Tracking Wildfire Extent and Aerosol Dispersal using satellite imagery and smoke aerosols datasets
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Name(s) and URL(s) of dataset(s) used—

AirNow - http://www.airnow.gov
Wisconsin - http://www.ssec.wisc.edu/modis-today/
Rapid Fire - http://rapidfire.sci.gsfc.nasa.gov/
HMS- 

Modis aerosol optical depth found at Giovanni.gsfc.nasa.gov 

Name(s) and URL(s) of access/analysis software tool(s) used—

Google Earth  earth.google.com

Giovanni - http://disc.sci.gsfc.nasa.gov/giovanni/
Target educational level for the activity – 9-14
Description

Wildfires are a common occurrence, particularly in the western United States.  Newspaper stories carry pictures and descriptions of fires covering thousands of acres or more of forested areas, and, often, homes.  However, as damaging as the flames are to trees, homes and other structures, the extent of the smoke plumes from the fire can be much more extensive and have a more profound and long term effect on the effected population. 

Often, in a fire, the extent of smoke dispersal can be ten times or more the extent of the burn.  These aerosols which contain dust, soot and other particles, as well as increased levels of CO2 and NO2 in the atmosphere, can impact the health of significant populations.  In California, for example, a wildfire in the Los Angeles area can impact as many as ?10,000,000? people both directly and indirectly.  While fires always make the news, wildfires can occur in any part of the country.  

In this chapter, users will look at the relationship smoke extent from fire using the image visualization tool, Google Earth and overlay datasets from  the Aeronet Synergy Tool site. Users will learn how to download aerosol and thermal data and analyze them to develop a conceptual understanding of how air quality and population density can influence the potential health of a region. They will then look at how their area would be affected if they had a fire of the at size. Once they've learned the techniques, users are encouraged to explore other fires that might occur and other events such as volcanic eruptions or dust storms which also produce significant aerosols. 
Case Study

Fire, Fire Everywhere

In California, it is a common occurrence to have wildfires burn the surrounding hillside and often areas of national forest land.  In late June 2008, a series of particularly devastating fires raged over northern California.  Normally fires are given names, but in this case, there were several hundred fires covering over a million acres or more than 1500 square miles, and is now known as the Northern California fire complex.  To put this into perspective, these fires burned an area the size of Rhode Island. 

Add image from 

http://www.airshare.info/smogstories/uploadimages/June22-24.jpg
http://www.airnow.gov/index.cfm?action=smoke.smoke2#1
How did this happen?  California has a range of temperatures and during fire season, it is often dry for long periods of time.  After several days of hot temperatures and very low relative humidity, thunderstorms moving through Northern California sparked several wildfires over the weekend.  The image above  shows the visible satellite images (top panels) taken midday Sunday and Monday. Overlaid on these images are the daily particle pollution AQI levels.  These levels are represented by a color code that shows the health hazards associated with the smoke. 

Wildfires in California can be particularly dangerous.   Because of a complex system of onshore winds and remote conditions at the location of the fires, it is difficult to fight a large scale fire.  

Smoke is a type of aerosol. Aerosols are particles of matter, solid or liquid, larger than a molecule but small enough to remain suspended in the atmosphere (up to 100 microns diameter). Natural origins include salt particles from sea spray, clay particles as a result of weathering of rocks volcanic dust or dust from wind storms.   

Smoke is made up of a complex mixture of gases and fine particles produced when wood and other organic matter burn.  It creates a mixture of ash particles, organic carbon, oxides of carbon and nitrogen, and other volatiles The biggest health threat from smoke comes from  the fine particles. These microscopic particles can get into your eyes and respiratory system, where they can cause health problems such as burning eyes, runny nose, and illnesses such as bronchitis. Fine particles also can aggravate chronic heart and lung diseases, particularly those that suffer from asthma or emphysema. It  can also be linked to premature deaths with people who have these conditions if the hazard is bad enough. 

The NASA MODIS satellite detects the concentration of nitrogen dioxide in the atmosphere, from the top of the troposphere down to Earth's surface. Since nitrogen dioxide is typically found in photochemical smog, its presence indicates locations on Earth's surface that have high incidences of smog.

In this chapter, you will use Google Earth to import and examine datasets of nitrogen dioxide concentration and population density. You will analyze the images to identify patterns in nitrogen dioxide concentration, population, and geography that will enable you to make general predictions about where photochemical smog might form.
Tie in to meteorology?  

Smog Blog

US air quality

Running events, health alerts due to smoke

Create an overlay of fire/smoke extent.   Move it to any region of the US.  Steve says it can be done. 

Lightning data?

A map that shows when and where fires occur.   It isn’t real time, they can look in an archive. 

Data Access and Analysis Procedures—

1. Download Google Earth

2. Get datasets

-

-get Modis true color at Wisconsin (in KML)

-get HMS data from datafed exported as KML

-get aerosol optical depth data, aerosol index and pm 2.5 data at Giovanni (export as KML)

-premade june 24th 2008 fire data (resides on the Carleton site)  Use this as a precooked file for lower grades or for time constraints
How to create a loop

1. Go to Giovanni to air quality

2. 2. Instead of choosing one day, choose a range at the bottom of the page

3. Instead of lat-lon, choose animations

4. Generate visualization

Expand to North America

Go back to Giovanni homepage and use the rubberband box to choose all the US. 

Run the animation again to see what was happening to the whole US. 

Go to BlueSky and get fire locations  or pm 2.5 concentrations.  Save as a jpg which could then be used to compare to map to determine why things were happening . 

Go to Wisconsin Modis today site and download USA map. 

Google Earth

Additional information— Need the case study a couple of other examples to use for going further.    

IDEA Bullets

Have students try and identify where the fires might be in the 250 image before the real locations are shown.    

Work with wind direction – what direction is the wind blowing?   What direction is the smoke going? 

Work in geography, topography to understand California meteorology. 

Going Further

Looking at other fires

Florida Georgia fires april 24 to the end of May 2007

Dust Storms – NASA  Earth Observatory NEO

Volcanoes

Public Health Extensions

 Go to Air Quality.  Map will come up and then you leave it as it is or zoom in.   Zoom into California by using the zoom tool on the left (be sure to put in a What’s this?)  or box it in. 

Choose data sets you want 

1. Aerosol optical depth at 550 nm

2. Choose both of them

3. Choose UV aerosol index

4. Choose the day you want June 24th 2008.  It’s set up for a range so the day needs to be put in twice. 

5. Select visualization you want.   Choose lat-longt 

6. Hit generate visualization 

7. A chart will come showing your progress

In looking at your map, you will see gaps in the data. One reason for gaps is that clouds can block what the satellite can observe.   Satellite data looks at the whole range of data and not just the surface.   This map is a column so when we look at this we don’t know if it’s at the surface or above.   

Aeronet Synergy Tool

It’s a way to display multiple data sets .  

1. Choose the date, June 24th
2. Enter site name, so we choose Fresno

3. Choose what product we want to display.   We choose modis data, both. 

How do you know if you’re looking at smoke, clouds or dust? 

The maps can be loaded onto Google Earth by choosing the KMZ option

Now overlay the the air quality

1. click on download data.   There will be data files for all the products

2. Choose the modis KMZ file MOD08 NOT MYD08. 

3. Open Google Earth and open file

4. To get a better view, shrink the search and shrink the layers

5. Highlight the aeronet terra file.   Use the slider tool to opaque the layer. 

Go to MODIS rapid response system 

1. Go to near real time subset

2. choose Fresno on the map

3. Choose the date you want, June 24th
4. Choose 250 pixel resolution.   NOTE: if your machine speed is too slow, choose a lower resolution. 

5. Load onto Google Earth

Questions:

What way is the wind blowing?

Load both air quality for modis and surface onto Google Earth.  Toggle between both to view the difference between air quality at both levels.  

Learning Goals

-Impact of wildfires on health

-Impact of climate on the cycles of fires

-dynamics of wildfire

-geography of where fires occur and why

Standards

-technology standards

-Be sure to look at content standards

-learn to understand satellite imagery

-measurement skills

-spatial understanding skills

-How do satellites work in terms of function

