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Flow map

· What is a flow map? How is a flow map different than other thematic maps?

· Shows movement between zones

· Depicts spatial interaction, i.e. does not portray attributes at one location (zero-dimensional), but attributes between locations (one-dimensional); as a result characterized by high degree of complexity
· More often than not, showing the attributes in the actual location is not a focus, but rather movement between places (e.g. desire line shows the flow in straight line, linear cartogram is focused on showing topology rather than much geographic details)  

· What are three types of flow map? What are distinguishing characteristics of the flow maps?

· Radial flow map: radiated into or out of one place

· e.g. commuting flow radiated into Seattle
· good to show spatial hierarchy and the spatial extent of a market (e.g. central place theory)
· Network flow map: among places on the infrastructure

· e.g. telephone calls between cities
· good to show spatial interaction between places

· Distribution flow map: a collection from place to place with branching

· e.g. trade flow, diffusion of idea, migration flow
· good to show diffusion and distribution of the phenomenon that occurs among places; doesn’t show attributes in the actual location (highly generalized form of flow such as migration flow)
· What are particular design considerations for flow mapping? 
· General

· Cartographic abstraction

· Generalization: How much to generalize? To reduce complexity inherent in flow map; it depends on map purposes and map scale
· Symbolization: Which symbol to choose? It depends on measurement scale of attributes - Match visual variables with measurement scale (qualitative or quantitative) of attributes mapped

· Classification: if range grading is considered, choose the appropriate data classification method based on data distribution (data range) and its consequence on map appearance
· Selection: themes and relevant base information are selected 

· Map design principles: What is the relative importance? Consider visual hierarchy
· Map projection and coordinate system: Which map projection to choose? Consider the area of interest, spatial complexity of attributes, balance between detail and simplicity, creativity, information organization (e.g. immigration flow to U.S.), and map purpose 
· Specific

· Line scaling: unclassed or not? Unclassed would be called proportional scaling. Classed would be called range grading. Similar to proportional symbol map at linear features instead of at point feature. Symbols are proportionally scaled most of the time (i.e. linear), consider data range for the proper look, if necessary consider alternatives to proportional line scaling, such as range grading or standard line (threshold)

· Can use alternative solutions such as combining flow map with proportional symbol map

· Legend design, and alternative line symbolization (area, dot, parallel), and so on
Spatial reference systems

· What is the difference between relative spatial reference system and absolute spatial reference system, and what are examples of each?

· Relative spatial reference system: arbitrarily defined locational framework (e.g. grid in campus map, relative direction); understood within a certain context
· Absolute spatial reference system: precisely defined locational framework (e.g. coordinate system, cardinal direction); understood unambiguously
· What is the difference between geographic coordinate system and Cartesian coordinate system, and what are examples of each?

· Geographic coordinate system: position described by longitude and latitude; offset from the Earth’s center; use trigonometry for mathematical operations such as calculating distance
· Cartesian coordinate system: position described by X and Y defined in Cartesian coordinates; offset from (0, 0); use Euclidean geometry for mathematical operations 
· Question: does geographic coordinate system employ map projection? No. that’s why it’s often called “unprojected” On the other hand, Cartesian coordinate system employs map projection. Since the earth is near-sphere, identifying location on the earth in Cartesian coordinate system requires map projection (flattening the 3-dimensional surface into flat plane) 

· Describe how Universal Transverse Mercator works

· Types of coordinate systems

· This is a grid coordinate system or Cartesian coordinate system (cf. geographic coordinates)

· This is projected (or planar) coordinate system (cf. unprojected)

· This is a global coordinate system (cf. local coordinates) – national large-scale topographic mapping 
· Partitioning zones
· The world is divided into 6 degree longitudinal strips, and reference globe is projected onto each strip (each strip as developable surface)
· Each strip is numbered in the following way: zone number starting from 1 at international dateline, 30 at Prime Meridian, and 60 at international dateline; US lies at zones numbered 10 to 19
· Map projection

· It employs secant-case transverse Mercator (so what is aspect and property of map projection, and where are standard lines?) 

· Identifying location in UTM

· Zone number will tell you in which longitude
· Each strip has its own grid (or Cartesian) coordinates where the intersection between central meridian and equator becomes the origin

· To ensure positive coordinate values, false easting (for the area west of central meridian) and false northing (for southern hemisphere) are used

· False easting is 500,000 (this should be longer than the distance equivalent to 3 degree longitude)

· False northing is 10,000,000 (this should be longer than the distance equivalent to 90 degree latitude)

· X coordinate over 500,000 means east of central meridian, and Y coordinate over 5,000,000 means north/south of 45 degree latitude
· Describe how State Plane Coordinate System works

· Types of coordinate system

· This is a grid (Cartesian) coordinate system

· This is a planar (projected) coordinate system

· This is a local coordinate system – locational framework tied to national datum, maps for municipal purpose 

· Partitioning zones

· Divide the U.S. into SPC zones following political boundary such as State and County (see Figure in lecture note for zones) e.g. Washington State is covered by two zones: Washington N and Washington S zones
· Map projection

· If zones have greater east-west extent, use Lambert conformal conic

· If zones have greater north-south extent, use Transverse Mercator

· Otherwise, use Oblique Mercator (e.g. Alaska panhandle)

· Identifying location in SPC

· Zone name will tell you where (N,S,W,E) in which State

· Each zone has its own Cartesian coordinate with arbitrary false easting and false northing to ensure positive coordinate values
Spatial object type

· Define spatial entity, spatial object, and layer, respectively

· Spatial entity: phenomenon of interest in reality

· SARS

· Tornado

· Elevation

· Traffic congestion

· Spatial object: digital representation of spatial entities

· SARS incidence at point location, thus point object

· Tornado as line, area, or volume

· DEM

· Traffic flow per capacity along road segment

· Layers: groups of spatial objects with related entity type

· SARS layer

· Tornado layer

· Elevation layer

· Congestion layer

· See where spatial object is situated among the pyramid

· Classify SDTS-defined spatial object type based on dimension, intended use, and aggregation
· Dimension: zero, one, two, and three dimensional

· Intended use: geometry only vs. topology

· Aggregation: simple vs. complex

Isarithmic map

· When is an isarithmic map used?
· Depicts continuous and smooth phenomenon such as temperature

· What are two kinds of isarithmic map, and how are they different?

· Can map phenomenon at the actual location (e.g. weather station) – isarithmic map
· It mostly maps natural phenomenon characterized as continuous field (e.g. temperature, air pressure, rainfall, sunny day, toxic level, elevation)

· Can map phenomenon at the perceptual location (e.g. centroid of census tract) – isopleth map
· It mostly maps statistical surface mostly built from census data (e.g. population density, income, education level, poverty level)

· Describe how three spatial interpolation methods {IDW, Kriging, Triangulation} work
· Spatial interpolation means estimating unknown value from known value (i.e. guesswork) or creating surface (continuous) from point data collected at discrete location – how does guesswork work? In the following, I will call the point where values are known “control point”
· Regular: control point to gridded form (imagine fishnet is superimposed over control points)

· IDW (Inverse Distance Weighted): the nearer a grid point the control points are, the more similar the value of a grid point to that of control points. Value at a grid point is weighted average of values at control point nearby, where the weight is determined by inverse distance 
· Kriging: same as IDW, but the weight is determined by model fitting mechanism. Semivariogram shows how semivariance (a measure of spatial autocorrelation) varies across lag distance. Specific model is chosen, and observed values are fitted into the model. The weight is determined such that the difference between observed value and predicted value (in model) is minimized
· Irregular: control point to Delaunay triangle

· Triangulation: draw Thiessen polygon (area of equal influence), and connect the control points in neighboring Thiessen polygon to result in Delaunay triangle. The Delaunay triangle is a triangle of minimum edge – it’s good to have short edge from which interpolation is derived
· What are pros and cons of each spatial interpolation method?

· IDW: easy-to-understand method, not optimal method
· Kriging: stochastic method, sensitive to model specification (also complexity of method)
· Triangulation: good when control points are critical points, result in angular contour
· Describe different map displays of topography or the third dimension (e.g. hypsometric tint, hill shading, block diagram)
· Vertical view

· Contour: line of same elevation

· Hypsometric tint: contour interval is color-coded

· Hill shading: imaginary light source, reflectance differs by slope and aspect

· Oblique view

· Fishnet map: perspective view of fishnet draped over surface

· Block diagram: perspective view of textured illustration draped over surface, often include profile 

· What is the difference between 2.5D and true 3D phenomenon?

· 2.5D phenomenon: single-valued z-value (e.g. elevation)

· True 3D phenomenon: multi-valued z-value (e.g. soundings in mining log)

· In true 3D representation, building are non-planar (rent differs by floor), ozone has depth, cloud has different density over different z dimension 

· What are the four viewing parameters used in displaying the third dimension?

· Azimuth: in which cardinal direction are you looking at the object?
· Altitude: in which altitude are you looking at the object?
· Distance: how far are you (viewer) from the object?

· Height: exaggeration factor
Digital Elevation Model (DEM)
· What is DEM?
· Digital elevation model 

· Digital representation of elevation
· Spatial data structure (how elevation is stored in computer), not map display
· What are three commonly used DEM, and what are the major characteristics of each?

· Grid: gridded form of DEM

· TIN (Triangulated Irregular Network): Delaunay triangle

· Contour: line of equal elevation
· How is DEM generated?

· From paper map: vectorization, and spatial interpolation
· From photogrammetry: manual and automatic extraction of the third dimension from aerial photo
· How is DEM used?

· Storage

· Map display

· Further analysis (e.g. slope, aspect, water drainage)
· What is the difference among landscape, terrain, and elevation?

· Landscape: everything you see

· Terrain: earth’s surface

· Elevation: earth’s surface above sea

· What is the difference among typography, topology, and topography?

· Typography: study of typeface for map design

· Topology: spatial relationship including containment, contiguity, and connectivity

· Topography: earth’s surface

Final project support: critical thinking strategies and geospatial data search

· Describe cartographic work flow
· Problem definition (scope your topic)

· Data input (data retrieval)

· Data manipulation/analysis (classification, feature type conversion)

· Data output (map layout)

· Classify geographic questions during map use into location, distribution, spatial association, spatial interaction, and spatial change, and provide distinguishing examples of each.

· Geographic questions dealing with location

· Where are public health facilities?

· Where are crime locations?

· Geographic questions dealing with distribution

· Any concentrated pattern of distribution of hospitals?

· Any crime hotspots?

· Geographic questions dealing with spatial association

· Any correlation between public health facilities and demographic characteristics? Any correlation between mortality rate and public health accessibility?

· Any correlation between crime hotspots and proximity to casino?

· Geographic questions dealing with spatial interaction

· Any dominant pattern of commuting flow in Washington State?

· Which routes are most congested?

· Which shopping malls attract the most population? 

· Geographic questions dealing with spatial change

· Spatial distribution of income over time in Seattle

· Income gap over time in Seattle

· What are 9 steps of geographic enquiry process suggested by Slater (1987)?

· Stage 1: research question and gather data

· Identify questions

· Gather data

· Stage 2: process data

· Interpret data (summary of data)

· Analyze data

· Evaluate evidence (reliability of data?)

· Stage 3: generalization

· Generalize 

· Draw conclusions

· Make value judgments (policy implication) 

· Stage 4: re-evaluation

· Re-evaluate the investigation process

· What is the difference between data download service and data catalogue service?

· Data download service: provide downloadable data

· EROS data center by USGS

· Seamless data distribution system by USGS

· GIS data depot

· Data catalogue service: provide the link (contact information) to data provider

· Clearinghouse

· Geospatial one-stop (geodata.gov) by federal government

· Geography Network by ESRI 

· What is metadata, and how is it useful in addressing geographic enquiry?

· Data about data; describes the characteristics of data

· Geographic enquiry requires certain information which should be provided in the data you gathered – you can determine fitness for use of data (for your research question) through metadata
Geographic visualization

· Describe categories of map animation
· Map animation emphasizing change

· Change in space: map of U.S. population mean center over time, change of Tornado path over time

· Change in attribute: population density in Seattle over time

· Map animation emphasizing location

· Attracting attention to specific location
· Map animation emphasizing attribute

· Presenting chunks of information in sequence 

· What are rationales behind maps for data exploration?

· Functions of maps
· Increasingly large data sets are available, and need for digesting the information from data in an effective manner    

· Growing needs for use of map for enquiry process, hypothesis formulation, and knowledge construction rather than presenting known fact through maps as before

· Maps are not considered to be an ultimate form of presentation, but rather are increasingly used as medium though which unknown pattern from data can be revealed
· Relation between maps and users
· Relation between maps and user: users need map from their own perspective (for example, use of map for decision support; users may have their own criteria or threshold value in mind)

· The gap between map makers and map users is decreasing; maps increasingly belong to private realm 
· Describe methods for data exploration with specific examples

· Manipulating data: you can summarize, aggregate, normalize, and transform attributes such that map purposes are served – e.g. aggregation if goal is to show general pattern, normalization to present misinterpretation

· Varying the symbolization: you can examine visual impacts based on different map symbols – e.g. compare different shape for proportional symbol map, different map types for the same data, different color scheme (spectral, sequential, diverging) 

· Manipulating the user’s viewpoint: users can choose parameters of map – e.g. altitude for perspective map, zoom in and out (e.g. google map direction simulates the route by fly-through while hard copy road maps are general purpose map) – interactivity
· Multiple views: display more than one map image on the computer screen at a time – e.g. view the data through multiple presentation form, small multiples, maps with different symbolization methods
· What is virtual reality, and how is it related to cartography?

· Virtual reality is a 3D artificial environment constructed by computer that users can interact with and navigate through, such environment is felt as if it were real; defining characteristics of virtual reality is immersion. In other words, users are expected to exhibit high degree of engagement in the environment. For example, compare 2D direction map to google earth 3D fly-through map. You are in the model, not outside of the model
· Virtual reality is related to cartography in that it attempts to represent 3D phenomenon – geographic phenomena (subject of cartographic map) are all 3D 

· What are five display technologies for creating virtual environment?

· Desktop

· Wall-size display

· HMD

· Room-format display
· Table-format display

· Describe major characteristics of virtual environment with cartographic application in mind.

· Immersion: you feel like you’re there, can get a real sense of being present

· High dimensionality: to achieve immersion, it is necessary to represent true dimension rather than abstracting the phenomenon

· Interactivity: users can almost manipulate the environment like specimen

· What differentiates geographic visualization from traditional cartography?
	
	Traditional cartography
	Geographic visualization

	Interaction between maps and user
	Low
	High

	Private or public realm
	Public
	Private

	Roles of map
	Visual communication

Present known

Share information
	Visual thinking

Reveal unknown

Construct knowledge


Spatial data 

· Describe three spatial data collection methods, and provide specific examples for each

· Primary data capture: captured directly from the environment (surveying, GPS, remote sensing)

· Secondary data capture: captured from the medium of the environment (digitizing, vectorization)

· Data transfer: conversion from existing data

· What is the difference between vector and raster as spatial data structure, and what are example file formats for respective data structure?
· Vector: store spatial entity as discrete object – a set of points e.g. shapefile, mif file, arc/info coverage…
· Raster: store spatial entity as tessellation - grid cell e.g. jpeg, bil, grid…
Sustainability mapping

· What is the Bruntland definition of sustainable development?
· Development that meets the needs of present generation without compromising the ability of future generation to meet their own needs

· Limit: intergenerational equity. Forward-looking, Earth as lifeboat (limit) as shown by carrying capacity
· Complexity: interconnectedness between triple bottom line, holistic approach

· How is indicator different from attribute or variable? 
· Indicator is well understood attribute that can be assessed given criteria; attribute is any character of the world

· What are criteria for good sustainability indicators?

· Integrating: does it address the linkage between triple bottom line of sustainable development {environmental, economic, social}?
· Forward-looking: does it address long-term consequence? 

· Distributional: does it address variation in multiple geographic scales?

· Describe components of DPSIR framework, respectively, and provide specific examples of sustainability indicator that fits into each component.

· Driving force: e.g. industrial production
· Economic growth, industry and transport
· Pressure: e.g. discharge of waste water 
· Fossil fuel consumption, gas emission

· State: e.g. water quality in river and lake
· Average annum concentration of CO

· Impact: e.g. water unsuitable for drinking
· Mortality rate due to respiratory disease, biodiversity loss, economic damage
· Response: e.g. watershed protection
· Clean production, public transportation, taxes

· What are opportunities and challenges in GIS or cartography for sustainability mapping?  

· Opportunities: data integration over time, theme, and space, visual representation of complex phenomenon or components (themes related to) of sustainability: transforming intangible (or hard-to-grasp) concept into visual representation
· Challenges: visual representation can be misleading (consequences of different map choice), determining the appropriateness of sustainability indicators requires good knowledge of sustainability, it is important that data measurement does not impair the original status of attribute. data collection can be tedious depending on sustainability indicator chosen, data measurement, lack of well-agreed holistic framework in which related themes can be analyzed 
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