Mapping: Ends & Means
Why a Map?
Greenways and trails have a basic reliance on maps.  Even a simple map can answer such logical questions as, Where does this pathway end up? How far is it from one access point to the next? or Where are the scenic viewpoints?

Mapping is also a beneficial and necessary component of your resource analysis.  Having a visual image of where the various resources lie will help in making sound greenway planning and design decisions.  Each piece of information collected during your inventory phase has a spatial or locational component to it; organizing this data in map form can help make it more understandable and show interrelationships or concentrations of resources not previously evident.

The Overlay Approach
There are two basic approaches to preparing maps: manual and computer-assisted.  The latter includes geographic information systems (GIS).  Both types of mapping rely on the concept of overlays.  Popularized in the 1960s by landscape architect Ian McHarg, the principle behind overlay mapping is to separate the environment into component parts (e.g., topography, vegetation, hydrology, protected lands, cultural features) and to map each of these categories separately.  A traditional map might show rivers and streams, topography, and political boundaries on a single sheet.  Overlays, whether prepared manually or by computer, store rivers and streams as one discrete layer, topography as another, and political boundaries as a third.  This allows the user to view the data one layer at a time or in any combination with other resources.  This technique is invaluable when one is trying to determine the relative or cumulative impact of various resources.  For example, an overlay showing land use in 1970 may be combined with an overlay of current land use to show where the greatest concentration of change has occurred; this, in turn, might be combined with an overlay of prime agricultural soils to reveal how this continued pattern of development might threaten local farmland.  Alternately, an overlay of topography juxtaposed with one showing the locations of streams and wetlands and one indicating protected open space, can suggest feasible options for trail routes.

Producing Maps by Hand
Producing maps and overlays by hand begins with preparation of a base map.  Because every other map will be placed over the base map, it should include fixed features such as roads and ponds that provide geographic reference points to the viewer.  The best source for base maps is usually USGS topographic maps, which clearly indicate roads, streams and ponds, political boundaries, and a coordinate reference grid.  One method of creating a base map is to patch together the appropriate USGS topographic quads and to reduce or adjust them to the desired size at a local copy shop.  This map can be printed onto a durable, translucent paper such as vellum or mylar, from which paper copies can be made.  Additional data you've collected in map form, such as protected open space, wetland, or existing trails, can be adjusted to the same size.  You can then place the mylar base map over any of the others and trace any or all of the data onto it.  Another option is to transfer the information on protected open space, wetlands, or existing trails onto separate clear mylar sheets and to overlay them, singularly or in groups, onto the paper base map.  Both these techniques are fairly simple and economical ways of producing a useful set of maps that enable you to look at several types of information at once.  Remember, however, that if you plan to make copies of your base or working maps, color does not reproduce well.  In this case, consider using patterns or cross-hatching to show your resource information.  For more specifics on mapping techniques, consult the Manual of Build-out Analysis produced by the Center for Rural Massachusetts, the Open Space Planner's Workbook developed cooperatively by DEM and the Division of Conservation Services, and the Adopt-a-Stream Workbook prepared by the Department of Fisheries, Wildlife and Environmental Law Enforcement (see Appendix A). 

What is GIS?
The same basic principles described above apply to a GIS-generated map.  Geographic information systems are computer programs that are capable of assembling, storing, manipulating, and displaying geographically referenced information, meaning data that is identified according to its spatial location.  But GIS is also able to relate map features, such as points and polygons, to descriptive information about those features which is also stored in the computer.  Because it can perform complicated analytical functions, GIS is more than just a map in a computer.  GIS can be used to produce a map illustrating the location of one thing relative to another, such as how many landfills fall in a particular watershed, or how many miles of a long distance trail are permanently protected.  This capacity to analyze and answer questions about the data often entails combining information from different sources and sets GIS apart from related spatial analysis software such as computer-aided design and drafting (CADD) and automated mapping and facilities management (AM/FM).

GIS is made up of two parts: 1). a database that describes information

(e.g., location, name, ownership, length, area, etc.); and 2). a graphic element which displays this information as a map, table, chart, or some other kind of diagram.  These data are divided into layers of information: roads may be one layer, protected open space another, streams another, etc.; each of these layers can be mapped alone or in combination with different layers.  To create a typical USGS topo map would require many layers of information: topographic contours, roads, streams, lakes and ponds, state or local land boundaries, wetlands, railroads, existing development, etc.  GIS is invaluable in being able to take any combination of these layers and analyze the relationships between them.  Thus, it can tell you how many acres of a proposed corridor are wetlands or critical habitat, or how many people live within fifteen miles of state forests and other recreational facilities. 

What is MassGIS?
The geographic information system developed by the Executive Office of Environmental Affairs (EOEA) is called MassGIS.  It is located within the Environmental Data Center, where staff operate ARC/Info GIS software on a VAX computer system.  These GIS specialists are responsible for maintaining a large body of information about the natural resources of Massachusetts; protected open space, land use, town boundaries, drainage basins, aquifers, public water supplies,  and census data are just a sample of the information or themes in the EOEA computer system.  They also perform spatial data analysis and development to support GIS users in all of EOEA’s constituent departments.  The information maintained by MassGIS is gathered from many sources, including existing maps, aerial photographs, and public and private records.

What Services are Offered by MassGIS?
Through MassGIS, the Commonwealth has created a coordinated, statewide database of spatial information for environmental planning and management.  MassGIS distributes data from this database to outside agencies and the public, as well as offering map production, printing, and custom design services.  It also provides various types of maps and other GIS services to local and regional entities for a fee.  Within DEM itself, there is one part-time GIS staff person, in addition to several staff who use GIS routinely as part of their jobs.  DEM’s GIS specialist makes maps, develops new data, maintains information specific to DEM forests, parks and programs, and supports other GIS users within DEM.  She also works on new methods for improving access to the wealth of digital information available through MassGIS.

GIS vs. Traditional Mapping
If all this modern technology sounds too good to be true, there is a catch.  A GIS is only as accurate as its database.  Data development is the most important part of a GIS and it takes a great deal of time, money, and effort to create and maintain databases which are up-to-date, correct, and complete.  New data and land-use changes must be reflected in the database to give an accurate picture when mapped.  In addition, GIS maps can look very professional and impressive, reinforcing the natural tendency to give more credence to anything produced by a computer.  But like statistics, GIS-generated maps can lie very effectively if they reflect inaccurate data or a poor set of criteria used for analysis.

Nonetheless, GIS has distinct advantages over manually-produced maps. The graphic and analytical components of GIS are powerful planning tools.  While many GIS maps may not be 100 percent accurate, they are ideal for resource analysis and are an effective means of presenting ideas and information to the public.  In addition, GIS provides a central repository for mapped information -- a convenient and accessible library.  It eliminates the need to makes dozens of phone calls to track down information and avoids duplicating the work of others.  This access to data, be it for a simple or multi-layered map, is one of the greatest advantages of GIS.  It also ensures that all the data will be uniform since all users have access to the same information.  Another benefit of GIS is that once data is entered into the system, several versions of a map can be printed at any scale desired. This is often crucial since a small map may be appropriate for report-writing while a large display map may make all the difference in enhancing a public presentation.  Changes and new information added to the database will be incorporated into future maps, eliminating the need to redraft maps by hand each time changes occur.

There are, therefore, pros and cons for both GIS and manually-drawn maps.  GIS maps are clear and can be produced in many formats, enabling you to thoroughly and efficiently analyze the data.  In addition, they are flexible and can accommodate change more easily than traditional or hand-drawn maps.  If no one on your committee is familiar with making maps, working with MassGIS or a college- or university-based GIS system can expedite the production of necessary maps.  However, it is unlikely that all the data you want or have uncovered is available on GIS at this time.  Including this information on a map would require significant data entry which can be complex and time consuming.  Unless you have direct access to GIS and the expertise needed to enter and manipulate data, it is likely that your set of resource maps will be a combination of computer-generated and hand-drawn graphics.  You may choose to purchase or produce some basic GIS maps and to supplement them with more specific hand-drawn maps which include additional data you've collected.  While it takes a fair amount of equipment and experience to use GIS, anybody with a little bit of patience, the necessary information, and some basic supplies can create a useful resource map.  Conceptual sketch maps of your proposed project can also be drawn by hand.  Overall, manually-prepared maps tend to look less definitive than GIS maps, and can be useful in preliminary meetings where you want to present and discuss your ideas.  And then there are those who swear that only through an activity such as mapping does one become familiar enough with an area and its resources to develop an innate sense of how a greenway can best protect and connect all its varied features. 

This summary is based on documents prepared by the MassGIS office, EOEA’s Open Space Planner’s Workbook (1993), and a recent article by Laura Rosenzweig, "Greenway and Trail Mapping (and more) with ‘GIS’" which appeared in the Fall 1995 issue of Viewpoints: The Massachusetts Greenway and Trail Forum.
For more information on acquiring data or maps from MassGIS, contact Carl Nylen or Tara Manno at (617) 727-5227, ext. 323 or 322, respectively.

For more information on GIS at DEM, contact Susan Ziegler, GIS Coordinator at (617) 727-3160, ext. 565.
