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Overview

The Pan Arctic Lake Ice Methane Monitoring Network (PALIMMN) is a monitoring network of methane bubbling from lakes all around the world.  PALIMMN invites collaboration from students to increase data and knowledge about methane ebullition (bubbling) from lakes of different regions and how it contributes to the global methane budget, which influences climate change.

After learning about climate change and lake methane emissions, students will experience scientific field work and produce scientifically valuable data that will be used in International Polar Year research. 

Objectives:

Students will:

· Learn about methane production in lakes and climate change

· Survey methane bubbles in the lake ice

· Build methane bubble traps

· Collect methane gas from bubble traps on a lake

· Prepare a spreadsheet with their data

Materials:

· How to survey methane bubbles in lake ice http://www.uaf.edu/water/test/PALIMMN/collectionMethods.pdf
· How to check that Methane Bubble Traps are ready to use

· How to build a Methane Bubble Trap

· How to use a Methane Bubble Trap

· Field data sheet http://www.uaf.edu/water/test/PALIMMN/dataSheet.pdf

Activity procedure:

1) Background on climate, lakes and methane (Half an hour)

While scientists and politicians may debate what causes the rising temperatures, it is widely recognized that global warming is a fact. 
Here we present the difference between the terms weather, climate change and global warming:

Climate defines the total of all weather occurring over a period of several years in a given place. This includes average weather conditions, regular weather sequences (like winter, spring, summer, and fall), and special weather events (such as droughts). The climate of your region defines what it is usually like in the place where you live. 

Climate change represents a change in the long-term weather patterns, and can results in major changes in temperature, rainfall, snow, or wind patterns lasting for decades or longer. Climate change may result from natural factors (such as changes in the sun’s energy), natural changes within the climate system (such as changes in the oceans’ currents), or human activities that changes the atmosphere composition and the land surface (deforestation etc). 

Global warming refers to an average increase in the Earth's temperature, which in turn causes changes in climate. A warmer Earth may lead to a wide range of impacts on plants, wildlife, and humans, such as a change in precipitation patterns, a rise in seas level etc. When scientists talk about the issue of climate change, their concern is about global warming caused by human activities. 

Indeed, scientists say it is very likely that most of the warming we have experienced since the 1950’s is due to increased greenhouse gases emissions from human activities. Students name greenhouses gases sources from human activities. 
The greenhouse effect is a natural occurring process that contributes to control the Earth’s temperature. When the sun’s heat reaches the Earth’s atmosphere, some of the heat escapes back to space. The other part is absorbed and re-emitted by the Earth, then trapped in the atmosphere by greenhouse gases (such as water vapor, carbon dioxide, nitrous oxide, and methane) , causing the Earth to heat up. 

Without the greenhouse gases, the Earth would be much colder (approximately 60°F colder) and could not support life as we know it. But since the Industrial Revolution, human activities have exacerbated the natural greenhouse effect by adding greenhouse gases to the atmosphere (mostly from burning fossil fuel for powering plants, transports, houses etc). If the greenhouse effect becomes stronger, more of the sun’s heat gets trapped and it makes the Earth warmer than usual. Even a little extra warming may cause problems for humans, plants, and animals. Climate changes are occurring in certain parts of the world much faster than predicted. Students name impacts of climate change in their country and in the world. 
Earth has warmed by about 1F over the last 100 years. Scientists expect the average global temperature to increase an additional 2 to 7ºF over the next one hundred years. At the peak of the last ice age (18,000 years ago), the temperature was only 7ºF colder than today, and glaciers covered much of North America! Even a small increase in temperature over a long time can change the climate. 

Climate varies naturally over both short and long time scales. What scientists think is that human activities come in addition to natural variability and thus modify the trend of the climate.

The impacts of human activities on climate can be direct or indirect. For instance, there are natural sources of greenhouses gases. Such as wetlands and lakes, which emit methane, produced by the decomposition of organic matter (dead plants and animal). But the increase of the mean temperatures (due to the increased greenhouse effect) can cause a higher release of that natural gas. 

This is what happens in Northern latitudes. The permafrost (permanently frozen ground) is thawing. This is the same process that happens to food and ice cubes when you take them out of the freezer.  When ice in the ground melts, the ground surface collapses as sink holes. These holes fill with water, forming ponds and lakes. The dead plant and animal remains (organic matter) that were previously frozen thaws out in the bottoms of lakes. It is like opening the freezer door. Microbes and bacteria eat and digest the organic matter. And as they do so, they create methane. Some people’s digestive system does the same thing with the food they eat. Northern lakes emit a lot of methane. Methane escapes lakes in the form of bubbles, which is sort of a form of burping after a good meal. In the atmosphere, methane acts like a greenhouse gas to influence climate warming. Climate warming causes further thawing of permafrost, formation of lakes, and release of methane. It is a positive feedback loop. As vast areas of permafrost are thawing, great amounts of methane could be released. 
A large network of observations will improve knowledge about the magnitude and variability in methane emissions from lakes around the world. This information can be used by climate modelers to better predict the response of methane production in lakes as a feedback to climate warming.  

You can help researchers know how much methane is evading lakes through bubbling and how they contribute to global climate change.  Let’s start now: build your own bubble trap to collect lake methane. 
2) Build bubble traps (1h15)

Use the page “How to build a Methane Bubble Trap”. http://www.uaf.edu/water/test/PALIMMN/bubbleTrap.html
We recommend preparing the material in advance: cut the steel cable, drill the hole in the bottles, cut the plastic tube pieces, and cut the circles in the plastic sheets (1 m x 1m).  Students should be by teams of 3-4. 

3) Learn how to collect methane from bubble traps (45 minutes)

Use the document “How to check that Methane Bubble Traps are ready to use” and “How to collect methane from Bubble Traps”

The goal here is twofold: 

First, students must check that their bubble traps are waterproof and leak proof. Use a tank or tub large enough to fully submerge the bubble trap (approximately 1m20 high and 80 cm wide) filled with water. Insert the bubble trap in the water. Open the stopcock to get rid of the air trapped as you put the trap in the water tank, then close the stopcock. The trap should contain no air at this point in the bottle or skirt.  Next, briefly lift the bottom of the skirt out of the water in order to engulf some air, then resubmerge the trap.  Watch the behavior of the air when the stopckock is closed and the trap is completely submerged. Do bubbles emerge from the neck of the bottle or from the area around the closed stopcock? If not, then the trap is leak proof and ready to be used. If bubbles do leak out, then completely dry and re-seal using glue or electrical tape the point of leakage. 

Second, students learn how to collect gas from a bubble trap. Keep the whole bubble trap in the water at all times. For practice, inject some air through the two-way syringe to partially fill the bottle with air. Place a glass collection bottle full of water at the outlet of the submerged stopcock. Under water, gently manipulate the plastic skirt to move the air from the skirt into the plastic bottle. Slowly open the stopcock. Gas will bubble out. Place the glass collection bottle over the stream of bubbles, to fill the bottle by displacing water inside.  Keep the collection bottle underwater and upside down and seal it with a rubber stopper. 

Make the analogy with what happens in a lake: Ask the students to imagine an underground plumbing network under the lake. In some places, the underground pipes have holes, or seeps, where methane comes from. The methane gas comes out of these seeps as bubbles. 

The goal is to find a seep, and capture the gas that comes out of it with a bubble trap. With the gas that students collect, the PALIMMN research group will run analyses to determine the CH4 content of the sample. It will be used to determine how much methane is released from the bubbling seep that the students sampled.  The concentration in methane seeps is usually over 60%.
4) Collect methane from bubble traps on a lake (1h 15 minimum)

Use the document “How to collect methane from Bubble Traps”

This can be done in winter or in summer (either from a small boat or from the shore with good boots). 

This step requires going to the lake twice. Teachers may want to practice before taking students out on the lake. It is good safety procedure to work in teams of at least two people on ice or water. Identify a methane seep and set up the bubble trap. Please note the coordinates with a GPS (if possible), the day and time at which you start collecting gas. 

You might be able to set only 1 or 2 traps. Ask the students to explain the procedure of collecting methane from the trap. Make sure they know the most important points: do not pull the trap out of the water when you proceed; do not handle the trap by the bottle or stopcock (they are very fragile); gently manipulate the plastic skirt to make the methane bubbles come into the top of the plastic bottle where the stopcock is; insert the collection bottle into the stopcock outlet; gently open the stopcock to let the methane come into the collection bottle; keep the bottle as it is (in the water, upside down, move it as little as possible) and close it (under water); label the seep references (number, date) on the bottle with a sharpie. Depending on the strength of the methane seep, gas will accumulate in a matter of minutes or weeks. 

If you are measuring a strong seep, then while you are waiting for gas to accumulate in your trap take some time to walk along the lake and find places where you can see methane bubbles in the ice in order to later conduct ice-bubble survey transects (step 5, see below). Look for methane bubbles by walking on the lake, shoveling away the snow every so often. Look for areas with clear black ice. Methane seeps will occur as beautiful clusters of bubbles trapped in lake ice.  The common pattern is to find more methane bubbles close to the lake shores than in the lake center.  When you decide where you will set the transects for your students, leave a marker in place. Wait until you students are with you to shovel snow, and conduct a methane ice bubble survey. 

5) Survey methane bubbles on lake ice (If possible and safe. 1h-1h30)

Use the document “IceSurvey.pdf” 

Here are some annotations to the procedure for surveying methane bubbles in ice with students.

Methane sampling using traps and ice surveys can be done on the same day or different days.  If the transect is located close to the bubble traps, team members can rotate easily. 

Opening the hole in the ice, filling buckets with water and pouring water along transects is time consuming (up to 20 min). It could be done before the arrival of students. 

Before starting students must observe the lake, the shores, the relief, and take notes (see “environmental factors” on the data sheet). 

It is ok to conduct shorter transects, for instance 1 m x 15 m (instead of 1m x 50 m).  Students should be in teams of three to five persons. One student measures the bubbles, another takes the GPS points for each bubble, another take notes in a field notebook. Make sure the students are aware they will have to use the field spreadsheet to create a data spreadsheet in the computer later. 

6) Fill in the data spreadsheet (45 minutes)

Use the document “Data spreadsheet”.  Students should work in teams of three. One student reads the field data sheet, another types, another checks the data are correctly entered.  Explain the students you are then going to send their results to the Palimmn research group and that their data will be publicly available on the PALIMMN website. So, quality control matters.

Sources and links:

Resources for teachers and students:

Alaska Lake Ice and Snow Observatory Network http://www.gi.alaska.edu/alison/

EPA Kids: http://www.epa.gov/climatechange/kids/index.html

Girls on Ice, A mountaineering adventure and learning experience for high school girls http://girlsonice.org/

Institute of Arctic Research Center Outreach and Educations http://www.iarc.uaf.edu/education_outreach/index.php

International Polar Foundation: http://www.educapoles.org/index.php?/fun_zone/

International Polar Year K-12 Education: http://www.ipyed.org/

National Geographic Lesson plans: http://www.nationalgeographic.com/resources/ngo/education/xpeditions/lessons/ http://education.nationalgeographic.com/education/

Permafrost Outreach Program http://denali.frontier.iarc.uaf.edu/~saito/ts_iarc/permafrost.html

Scenarios Network for Alaska Planning http://www.snap.uaf.edu/

Science Teacher Education Program: http://www.gi.alaska.edu/STEP/index.html

Student Network for Observing Weather: http://www.arcticclimatemodeling.org/son/index.html

The Globe Program: http://www.globe.gov/

University of Alaska Fairbanks Science Education Outreach Network http://www.uaf.edu/outreach/clearinghouse/browse.html?order=subjects&type=resource
Science facts:

EPA webpage on climate change: http://www.epa.gov/climatechange/fq/science.html
Intergovernmental Panel on Climate Change: http://www.ipcc.ch/ 
Pew Center on Global Climate Change: http://www.pewclimate.org/global-warming-basics
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