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Abstract

Why does the GLOBE site in Mayagüez, Puerto Rico have a greater temperature range than that of the Ramey School's GLOBE site in Aguadilla, Puerto Rico?

GLOBE team members traveling from Mayagüez, P. R. to their school in Ramey, noticed the difference in temperature between the two distinct areas.  Our GLOBE team pondered the different factors that might be affecting why Mayagüez has a higher maximum temperature and lower minimum temperature than Ramey.  Our research was based on the following factors: Heat Island Effect, wind, cloud coverage, rainfall, soil moisture, elevation, and topography.  Much of these data were gleaned from previously collected GLOBE data posted on the web.  The remaining data were attained from research and other sources. 

The analysis of these factors lead us to the conclusion that atmospheric temperature is a very dynamic research topic, and a number of different variables can influence it significantly.  However, topography, when considered with wind speed/direction and Heat Island Effect is a major factor in the extreme temperature differences between the two GLOBE sites.

Research Question/ Hypothesis

Why does Mayagüez’s GLOBE site have a greater temperature range than Ramey School’s GLOBE site in Aguadilla?  The GLOBE participants at Ramey School decided to research this topic after noticing that Mayagüez consistently has a higher maximum and lower minimum temperature than that of Ramey (refer to graphs 1 and 2 in data summary).  Two of the GLOBE team members actually live in the Mayagüez area and have experienced first hand these temperature differences.  They noticed that Mayagüez is much hotter and more humid during the day, and much cooler at night than Ramey.  Because of the short distance between the two, we thought that Mayagüez and Ramey should have similar temperature ranges; we were curious about the causes of such temperature differences.  We brainstormed the variety of factors that might play an important role in these temperature differences between the two sites.  We believe that a number of environmental factors must explain why Mayagüez temperatures are hotter and cooler than Ramey temperatures. 

                                      Research Method

After brainstorming a list of possible factors that could affect the temperature range, we researched those factors that could be obtained from GLOBE sources, and/or other sources.  From GLOBE sources, we were able to determine the maximum and minimum temperatures, rainfall, cloud coverage, elevation, latitude and longitude of the two sites.  Data for soil moisture were not available, so our team began collecting soil moisture data at both research sites using GLOBE Soil Moisture Protocol. 
One factor the GLOBE participants believed could have a major effect was the percentage of concrete in the two areas.  We obtained aerial photos of the two sites, and by placing a transparency grid above the photos, we calculated the number of squares that contained concrete versus the total number of squares, allowing us to determine the percentage of concrete at the two sites.  We researched the other factors by using additional sources such as contacts with GLOBE, local scientists, and Internet weather and mapping sites. 

We initiated our research in October 2002 and immediately began collecting soil moisture data at the Ramey and Mayagüez GLOBE sites.  The temperature, rainfall and other GLOBE graphs used are from data collected from August 2001 through December 2002.  We also used data for wind speed/direction obtained from the Mayagüez area which we located on the Internet, and from the Ramey area through Dr. Craig Tepley’s home weather.

Data Summary
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Graph 1
Graph 2
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Graph 3
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Graph 5
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Graph 6
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Photo 1 Ramey School

Photo 2 Mayagüez U.P.R. Campus
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Table 1

PRIVATE
STATION - 

Borinquen (Ramey)
Elevation: 229 ft

Lat/Lon: 18.30N 67.08W
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
ANN

Precipitation: 

Normal

Median


2.80

2.44


2.71

2.45


3.26

2.48


5.10

3.64


7.26

6.99


6.22

6.16


4.27

3.88


6.05

5.57


5.18

5.06


6.36

6.56


6.14

5.28


4.78

3.80


60.13

54.50

Temperature: 

Normal Max

Normal Min


83.7

67.4


83.8

66.9


84.9

67.6


85.4

69.0


87.0

70.5


87.9

72.2


89.1

72.9


89.1

73.0


88.9

72.6


87.8

72.1


86.0

70.9


84.6

68.8


86.5

70.3

http://www.srh.noaa.gov/sju/siteborinquen.html
Table 2

PRIVATE
STATION - 

Mayaguez CEER
Elevation: 100 ft

Lat/Lon: 18.13N 67.08W
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
ANN

Precipitation: 

Normal

Median


2.29

1.49


2.32

2.21


3.34

2.95


6.43

4.49


8.79

7.69


9.09

8.16


10.99

8.81


11.91

10.28


11.86

10.78


11.30

10.18


6.21

6.37


2.12

1.62


86.65

76.09

Temperature: 

Normal Max

Normal Min


86.4

63.5


86.5

63.2


87.3

64.1


88.1

65.7


89.1

67.8


90.2

68.9


90.5

69.1


90.5

69.3


90.3

69.4


89.5

69.1


88.1

67.7


86.5

65.6


88.6

67.0

http://www.srh.noaa.gov/sju/sitemayaguez35.html
Analysis

Our first initiative was to identify the location of the two GLOBE sites used in our research.  Ramey's GLOBE site is approximately 28 km north of Mayagüez's GLOBE site.  Both are located in the northwestern part of Puerto Rico.  Ramey has a latitude of 18.4987N and longitude of 67.1398W and Mayagüez has a latitude of 18.2031N and longitude of 67.1400W from GLOBE GPS readings.

 After listing a number of possible factors affecting the temperature range, our initial research was done with the soil moisture.  We were able to use the posted GLOBE data to compare the amount of rainfall of the two sites.  These data showed Mayagüez as having a greater rainfall (refer to graph 6).  Using the GLOBE Soil Protocol, we were able to collect and compare soil moisture percentages from the Mayagüez and Ramey GLOBE sites.  Because neither site had collected soil moisture data, we took it upon ourselves to collect data at our site as well as at Mayagüez.  After several weeks of collecting data, we were able to calculate an average percentage of 30.6% moisture for the Mayagüez site, and 8.5% for the Ramey site.  From these percentages, we hypothesized that since the soil moisture of the Mayagüez site was greater, the air temperature would obviously be cooler; but in fact, the data proved otherwise.  The Mayagüez maximum temperature is actually greater.  We then contacted Dr. James  Washburne and Martha Whitacker, GLOBE Soil Moisture Scientists, to further research this dilemma.  From the information they provided, we concluded that soil moisture did not have a major effect on the temperature, because both locations are so close to the ocean (Ramey: 0.9 km, and Mayagüez: 1.6 km).  Because of their close proximity to the ocean, the body of water creates a buffer effect, and therefore does not allow for extreme temperature range.  Considering the buffer effect, we have concluded that soil moisture is not a major factor in the temperature difference between the two sites. 

A second possible factor affecting temperature disparity was the Heat Island Effect.  In order to determine if this was greatly influencing the temperature, we had to determine the percentage of concrete in the two areas.  We used 1993 aerial photos of the Ramey and Mayagüez locations (refer to Photos 1 and 2 in data summary) and graphed the concrete/asphalt areas on a grid transparency.  From this we calculated the percentage of concrete area around each GLOBE site.  The grid area used to find the percentages was 400 meters north and south, and 350 meters east and west of each GLOBE site.  Mayagüez has as 70% concrete coverage, while Ramey has 63%.  Although there is only a 7% percent greater concentration of concrete in Mayagüez, this could partially account for the higher maximum temperatures.  The two GLOBE participants who live in Mayagüez have noticed that there has been much more recent development of major concrete structures near the Mayagüez GLOBE site than at Ramey.  This requires our further investigation and more recent aerial photos of the locations. 

We then took into consideration the elevation difference of each GLOBE site.  The Mayagüez site is about 30 meters above sea level, while Ramey is about 70 meters above sea level.  Because the elevation difference is only about 40 meters, it was not a major factor. 

The GLOBE team then considered regional topographies.  The mountains surrounding Mayagüez have an average elevation of 850 meters.  The mountains near Ramey have an average elevation of 250 meters making the mountains surrounding Mayagüez approximately 600 meters higher. We multiplied this difference by the global mean tropospheric lapse rate (0.5(C to 0.6(C decrease per 100 meter increase in elevation) to predict a decrease in temperature of 2.3(C to 2.7(C.  Comparing minimum air temperatures of GLOBE data of both sites (refer to graph 2), we were able to note qualitatively that the temperatures of the Mayagüez site were lower than Ramey's minimum temperatures.  We compared this observation with the actual mean temperatures from NOAA weather sites (refer to Tables 1 and 2) and found it similar to the predicted differences in minimum temperature.  Regional topographies could account for the lower minimum temperatures of the Mayagüez site. 

Wind speeds and directions are also a crucial factor in the explanation of our research.  The wind speed and direction data from the two different sources was not easy to compare quantitatively. Two of our team members live in Mayagüez and two live near Ramey.  They have local qualitative knowledge of day and night time wind speed and direction for the two sites. Night winds are drainage winds from the surrounding mountains.  Since Mayagüez's surrounding mountains are of higher elevation, cooler temperatures are brought down by these drainage winds, causing lower minimum temperatures than those at Ramey.  During the day, the northeast tradewinds are the major winds affecting both regions.  We believe that these tradewinds affect Ramey directly because unlike Mayagüez, it's nearby mountains (to the southeast) cannot block these winds. Because the winds are stronger at Ramey, they have more of a dampening effect on the maximum temperatures, keeping them lower than those of Mayagüez's maximum temperatures (refer to graph 1).  During the day in Mayagüez, there is a distinct smell from the nearby tuna factory, which indicates a strong sea breeze.  This daily sea breeze also cancels out those tradewinds that make it over the mountains.  Because Mayagüez is blocked from the tradewinds, the Heat Island Effect may play more of a major role in the higher maximum temperatures.

Conclusions

The GLOBE participants from Ramey School concluded that there are a number of elements that contribute to the deviations in temperature between the Ramey and Mayagüez GLOBE sites.  The most significant elements in our research were topography, wind speed/direction and elevation.  The topography of Puerto Rico plays a major role when hand in hand with altitude and wind direction. 

The mountain range southeast of Ramey has an average altitude of 250 meters and does not affect the prevailing tradewinds cooling the area, preventing higher daytime temperatures.  At night Ramey receives a very small amount of mountain breeze with less of a cooling effect compared to that of Mayagüez.

The mountain range northeast of Mayagüez is an average of 600 meters higher than Ramey’s.  This creates a barrier for some of the tradewinds.  Combined with the daily sea breeze in Mayagüez, there is a canceling effect on the winds, giving rise to greater heating in the Mayagüez area during the day.  When night falls, the mountain breeze falls over the Mayagüez area making it cooler.  Because Mayagüez’s geographical shape is like a bowl, the mountain breeze remains constant during the night causing the temperature to decrease. 

We obtained information from the Heat Island Effect group informing us that during the day the concrete concentration in an area will cause the temperature to increase.  Mayagüez’s lack of daytime winds enhances the Heat Island Effect, which explains the higher maximum temperatures than those of Ramey. The topography, altitude, and wind speed and direction, are the major factors that contribute to the extreme deviations in the atmospheric temperatures of the two sites researched.

Discussion

In this complex problem, we were able to discount many of the variables by observing no significant differences in the parameters.  Some inconsistencies in our hypothesis could be accounted for after we consulted GLOBE and local scientists for assistance.  Most of the different factors that affect the temperature range could not contribute a major influence to the maximum or minimum temperatures because of our close proximity to the ocean.  We understand that many of these factors require more in-depth research that was not easily attainable.  For example, wind speed and direction are not currently part of a GLOBE protocol, and locating good data sources for both areas was difficult.  Therefore, we had to rely on our qualitative knowledge of the winds in our area to develop our conclusion. Because there are no GLOBE protocols for wind speed and direction, we are interested in developing such protocols for this desired data. 

Recent aerial photographs of Ramey’s and Mayagüez's GLOBE sites are not available, so we had to use aerial photographs from 1993.  We would like to obtain more recent aerial photographs to determine if Mayagüez has had any recent urban developments as we have predicted.  The Mayagüez community has been discussing further concrete development for many years; this development has been started in many areas of Mayagüez but has not been fully completed yet.  If the increase of concrete/asphalt development continues to affect the maximum temperatures in Mayagüez, we would like to educate the local Mayagüez communities about the effect of these developments on the local heat factor and the necessity for more green lands.


After the completion of our research project, the GLOBE team has been motivated to continue further research, to provide a deeper understanding of the complexity of the dynamic issues affecting our atmospheric temperatures.
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