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Abstract:

The BSS GLOBE Club is investigating the differences in the surface temperature of (i) grass, (ii) concrete and (iii) pitch. This is of particular importance to the students of Brazil Village as there have been marked developments in this community over the last 15 years. There is a distinct trend away from the rural life and one towards urbanization. This has been supported by a gradual replacement of the natural vegetation of the community by infrastructural support for the rapidly developing community.  
The data collected during the period 2008 to 2014 showed that there were increases in the ambient temperatures of both the concrete and the asphalt surface and a decrease in the ambient temperature of the grass field. The data also showed the ambient temperature of the asphalt was consistently higher than the other two surfaces and that of the grass field consistently lower. It was concluded that these differences in ambient temperature was primarily due to the moisture holding capacity of the surfaces and to some extent the dark coloration of the asphalt. 
It was recommended that similar investigations be done at a different time of the year. It was also recommended that the exact moisture capacity of each surface be quantified and compared. Finally, a detailed description of the extent of urbanization in Brazil Village was suggested, to determine its effect on the microclimate of the community.





Introduction:

Brazil Secondary School is a small rural school located in Brazil Village, Trinidad and Tobago. It was built in 2000, to provide accessible secondary school education to students from surrounding communities, such as Las Lomas, Mundo Nuevo, Talparo and La Horquettta. To date, this is the only secondary school catering to these catchment areas.
[image: ][image: ] 
Figure 1: Location of Brazil Secondary School and catchment areas

Historically, Brazil Village has been predominantly a rural community; outputs include cocoa, coffee, short crops, poultry and pigs. The village itself is nestled amongst several lush forests, for example the Arena Forest.
However, during the last 15 years, the easy, slow paced lifestyle of the residents of this village has been rapidly changing. The apparent easy money of the urban lifestyle has pulled the younger generations of this community from the manual hardships of farming. This has resulted in a reduced work force for the agricultural sector of Brazil Village, which has culminated in its demise.
 This transitioning from a rural to an urban community, has led to the gradual replacement of the natural vegetation by artificial surfaces, such has concrete and asphalt. This has become necessary to provide the infrastructural support for the burgeoning community. This infrastructural support includes the establishment of the secondary school, several housing developments, savannah with paved running tract and car park, groceries, factories, and the paving of many once dirt roads.
 One effect of the replacement of natural vegetation by artificial surfaces is the increase in ambient temperature known as the urban heat island phenomenon.
In the urban heat island phenomenon, artificial surfaces absorb and store greater amounts of heat than the natural vegetation, such as grass and trees. This increases the ambient temperature.  The increased heat retention of the urban areas is more noticeable in the afternoon, when there is less wind. As urbanization increases, the effects of the urban heat island rises. The effects of this
phenomenon, couple with that of global warming, has made the microclimate of Brazil Village extremely uncomfortable.
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              Figure 2: Showing a comparison of Brazil Village (from left to right) in 2016, 2006 and 2002




Research Questions and Hypothesis:

In 2015, classes at Brazil Secondary School had to be shortened to half the normal school day due to the unbearable heat experienced by students and teachers during the hours of 12 noon to 2:30p.m. This resulted in a reduction in the teacher / student contact time from 5 hours to 3 hours.
Faced with this situation, the students of the GLOBE club asked the following questions:

1. Is there a marked difference in the surface temperatures of different surfaces found on the school’s compound?
The temperature in the classrooms has been increasingly unbearable, especially in the afternoon periods. Since this situation has made the classroom environment completely unfavorable to learning, the members of the GLOBE Club seek to establish if there is a difference in the ambient temperature throughout the school’s compound.

2. Has there been an increase in the ambient temperature in the school’s compound from years gone by?
In light of the significant infrastructural changes observed in the community, the students would like to determine if there has been any correlation between the physical changes in their environment and the ambient temperatures experienced.




The students of the GLOBE club proposed the following hypothesis;

Our hypothesis states that an increase in urbanization and the replacement of natural vegetation by artificial surfaces has led to an increase in the ambient temperature in Brazil Secondary School, Brazil Village, Trinidad.

















Research Methods

Brazil Secondary School (see Figure 3) has three main surfaces in which temperature was measured; two artificial surfaces (the concrete courtyard, the asphalt car park) and one natural surface (the grass covered field). All measurements were done within the school’s compound.
[image: ]









    
                                            Figure 3: Showing the layout of Brazil Secondary School





By observing all GLOBE protocols, students used an Infra-Red thermometer to measure the surface temperature of asphalt, concrete and grass as seen in Figure 4.
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Figure 4: Showing students of Brazil Secondary School measuring the temperature of two artificial surfaces and a natural grass surface using an Infra-Red thermometer




In each area, nine (9) readings were obtained and the mean temperature of the area was then found. 
This was done over a period of five days. 
Measurements were taken on the first five (5) days of December in each of the following years 2008, 2009, 2010, 2012 and 2014.
 After which, the mean of the temperature of the five days was calculated and recorded as the reference temperature for that specific year. 
Results were tabulated in Table 1 and used to prepare bar charts (as seen in Figures 5 to 9) for analysis.














Results and Analysis

	Surface Materials
	Mean Temperature per year

	
	2008
	2009
	2010
	2012
	2014

	GRASS in field

	
33.52
	
34.06
	
32.08
	
35.00
	
31.60

	ASPHALT in car park

	
38.86
	
42.00
	
37.68
	
48.20
	
47.20

	CONCRETE in courtyard

	
35.12
	
35.6
	
36.30
	
44.80
	
43.40



[bookmark: _GoBack]Figure 5: Showing a table of the mean temperatures over three surfaces (concrete, grass, asphalt) over Period 2008 to 2014
From Figure 4, it is evident that there was an increase in the mean temperature in two of the three surfaces being investigated in the 2008 to 2014. The temperature of the concrete surface increased by 8.28 0C, while that of the asphalt surface increased by 8.34 0C. It should be noted, that although these increases were comparable, the asphalt surface had a consistently higher temperature. For example in 2012 the mean temperature of the asphalt was 48.200C, while that of the concrete was 44.800C.

In comparison the mean temperature of the grass field showed a decrease in the temperature of 1.92 0C. Although there was a net decrease in the surface temperature of the grass field during this period, the temperature did in fact fluctuate, reaching a high of 35.000C in 2012.
In the period 2012 to 2014, all three surfaces showed a decrease in their respective mean temperatures; asphalt 10C, concrete 1.40C and the grass field 3.40C.










Figure 6: A bar graph showing the mean temperatures over grass, asphalt and concrete over five (5) years




Figure7: Showing a line graph that compares the mean ambient temperature over each surface for five (5) years
As seen in figure 7, the surface temperature above the asphalt is always higher than that over grass or concrete. The surface temperature of the grass field was always the lowest.



Figure 8: Showing a bar graph of the change in the mean temperature of asphalt over five (5) years
From Fig. 8, it can be seen that there was a marked increase, of 8.340C in the surface temperature of the asphalt, during the period of investigation.  The lowest temperature of 37.680C was recorded in 2010, while the highest temperature of 48.200 C was recorded in 2012.




Figure 9: Showing a bar graph of the mean surface temperature over concrete for five (5) years
As with the asphalt, there was an increase in the ambient temperature recorded in the concrete. This increase was 8.28 0C between the years 2008 to 2014. The highest temperature recorded was 44.80 0 C in 2012, while the lowest temperature recorded was 35.12 0 C in 2008.

Figure 10: Showing a bar graph of the changes in the mean temperature over grass for five (5) years


As seen in Figure 10, there was a decrease of 1.92 0 C in the surface temperature recorded for the grass field. The highest temperature of 35.00 0 C was recorded in 2012, the lowest of 31.60 0 C in 2014. In 2010, a comparably low temperature of 32.08 0 C was recorded.
It should be noted that the fluctuations observed in the mean temperature of the grass field was far more significant than those observed for the ambient temperatures of the concrete and asphalt surfaces.  Significant decrease in the surface temperature of 1.26 0C and 3.4 0 C, in 2010 and 2014 respectively were recorded for the grass field.





Conclusion
From the data collected in this investigation, it is clear that there is a marked difference in the surface temperature of concrete, asphalt and grass surfaces. In all the years investigated the asphalt surface had the highest temperature, the grass field the lowest and the concrete with a temperature between the two aforementioned surfaces.
The difference in the ambient temperatures of the three surfaces is due to capacity of the surface to absorb and retain heat energy.  The artificial surfaces of concrete and asphalt have a greater capacity to do this. The asphalt absorbs and retains more heat than the other two surfaces as a result of its dark coloration. In comparison, the grass field loses heat faster than the other two surfaces. This could be due primarily to the moisture content of the grass and soil. As the water in the soil evaporates, the latent heat of evaporation lowers the ambient temperature. The more moisture in the surface the greater its ability to lose heat as the water evaporates. As this happens the microclimate above the surface cools.  Concrete is more porous than asphalt, and therefore would have more moisture, although significantly less than the grass field. Asphalt is a petroleum product, and therefore retains very little moisture. This could explain its capacity to retain heat for a longer period of time. Further investigations into the exact water retention capacities of the three surfaces would also be useful in supporting this paper.
It can therefore be concluded that the increased urbanization of Brazil Village has definitely impacted on its ambient temperatures. The reduction of grass areas and the increased areas of concrete and asphalt is, at the very least, responsible for the increased temperatures experienced by the residents of the community. 


Discussion of Measurement Limitations and Sources of Error 

In this investigation the ambient temperatures of three surfaces were compared. However, the data used was collected during the first five days of the month of December. Before any definitive conclusions can be made, similar investigations should be carried out during different time periods in the year. Trinidad and Tobago experience two seasons:  a dry season from January to June and a rainy season from July to December.  A similar investigation should be carried out during the dry season. A comparison of the results from these two investigations could then be used to determine the impact of the moisture on the heat absorption and retention of the three surfaces. 
From the observations of the investigators, it was concluded that there were many infrastructural developments in the Brazil Village. A more thorough investigation of exactly what changes were made in the community, in terms of how much natural vegetation was replaced by what area of asphalt and concrete would be instrumental in determining the impact of the increased urbanization of the area on the microclimate of Brazil Village. This could a useful parameter in the specifications of development allowed in rural areas.







Bibliography

The GLOBE Program: 	http://www.globe.gov/
Google maps: 		https://www.google.tt/maps?source=tldso




















[image: ]Appendix I – Surface Temperature Data Collected











[image: ]





[image: ]
[image: ]

[image: ]
field	2008	2009	2010	2012	2014	33.520000000000003	34.06	32.08	35	31.6	carpark	2008	2009	2010	2012	2014	38.86	42	37.68	48.2	47.2	courtyard	2008	2009	2010	2012	2014	35.120000000000012	35.6	36.300000000000004	44.8	43.4	



field	2008	2009	2010	2012	2014	33.520000000000003	34.06	32.08	35	31.6	carpark	2008	2009	2010	2012	2014	38.86	42	37.68	48.2	47.2	courtyard	2008	2009	2010	2012	2014	35.120000000000012	35.6	36.300000000000004	44.8	43.4	



carpark	2008	2009	2010	2012	2014	38.86	42	37.68	48.2	47.2	


courtyard	2008	2009	2010	2012	2014	35.120000000000012	35.6	36.300000000000004	44.8	43.4	


field	2008	2009	2010	2012	2014	33.520000000000003	34.06	32.08	35	31.6	


3

image3.tiff
S
S
3
2

YARAN

| RC Primary School @)





image4.tiff




image5.tiff




image6.png
T S o AT — T e [E=a s X

GANE] Surface Temp SUMMARY-Dec 2014 - Microsoft Word
)
r () 1A A AaBbCCDC AaBbCcDC ABbCCD: .
[BIZ U~ e x x Aar|[Z- A subtite  su st
J 3
Date: December, 2014 Location: Brazil Secondary School, TRINIDAD & TOBAGO
Time:approx. 16:00 UTC
Date | Surface Condition Surface Mean Temperature/-C
o1 |dry Field (grass) 31
Mon Car Park (asphat] 38
Court(concrete) 35
% [y Field (grass) 30
Mon Car Park (asphat] 37
Court concrete) 31
%5 |dry Field (grass) 31
Tue Car Park (asphat] 2
Court(concrete) 37
0 [y Field (grass) B
Wed Car Park (asphat] 0
Court concrete) 37
T oy Field (grass) B
Thr Car Park (asphat] 39
Court(concrete) 36
T oy 1 (grass) 3
Sun Car Park (asphat] 2
Court concrete) 38
g Field (grass)
Tue Car Park (asphat]
Court(concrete)
Field (grass) E
Car Park (asphat] :
Court concrete) °
Py °
Page:1of1 | Wordsi142 | EEE = e

oM

3/11/2016




image7.png
T S Gt oot Word || T T N TUE——

GANE] Surface Temp SUMMARY-Dec 2012 - Microsoft Word
G
Catior Bocy u - [ax|E 7
Gativri (Body) NIE) 408bCCD: AGBBCCDC AaBbCCDC  AaBbCCDC
) [BlZ U - x x Aar|[®- A Subtitle  Su st &
SURFACE TEMPERATURE DATA - SUMMARY
Date: December, 2012 Location: Brazil Secondary School, TRINIDAD & TOBAGO
Time: apporx. 16:00 UTC
Date | Surface Condition Surface Wiean Temperature/-C
3 |dy Field (grass) 36
Car Park (aspha] a9
Court (concrete) a7
T v Field (grass) 37
Car Park (asphal] s
Court (concrete) a4
5 v Field (grass) £
Car Park (asphal] 7
Court (concrete) 45
5 v Field (grass) £
Car Park (asphal] ®
Court (concrete) 5
7 Jwet Field (grass) £
Car Park (asphal] s
Court (concrete) a1
°
Surface Temp SUMMARY-Dec 2012* 423 characters (an approvimate vlue), EEE S e

oM

3/11/2016




image8.png
GANE] T — O Table Tools T Surface Temperature Data 2010 [Compatibility Mode] - Microsoft Word e e s
&
[Times New Roman 2 -|ax| = AaBbCcl | AaBbCcI| AaBbCcI AaBbCi AaBb( AaBbCcl 1 AaBbCcl 4aBbCcl ' i
¥ [B{Z U -abex x A~ A ding o Spac d@ing2 | Tie Subtitie  Subt a ong j°
Surface Temperature Data
November - December, 2010 at Brazil High School (Time: ~ 16:00 UTC)
Date Surface TemperatureC
Nov29 || Field 2 1 302 | 312 312
Car Park 1 I3 0.8 348
wet | [Court g 0 330 336
Nov30 || Field 2 6 32
CarPark 0 0 30.0
dry | [Coun 3 s 416
Decl || Field ] g 322
Car Park 4 2 32
dry | [Court I3 2 396
Dec2 || Field
CarPark
wet/dry | [ Court
Dec3 || Field 22 7 316 337
Car Park 4.6 g 202 378
wet | [Court 2 2 352 353
Decd || Field
CarPark
wetldry | [Court
Decs || Field
Car Park
wet/dry | [Court
Dec6 || Field 344 | 402 | 382 | 418 306 206 | 396
CarPark 4| 430 | 510 | 502 528 518 | 504
dry | [Coun 42 | 444 | 462 | 482 196 146 | 442
Dec7 || Field 276 | 280 | 282 | 274 276 274 | 282 K
Car Park 298 | 304 | 302 | 310 312 304 | 292 :
wet | [Court 286 | 298 | 294 | 308 302 306 | 298 ;
Page: 1013 | Words: 456 | EED 100% (5 e

14 PM

3/11/2016




image9.png
\NNEFEEETR T PO = s W - —— TN T
GAE] Table Tools Surface Temperature Data 2009 [Compatibility Mode] - Microsoft Word
&
) 1
Times New Roman 12 A AaBbCcl | AaBbCcl | AaBbCcI AaBbCi AaBb( AaBbCcl 24 AaBbCel 4aBbCel a
- A ding 0 Spac ding2  THle  Subtite  Subt a ong
P B L U -shex XA A | l Rk
Surface Temperature Data
December, 2009 at Brazil High School (Time: ~ 16:00 UTC)
Date Surface TemperatureC Mean
1 Tield 346 | 348 | 370 | 358 | 346 | 348 | 346 | 328 | 312 343
Car Park 3 380 | 420 | 424 | 440 | 422 | 438 | 468 415
dry | [Court 364 | 328 | 328 | 444 | 424 | 416 | 328 | 356 | 418 3738
3 TField 272 7 | 308 | 314 | 318 312 | 322 313
wet || CarPark 326 8 | 342 | 328 | 334 302 | 322 328
Court 2.8 2 | 320 | 344 | 326 324 | 318 39
TField
Car Park
Court
7 TField 2 | 362 | 328 | 346 | 348 | 366 350
Car Park 4| 392 | 382 316 | 306 349
wet | [Court 404 | 314 | 324 | 314 | 302 | 308 | 398 | 374 339
B TField 300 | 290 | 304 | 298 304 288 | 286 300 K
dry  |[CarPark 108 392 03 378 | 424 417 :
Court 342 106 32 208 | 432 3738 ;
Page: 102 | Words: 5 EED 100% (5 e

5 PM

3/11/2016





image10.png
GANE] T N Tabie Tools S Surface Temperature Data 2008 [Compatibility Mode] - Microsoft Word e e s
&
[Times New Roman 2 -|ax| AaBbCcl | AaBbCcI| AaBbCcI AaBbCi AaBb( AaBbCcl 1 AaBbCcl 4aBbCcl ' i
¥ B I U-aex x Aa|[#®-A ding o Spac d@ing2 | Tie Subtitie  subt a ong :f
Surface Temperature Data
December, 2008 at Brazil High School (Time: ~ 16:00 UTC)
Date Surface TemperatureC
1 Tield 300 2 302 | 284 | 288 | 382
Car Park 306 9 0 | 299 | 290 | 322
wet | [Court 296 I3 358 | 310 | 312 | 299
Field 4 6 364 368 | 366
CarPark 3 3 174 188 | 458
dry Court 346 3 362 392 | 400
3 TField 322 4 316 294 | 312
Car Park 43 0 150 488 | 514
dry | [Court 342 6 3538 362 0
7 Field 398 3 204 206 | 40
CarPark 178 3 504 470 | 526
dry Court 364 3 33 26 s
5 TField 334 2 354 374 | 382
Car Park 42 3 64 54 | 382
wet | [Court 302 I3 326 316 | 384
3 Field
CarPark
wet/dry Court
7 TField
Car Park
wet/dry | [Court
E Field 362 | 360 296 | 284 | 368 301 | 282 333
CarPark 208 | 4922 32 03 208 | 424 022
wet | [Cout 382 | 358 328 | 3 350 298 | 340 330
B TField 376 | 374 370 | 360 | 376 366 | 366 374 K
Car Park 36 | 468 166 78 482 | 472 443 :
wet | [Court 328 | 412 342 386 202 | 382 375 ;
Page: 102 | Words: 3 EED 100% (5 e

6 PM

3/11/2016




image1.jpeg
€8 TR





image2.png
nap - - b

21

«
€ ) @ hitps:fwn. google tjmaps(@10,5537606, -1 2704087, 132 ¢ |[Q searn
(5] Most visited {_] Getting Started G gmail Email from Google { Microsoft Exchange -
i = ®
o0 s
5 o uanapo
ok e x
o cumuto
Stelena =
2 5 Sanfafsel P
3 /
= i Arena fi [z
3 d /o F
g Boy Cato Rd JF
§ AN ¢
§ &
& il
cunchinng s 2
"o \
Las Lomas. %
Y
+
& Talparo -
& 3
» 3 2 1l
& Google %, 4 =
o deta 62015 Googe Tems _Prvacy maps gosiecom _Sendiesdback

Edihemap 2k





