
- - LAB 2 - -

Net Radiation at Earth’s Surface
Introduction
	In our world, we have one main source of energy and light, which is the sun. The sun creates different outcomes when it comes to the earth’s surface and air. One key term that is included in the outcome is energy budget, this is the radiation balance. The radiation balance is the balance between the energy that is gained from the system and the energy that was lost, by radiation. Another term that is a part of this definition is the radiation flux, this means that the radiation keeps moving and changing over time. Another term is net radiation which is the radiation that is going in, subtracted by the radiation that is going out of the surface. This comes with the two terms energy surplus and deficit. The surplus is when there is energy to create higher temperatures, example, like melting ice. And energy deficit is when the temperature of an object decreases, example, like water freezing. 
	There is one main equation that helps us figure out the net radiation of certain areas, this Is called the net radiation equation. This equation, Rn = K↓ - K↑ + L↓ - L↑, is the sum of all the radiation inputs and losses, or incoming and outgoing short and long waves, and gives us the outcome of what we are standing in, like this lab. K↓, incoming short waves, is usually given to you in a question because it is measured by the incoming solar radiation. K↑, outgoing short waves, is calculated by the amount of albedo the surface has, multiplied by the incoming solar radiation (K↓). To calculate L↓, incoming long waves, we take the emissivity of the atmosphere, 0.95 when its overcast, 0.8 when its partly cloudy, and 0.6 when its cloud free, then multiply it by the Stephan-Boltzmann constant (5.67e-8 W/m2K4) and then multiply that by the temperature of the sky and put it into kelvin and put it to the power of 4. Lastly, to find the L↑, outgoing long waves, it’s the same equation as incoming long waves, but with a constant emissivity of 0.95, and the temperature is taken from the surface not the sky.
	This lab relates to real-life experiments because we need to find out the net radiation for different places at specific times. An example of this would be if we needed to know if different areas have a different radiation balance from the regions around the specific area. The objectives of this lab are to learn how to calculate the net radiation for a specific area by measuring it with different instruments. The instruments that were used are the shortwave sensor and the infrared thermometer. The shortwave sensor was to calculate the incoming and outgoing short waves (K↓ and K↑), and the infrared thermometer was used to take the temperature of the sky and the surface. We also learn about input and output of energy for different materials and situations. This lab helps us understand the factors that influence net radiation and helps us practice writing a lab report and calculating mathematical equations.
	The lab was located behind the Loeb Building at Carleton University, calculating the short waves and the temperatures on a grass field, on pavement, and under an awning. The group that I was doing this lab with was numbered as group 3.

Assignment
Part 1) 

Questions 1) – 3)
Table 1. Data recorded on Friday September 27, 2019, at 12:06pm, for the radiation balance of the different areas around the Loeb Building, Carleton University. There was a 50-60% coverage when the clouds were covering the sun. The clouds were thick light grey and high in elevation.
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3) Calculations for Class Lab Averages.
L = σTSKY 4	
L = (0.8) (5.67e-8 W/m2K4) (-17.94 ◦C +273K) 4
L = 191.97 W/m2

L↑ = eσTsurface4
L↑ = (0.95) (5.67e-8 W/m2K4) (30.63◦C +273K)4
L↑ = 457.81 W/m2
Rn = K↓ - K↑ + L↓ - L↑
Rn = (724.34 W/m2 – 129.19 W/m2) + (191.97 W/m2 - 457.81 W/m2)
Rn = 329.31 W/m2

4) During the lab, the warmest part was being on the grass. Asphalt has a much lower albedo than the grass and underneath the awning, the grass reflects most of the sun light, and there is no light that gets received under the awning. This means that more heat will come off the ground due to the heat being absorbed and the asphalt becoming an energy source. The area in which was the coolest was underneath the awning. The reason why is because there is no sun to give energy to the ground to create another energy source, like the asphalt. Yes, a more positive Rn does give a good indicator of where the warmest area is. Between all 3 areas, the asphalt had the most Rn indicating, the warmest area, which it indeed was. Some factors that can influence how we perceive air temperature is the elevation of the ground, if we are nearby water, or how windy it is outside. These facts all come together and can change the temperature of the air (Classzone.com, 2019).

5) One way that an emergency space blanket helps keep you warm is by radiation. The blanket wrapping around the person traps up to 90% of the radiated heat keeping the person warm with their own body warmth by losing only 10% instead of 100% without the blanket. Another way the blanket keeps you warm is by convection. The blanket protects your body from being hit by air that removes the layer of heat coming off your body. And lastly, you lose body heat through conduction. There is no insulation on the blanket, therefore your body will not give heat to the blanket. This leaves very little areas for you to lose body heat (MCR Medical Supply, 2019).

Part 2) 

6) Sample calculation for Case A, and the answers for Cases A-D.
Sample Calculation for Case A:
Rn = (K↓ - K↑) + (L↓ - L↑)
Rn = [425 W/m2 – (0.9*425 W/m2)] + [{(0.6)( 5.67e-8 W/m2K4)(246K)4} – {(0.95)( 5.67e-8 W/m2K4)(263K) 4}]
Rn = 133.12 W/m2




Answers for:
Case A: Rn = 133.12 W/m2
Case B: Rn = 592.01 W/m2
Case C: Rn = -180.84 W/m2
Case D: Rn = -31.53 W/m2

7) Between cases B and D, the K↓ is so different because one is measured during the midday and the other is at midnight. There is no short-wave radiation at night because there is no energy source in space, the sun, to create these short waves that go through the greenhouse gases to create a source of heat.

8) Both cases are experiencing a net energy loss due to no energy source from the sun. Case D is much closer to a net energy equilibrium. Net energy equilibrium is the energy surplus and the energy deficit both not having a value towards them both, therefore them both equalling 0. Case D is closer to the net energy equilibrium because its much closer to the value 0.

9) The bright sunshine will not melt the snow. The sunshine gets reflected off the snow due to the high albedo value that snow has. The reason why the snow melts on these types of days it because the suns energy attracts lower albedo valued sources and creates a source of heat off that, like the sea, the wind blowing over grabs the heat coming off of the sea and warms the snow and starts to melt (Pitara.com, 2019).

10) The energy-consuming process at work for case B is the lake. The water has a very low albedo value when the sun is overhead (0.03-0.09). There is a high heat capacity that water can keep, due to all of the hydrogen bonding that beaks during the day when the heat is getting absorbed (Courses.lumenlearning.com, 2019).

Conclusion
[bookmark: _GoBack]	This assignment was to teach us how to calculate and measure net radiation for different areas outside. To do this we had to take a shortwave sensor and an infrared thermometer to calculate the temperature of the air and the surface and find out the incoming and outgoing shortwaves. These measurements help us get the incoming and outgoing long waves, to then help us find the net radiation for each surface we measured. The 3 areas we had to measure were a grass field, which has a high albedo value (reflecting more energy), pavement (parking lot), which has lower albedo (trapping more energy), and underneath an awning, this has no waves coming through, other than the ones being reflected off of other object. The key findings of this experiment were that under the awning, it was much colder than if we were standing out on the pavement or on the grass. This is due to the lack of sunlight coming through and creating an energy source out of the ground or other objects around. Throughout this experiment, I have learned that the clouds block a lot of heat coming through, this had changed my groups answers because the clouds would cover the sun when some of us were doing the shortwave or the infrared measurement and appear when others were doing it after the others finished. Temperatures also change due to the ground you are standing on, what you are standing under, or how cloudy it is outside. Its not just one factor, there are lots of factors that come into play when you stand outside and you’re calculating the net radiation.
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Part 1) Measurement and calculation of the radiation balance of the grounds around the Loeb Building

Table 1. Data recorded on Friday September 27, 2019, at 12:06pm, around the Loeb Building, Carleton University. There was
'50-60% coverage, when the clouds were covering the sun, they were thicklight grey dlouds and high in elevation.

Group No. 3

Centre of Loeb/HC Parking Lot
(open pavement if exposed)

Centre of Grassy Field (in front|
of Loeb/HCl parking lot)

Beneath The Awning of the
Loeb/HCl Entrance

Measured Variables

Measured (GA.:;’:};; Measured (GA.:;’:};; Measured (GA.:;’:};;
tndividua) | TR | unaiviaua | O | ondiiawan | TP
Ko (W/m?) | 25500 | 4a78.20/7243a | 52500 |391.00/63221| 4s.00 42.60/40.57
KPw/m?) | 3600 54.00/129.19 9400 |16100/14792  75.00 77.60/ 4653
T () 2000 [(1996)/-17.94 790  [(-1010)/-12.00] 24560 24.08/ 2261
Tasrsce (<€) | 2810 27.56/30.63 20.60 19.78/22.08 26.70 26.26/2251
Calculated Variables (using lab section averages only)
Ly (W/m?) 191.97 210.49 346.38
LMNW/m?) 457.81 410.38 410.77
R, (W/m2) 329.31 284.40 7035
Formulae

Ry=Kd KD +LL - LD





