoud et al., 2000; Denning,
2018). The average distribution of energy in percentage
for different spectral components is given in Table
1. Most of the UV component of solar irradiance is
filtered out in the stratosphere by the stratospheric
photochemical reaction involving ozone and a small
fraction of UV reaches the ground in the spectral range
280-400nm (Sahu et al., 2017). Of the total solar energy
reaching the ground, on an average, the fractions in UV,
visible and IR spectral regions are 8%, 40% and 52%
(Dennings, 2018; Henderson, 1992; Ben-Dor and Banin,
1995; Islam et al., 2003; Brown et al., 2006; Small,
2006; Boyton, et al., 2007; Summers et al., 2011). The
solar spectrum radiation, other than the visible spectra,
while passing through the atmosphere is significantly
attenuated (absorption, reflection and scattering) by the
atmospheric constituents (O;, O,, CO,, H,0O, aerosols,
cloud, etc) before reaching the ground (Figure 1b;
Blonquist and Bugbee, 2018). On the other hand, the
SSW fraction’s (visible light) attenuation while passing
through the atmosphere is significantly less as its
absorption by the constituents is absent. It follows that
if a fraction of visible radiation is reflected back from
the surfaces located on the Earth it will be reflected back
to space without getting absorbed; whereas the radiation
lying in the IR region emitted from the surfaces will be
retained by CO,, H,0O and other greenhouse gases on

reflection (GHGs) (Monteith, 1970; Matthews, 1983;
Mustard, 2005; Akbari et al., 2008).

Table 1: Solar spectrum energy distribution

Waveband (nm) Energy (%)

0-200 0.7
200-280 (UV-C) 0.5
280-320 (UV-B) 1.5
320-400 (UV-A) 6.3
400-700 (Visible) 39.8
700-1500 (near Infra-Red) 38.8
1500-c0 12.4

Attributes of the Solar Radiation Passing through
the Atmosphere and Reaching the Ground

A fraction of the incoming solar radiation passing
through the atmosphere is reflected back to space
on account of the average reflectance of the Earth
(The Earth’s albedo). On an average, about 30% of
the incoming radiation is reflected back before it
reaches the ground. The reflection is a function of
many surface-specific characteristics and the type of
incident wavelength; consequently, the reflectance varies
significantly with the changes in the surface character
(composition, colour, etc.): snow-covered surface
reflectance may exceed 0.8 and asphalt coated surface
can have this value as small as 0.1 (Sellers et al., 1986;
Levinson and Akbari, 2002; Bowyer and Danson, 2004).



66 Bikram Sen Sahu et al.

Incoming SSW solar radiation after passing through
the Earth’s atmosphere (average albedo 0.3) can be
reflected/refracted/scattered or absorbed depending on
the nature of the surface encountered; if the reflected
fraction increases then the fraction absorbed by the
surface will correspondingly decrease. The characteristic
nature of reflected SSW radiation does not change and
this fraction goes back to the atmosphere. However, the
absorbed fraction of SSW radiation heats up the surface
and raises its temperature, its loss from the surface,
after its absorption, is as longwave radiation (near and
far IR) and the atmosphere is not transparent to this
spectral region— longwave radiation is absorbed by
water vapour, CO, present in the atmosphere— (Stoner
and Baumgardner, 1981; Malthus and Dekker, 1995;
Rosenfeld et al., 1998; Islam et al., 2003). Absorbed
SSW radiation transforms into heat which can either
be emitted back into the atmosphere or transferred into
the surface by conduction (Malthus and Dekker, 1995;
Simpson and Mcpherson, 1997; Ustin et al., 1998; Jin et
al., 2004; Viscarra Rossel et al., 2006). Wavelength span
and the associated energy magnitude of heat radiation
emitted from the surface to the atmosphere can be
estimated using Stefan-Boltzmann law as given below.

(e, =0T (1)

where e, represents the energy at a given wavelength
A, G represents Stefan-Boltzmann constant and 7 (°K)
represents the temperature of the surface. It is pertinent
to state that (1) surfaces having large reflection would
absorb less energy, (2) less energy absorption implies
lower surface temperature and the surface would emit
radiation (loss) in near and far IR region, and (3) the
emitted radiation in near and far IR region can be
trapped by atmospheric CO,, H,O (vapour) and other
global warming gases (GWG). The stated rationale is
that when surface reflectance is high for the visible
fraction of SSW, the surface not only absorbs less SSW
radiation but also emit less in near and far IR radiation
region into the atmosphere. Consequently, enhancing the
surface reflectance in a region by appropriating large
surface areas can be an effective approach to decrease
global warming.

Following the above-stated rationale, systematic
experiments were performed by applying different
coloured polymer coatings over a cemented surface
to simulate conditions similar to the one commonly
encountered on the roofs of the buildings (houses
and commercial buildings) in the Delhi region. The
experiments were designed to measure the extent

of reflection caused by the different colour coatings
of surfaces with reference to incident light in the
wavelength span 280-880 nm. The wavelength span
conformed to the incoming SSW radiation (Figure
1). The following section details the methodology;
after which the Results and Discussion section is
given, while the summary of this study along with the
concluding remarks is provided in section Summary
and Conclusion.

Material used and Methodology

Materials used for the Experiment

Small discs made of cement (2.5cm diameter),
composition similar to that is found on the roof surfaces,
were coated with heat reflecting Superseal Thermoflex
P-111 procured in three colours— (a) white (W), (b)
light pink (LP) and (c) dark pink (DP)— from Supertech
Chemicals Specialties Pvt. Ltd. (Navi Mumbai,
India). The details of the product and their application
procedure can be obtained from https://www.indiamart.
com/supersealchem/heat-insulation-membrane-coating.
html. This coating material is commercially used to seal
the roof surfaces of buildings.

Methodology

The reflectance of the discs was measured using a
Shimadzu UV-Visible spectrophotometer equipped
with an integrated reflectance measuring accessory
(integrating sphere UV-2200/24002500 series).
Prior to the measurement of Superseal thermoflex
coated discs, calibration was done with reference to
BaSO, coated discs (100% reflectance) and black
carbon-coated discs (reflectance 0%) in the spectral
span ranging from 280 to 880 nm. All reflectance
measurements were carried out with reference
to the calibration. To ascertain the temperature of a
surface under a real condition, the whole roof surface of
a house at Jawaharlal Nehru University was coated with
W heat reflecting Superseal Thermoflex P-111 procured
from Supertech Chemicals Specialties Pvt. Ltd. (Navi
Mumbai, India). The roof surface of the adjoining
house had a dark asphalt coating, typically used for
coating the roofs, as a reference. The experiment
was done to measure the roof surface temperature by
using a non-contact Infrared thermometer equipped
with a built-in laser pointer capable of measuring
the surface temperature with +0.1°C from a distance
(MEXTECH 8858/8859 series IR Thermometer,
Mextech technologies India).
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Results

Reflection Profile of DP, LP and W Coated
Surfaces (280-880 nm)

The spectral reflection profiles for DP, LP and W coated
discs in the spectral range of 280-880 nm are presented
in Figure 2a-c. DP (dark pink) coated disc-surface
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Figure 2: (a) Reflection profiles of three different discs
coated with Dark Pink (DP) on cement surface (red, green
and blue curves). Upper curve correspond to the perfectly
reflecting surface (BaSO4; yellow colour) coated discs and
the lower most curve is the profile of perfect absorber
surface (black carbon coated discs; black colour).
(b and c) represents the same for LP and W coated discs
respectively.

display on an average 80% reflection in the spectral
span 630-880 nm; the reflection significantly decreases
between 630 and 560 nm, a small increase is registered
in the span 560-415 nm. The reflection was lowest in
the wavelength span lower than 400 nm (Figure 2a); at
550 nm for DP coated surface the reflectance of 10%
was recorded. The mean reflectance in the spectral
range 280-880 nm for DP was estimated as 44%. The
reflectance profile for Light Pink (LP) coated surface
was similar to that displayed by DP coated surface
(Figure 2b), but the reflection was much larger (90 —
95%) in the wavelength span 880-600 nm. The second
reflection peak was at 430 nm (70%) and the spread of
the second peak was also larger. The lowest reflectance
of around 10% was recorded in the span 280-380 nm.
The mean reflectance in the spectral range 280-880 nm
for light pink was 61%

The reflectance profile for white (W) colour coated
discs is shown in Figure 2c¢; the surface reflected most
of the radiation in the tested wavelength span (around
90%) in the spectral region 430-880 nm. However,
the reflection profile below 380 nm was very low
but still higher than DP and LP coated surfaces. The
mean reflectance in the spectral range 280-880 nm for
W coated surface was estimated as 76%. The extent
of reflection was highest for W and lowest for the
DP coated surface. It is important to state that in the
wavelength span of visible light (400-700 nm) the
averaged reflectivity respectively (W, LP and DP) was
estimated as 90, 60 and 40% respectively. For the tested
infrared range (701 to 880 nm), the average reflectivity
for these surfaces was 90, 80 and 80%.

Transforming Reflection Profiles into

Transformation Matrix to Determine the Extent of
Reflection of SSW from the Surfaces

The obtained reflection profiles for three colour
coated discs were normalized into fractional reflection
values by dividing the whole profile with the average
reflection profile obtained from BaSO, coated discs.
The transformed reflection profiles provide fractional
values ranging in the interval 0 (complete absorption)
and 1 (complete reflection) (Figure 3). The obtained
transformed values, now, could be analyzed to obtain
the amount of solar radiation reflected if the roof
surface is coated with these colours (W, LP, and DP).
The reflectance was lowest for DP and highest for W
coated surface. The fraction of incident solar radiation,
integrated energy in the spectral span 280-880 nm
from respective colour coats on surface W, LP and
DP) was calculated as 76% (Figure 4a), 61% (Figure
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Figure 3: Fractional reflection profiles of DP, LP
and W coated discs.

4b) and 44% (Figure 4c). It can be inferred that the
colour of a surface has a direct bearing on the extent
of reflection of incident SSW radiation, and this will
also determine the amount of absorption at the surface
and the surface temperature. Less SSW absorption will
reduce the surface temperature: high reflectance has an
important repercussion on the surrounding atmosphere’s
temperature.

As discussed earlier, the atmosphere is transparent
to solar radiations confined within the visible spectral
region. Consequently, if the fraction of radiation falling
on a surface is reflected back, it will still be in the form
of visible radiation, while the fraction of radiation not
reflected will be absorbed and increase the temperature
of the surface. The transformation of visible radiation
(absorbed fraction) into heat will cause the heated
surface to re-radiate the radiation back into space but
as IR radiation. IR radiations can be absorbed by the
GHGs present in the atmosphere, which will warm the
atmosphere. The argument follows that if an absorbed
fraction of the visible solar radiation can be reduced
by altering the surface reflectance then the surface
temperature will be low. The magnitude of the reflected
IR radiation will also be low, which will have direct
implications for the ambient environment’s temperature.

Determining the Decrease in Temperature on

the Surface Coated with DP, LP and W Colour
Superseal Thermoflex P-111 coats

Following the quantitative estimates of the reflection
profile in wavelength (280-880 nm) span for different
colour coated surfaces, the extent of temperature
decrease by these surfaces can be calculated. These
calculations involve the average solar radiation incident
on a surface by considering extraterrestrial solar energy
spectral profile in the 280-880 nm range (Figure 1a,b).
The actual values received on the ground, of course,
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Figure 4: (a) Average extra-terrestrial solar radiation

(Wm2nm; red curve), the estimated reflected fraction

determined on the basis of reflection profile shown by DP

coated discs (blue curve) and the difference represents

the amount absorbed by the surface (green curve).

(b and c) represents the same for LP and W coated discs
respectively.

will depend upon latitude, solar zenith angle, and the
distance of the Sun from the Earth, at a particular
time on a particular day of the year, etc. However,
representative calculations can be done on the realistic
values of the solar radiation by considering these
factors, or by doing the actual measurement at a location
using a spectral radiometer. In the present experiment,
the data from the measured reflectance values from three



Surface Reflectance Change can Induce Reduction in the Surrounding Ambient Environment Warming 69

different colour coated surfaces enabled the calculations
for the extent of absorbed solar radiation fraction at
these surfaces. Knowing the absorbed energy fraction
by the respective colour coated surfaces (DP, LP and W)
further enabled the determination of surface temperature
by using the Stefan-Boltzmann law. The calculated
surface temperature for the respective coloured surfaces
was 29 °C (DP), -2°C (LP), and -30°C (W) for DP,
LP and W, respectively as given in the Table 2. These
numbers are startling, however, they should be looked
at by considering that these surfaces are exposed to
the ambient environment and the actual temperature
of these surfaces will change after taking into account
the temperature of the surrounding atmosphere where
greenhouse gases are present (Arnell et al., 2016;
Arnfield, 2003). The calculations done in the present
case assume ideal reflectance from the colour coated
surfaces, in real situations the reflectance can be
(a) diffuse, (b) specular and (c) diffuse anisotropic
reflectance; the latter is more relevant in the present
case. In general, the loss of energy in diffused
reflectance is less than that from specular reflectance.
This implies that the magnitude of absorbed energy over
these surfaces may be a little higher than that calculated.

Table 2: Reflected, absorbed energy and temperature
over DP, LP and W coated surface

Colour Reflected Absorbed  Temperature
of the Energy Energy (°C)
surface (W/m?) (W/m?)
DP 367..6 475.88 29
LP 517.78 326.7 -2
W 643.03 200.45 -30

To ascertain the temperature of a surface under a real
condition, the whole roof surface of a house at Jawaharlal
Nehru University was coated with W heat reflecting
Superseal Thermoflex P-111 procured from Supertech
Chemicals Specialties Pvt. Ltd. (Navi Mumbai, India).
The roof surface of the adjoining house represented a
dark asphalt coat, typically used for coating the roofs,
as a reference. The experiment was done to measure
the roof surface temperature by using non-contact
Infrared thermometer equipped with a built-in laser
pointer capable of measuring the surface temperature
with £0.1°C from a distance (MEXTECH 8858/8859
series IR Thermometer, Mextech technologies India).
The measurements were done on the 15™ of May 2012
at 13:30 hrs Indian Standard Time (IST) under open sky

conditions around solar-noon. The temperature recorded
in the shade (under the white coated roof surface), 4 feet
above the ground, was 41.8°C; temperature recorded
for the W coated roof surface, under the open sky and
overhead sun was 34.6°C; and temperature recorded for
the reference asphalt roof surface was 58.8°C. These
measurements show that W coated roof surface will
have a temperature significantly lower (-7.2°C) than the
ambient temperature, also the temperature difference
between W coated roof surface and the asphalt roof
surface was very significant (24.2°C). Since the ambient
atmosphere is in contact with the roof surface, its lower
temperature should affect the ambient air’s temperature
too. In addition, a surface (roof) with higher reflectance
or less absorbed energy will transfer (conduction)
less heat below the surface. Therefore, the transfer of
heat from the roof towards the room beneath will be
significantly less. Consequently, the energy required
to cool the room (air conditioning) will be reduced in
comparison to the roof surface coated with an asphalt
coating. The proposed strategy to cover the roof surfaces
with a W coat in a large city will certainly contribute
to lowering the ambient temperature: A surface area
~70 km? can be used for the suggested strategy by
appropriating 50% of the total available roof area
in Delhi, the surface area large enough to make a
difference (Attri, 2010; Zhang et al., 2020; Barnes et
al., 2020; Wei et al., 2020)

Summary and Conclusions

The proposed strategy in this work is based on the
physics of reflecting surfaces for SSW radiation which
can be reflected efficiently back into space without
getting trapped by the Earth’s atmosphere. In this work,
three colour (DP, LP, and W) coating samples were
taken and reflectivity on the colour coated surfaces
was measured in the available radiation range of 280 to
880 nm. It is observed that W coating reflects maximum
and hence the temperature is lowest among the three
colour coated surfaces. DP colour coated surface reflects
less and the temperature over DP coated surface is
maximum among the three colour coated surfaces. The
approach is benign and can be easily applied on roof
surfaces of the buildings and houses in large cities in
hot tropical countries: a significantly large surface area
can be appropriated for this. The absorption of SSW
radiation on the appropriated roof surfaces would not
only ensure significantly lower surface temperature
but also low absorption. In addition to cooling the
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surrounding ambient temperature, the surface will also
emit much less IR radiation into the atmosphere for
GWGs to trap. Any drop in the ambient temperature
will in turn lower the energy required to cool the
house/building interior spaces, thus lowering the fossil
fuel consumption used in generating energy. Further
experiments in this regard can fine-tune this approach’s
effectiveness by scaling up the experiment over a larger
area in a city. The findings from this work can also be
scaled up by similar studies done in different seasons.
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