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Exploring Microclimates with a GPS


Student Inquiry Worksheet


Exploring Microclimates with a GPS
Driving Questions
Weather refers to atmospheric conditions at a point in time, whereas climate refers to prevailing atmospheric conditions over a long period of time (years).
· Can you detect minor variations in weather and climate at your school?

· Can you identify things in the environment that may cause changes in weather and climate?
Background
A microclimate is the climate of a small area that differs from the area around it. It may be warmer or colder, wetter or drier, or more or less prone to frosts. 
Your house, your school, and other buildings create microclimates. Just like urban areas, your house absorbs heat during the day and radiates it back at night. 

Wind can create a microclimate. For example, a prevailing northwest wind at your house can create a warmer, more sheltered microclimate on the south and east sides of your house. While the north side of your house or school may receive harsh winds and no sun during the winter, keep in mind that in summer (when the sun rises north of east and sets north of west) these same areas can bake in heat and dry out from the same prevailing winds.

Also, wind hitting your house or school creates turbulence and higher wind speeds along the wall as the wind goes around the corners of the building.

Paved surfaces, such as patios, driveways and sidewalks, can absorb heat and radiate it at night, moderating nighttime temperatures. These impervious areas cannot absorb water and may create wet spots if water flowing off of them concentrates into one area. Similar wet areas may occur where water flows off roofs or out of downspouts.

Buildings can also create "rain shadows" on the lee side of a house during windy rains. Trees can also prevent rain from hitting the ground and offer shade that keeps the temperature cooler than an area with a lot of sun.
A number of factors influence the conditions in a microclimate. The slope of the land; the direction in which the slope faces; and the amount of shade, wind, exposure, and drainage will also all affect the conditions in a microclimate. Other things like a nearby body of water or the presence of an urban area also influence microclimates. Urban areas are much warmer than the surrounding open land because the buildings, sidewalks, and pavements reflect heat.
The difference between weather and climate is a matter of time. Weather is what conditions of the atmosphere are over a short period of time, and climate is how the atmosphere "behaves" over a relatively long period of time (years).

A geographic (or geographical) information system (GIS) captures, stores, analyzes, manages, and presents data that are spatially referenced (linked to location). A GIS allows us to view, understand, question, interpret, and visualize data in many ways that reveal relationships, patterns, and trends in the form of maps, globes, reports, and charts.
Materials and Equipment
For each student or group:

	· Mobile data collection system
	· Extension cable

	·  Weather/Anemometer sensor
	· Computer access to MyWorld GIS

	·  GPS position sensor
	· USB flash drive


Safety
Add these important safety precautions to your normal laboratory procedures:

· Do not go into restricted areas or near moving vehicles.

· Do not touch or approach animals, because they may bite.  

· Keep your voice quiet so you do not disrupt other classes. 

Sequencing Challenge
[image: image2.png]I PASC



The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 

Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Part 1:  Field Data Collection

Set Up 

1.
( 
Obtain your current local weather conditions from your teacher, radio, TV, or the internet. This is your control data.

2.
( 
Record your control data in Table 1.

3.
(
Make a list (below) of five microclimate locations where you will collect data while walking around your school grounds. You will mark a waypoint at each location. Describe the environmental conditions (sun, grass, etc.) at each location. Your list should be in order (east to west, north to south).
There are several location characteristics that you should choose for data recording. Be sure to explore areas of varying temperatures, such as asphalt roads or parking lots, dirt paths, grassy fields, or lawns.

Shaded grass area

Shaded concrete or asphalt area

Sunny grass area
Sunny concrete or asphalt area
Area near the North side of school building

Area near the South side of school building

(Location 1)


(Location 2)


(Location 3)


(Location 4)


(Location5)


4.
(
Take the mobile data collection system and sensors outdoors, and avoid heavy tree cover or other overhead obstructions.
5.
(
Turn on your data collection system, and start a new experiment. �(1.2)
6.
( 
Connect a weather/anemometer sensor to a sensor extension cable, and connect the cable to your data collection system. �(2.1)
7.
(
Connect the GPS position sensor to the data collection system with its antenna pointing upward. �(2.1)
Note: When the sensor is first powered on, it searches the sky for available satellites. This process typically takes between 30 seconds and 2 minutes and should be done outdoors. 

Once satellites have been identified, the sensor actively tracks them and acquires new satellites as they come into view. The GPS sensor continuously receives (or attempts to receive) data from GPS satellites, even if data is not being recorded.
8.
(
Start a new manually sampled data set. �(6.3.1)
9.
(
Display a table, �(7.2.1) and show Latitude, Longitude, and at least one weather measurement (such as Temperature). �(7.2.2)
10.
(
Walk to "Location 1".
11.
(
Which weather data measurement will you see a greater change while investigating microclimates: temperature, barometric pressure, relative humidity or dew point?

Collect Data 

12.
(
Be sure that your GPS sensor is "Ready," and then begin collecting data. �(6.2)
Your weather/anemometer and GPS sensors will monitor all possible measurements, even though they are not displayed on the table screen.

13.
(
Stand still at "Location 1" for 30 seconds to allow your sensor measurements to stabilize, and hold your sensor approximately 1 meter above the ground.

14.
(
Why do you think that it is important to take a reading after the sensor stabilizes?

15.
(
Why do you think holding the sensor 1 meter above the ground is important?

16. (
Click the Keep button to record a single data point from the GPS sensor and all current measurements from the weather/anemometer sensor. �(6.3.2) This is waypoint # 1.

17.
(
Describe the environmental conditions of this location.

18.
(
Walk to your other locations around your school ground. Click the Keep button to record a single data point from the GPS sensor and all current measurements from the weather/anemometer sensor. �(6.3.2)
Note: Locations should be walked to in order. You will follow the same recording instructions for your other locations. 
Note:  Remember to wait 30 seconds at each location for the sensor to stabilize.

19.
(
Record any weather conditions at your various locations that were obviously different from other locations.

20.
(
When you have gone to all your waypoint locations, stop collecting data. �(6.2)
21.
(
Save your experiment. �(11.1)
22.
(
Return to your classroom where you have computer access to MyWorld GIS.

Part 2 – Visualize your measurement locations: import into MyWorld GIS
You will now transfer your sensor measurements and position coordinates to a flash drive in a format that can easily be visualized with satellite images in MyWorld GIS.

23.
(
Connect a USB flash drive to the data collection system. 

24.
(
Open the file associated with the weather and GPS data.

25.
(
Export All Data to the flash drive. �(11.3) 
26.
(
For the Export File Name field, enter a descriptive file name. Change only the filename and not the “.txt” extension.

27.
(
For Export File Format, choose ASCII.

28.
(
After the export is complete, remove the flash drive, and plug it in to a USB port on the computer.

29.
(
Open MyWorld GIS on the computer. �(12.1)
30.
( 
Click File at the top left-hand corner of the MyWorld screen, and select Import Layer from File. �(12.2)
31.
(
Use the pull-down menu to find the flash drive.

32.
(
Find your recently exported file, and click Open.

33.
(
Check the Latitude radio button above the Latitude column and the Longitude radio button above the Longitude column. Begin importing on line 1.

34.
(
Click OK, and save the layer. 
Note: If you import from Construct mode, the layer will appear in the Data Llibrary. In this case, add your data to the Layer List. �(12.3.1) (Click and drag the layer to the Layer List.) If you import from Visualize mode, the layer will immediately be added to the Layer List. 
35.
(
In the Construct mode, �(12.3) from the Library, select United States. �(12.3.1.1)
36.
(
From the layers in the United States library, add the layer U.S. States to the Layer List. �(12.3.1)
37.
(
From the Library, select Dynamic Web Images. �(12.3.1.1) Find the Aerial Photo UTM layer that corresponds to your location in the United States as follows:

a.
The Aerial Photo UTM layers progress from west to east, with #10 showing the west coast, and #18 showing the east coast. Estimate which map will correspond to your area and add it to the Layer List. �(12.3.1)
b.
If the map does not correspond to your location, delete that layer, �(12.3.3) and add another Aerial Photo UTM to the Layer List. �(12.3.1)
c.
Repeat these steps until you find the Aerial Photo UTM that corresponds to your area. 

Result: You should have 3 layers in the Layer List as follows:

Your weather data that you collected

U.S. States layer

The Aerial Photo UTM that corresponds to your location

Note: If the layers are not in this order, arrange the layers according to the order shown in this list. �(12.3.2)
38.
(
Switch to Visualize mode. �(12.4)
39.
(
Zoom in to reposition your map as needed. �(12.7.1)
40.
(
Describe or draw your map. Use the back of this worksheet or a separate piece of paper as directed by your teacher.

41. (
How is the Visualize mode different from the Construct mode?

42.
(
Use the Get Information tool to point at Location #1. �(12.7.5)
43.
(
Copy your data from location #1 into Table 1 in the Data Analysis section of this worksheet.

44.
(
Repeat the procedure of the previous two steps for all other locations.

45.
(
Save your project according to your teacher's instructions. �(12.6)
Data Analysis
1.
(
If necessary, zoom in �(12.7.1) to your location. Use the Get Information tool �(12.7.5) to find the temperature, relative humidity, barometric pressure, and dew point for each waypoint location. Record your data in Table 1 below: 

Table 1: Data table
	Location
	Description of location (shade, sun, asphalt, concrete)
	Tempera-ture 
(°C)
	Humidity (%)
	Barometric Pressure (mbar)
	Dew Point
(°C)
	Wind (MPH)

	Local Weather Conditions (from Radio, TV, Internet)
	
	
	
	
	
	

	Location 1

___________
	
	
	
	
	
	

	Location 2

___________
	
	
	
	
	
	

	Location 3

___________
	
	
	
	
	
	

	Location 4

___________
	
	
	
	
	
	

	Location 5

___________
	
	
	
	
	
	


2.
(
Sketch a bar graph that represents the average temperature recorded at each location.  Label the overall graph, the x-axis, y-axis, and include units on the axes.
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Analysis Questions

1.
What was the range of temperature (minimum and maximum) in your collected data? What is the difference between minimum and maximum?

2.
What was the range of dew point (minimum and maximum) in your collected data? What is the difference between minimum and maximum?
3.
What happened to the barometric pressure at each location? Did it stay the same or change?

4.
What happened to the relative humidity at each location? Did it stay the same or change?

5.
Based on your data, what measurement changed the most? What can account for this?

6.
How does viewing your data in a GIS application allow you to understand microclimates in your school yard?

Synthesis Questions
Use available resources to help you answer the following questions.

1.
If your temperature data showed a change from location to location, what environmental factors do you think influenced these changes?

2.
Why would the barometric pressure remain the same (or similar) while some of your other measurements showed a change?

3.
What physical structures in your school yard, identified in your locations, might influence the data changes that you observed?

4.
What effect do plants have on the microclimate?

5.
Compare your local weather conditions with your observed conditions.

6.
What factors did you find affect microclimates?

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
Which of the following do not affect Microclimates?
A.
Sunlight 

B.
Wind
C.
Animals

D.
Plants
2.
All of the weather conditions that prevail in a particular region are called:
A.
Weather

B.
Climate

C.
Microclimate
D.
Abiotic factors

3.
In what way can buildings affect a microclimate?
A.  Increase temperature 

B.
Decrease temperature
C.
Change in wind speed
D.
All of the above
4.
Which of the following is NOT one of the three main constituents of weather?
A.
Temperature

B.
Humidity
C.
Air pressure
D.
Altitude
Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
____________ is the suite of climatic conditions of a small, specific place within a larger area measured in localized areas near the earth's surface. Environmental variables influence microclimates, which include ____________, ____________, ____________, and ____________.
2.
____________ is the day-to-day conditions of the atmosphere at a specific place and time. Four main constituents of weather include ____________, ____________, moisture, and ____________. All weather systems have well-defined cycles and structural features and are governed by the laws of heat and motion. These conditions are studied in ____________, the science of weather and weather forecasting. 

3.
Weather differs from ____________, which is the weather that a particular region experiences over a long period of time. Climate includes the ____________ and variations of all weather elements. Climate is the long-term effect of the sun's radiation on the rotating earth's varied surface and ____________. It can be understood most easily in terms of ____________ or seasonal averages of temperature and precipitation. Climate has profound effects on vegetation and animal life, including ____________. 
Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	Paragraph 3
	

	weather
microclimate

temperature

electricity

pH

sunlight

wind speed

water pollution

moisture

	weather

microclimate

temperature

wind

air pollution

air pressure

	climate

temperature

averages

maximum

mountains

atmosphere

annual

bi-monthly

humans

robots
	











Export data from the data collection system, and import it into My World GIS.











  





  





Copy data from MyWorld GIS into your data table on this worksheet.





  





Obtain current data from local weather station.





  





Walk around your school grounds collecting additional data. 





 





Record a single data point (waypoint) using your data collection system.
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