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Isn’t this course for arguing the importance of good spatial data? Why do we have to dig into errors in spatial data? Why do we need high-quality spatial data anyway?

Many overriding concerns of today are spatial in nature (e.g. climate change, environmental protection, homeland security, disaster management). Thus obtaining relevant and accurate spatial information is essential to addressing these issues. 
The world is complex. Consensus has reached how such complex issues can be better examined. It gets increasingly relevant to examine issues from multidisciplinary view. Geospatial data (i.e. georeferenced data of different themes) can help us see how different themes are related. Geospatial data provides the framework in which different themes can be integrated. Geographic framework can serve as glue for integrating views. 
High-quality data precedes making the right decision. How have all important decisions been justified? Aren’t they reliant on some kind of analysis? Prior to addressing the accuracy of analysis, shouldn’t we address whether data is relevant and accurate enough? Garbage in garbage out. This course leads you to the journey to devising the best practice for evaluating the fitness of data for given use. Please do not miss the big picture – where we are: we are trying to bridge rather weak (in the sense that it’s been largely ignored) link between data and its use where data quality plays a significant role.
In technology-driven world, there are open opportunities for enhancing our knowledge of the world. Spatial data is collected, manipulated, and analyzed differently from yesterday. It is well said that we live in data-rich and high-performance computing environments. Such things can be well examined all along geospatial activities from data collection to data analysis. For example, elevation data is collected by digitizing paper map, differential GPS receivers, and enhanced remote sensing technology (such as LiDAR). Better data helps validate and revise our process models that have formed the way to understand the world. Good data provides a unique opportunity for us to grasp the complexity of the world indeed.
Geographic representation: its building block
Some geographic phenomenon is well placed in discrete object while other phenomenon is well placed in continuous field. It requires different measurement scheme. For example, continuous field provides challenge for measuring space as its values vary in a continuous manner. It is necessary to devise sampling scheme for measuring variations in value for continuous field. That’s why it’s common to store information in tessellation format. On the other hand, the spatial dimension of discrete object can be measured rather precisely. For that reason, it is common that dimensionality (point, line, polygon) is well associated with discrete object rather than continuous field. It is also important to know that human conceptualization of geography is not only domain-specific (such as continuous vs. discrete), but also task-driven. For example, Tornado can be better (more usefully) seen as a path (or line object) than continuous fields (accumulated air mass) if you’re interested in its direction. Scale can complicate the issue of geographic representation. Haven’t you ever thought about how come complex reality in a geographic scale is reduced to table-top object (like something in your table or lines in ArcGIS)? It’s the scale: table-top object is conceivable while geographic phenomena and things are not much so. To make it conceivable, we had to transform the reality into objects to be manipulated. This is where we have to think about the scale-dependency of geographic features because it has been transformed into scale-free constructs in essence. In other words, to represent geography correctly, we should go back where it exists, that is in which scale. If we miss the scale, we miss the essence of its reality. Multiple representation can be understood as technical implementation of associating scale with geographic features in GIS context. Multiple representation is an important mechanism for better geographic representation (or data modeling). (As a side, more uncertainty inherent in geographic phenomenon may be because it is beyond our scope of conception – go back to unit of analysis in the Longley book Uncertainty chapter for more).
Data model, data structure, and data format

How the geographic reality is put into the computer can be viewed from varying degree of abstraction. Data model refers to the representation of reality in the form that can be understood by humans. Humans have devised many convenient concepts that can be used to represent geographic things. Relevant concepts among what we have achieved so far in the context of geographic representation include Euclidean geometry, Cartesian coordinate, graph theory, not to mention number. Geographic objects portrayed on maps somewhat emulates what we perceive as point, line, and area as studied in Euclidean geometry. Even though the earth is round, there have been needs for portraying them in flat sheets of maps so that we can carry them along. Now the precise location of geographic features portrayed in flat sheet (2-dimension) can be identified by the intersection between x-value and y-value. Human concepts such as Cartesian coordinate explain the popularity of planar coordinate system. In a sense, data model is nothing more than fitting the reality into “existing” human concepts. 
Digital technology has driven needs for putting (human conceptualization of) reality into the computer. Data structure can be seen as the digital representation of the world that can be understood by computers. For example, lines are stored as a set of points where points have x, y coordinates. Unlike other kinds of information, geographic information should necessarily be represented by spatial attribute as well as non-spatial attributes. Storing non-spatial attribute (number, name, and so on) is conveniently stored in table format. However, graphic elements of spatial data (its shape, direction, size, density) are not adequately stored in table. Most of proprietary GIS over the last twenty years have stored graphic elements in a file (whether binary file or ASCII file) separate from attribute stored in a table (relational database). Continuous fields have been mainly stored in gridded format where grid pixel can be seen as spatial control because space cannot be measured adequately. 
While data structure (Vector, Raster, TIN, data compression methods, topology, and so on) is universally understood by all computer systems, different computer systems (software) have developed diverse file formats that work the best for their applications. For example, CAD files (e.g. Autocad DXF) are more oriented to manipulation and storage of graphic data at the expense of inadequate manipulation of attribute data. Image processing applications (e.g. ERDAS Imagine) have developed numerous techniques for data resampling (for better display) and compression (for reducing file size). Vector systems such as Arc/info have developed topological data (polygon, region, route, event and so on). It has necessarily made it harder to working non-propriety file format in heterogeneous computer system like displaying cad file in arc/info, or working on remote sensing image in arcview. Data format can be seen as this diverse version of data structure realized differently in heterogeneous computer. It brings up the issue of data interoperability. 
Data collection
Spatial data is collected in many different ways. The oldest method is ground survey. The dimensions of geographic features are measured, such as length, size and direction by surveying equipments. These days, those surveying equipments have been increasingly replaced with GPS. Other methods are remote sensing. Remote sensing allows for collecting spatial data without direct contact. Ground survey is somewhat similar to our learning of surroundings through direct experience whereas remote sensing is more like acquiring information of surroundings through indirect experience. Remote sensing is only about 100 year old methods after the invention of aircraft and spacecraft in addition to sensors (e.g. camera and electronic scanner). Over the years, mapping agency in different countries has produced topographic maps. Such maps are produced from the remotely sensed image combined with ground survey. Those maps are also important source of spatial data. Maps are digitized or scanned into digital format. Unlike remote sensing and ground survey, these methods can be seen as secondary data capture methods because the information is indirectly collected through mediums such as maps. New data can be derived from existing data (data transfer).
Remote sensing
Remotely sensed image gives us the look of the earth. What does the image tell you? Size, dimension, entity (is it building or vegetation)? Interpreting the image is equivalent to understanding the principle of how things are seen by sensors (like human eyes). What you see is actually electromagnetic energy that interacts with objects. For example, vegetation looks green because it reflects more electromagnetic energy from wavelength around 0.5-0.6 micrometer (where green band lies) than other spectrum. Natural color seen from your eyes is the result of energy reflectance combined across visible spectral bands. Different features (vegetation, soil, water, snow) interact with electromagnetic energy differently. For example, snow reflects most of energy (that’s why it looks so bright) while dry soil absorbs most of energy (that’s why it looks darkish). Moreover, the way in which features interact with electromagnetic energy differs as a function of wavelength. For example, vegetation reflects more energy at near infra band than visible bands. It is said that different terrestrial objects have spectral (reflectance) signature as such relationship (reflectance of objects across wavelength) is unique. Therefore, images taken by different spectral bands will yield different looks. For instance, pancromatic image obtained from green band (such as TM band 2 of Landsat 7) will have darkish look for vegetation. Panchromatic image taken from near infrared band will yield high intensity in the area where vegetation is lush. 

You can obtain color image by combining images taken from different bands like human eyes recognize color by combining energy reflected differently across a range of wavelength. If RGB colors are assigned to images from RGB bands respectively, it becomes true-color image, emulating the image perceived by human eyes. Otherwise (RGB colors are arbitrarily assigned to images from any three bands), the image would not look like the one seen from eye, yielding false-color image.
Remote sensing can be divided into two systems – active and passive – depending on whether sensors are reliant on external energy sources. Passive remote sensing is reliant on external energy sources (most commonly solar energy), thus it can record the image at night. On the other hand, active remote sensing system can collect data even at night because it sends out its own energy source (most commonly microwave) and it receives the energy reflected by terrestrial objects. A collection of remote sensing system that uses microwave as an energy source is called RADAR imaging. One other advantage of RADAR imaging is that it can record the image regardless of weather condition because microwave can pass through the atmosphere very well. Similarly, LiDAR image sends out light (or laser) to detect information. For example, elevation information can be collected through LiDAR in a way that the height of aircraft where LiDAR is mounted, delay time between emiting and receiving light, and the speed of light are used to calculate elevation. Such information can be collected all night and all weather.
Remotely sensed image has different uses depending on its resolutions (spatial, temporal and spectral). For example, the image that shows the same area with high temporal resolution will be useful for weather broadcasting. Thermal infrared image (because it detects heat) is useful in detecting temperature of the earth, which can be of practical use in climate change research. False-color image where fresh vegetation looks red will be useful in detecting urban growth. 

Georeferencing
To serve the need for pinpointing the location of geographic features, many different ways have been devised. One of the most commonly used methods is placename. However, using placename as a georeferencing scheme (especially between users with different purposes and interest) is not adequate as it is not precise enough (i.e. it is only measured in a nominal scale, its location and extent is ambiguous, it changes over time, perception of locality necessarily differs across individuals). One precise measure of geographic location is latitude and longitude. Longitude is defined as the offset distance from prime meridian. Latitude is the angular distance from the center of the earth to point of interest. If the earth is seen as a perfect sphere, the center of the earth will be constant. However, the earth can be better approximated as ellipsoid. For more accurate georeferencing, using geodetic model (earth as an ellipsoid rather than sphere) is necessary. Different reference ellipsoids (e.g. Clark 2866, WGS84) define the earth (its size and shape) differently as can be seen in varying flattening ratio reported in metadata. If we can use the same model of the earth (or ellipsoid), any location measure can be uniformly understood even though the need for identifying the precise location had arisen from local needs, explaining the prevalent use of local datum (e.g. NAD27) or local coordinate system (e.g. State Plane Coordinate System, PLSS). 
Different map projections have been used to serve different purposes. For example, navigation maps require accurate or convenient portrayal of direction (→ conformal map such as Mercator: if shape is not distorted, nether is direction). Pilot may be more interested in interpreting distance better to find the shortest route (→ equidistance map). Choropleth maps should be based on equal-area projection because areal size ought to be more accurate relative to other geometric properties such as shape or angle. Maps show different areas of interest. If maps should show the continent, it may be useful to have a map projection that will show large areas with necessarily much distortion on average (→ cylindrical projection). If maps are used to show mid-latitude, it may be better to have the point of tangent around mid-latitude (→ conic projection). For example, U.S. is portrayed commonly with Conic projections because it reduces the amount of distortion along standard line (imagine where conic developable surface should be tangent to the earth). Azimuthal (a.k.a planar) projection is commonly used for navigation because any line drawn through the center of the plane will give us the shortest path (remember great circle cuts across the center of the earth, and planar projection has a point of tangent at any point in the earth which necessarily looks directly toward the center of the earth). In addition, it’s called azimuthal map because it gives us constant azimuth if developable surface is tangent to grid north. Azimuthal map can only show the half of the earth, and thus it is widely used to portray the hemisphere.
Do you know the meaning of these terms? Where do they fit into a big title? 
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Geospatial One Stop

Multiple representation
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Raster
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Data model, data structure, data format
Electromagnetic spectrum
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Three resolutions of remotely sensed image
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Pancromatic, Multispectral, Hyperspectral image

Passive, Active remote sensing system
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