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1. ABSTRACT

As with any scientific study, the accuracy of the data/observations is of paramount concern to the investigator.  The question, “is GLOBE student data valid,” is a valid question that has been asked by the scientific community, and therefore requires an answer from the GLOBE Program Community of student scientists. However, it is almost impossible for a student scientist, due to lack of resources, etc., to validate GLOBE data. What students can do is make comparisons between multiple sources of data to determine whether the data between them are, or are not, consistent. The investigation’s research agenda therefore becomes, how can the student go about comparing data from multiple resources to find whether there is, or is not consistencies in the data/observations/measurements. 

The Burlington County Institute of Technology’s GLE II Student Research Project utilizes Earth Systems Science and Remote Sensing Technology (i.e., NASA, NOAA, USGS). The preliminary investigation examined all student observations in the GLOBE Program archive, first in terms of number of observations and location, and secondly examines the consistency of the data. A second investigation, specifically conducted a study of limited sites/locations resulting in the creation of a consistency model.  The model utilizes as an instrument/tool, Geographic Information Systems (GIS).  Through GIS, geo-referenced datasets from federal agencies can be established and then compared to GLOBE student data by a process called query, (analyzed).  By creating GIS data layers called themes, such examples as GOES imagery can be visually compared to the “ground truth” quantitative/metadata of GLOBE student data. GLOBE data sets have been imported where they were carefully analyzed through the power of GIS technology and software. The study was conducted using USA schools, because of the availability of USA satellite data/imagery. This in turn will act as a model that can be used to further analyze and make inferences about GLOBE student data worldwide. For example, with access to Meteor Sat Imagery, eastern hemisphere studies can be conducted. In addition, this investigation has utilized NASA LandSat Imagery, USGS Digital Elevation Data Sets, USGS Topographic Maps, and NOAA GOES imagery. This project demonstrates the potential use of Remote Sensing Technology, GLOBE student data and the applications of GIS.

2. RESEARCH QUESTION/HYPOTHESIS

I. Research Question:

When GLOBE Student ground data/observations/measurements, such as Cloud, Land Cover, and Elevation observations/measurements, are compared to satellite and remote sensing data, do these observations, for the most part, reveal consistency with the observations and measurements derived from Earth Orbiting Satellites and other Remote Sensing techniques?

II. Hypothesis:

For the purposes of this investigation, it will be assumed that the satellite observations are correct. Thus the assumption is made that student/human error is more likely to occur than satellite error. Based on preliminary research and review of our school, the Burlington County Institute of Technology’s (BCIT), sample GLOBE school data, the hypothesis is that GLOBE School data are consistent with scientific data, measurements and/or observations derived through spacebourne platforms and remote sensing technology.  Therefore, GLOBE student data, will be found consistent with remote sensing data, and can be used to ground truth instrumentation.  

3. RESEARCH METHOD

Using ESRI’s ArcView GIS 3.3 as the research tool, a database was created by extracting USA GLOBE student data from the GLOBE website archives (www.globe.gov). ArcView is able to import data in multiple formats, one being text-delimited, and so once the data is in ArcView, we can convert them to another format, shape file, that allows us to perform analysis on the data.  Once the data is geo-referenced, it then can be visually displayed and queried through the use of the ArcView software.  LandSat Imagery (GLOBE LandSat Dataset), GOES Imagery, (www.noaa.gov), and USGS Land Cover and Elevation Data, (www.usgs.gov), were then compared by creating overlaying themes in ArcView. This gives the researcher the ability to view a geo-referenced point from ground to space and/or space to ground since these datasets are all now geo-referenced. A Geo-referencing point allows the researcher to compare multiple data sets at an exact location. 

This BCIT model was established to create overlaying themes, and complete the investigation. The model was then applied to other GLOBE school locations that met the model’s criteria, i.e. a GLOBE School with ground truth data. 

4. DATA SUMMARY: Part 1: Atmosphere
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GLOBE Student Atmosphere Data (Fig.1)

This figure represents the student data set that is documented on the GLOBE Program website. Student observations for specific dates and locations can be/were recorded and retrieved via the Internet.
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Incorporation of Ground Truth Observations (Fig. 2)

This image represents the local GOES image of New Jersey and more specifically the star representing BCIT, however, notice that a digital photograph of the ground view has been overlaid. The results of the student ground observations are included in the box (circled and yellow arrow). As you can see, the cloud cover (CVC) is isolated and the cloud type is cirrus. By simply clicking on the star, BCIT’s data, both observations and metadata, can be displayed for researchers to compare with the satellite image in the background.
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NOAA GOES Image for November 11, 2002 (Fig. 3)

This snapshot view shows an imported satellite image, taken at solar noon time, in the background with our Cloud model overlain, which consists of five USA GLOBE schools represented by stars.
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GLOBE Computer Visualization November 11, 2002 (Fig. 4)

This is a GLOBE computer visualization representing all GLOBE student data for November 11, 2002. As you can see, a visual comparison can be made between the two data sets (GOES Imagery and GLOBE).
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GLOBE Student CLOUD Observations/Data  (Fig.5)

In order to create an accurate cloud model, observations from both satellite and students must be taken approximately around the same time, but in this case, the GOES image was taken on Solar Noon (UTC) give or take a few minutes. Furthermore, since any atmospheric observation must be entered within an hour of Solar Noon, it limits any time issue. This spreadsheet represents one school week of observations from five schools between the dates of November 11-15, 2002.  This chart compares Clouds at a geo-referenced point to GOES Imagery, and the student’s “ground truthed” observations, (see Fig.3). By simply computing of not verified over the verified resulted in a value of 88%. Therefore, this table demonstrates that, both school and satellite observations are show consistencies 88% of the time. The 12% error could be attributed to the window of time difference discussed later.

DATA SUMMARY: Part 2 Land Cover
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GLOBE Student Land Cover Data: MUC Classifications (Fig. 6)

This data represents BCIT Land Cover Observations from the GROUND of the study site, which can be obtained through the GLOBE website.
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World Land Cover as Viewed from SPACE (Fig. 7)

This SPACE image from the NASA Earth Observatory shows global land cover. Notice that BCIT is geo-referenced (yellow circle), showing rather green land cover, signifying vegetation.
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LANDSAT Image Bands 3-2-1 (Fig. 8)

 This image from SPACE is a visible image. Notice the theme is checked for a landsat with bands 3-2-1. Once again, BCIT is starred and circle for quick geo-referencing.
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LANDSAT Image 4-3-2 (Fig.9)

Unlike the previously image that has only bands 3-2-1, this 4-3-2 band image highlights vegetation. Notice the deep reds and greens are now displayed in the BCIT area signifying mixed development and vegetative land cover.
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LANDSAT 3-2-1: A Closer View (Fig. 10)

BCIT can now be easily located and compared to the surrounding environment. Notice the considerable open space and suburban sprawl. BCIT is on the edge! 
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Aerial Photograph: A Higher Resolution (Fig. 11)

BCIT and the surrounding land cover can now more easily been seen due the higher resolution available through aerial photography. The land cover observations continue to support each other. Also notice, the BCIT Aerial theme is now checked (displayed). 
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GIS Land Cover Synopsis (Fig. 12)

This GIS representation demonstrates a consistent view of the BCIT land cover. An aerial image, digital aerial photograph clearly depict what the region looks like.  The displayed attribute table shows the GLOBE data, i.e. MUC 824, cultivated land, non-agriculture.

DATA SUMMARY: Part 3 Elevation
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2m Topographic Image (Fig. 13)

This image represents the topography of the BCIT area.  Notice the numbers circled in red and pointed to by a yellow area.  The numbers represent elevation in feet for that point.  GLOBE default value of elevation for BCIT is 17m.  That number translates to about 55ft.  Thus the 55ft elevation falls within the number range of the outside numbers. Now use the equation (A=B, B=C, and thus A=C) where A equals the elevation of the school, B equals the topographic image provided by the USGS, and C (see next page) would equal the digital elevation map from the same source USGS.
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USGS Digital Elevation Map (Fig. 14)

This snapshot displays an elevation map generated by the USGS. In our equation, this map would equal (C) and so since (B) is the topographic image, developed by the same people (USGS), they would be equal. And that is how B=C and so as we said before that A (GLOBE School) equaled B, then I rightly assume that A (The School) equals C (USGS elevation map). The circle and arrow point out the study area for the GLOBE Student Observation comparison. This study area was chosen due to the extreme topographic nature of the region.  Notice BCIT is geo-referenced by the blue star.
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Overlay of GLOBE Student Topographic Data (Fig. 15)

ArcView was used to interpret the GLOBE School elevation data to create contour lines. These contour lines are then overlaid over the elevation map so that the school data (contour lines) can now be compared to the USGS elevation map. Although there is no legend for the elevation map, the GLOBE School data (contour lines) now acts as the legend for the elevation map, as indicated by the area.  The number values are in meters. A strong correlation obviously exists.  It is therefore concluded that there exists a consistency between the GLOBE data and the USGS elevation map.
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3D Representation of Study Area (Fig. 16)

Using ArcView’s 3D analyst, we can now create a digital elevation model using the GLOBE school data. And so without even being there, the user can get a feel for what the terrain really looks like. In this particular snapshot, the sun is hitting the terrain from Northwest at an angle of 45 degrees.

5. ANALYSIS

In order to create the model in the investigation, schools that had reported data consistently over a period of time needed to be found. Particularly, they needed to be located in the United States due to the abundant source of remote sensing imagery and real-time data. It was found that roughly 8,600 schools of the estimated 13,000 GLOBE schools are located in the United States. It was found that only 40% of the USA GLOBE schools have reported any data. Furthermore, of that 40%, only 35% have reported more than 1 observation/measurement for the atmosphere protocol. However, any data is better than no data. In some countries, this has proved to be true. Since other countries have no government agencies that monitor the environment, those GLOBE schools act as the key source of environmental data for those areas. An area of concern is that USA GLOBE schools need to be more consistent in their data entry.

As discussed earlier (Fig. 13), an equation had to be used in order for the comparison of elevation between GLOBE data and USGS data to work. However, at the start of the investigation it was unknown whether or not the method of determining elevation was by the USGS or that students went out with GPS units, although in the end never coming to a conclusion on that. In any case, it was determined that GLOBE elevation is consistent with the USGS mainly do the equation of, (A = B and if B = C, then A must equal C). So that allows a numerical value to be assigned to the elevation map from the USGS. Thus, anything from 2D maps including contour lines (Fig. 15) and 3D maps (Fig.16) allows the user to make informed decisions about the environment without even being there through the power of GIS and remote sensing technology.

As earlier mentioned in the analysis, a model was created. Randomly selecting 5 schools from the 35%, a chart was created in order to reveal consistencies between satellite and ground-truth observations. It was concluded that about 88% of the time, the student observations agreed with what the satellite observed. However, it was concluded that the remaining 12% may not have been consistent due to the variable of the window of time. The window of time was about hour before or after solar noon in which the GOES image was taken. That means that the student observation could have been taken an hour before or after solar noon, the GOES image being taken at solar noon. Thus a student observation could be an hour late or early than the GOES image and since clouds move, there can exist a discrepancy. 

6. Discussion: Building a Geographic Information System (GIS) Tool

    for Environmental Analysis
A study of CLOUD COVER was conducted using ground observations. This is a visual classification, included is a digital image of the day’s CLOUD Observation. This observation was then compared to NOAA GOES Imagery for that date. As a result, the cloud observation was found to show consistencies. 

A study of LAND COVER was conducted using USGS Topographic Maps and USGS Aerial Photography obtained through the TerraServer website. After reviewing the datasets, the GLOBE student observations were found to show consistencies.

A study of ELEVATION was conducted through a comparison of USGS Topographic Maps, and the USGS Digital Elevation DataSet, and was found to show consistencies with GLOBE elevation data.

Despite the 12% variable (see analysis), the results of the project demonstrate the data and observations from GLOBE students are showing consistencies with image analysis derived from remote sensing sources and satellite imagery. For example, student atmospheric observations on cloud cover and a review of the Metadata was confirmed by GOES Satellite Imagery for the geo-referenced location for that day. GLOBE school elevations were revealing consistencies with USGS Digital Elevation maps. Thus, the HYPOTHESIS was determined to be TRUE.
7. Concluding Remarks

We feel this project was a success in many contexts. First, it represents a pioneering effort to incorporate GLOBE student data into a GIS format. Second, it geo-referenced GLOBE schools creating a database that previously did not exist. It researched ways that GLOBE data can be incorporated into a GIS format (just recently provided by GLOBE, i.e. data in Shape files). One area of concern that was identified was the high rate of non-participation by many GLOBE schools. As scientists, we understand that the database needs to be consistent to provide the most useful data.

This project was an invited presentation at the IEEE Geoscience and Remote Sensing Society’s Symposium held last June in Toronto, Canada, will be presented to the Society this July 2003 in France, will be presented at the Satellite and Education Conference to be held at Cal State supported by NASA’s JPL in March 2003, and presented to the International Conference for Weather and Oceanic Education in July 2003, in Madrid Spain.
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10. Appendix: The GIS Tutorial of the Development of GLE2
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Geographic Information System –GIS (Fig. 17)

This is a screen shot of ArcView 3.3.  GIS is a tool where data, maps and/or images can be made into “themes” creating a “GIS”.  Note the left column, the user can click on boxes to activate and display data.
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World Map (Fig. 18)

This map represents the “layers” be added to the GIS. Note that the “oceans” and “countries” themes are now checked, thus displaying that information.
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Land Cover Image with ALL GLOBE Schools Geo-referenced (Fig. 19)

Satellite Imagery provided by NASA or NOAA can be scaled and geo-referenced to now act as the map “background.”  Data from the GLOBE website, specifically the GPS reading for the study site, can then be geo-referenced (plotted). It is important to note that each of the plotted points (dots) can be clicked on to open up an “Attribute Table” where all the school’s data can be observed in a “spreadsheet like” table.
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Attribute Table (Fig. 20)

As previously mentioned, ArcView GIS can display an attribute table when the geo-referenced point is clicked upon. This figure shows the multiple layers of metadata that can be used by the researcher. Highlighted in yellow is the contact information for the Burlington County Institute of Technology.
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GLOBE School Data Displayed through GIS (Fig. 21)

Here the Burlington County Institute of Technology, Medford Campus, is used to illustrate how satellite imagery and aerial photography can enhance understanding of GLOBE study sites from around the world by offering visual Meta Data.  This will help students comprehend land cover currently only offered by MUC classifications (written classifications). 
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Topographic Maps and other Metadata for BCIT (Fig. 22)

This screen shot demonstrates how USGS Topographic Maps can be incorporated into the GIS.  This is yet another way that the groundcover (MUC Classification) can be verified. The aerial photograph gives the researcher another perspective, and the Digital Photograph enables the researcher to view actual ground images. This photograph displays local wildlife as well.
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Building a GIS (Fig. 23)

This figure is the first of a series to follow, which demonstrates how a GIS is built. This particular views shows how a GOES Satellite Image is geo-referenced to “fit” a traditional map. Notice how the GOES imagery overlays the political map.
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GLOBE Schools  (Fig. 24)

The next in the series shows all GLOBE schools in North America geo-referenced (plotted). Each of these points can be clicked on to open up an Attribute Table that enables the researcher to view all of the particular school’s data as reported to the GLOBE website.  
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FINAL VIEW (Fig. 25)

This completes the GIS. The first layer is the USGS Digital Elevation Data Set, the second layer is the GOES Weather Image, and the final layer represents GLOBE Schools geo-referenced. Remember, any point can be clicked on to reveal an Attribute Table that enables the researcher to view all observations and measurements, and other metadata about the GLOBE school such as elevation, and contact information.
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Overlay of GOES Satellite Imagery confirming student observations through data set and provided Metadata.  (Fig. 26)
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3 Layers of Data is displayed here. (1) NASA SeaWifs (2) GOES and (3) Georeferenced GLOBE Schools (which can be queried) (Fig. 27)

