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Learning Statement

By using hands-on activities and real-time data acquisitions,
students will develop an understanding of how weather
conditions such as temperature, wind, precipitation,
humidity, pressure, and light index can be quantified and
thus enable scientific investigations.

Scientific Methodology
Students will be expected to interpret data to draw
conclusions and to hypothesise future events. They will
create laboratory experiments and to understand and
correlate the observed phenomena with natural weather
phenomena.

Working with Data
Students will understand the impact the quality of data
has on the experiment. Data anomalies due to the physical
nature of the instruments will have to be taken into
account. Missing readings and outliers must be taken into
account. The instruments must be calibrated in order to
determine the true value of the readings.

History
Students will be able to produce their own weather
records which they can use to investigate past weather
phenomena in order to identify patterns.
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Learning Statement (continued)

Prediction
Students will be able to correlate historical weather events
to current conditions to aid in increasing the accuracy of
predicting weather events such as precipitation, high
winds, frost, etc.

Computing and Data Acquisition
The Mantis Climate Sensor presents the students with the
opportunity to code their own data acquisition
applications. The Mantis Weather Station supports
connectivity to the Scratch beginner computing
environment (as well as more “industrial strength” coding
languages).

Students will learn the computational concepts used to
create computer programs which collect, store, and
display live streams of real-time data. The Scratch
computing environment offers a gentle introduction to
computer programming which allows the students to
concentrate on the task of how to use the computer to
process the data rather than being challenged with
computer programming as a subject in itself.
If computing is not on the curriculum, then students can
simply use any of the available data acquisition
applications which ship with the Mantis Climate Sensor.
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Introduction

Lesson Set 1: Introducing the Mantis Climate Sensor
and the Concepts of Weather and Climate Analysis
This lesson set assumes the Scratch data graphing
application is up and running as per the Getting Started
Guide. We will use the Mantis Climate Sensor to learn
about meteorology topics by employing data collection
and visualization methods.
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Mantis Climate Sensor Placement

Any weather station must be placed so that it has
unblocked access to the weather while not being
overwhelmed by overexposure to the elements.

For example, the weather station must have access to
sunlight so that it can report the light levels, however, it
cannot be placed in direct sunlight because the readings
will max out and give a distorted representation of the light
levels. Also the unit will be heated by the sun and thus give
higher than accurate air temperatures throughout the day.
The unit must also be sheltered from direct rainfall.
A good solution is to place the Mantis Climate Sensor at
the top windowsill of a window which receives plenty of
sunlight throughout the day. In the northern hemisphere,
this would be at a window on the south/southwest side of
the building.

6

Mantis Climate Sensor Placement (Continued)

Place the Mantis Climate Sensor up under the top window
sill. Ensure that it is in the shade, just out of line of direct
sunlight. This placement will also protect it from wind and
rain.
Blue Tack or double sided tape can be used to bind the unit
to the top window sill.
Placing the unit on a first floor or higher window will
prevent unwanted tampering and theft of the unit if it is to
be left out unattended for extended periods of time.
If a top windowsill or equivalent sheltered place is
unavailable, the Climate Sensor can be placed in a shelter
which can be easily be made from a milk carton or similar
container:

The color of the container is important. It should be white
so that it does not absorb sunlight and affect the
temperature readings as we will discover in a laboratory
experiment.
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Mantis Climate Sensor Placement (Continued)

When building the shelter and placing the Mantis Climate
Sensor consider the design goals of the Stevenson Screen,
an internationally adopted standard for housing weather
instruments which protects them from direct sunlight while
allowing air to circulate freely.

From: https://en.wikipedia.org/wiki/Stevenson_screen
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Activity 1: Taking Weather Observations

Overview
This activity serves as an introduction to setting up and
getting familiar with the Mantis Climate Sensor and its
capabilities.
Once set up, the Scratch application displays weather data
for the past 3 – 6 hours in a graph.

Learning Aims
1. Students are introduced to setting up the Mantis
Climate Sensor to capture live weather data over a time
period.
2. Students will be introduced to the following weather
sensors and their units of measurement :
• Temperature (degrees C)
• Humidity
(percent)
• Air Pressure (millibars/ hectoPascals)
• Sunlight Index (lux)

3. Students will be able to observe temperature, humidity,
pressure, and light profiles throughout the day and
make conclusions about how they interact.
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Activity 1: Taking Weather Observations

Setup
Place the Mantis Climate Sensor in a sheltered location to
collect weather data over a period of several hours or
several days.

This activity will require several hours during which
weather data is collected. For a school day it is
recommended that the Scratch data collection app is
started at the beginning of the day so that the students can
observe the change in the sensor data throughout the day.
If it is inconvenient to start the activity in the morning, an
alternate schedule is to spend the afternoon setting up the
Mantis Climate Sensor to start the graphing process. The
unit and PC can be left running indoors overnight and the
Climate Sensor can put outside first thing in the morning. It
may be interesting to graph the temperature profile of the
classroom overnight as it cools.

Yet another strategy is to run the Scratch data collection
app for one day. Stop and save the Scratch app at the end
of the day, then analyse the data the next day.
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Activity 1: Taking Weather Observations

Setup – (continued)
Place the Mantis Climate Sensor on a south facing top
window sill as described in the Weather Station Placement
section so that the unit will have access to indirect sunlight
for the duration of the activity.
Start up the Climate Sensor:
Push the button on the side of the unit. The green light
should start blinking every second or so.
Designate a computer to take in the Climate Sensor data.
On this computer:
• Ensure the computer is Bluetooth LE (Low Energy)
capable.
• Start up the Mantis Climate Sensor Connector.
• Start up the Mantis Climate Sensor App.
• Start up Scratchx.
• Load the Scratch Data Graphing project found at:
http://tbd
The sample rate is set to once every 60 seconds by
default. This will display the last 3 hours of weather
data on the Scratch screen.
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Activity 1: Taking Weather Observations

Studying the Graph
After a time (1/2 to 1 hour) the data graphs will start to
take shape:

From this data students are asked to make observations
and record them on their worksheets. The following
observations can be made from the data:
• Temperature is affected by sunlight intensity.
• There is a delay between a change in sunlight intensity
and the corresponding temperature change.
• Humidity can be affected by sunlight and temperature
levels.
• On blustery days the passing clouds can cause the light
levels to fluctuate. The picture below shows relationship
between sunlight, humidity, pressure, and temperature
on such a day.
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Activity 1: Taking Weather Observations

Studying the Graph (continued)
During unstable weather, the pressure may rise and fall
significantly during the day. Clear periods can be associated
with steady high pressure and unsettled rainy periods can
be correlated with low or rapidly fluctuating pressure
levels.
NOTE: the scale of the temperature, pressure, and humidity
graphs can be adjusted to clearly show the change in the
data.

Additional Topics
Air Pressure and its Units of Measurement Explained:
http://weather.mailasail.com/FranksWeather/Hectopascals-And-Millibars

Light Measurement Explained:
https://en.wikipedia.org/wiki/Lux
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Activity Set 1a: How Does the Weather Feel?
Activities for Primary / Elementary Students
This activity set is suitable for younger students as they simply
keep a log of how the weather feels to the body at various
times and correlate this with temperature, humidity, pressure,
light level at those times.
When the Scratch data graphing app graph has been running
for the day ask the children to study the graphs and think
about the following:
Temperature:
• What was the temperature at in the morning?
• What was the temperature at playtime?
• How did the temperature change during the day?
• What was the warmest time of the day?
• Can you explain why the temperature changes during
the day?
Humidity:
• Is the humidity higher or lower that previous?
• Does humidity make it feel hotter or colder?
• What happens to the humidity when it is raining?
Pressure:
• What weather corresponds to rising pressure?
• What weather corresponds to falling pressure?
• What weather corresponds to steady pressure?
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Activity Set 1a: How Does the Weather Feel?
Activities for Primary / Elementary Students
Additional Primary / Elementary School Activities:
K-12 Science

http://www.k12science.org/curriculum/weatherproj/
The Mantis Climate Sensor can be used in conjunction with
the following lesson plans:

http://www.k12science.org/curriculum/weatherproj/te
acher_lessons/
Weather Wiz Kids
A website to explain weather phenomena to children:

http://www.weatherwizkids.com/
The Global Sun Temperature Project

http://www.k12science.org/curriculum/tempproj/
Join schools from around the world as they determine how
their geographic location (i.e. where they live) affects their
average daily temperature and hours of sunlight. Specifically,
students will:
• Measure the temperature and record the number of
minutes of sunlight per day over a common week.
• Compare and contrast the results with classes from all
over the world.
• Determine how proximity to the equator affects average
daily temperature and hours of sunlight.
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Activity Set 1a: How Does the Weather Feel?
Activities for Primary / Elementary Students
Primary / Elementary Resources:
The “Weather Education” homepage for the National
Weather Service
http://www.nws.noaa.gov/om/edures.shtml
UCAR Center for Science Education
http://scied.ucar.edu/
Weather activities for young children:
http://eo.ucar.edu/educators/KC_guide_intro.html
Metlink.org (United Kingdom)
http://www.metlink.org/primary/key-stage-2/

Clouds
http://www.exploringweather.com/clouds.html
See more cloud resources at the end of the document
Word Games and Misc. Weather Activities from The
Weather Channel:
http://www.myips.org/cms/lib8/IN01906626/Centricity/D
omain/8123/ElementaryWeather_new.pdf
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Activity Set 1a: How Does the Weather Feel?
Activities for Primary / Elementary Students
Transfer of Heat Energy
A good explanation of the transfer of heat energy:

http://www.srh.noaa.gov/jetstream/atmos/heat.html
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Activity 2: Collecting and Analysing Weather
Data

Overview
This set of lessons assumes that the Mantis Climate
Sensor is up and running and that data for the past few
hours has been collected and displayed by the Scratch
Application.
Once students are comfortable with collecting weather
data for a single session they can now keep a log of
weather data over several days. This is accomplished by
saving the weather data to Excel spreadsheets and
augmenting this with manual observations such as cloud
cover, cloud type, wind speed, etc.
Use the Mantis Climate Sensor to explore the following
components of weather data and their interactions in
detail:
• Temperature
• Humidity
• Pressure
• Light Index
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Activity 2: Collecting and Analysing Weather
Data
Learning Aims
1. Students will learn how to save weather data to an
Excel spreadsheet file in .CSV format.
2. Students will learn how to make graphs of the data
using Excel.
3. Students will observe phenomena and draw
conclusions from analysing data graphs.

4. Students are introduced to the concept of keeping
weather logs and correlating weather phenomena
i.e. wind and rain to recorded levels of temperature,
humidity, pressure, and light index.
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Activity 2: Collecting and Analysing Weather
Data
Saving Weather Data to a File
The following sections will show how to save the weather
data from the Scratch application to a file on your
computer.
Saving weather data to a file on the computer allows one to
keep long term weather data. It is then possible to access
data from the past to observe long term weather patterns.

The Comma Separated Value File Format (CSV)
Arranging rows of data in comma separated value (CSV)
format is a popular method for storing data. The Scratch
application formats data from the Mantis Climate Sensor in
CSV format so that It can be exported directly to a file
without having to manually edit the data.
By convention filenames which contain comma separated
data use the .csv extension. For example, weather data for
June 30 would be contained in a file called “June30.csv”.
The Scratch application outputs the comma separated
weather data in the following way:
Month,
4,
4,
Etc.
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Date,
23,
23,

Time,
13:46,
14:46,

Temp,
21.2,
23.1,

Hum,
62.3,
60.8,

Press,
1029.6,
1028.9,

Light
46.7
123.6

Activity 2: Collecting and Analysing Weather
Data
How to Export Data From Scratch

1. In the Scratch application
navigate to the Data palette.

2. Select the list named “CSVBUFFER” by clicking its check
box:
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Activity 2: Collecting and Analysing Weather
Data
How to Export Data From Scratch continued
3. The CSV-BUFFER list will appear on the
Scratch stage.
4. Right click on it and select “export”:

5. You will be asked to save the file on your computer:

6. Be sure to save the file with the .csv extension. You will
notice that Scratch gives you the .txt extension by
default. You will have to change this to .csv.
Also, it is best to give your data file a meaningful name
such as pressure-experiment.csv or june30.csv.
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Activity 2: Collecting and Analysing Weather
Data
Graphing the Data With Excel
Open the file you have just saved using the Excel program:

Here we are opening a file named “pressureexperiment.csv”.
Excel places each comma separated data in its own cell:

The order of the data in the columns is:
Month Date Time Temperature Humidity Pressure
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Activity 2: Collecting and Analysing Weather
Data
Graphing the Data With Excel continued
You can manually add the data headings to the first row if
you’d like:

This will automatically give titles to the graph axes as we
will see.
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Activity 2: Collecting and Analysing Weather
Data
Graphing the Data With Excel continued
In this example we will plot air pressure over time.
1. Click on the letter ’C’ of the time column to select the
entire column:

2. Hold the Ctrl key down and click on the Pressure
column to add it to the selection:

With two columns selected we can now plot a graph.
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Activity 2: Collecting and Analysing Weather
Data
Graphing the Data With Excel continued
3. Navigate to Insert tab and select “Insert Line Chart”:

4. Choose the first option:

5. The graph of the pressure over time will appear on the
spreadsheet.
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Activity 2: Collecting and Analysing Weather
Data
Graphing the Data With Excel continued
6. Save your graph. You will be asked whether to save the
file in the .CSV format.

7. Choose the ‘No’ option. Now that you have a graph in
your document, it is no longer a simple .CSV file. If you
choose ‘Yes’ you will lose the graphs.

8. Save the file as an Excel Workbook format:

This will save your graphs along with the data.
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Activity 2: Collecting and Analysing Weather
Data
Keeping a Weather Log
In addition to the weather data collected by the Mantis
Climate Sensor, supplemental information about weather
events should be logged in order to get an idea of how
weather data correlates with weather events.
The weather log should contain events such as:
• Start of precipitation
• End of precipitation
• Wind speed and direction
• Sky conditions, namely the type of cloud cover
The time of day should be noted with every observation so
that it can be correlated with the collected weather data.
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Activity 2: Collecting and Analysing Weather
Data
Weather Log Example
The weather log could be kept in the same Excel workbook
but on a separate sheet. To avail of this feature, the .CSV
file must be saved as an .xlsx file.
1. At the bottom of the spreadsheet create a new sheet
and rename it to indicate its purpose:
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Activity 2: Collecting and Analysing Weather
Data
Weather Log Example continued
Here is an example of scheduled 2 hourly weather
observations taken at 10am, 12pm, and 2pm.
Rain events are interspersed in between the regular
observation times as they occur:

In this example the Excel workbook contains the weather
data from the Mantis Climate Sensor on the sheet named
“June 30 Mantis Data” and the manual weather
observations on the sheet named “Manual Observations”.
Both sheets are contained within the same Excel workbook
file:
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Activity 2: Collecting and Analysing Weather
Data
Additional Resources
Cloud Types Reference:

From: https://kaiserscience.wordpress.com/earthscience/weather/moisture-clouds-and-precipitation/
BBC Met office Cloud Spotting Guide:
http://www.metoffice.gov.uk/learning/clouds/cloudspotting-guide
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Activity 2: Collecting and Analysing Weather
Data
Wind Speed
Wind speed can be assigned a number / description using the
Beaufort Scale:

From: http://www.mackiteboarding.com/judging-wind-speedusing-the-beaufort-scale.htm
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Activity 2: Collecting and Analysing Weather
Data
Wind Direction
Wind direction is reported by the direction from which it
originates, not the direction it is blowing.
For example, a northerly wind blows from the north to
the south. Look carefully at the wind direction chart below.
The arrows indicate the wind direction. They point in the exact
opposite direction of the compass point after which they’re
named:

Wind Direction

From:
http://www.rya.org.uk/newsevents/enewsletters/inbrief/Pages/Measuringthewind.aspx?utm
_source=InBrief&utm_medium=Email&utm_campaign=mar13-inbrief
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Analysing Weather Data

(Student Workbook Example)

Temperature
•
•
•

At what time of the day did the lowest temperature occur?
At what time of the day did the highest temperature occur?
What is the average temperature for the whole day?

Wind Conditions and Temperature
Keep a log of wind speed and direction during at various times during the
day.
•
•

How does wind speed and direction affect temperature?
Is there one wind direction which is more common than others?

Precipitation
Keep a log of when precipitation starts and stops during the day.
•

Which events/changes in the recorded in the weather data occurred
before, during, and after a period of precipitation?

Sky Conditions and Temperature
•
•
•

(Light Index)

What was the temperature on sunny days? On cloudy days?
How do sky conditions (light index) affect temperature?
Are sky conditions the only variable which affects temperature?

Humidity
•

Are there times of during the day where the humidity is highest and
lowest?

Air Pressure
•
•
•
•
•
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How does the air pressure change? Rapidly or slowly?
Is there a correlation between air pressure and the sky conditions /
cloud type?
Is there a correlation between air pressure and wind speed / direction?
Is there a correlation between air pressure and precipitation?
How does rapidly changing air pressure affect the weather conditions?

Activity 3: Calibrating Against Weather Data in
the Real World

Overview
This activity is divided into two parts: Weather Data
Acquisition and Sensor Calibration.
Students will access weather data from nearby stations and
compare this data to their own data.
Calibration of the temperature and pressure readings is
performed in order to make the comparison in weather
data between different locations as accurate as possible.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Learning Aims
• Students will learn how to use the internet to access and
acquire weather data from other weather stations. They
will compare and calibrate their weather data against
nearby stations.
• Students will be introduced to the concept of calibrating
sensors against known good reference values to identify
the sensor bias if it exists.
• Students will be introduced to the concept of
microclimates. Students will focus on researching why
differences in their weather readings can occur when
compared with readings from neighbouring weather
stations. They will identify geographical features specific
to their locality may cause a difference in weather
readings from neighbouring weather stations.

Activity Requirements
• The Mantis Climate Sensor is up and running as per the
Getting Started Guide and data is being collected and
stored daily or over a period of several days.
• Students are familiar with CSV file formats and graphing
data in Excel. These topics are taught in Activity 2.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Acquiring Weather Data from the Internet
Weather data is available on the internet from many
agencies. A popular source of weather data can be found
on the website http://weatherunderground.com.
Here weather data for local airports and harbors is available
plus data from weather stations provided by hobbyists and
individuals.
In this guide we will give examples on accessing weather
data from https://www.wunderground.com/

Other Weather Data Sources
Here’s a short list of other weather data sources
NOAA:
http://www.noaa.gov/climate-data-and-reports
https://www.ncdc.noaa.gov/cdo-web/
United Kingdom:
http://www.metoffice.gov.uk/public/weather/climatehistoric/#?tab=climateHistoric
Ireland:
http://www.met.ie/climate/daily-data.asp

Weather Data Format
Most weather agencies including wunderground.com
provide weather data in Comma Separated Value (CSV)
format (see Activity 2). We will be able paste this data
directly into an Excel spreadsheet and thus be able to make
direct comparisons to our own weather data.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Data Acquisition Example
Choosing a Data Source
It is a good idea to calibrate data with airports or harbors as
one assumes they’ve made a large investment in providing
the most accurate and consistent data as their role involves
protecting lives and guarding against economic losses.
In this example data is taken from the Shannon Airport in
Ireland:
1. Go to www. http://weatherunderground.com
Type in the airport code. For Shannon its SNN:
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
2. Navigate to the History page:

3. Choose the date for the weather data of interest.

4. At the bottom of the data page, choose “Comma
Delimited File”:
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
5. A new page will appear with .CSV formatted data which
you can copy and paste into any text editor such as
notepad:

6. Save the file with the .csv extension.
When the .csv file is opened with Excel, each data item will
be placed in its own cell. This will enable the creation of
graphs using the Excel graphing tools as we saw in Activity
2.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Temperature Calibration
The Mantis Climate Sensor temperature reading can be
calibrated in the classroom using a known good working
room thermometer. The bias will be a positive or negative
value representing the difference in the temperature
reading values between the Mantis Climate Sensor
temperature value and the room thermometer value at a
known temperature point i.e the current room
temperature.
Students will add the bias to the Mantis Climate Sensor
temperature readings in order to get the calibrated
temperature.

The assumption here is that the room thermometer is
accurate enough (+- 1.0⁰ C).
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Temperature Calibration continued
Most temperature sensors including Mantis Climate Sensor
produce a linear signal curve as shown below:

This means that the temperature difference (bias) is the
same across the full range of hot and cold temperatures.

Therefore, one only has to measure the temperature bias at
one point and assume the bias will be the same throughout
the temperature range due to the parallel linear signal
curves.
In the photo above, the Mantis Climate Sensor reports 21.7
⁰ C while the room thermometer reports 20 ⁰ C. Therefore,
the bias is 1.7 ⁰ C. This value subtracted from the Mantis
Climate Sensor temperature readings to get the calibrated
temperature value to match the room thermometer.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Pressure Calibration
Pressure calibration is accomplished by comparing the
pressure graphs of the Mantis Climate Sensor with a nearby
weather station which is trusted to provide accurate data.
The two graphs should be approximately parallel indicating
a consistent bias in the pressure readings.

Pressure:
1025
1020
1015
1010
1005
1000

995
Gort

990

Shannon

13:30
16:00
18:30
21:00
23:30
02:00
04:30
07:00
10:00
12:30
15:00
17:30
20:00
22:30
01:00
03:30
06:00
08:30
11:00
13:30
16:00
18:30
21:00
23:30
02:00
04:30
07:00
09:30
12:00
14:30
17:00
19:30
22:00
00:30
03:00
05:30
08:00

985

Mar 31

Apr 1

Apr 2

Apr 3

Apr 4

This indicates that the Mantis Climate Sensor is tracking the
phenomena accurately, however, its readings may need
adjustment up or down to match the nearby station. Again,
we’re assuming the nearby station is accurate and that’s
why we’re choosing to calibrate against it.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Pressure Calibration Method 1: Compare the Averages
of the Entire Data Sets
This method is made easy by using Excel formulas. To
calculate the difference in pressure readings between two
weather station follow this example:
1. Take the averages of weather station 1 and weather
station 2 using the following formulas over the entire
column of data:

2. Subtract average 1 from average 2. This is the average
difference (bias) in pressure.
3. Later we will further adjust the bias for differences in
elevation.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Pressure Calibration Method 2: Take the differences of a
selected points in the data set
This is a quick and simple method which doesn’t require
knowledge of Excel formulas.
Simply choose a few time points and take the differences in
pressure. Then take the average of the differences.
For example, pressure readings for 8am, 10am, 12 noon,
2pm are selected and the difference in pressure is
calculated for each time. The differences from the four
points is added and then divided by four to get the average
difference. This is the average difference (bias) in pressure
which can be applied to the calibration.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Pressure Calibration Considerations
The Current Weather
It is best to calibrate pressure during periods of calm
weather because the pressure is uniform across a wide
area. The ideal time to calibrate pressure is when a high
pressure system is centered directly overhead. During these
times there will be little variation between weather stations
across fairly large distances as shown in the picture:
Calibrate
pressure
during
stable
high
pressure

Don’t
calibrate
pressure
during
unstable
low
pressure

The picture shows high pressure centered over the state of
Idaho. The weather stations under this high should all
report nearly the same pressure of approximately 1024
mb/hPa and thus calibration would be accurate.
The worst time to calibrate pressure is during stormy or
unsettled weather as it is changing rapidly and may vary
greatly over a short distance. Given the weather situation
above, it would not be a good time to calibrate pressure
around the Great Lakes region.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Elevation
Pressure is affected by elevation. Pressure is the force
exerted by the air column due to its weight contributes to
the pressure reading. At higher the elevations, there is less
air above and thus less weight. The general rule is pressure
decreases by 1 millibar/hectoPascal for every 10 meters of
elevation above sea level. This is a good enough calculation
for our purposes. However, the actual relationship of
pressure to elevation is more complicated at higher
elevations due to a differing gravity constant and extreme
temperatures which can affect the pressure value.

Decreasing Pressure
Increasing Pressure
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From:
https://www.tes.com/lessons/utWYUEz1K8_uhA/weather
-definitions

Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Elevation Calibration (Air Pressure)
Wait! We’re not done yet. We’ve calibrated our weather
station’s pressure readings with another weather station
but we haven’t taken into account the differences in
elevation.
As stated earlier, pressure decreases by 1
millibar/hectoPascal for every 10 meters of elevation above
sea level. Therefore, we must find the elevations of our
own weather station and the other weather station and
calibrate for differences in elevation.
This is done by entering the weather station locations into
google followed by “elevation”. For example: Shannon
Airport Elevation:

Simply add/subtract 1 millibar/hectoPascal for every 10
meter difference in elevation.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Pressure Calibration Links:
http://www.npl.co.uk/reference/faqs/how-do-i-adjust-mybarometer-(faq-pressure)

Air Pressure Explained
http://weather.mailasail.com/Franks-Weather/Hectopascals-AndMillibars
http://www.srh.noaa.gov/jetstream/atmos/pressure.html

49

Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Applying the Temperature and Pressure Calibrations
The calibration activities should yield a single temperature
bias and a single pressure bias.
These biases must be applied to every member of the
appropriate data set. This can be done on the spreadsheet
containing the data or by adjusting a constant in the
Scratch Data Graphing program.
Both methods are described in the following pages.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Applying the Bias to the Spreadsheet
This can be done to the entire column of data in one
operation using the Excel formula feature. To add the bias
to the temperature column perform the following steps:
1. Type the bias into its own cell so that it is a number
instead of a formula. Round as required:

2. Select the column to which to apply the bias and
choose “Paste Special” then chose “Add” and “Values”
as shown above.
3. The column will now be adjusted by the calibrated bias.
Note the difference in averages becomes reduced.
4. If the graphs have been already been made, you should
see the two lines become closer.
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Activity 3: Calibrating Against Weather Data in
the Real World (continued)
Applying the Bias Using the Scratch Program
If you are confident about programming in Scratch you can
add the bias in during the data acquisition stage. This
provides the convenience of not having to modify the Excel
spreadsheet afterwards. To add the bias in Scratch perform
the following steps:
Go to the Stage sprite in the Scratch program:

Enter the calculated biases for the temperature and
pressure for the PressureBias and TemperatureBias
variables in the following blocks:

If you don’t wish to add biases, set these variables to 0.

Note: If you connect to a different Mantis Climate Sensor,
you may have to re-adjust the biases.
52

Activity 4: Microclimates

Comparing Weather Sites
After you’ve calibrated the pressure and temperature
sensors you are now ready to make comparisons between
your weather station and neighbouring stations.
Your data analysis will reveal similarities and differences in
the data between your site and other sites.
If you experience a difference in data from nearby weather
stations after careful calibration and double checking the
accuracy of your weather station, then this can be a
learning experience on how geographical features can
affect weather and produce what are known as
“microclimates”.
One way to spot a microclimate is if the difference in
weather observation between two stations is consistent
over time. For example it may be consistenly colder or
damper at a weather station near a large body of water
than a station a few miles inland.
If your area consistently has different weather readings
than nearby stations can you identify what geographical
factor(s) is/are causing the difference?
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Activity 4: Microclimates

Learning Aims
Students will be introduced to the concept of
microclimates. Students will focus on researching why
differences in their weather readings can occur when
compared with readings from neighbouring weather
stations. They will identify geographical features specific to
their locality may cause a difference in weather readings
from neighbouring weather stations.
Students are asked to explore how their the weather in
their locality could be influenced by the following general
microclimates:
• Mountains
• Urban Areas
• Costal Areas
• Valleys
• Forests
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Activity 4: Microclimates

Comparing Weather Sites
Some factors affecting weather data readings can be
attributed to:
Weather Station Placement
Is your weather station placed in the shade or out in the
open? See the chapter entitled “Weather Station
Placement Considerations”. The microclimate in this
case may be due to the Climate Sensor’s placement in an
overly sunny or shady location.

Microclimate Causes:
Can you identify geographic features influencing your
weather differently than other nearby sites?
• Is your site at a different elevation than nearby
stations?
• Are you in a forest or on open land?
• Are you closer to a lake or ocean than other sites?
• Are you behind or near mountains?
• Are you at a higher or lower elevation compared to
other sites?
• Are you on a north or south facing slope?
• Are you in a valley?
• Are you in an urban or rural area?

55

Activity 4: Microclimates (continued)

Exploring Microclimates
A reverse version of the previous exercise can be done by
comparing the data from your weather station with
localities which are not too far away but yet are known to
have differing geographical characteristics which contribute
to microclimates mentioned above.
When investigating weather data from sites with known
geographical differences from their own locality students
should be able to identify the weather parameters which
are affected by these differences.

Conclusions about the effect of geographical features on
local weather can be verified by comparing weather data
with other sites with and without the same geographical
feature.
For example, if it has been discovered that a given site’s
proximity to the coast moderates the extremes in high and
low temperatures, can this hypothesis be confirmed or
challenged by examining the weather data from other sites
which are also close to the sea and comparing them with
inland sites?
Can the hypothesis be generalized and applied to other
sites with similar geographical characteristics?
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Activity 4: Microclimates (continued)

Mountain Microclimates
Mountain ranges can contain many microclimates due to
their varying elevations and slope aspects.

From: http://www.britannica.com/science/orographic-precipitation

If you live in the mountains some factors affecting your
weather are:
• Elevation
• Which way is your slope is facing. North or South
facing slops receive different amounts of sunlight.
• Which side of the mountains you are on. The rainy
side or the dry side?
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Activity 4: Microclimates (continued)

Urban Microclimates
Urban centers tend to create their own weather conditions
due to:
• Reflection of sunlight off of buildings and cars
• The absorption of heat by pavement and concrete.
• Air pollution and smog.
• Areas of shade and shelter created by buildings.
• Local afternoon clouds and breezes.
This microclimate is known as an “Urban Heat Island”
because the net effect is to increase temperatures around
the urban area.

From: https://heatisland.lbl.gov/
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Activity 4: Microclimates (continued)

Costal Microclimates
The ocean or large body of water has a huge influence on
the local weather mainly due to the fact that water retains
heat longer than land, therefore, the air temperature near
water stays relatively constant compared to inland
locations. This has the following impacts on the local
climate:
• Daytime temperatures tend to be cooler.
• Night time temperatures tend to be warmer.
• Humidity tends to be higher.
• Winds tend to be stronger.
• Winds tend to follow a daily pattern.

The local ocean temperature which is determined by
global factors can influence the local weather in costal
areas.
From: http://nsidc.org/pubs/special/12/
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Activity 4: Microclimates (continued)

Cold Air Pools
Cold air can accumulate in low lying spots in valleys.
Temperatures can be significantly colder here than in
surrounding areas.

From: http://wxbrad.com/charlotte-douglass-odd-temperature-readings/

: http://www.fao.org/docrep/008/y7223e/y7223e0c.htm
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Activity 4: Microclimates (continued)

Resources on Microclimates
Types of Microclimates:
http://www.metlink.org/secondary/key-stage-4/microclimates/
Wikipedia
https://en.wikipedia.org/wiki/Microclimate
Known Microclimates Around the World:
https://en.wikipedia.org/wiki/Microclimate#Cities_and_regions_know
n_for_microclimates
Encyclopaedia Britannica:
http://www.britannica.com/science/microclimate

Urban Heat Islands
http://www.metlink.org/secondary/key-stage4/microclimates/#urb_micro
http://www.slideshare.net/TyzTonna/lesson-4-microclimate-of-anurban-area
https://heatisland.lbl.gov/coolscience/urban-heat-islands
Cold Air Pools in Valleys
http://wxbrad.com/charlotte-douglass-odd-temperature-readings/
http://www.fao.org/docrep/008/y7223e/y7223e0c.htm
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Activity 5: The Big Picture

Overview
Students will read weather charts to correlate the
movement of air masses and weather fronts to their own
observed data. They will analyse data from their local
weather station to track the movements of air masses as
they cross their locality.

An example of this activity is given in a separate document
named “Mar31-Apr3WeatherLog.pdf” which records the
passing of a low pressure system over Ireland. This activity
uses the skills acquired in all of the activities detailed in this
guide.
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Activity 5: The Big Picture

Learning Aims
• Students will learn about the global factors which drive
the changes in their observed weather data.
• Through the activity of recording weather data and
reading weather charts students are introduced to the
concepts of air masses and their behavior.

• Students will analyse their weather data to identify the
exact time at which a weather front has passed their
locality. They can then compare their real data with the
forecast data to assess the accuracy of the forecast.
• Students learn to appreciate how real local weather data
is used to confirm and adjust continuously changing
weather models.
• Weather predictions can be made from networks of
weather stations. The direction and speed of moving
weather fronts can be tracked and their arrival predicted
by collating the data from several weather stations
across a region. Once the Mantis Climate Sensor is
properly calibrated against neighbouring weather
stations, students can then participate in this network
by observing the timing of weather fronts in their own
locality and the timing relationship between other
weather stations in the region as each front passes
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Activity 5: The Big Picture

Additional Meteorological Topics
Students having become familiar with weather charts, air
movement, and weather data acquisition will now be ready
to learn further about more advanced meteorological
topics such as:
 The uneven heating of the earth’s surface
 The types of air masses and their origins.
 The influence of land or a body of water on an air
mass.
 The Coriolis Effect on the meeting and mixing of air
masses.
 The influence of the sun on an air mass.
 Temperature differences between two air masses:
 How air temperature and relative humidity
influence precipitation.
 How temperature influences density (pressure).
 High and Low Pressure Systems
 Warm and Cold Fronts

 The Hydrologic Cycle
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Activity 5: The Big Picture

Supporting Materials
How to read a weather chart (UK and Irish Based):
http://www.metoffice.gov.uk/learning/learn-about-theweather/synoptic-weather-chart
How to read a weather chart (USA Based):
http://www.srh.weather.gov/srh/jetstream/synoptic/wxmaps.html
An excellent explanation of fronts and air masses (UK based):
http://www.metoffice.gov.uk/media/pdf/a/t/No._11__Weather_Charts.pdf
Where to find weather charts:
USA: http://www.wpc.ncep.noaa.gov/dailywxmap/
UK & Ireland:
http://www.met.ie/forecasts/atlantic-charts.asp
Weather Chart Archives – for researching past phenomena
USA:
http://www.wpc.ncep.noaa.gov/archives/web_pages/sfc/sfc_archi
ve_maps.php
Europe:
http://www.wetterzentrale.de/topkarten/tkfaxbraar.htm
Weather Data (World wide):
http://wunderground.com
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More Weather Data Sources

Archives:
http://weather.unisys.com/archive/index.php
Atlantic Hurricane Tracking:
http://www.nhc.noaa.gov/

Pacific and Atlantic Charts for US and UK
http://www.opc.ncep.noaa.gov/index.php
World Climate Data - Compare averages between weather
stations:
http://www.worldweather.org/en/home.html
Satellite maps from around the world:
http://en.sat24.com/en
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Activity 6: Weather Prediction

Overview
Students have been collecting, recording and tracking
weather data over the last several days and should be very
familiar with the process. They should now carefully
observe today’s data. Observe the prevailing wind direction
and make the best prediction of what the weather will
most likely be for the next few hours or the following day. If
they have the opportunity to do so, continue this process of
predicting for several days and make a record of how often
you make a correct prediction. As an interesting
comparison, they should keep notes on how their
predictions corresponded with the actual weather results.
After this experience, one might come to appreciate the
difficult job of meteorologists. To prepare for this challenge,
keep the following in mind:

Learning Aims
Students will understand that they can access data from
archives to explore and draw conclusion from past events:
 Has the barometer been rising or falling?
 What is the relative humidity?
 What is the observable cloud type?
 Has the wind been blowing from the same direction?
 Has the temperature (in general) been rising or
falling?
 Has there been any precipitation?
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Activity 6: Weather Prediction (continued)

Example Log of Weather Observation and Prediction:
Data collected for September 2-3:
• The temperature has been rather steady throughout
the day at about 79 °F or 26 °C.
• The barometer has fallen from 29.4 millibars on
September 2 to 29.1 millibars September 3.
• High cirrus clouds were observed late in the day on
September 2.
• The wind, while shifting positions, has pointed mainly
towards the southwest.
• The relative humidity is about 85%.
• The dew point is 74 °F or 24 °C.
• Nimbostratus clouds begin to appear late on
September 3.
• There was a red sky on the morning of September 3.
Based upon the above data, what would you predict the
weather to be on September 4?
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Meteorology Teaching Resources

Teaching Resources
NOAA (USA):

https://www.climate.gov/teaching
http://www.education.noaa.gov/
NOAA JetStream - An Online School for Weather:
http://www.srh.noaa.gov/jetstream/index.html

UCAR Center for Science Education (USA):
http://scied.ucar.edu/weather-activities

World Meteorological Organization (WMO)
http://www.wmo.int/youth/
Met.ie (Ireland)
http://www.met.ie/education/
Met Office (United Kingdom)
http://www.metoffice.gov.uk/learning/weather-for-kids
http://www.metoffice.gov.uk/learning/weather-for-schools
Metlink (United Kingdom Weather Site for Educators)
http://www.metlink.org/
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Meteorology Teaching Resources - Videos

Fronts
UK Based:
https://www.youtube.com/watch?v=G7Ewqm0YHUI&featu
re=youtu.be
USA (Based:
https://www.youtube.com/watch?v=tsD6zkBMmck

Nice graphical diagrams of fronts :
https://www.youtube.com/watch?v=huKYKykjcm0
For Younger Audiences:
https://www.youtube.com/watch?v=OBz3fwXX64A
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Meteorology Teaching Resources - Videos

Air Masses, Fronts, How To Read Weather Maps:
USA Based Examples:
A good summaries relating air masses to fronts to weather
maps:
https://www.youtube.com/watch?v=M7WmhxeMGjs
https://www.youtube.com/watch?v=pjU23R5WRec
Pressure and Isobars ( for younger audiences):
https://www.youtube.com/watch?v=N5rJ1yWk4IU
High and Low Pressure ( for younger audiences):
https://www.youtube.com/watch?v=_NeFCO_Dww4

Global Winds (Uneven heating of the Earth)
https://www.youtube.com/watch?v=j5x6y3a1eRs

The Coriolis Effect
NOVA (PBS):
https://www.youtube.com/watch?v=i2mec3vgeaI
Detailed explanation applied to Earth’s Regions:
https://www.youtube.com/watch?v=IMKa_ubu8UM
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Cloud Resources

Clouds
NWS Jetstream Online School for Weather (Clouds)
http://www.srh.noaa.gov/jetstream/clouds/clouds_intro.htm
l

NOAA/NASA Cloud Chart
http://www.nws.noaa.gov/om/brochures/cloudchart.pdf
The GLOBE Program – Clouds Story Book
http://globe.gov/web/elementary-globe/clouds/story-book
Template to create your own book:
http://www.nws.noaa.gov/om/brochures/CloudsOutMyWind
ow_template.ppt
Exploringweather.com Cloud Chart:
http://www.exploringweather.com/clouds.html
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Excel Tutorials

Excel Graphing Tutorials
Easy to follow how to make line graphs:

http://www.excel-easy.com/data-analysis/charts.html
Short version:
http://spreadsheets.about.com/od/excelcharts/ss/line
_graph.htm
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Weather Graphing Online

Bracknell, UK
Front page weather graph:

http://www.weatherfamily.org/bracknell/index.html

Meteogram example:

http://www.weatherfamily.org/bracknell/wxarchive.ht
ml
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