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THE MAP IS NOT THE TERRITORY

QA/QC, Mapping Error, and the Deadly Sins of Data Conversion

Abstract: Error analysis is an integral part of engineering, so it is understood that any calculation must be qualified to some degree. Maps present rich information, often from more than one source, and not all of the same quality. The amount of information, and the way we use maps, makes it easier to forget the assumptions and limitations that go into them. To produce results, the need to qualify and get the best possible answer must be tempered with the need to keep moving. The discipline of mapmaking requires that error be documented and raised when needed, without getting in the way of progress.

ERROR ANALYSIS

Error analysis is recognized as being integral to good engineering. It is taught early in college, and is an expected part of any design or engineering calculation. Load analysis, independent investigations, field verification – just a few of the ways we recognize and try to account for the error that goes with any measurement. 

With the advent of computers, it became even more important to remember that every answer is an approximation. The power of computers, improvements in the quality of presentation, and the less tangible perception that they’re somehow perfect… All of these factors can cause us to lose sight of the assumptions and flaws that go into any calculation. The number on the calculator display simply looks more convincing than notes on a page, or the dial of a slide rule – even if it’s completely wrong due to keypunch error.

MAP MISCONCEPTIONS

Maps can produce their own graphic misconceptions. Along with errors inherent in the data, powerful desktop mapping allows engineers, planners, and other professionals to generate glossy maps that seem indisputable – without any knowledge of cartography, or surveying, whole disciplines within themselves. Now, it’s not only possible to lie with statistics – we can stretch the page on which they’re printed.

The amount of information on a map, and the ways we use them, make it all the easier to separate the information from its qualifiers. A typical map combines any number of layers, from different sources, of varying quality. Text labels, tabular information – the richness of the message makes its hard to tell the whole story. Contrast that with the “+/-“ estimation, which can be carried through a page of calculations. Certainly, metadata provides a place for documenting the error associated with all those points, lines, and polys. But creating and maintaining good metadata, for even a few layers, is no easy task. And while it serves its purpose, it wouldn’t really help to tack up the metadata on the wall, next to the maps based on it. We’d soon run out of wall space. There are whole fields devoted to the study of graphically presenting error, but placing fuzzy lines on maps would just add to the confusion. So, giving a nod to the need to address this mess somehow, we stamp on the bottom “Meets national map accuracy standards.”  

IS THAT YOUR FINAL ANSWER?

So how does all this tie in to the real world of construction, fieldwork, and facility management? While we can recognize that our tools are flawed, we still have to use them. And the desire for accuracy carries with it an increasing pricetag for the answer. At best, the “right” number is only as right as we can afford to make it. 

GIS professionals create, fix, and present spatial data every day. More than anyone, we’re reminded that the map really isn’t the territory. Our customers are often also our data sources – and they know best the pitfalls of their data. But it’s up to us, the mapmakers, to capture these details, and raise them as the data is used. We need to recognize and address error when it’s needed, keeping it in sight, but not blocking our vision.

THE SEVEN DEADLY SINS

While error analysis can be taught neatly in theory, in practice it’s more a matter of “trial by error”, “back to the drawing board”, and maybe even “better luck next time”. Every problem poses its own challenges, and the lessons of avoiding mistakes often can’t be found in books. Most mistakes catch us by surprise – if they didn’t, we’d avoid them in the first place.

What follows are some of the traps we’ve avoided – or fallen into – at NAES.  From the surveyor’s transit to the printed page, we’ve found trouble spots along our way. Some in places we never expected, as well as some we created. Much of what is presented here has to do with our data and circumstances – the details will vary for any other site. But while the names and places may be different, these “cautionary tales” may sound vaguely familiar. 

The other north
Anyone doing GIS knows that all the data must be in the same coordinate system. In our case, this was no easy feat. NAES became a Naval Air Station in the 20s, during the era of lighter-than-air aviation. The most prominent early feature was a huge hangar, constructed to house airships, such as the Hindenburg. The hangar also served as the basis for a local coordinate system. A brass marker inside was assigned an arbitrary northing and easting, with “Lakehurst North” aligned with the axis of the building. While this system worked fine for mapping the base over the years, it presented a problem when we initiated our GIS in the early 90s. We developed a software tool to convert text coordinate files into NJ coordinates, which made bulk conversion easier. But any data to be converted had to first be properly formatted. And a library of over 10,000 archival maps had been created over the years – all of them in “Lakehurst coordinates”. Even now, with a mature GIS, there are artifacts from this system in use throughout the base.

But at least this mismatch was easy to detect, if not to correct. In the early 90s, we also ran into trouble more than once, on the issue of datum conversions. In NJ stateplane feet, it’s easy to tell whether a coordinate is in NAD27 or NAD83: the y-coordinates have different numbers of digits. Not so for lat/long – NAD27 data looks just like NAD83. More than once, we received survey data that didn’t specify a datum. Sometimes, the answers we got from the surveyor left us less than confident. In our case, choosing the wrong datum would shift the points by 120 feet. This would be easy to spot for well-defined, populated features such as buildings – the overlap with nearby roads and other buildings would be obvious. But when surveying wells in a forested area (one of our applications), using the wrong datum would leave you more “in the woods” than you’d know.

Keypunch-drunk

We’re all aware that typos are a part of any data conversion. However, we tend to think of data errors as the result of “sloppy work” – that they can be minimized, maybe even removed, if one pays attention. Error, to some degree, is unavoidable in the conversion process. Quantitative checks of data transcriptions revealed error rates ranging between 0.3% and 15% (Huber, 1992). Errors, in this case, were counted only if they would fundamentally affect the data – “non-damaging” word typos were omitted. Huber concludes, “Environmental statisticians therefore must approach every data set with great circumspection. Assume that many of the data are in error.” While this example specifically cites tabular data, it’s likely that whenever data of any format is converted, errors are being introduced. The errors are unavoidable – beyond “being careful”, the way to minimize them is to minimize the need for conversion by changing the process.

Have it your way
This example is an extension of the last one. About two years ago, the NJ Department of Environmental Protection launched an initiative that required all chemical sampling data to be delivered in the same format. This format, known as HAZSITE, required not only using certain file formats (such as Excel, or ASCII), but a standard format for the data itself (for example, the first column will contain the 30-character sample name). On the one hand, this has made data management and GIS conversion easier. Since then, we’ve been able to create utilities that will automatically load files of this format into our database – and we know that we can expect the lab to supply this format. However, standardization comes with a price. Working with our lab to identify the source of some typos in a data file, we learned that their reporting software could not accommodate the new format, so that the data had to be hand-edited – with a resulting introduction of errors. So be careful what you ask for – in some cases there may be better ways to work with the raw data.

Whose data? 

As the keepers of the data, GIS administrators often come to be seen as “owning” the data, and responsible for its quality. It is important to avoid this perception, by routinely going back to the source for data review and approval. GIS systems are always growing, adding new layers, and increasing the amount of work required for their care and feeding. Without some help, things are bound to slip through the cracks. And GIS administrators, while good at identifying spatial errors, are not the data experts in the first place. The utilities manager, forester, or facility planner, can spot inconsistencies because they know what to look for. On the other hand, there are cases where the contrary is true. The data owner, having looked at the same data for years, may get so used to it that mismatches with other layers, or changed features, may go unnoticed. That’s where the GIS perspective, more familiar with recent changes, and more accustomed to thinking of the GIS database as a whole, is needed. If you need the details, don’t use the  “birds-eye” view – but after you capture them, it may help you to avoid “tunnel vision.”

Precisely how accurate is that map?

While creating and using data, it’s always important to remember the difference between precision and accuracy, and consider when either, or both, are relevant. Precision refers to how well a repeated measurement will agree with previous values, while accuracy refers to agreement with standards. For example, when shooting at a target, precision refers to how “tight” the shot group is, whereas accuracy refers to how close the group is to the bullseye. Sometimes, if the data is precise, it may not matter if it’s inaccurate.

For example, at Lakehurst, the station perimeter is marked by a series of monuments set by the Navy. While we have a high degree of confidence regarding the internal agreement of these monuments, they were set before the establishment of USGS monuments, and haven’t been cross-checked with these points. For locating features on the base, these monuments can provide a basis for precise measurements, in that repeat fieldwork within the base will yield numbers that agree. However, with regard to measurements made offbase (overlaying base linework on a USGS map, for example), there may be accuracy issues. This also illustrates the relative nature of accuracy: within the frame of reference of the base itself, the monuments provide a highly accurate network. The bottom line: be careful when mixing data from different sources.

Excel voodoo

When editing data, be aware of the quirks of the tools you’re using. Often, the same “smart” features that make a program useful may also cause problems. For example, when using Excel to edit data files that started out as .DBF files, strange things can happen. Dates that are formatted to display as “normal” dates may appear as Julian dates when changing file formats. A column auto-formatted as “General”, then later changed to “Number”, may not reflect the proper number of decimal places. Many of these “features” are only found by accident, and software documentation doesn’t address the ins and outs of converting among different file formats. More than once, we’ve resorted to brute force (copying from another file, re-entering data), after wrestling with conversions from Excel to other formats.

CONCLUSIONS

There are an endless number of pitfalls that may be encountered in creating data, and no measurement is exact. With those less-than-encouraging ground rules, we still need to go forward to produce useful maps. The only real answer is to strike a balance, keeping things “as good as possible”, while meeting the customers’ needs. Above all, document the problems along the way – the errors that seem obvious today, may be forgotten during next week’s fire drill. Remember that validation is most effective when done by people both inside and outside of the process to be validated. And when possible, deliver the caveats, along with the finished map. You, the mapmaker, are more aware than anyone of the many abstractions and compromises that go into it. While it need not appear on the printed page, reminding your customers that “The map is not the territory” will help keep them, and you, grounded in reality.
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