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1. INTRODUCTION

	Data generalization across scales is a critical effort as more and more resources become available in digital form.  The United States Geological Survey (USGS), like many other National Mapping Agencies (NMAs) across the globe, is working to create The National Map.  The objective of the project is to provide quality data as well as improved products and services to the geospatial community as part of the National Spatial Data Infrastructure (USGS, 2009).  One of the last pieces to be integrated into The National Map is the hydrologic data.  The available data is intended to be a comprehensive set of surface water features that can be used for general mapping, surface-water systems analysis, and customizable mapping (USGS, National Hydrography Dataset Home, 2009).  The USGS is studying several issues in generalization including selection, simplification, symbolization, and induction (Finn et al., 2004).
	Generalizing hydrologic data has many of the same problems as does generalizing buildings and roads.  Waterbody polygons of ponds and lakes are simplified and amalgamated much like buildings although, unlike buildings, they tend to maintain more unique aspects of their shape through scale changes and amalgamation processes.  Additionally, streams and rivers are akin to roads in their network relationships and issues of hierarchy, though flow volume or length can assist in the selection process as scales are reduced.  Based on what the USGS is focusing on in generalization, I have chosen to examine Töpfer and Pillewizer’s (1966) “Principles of Selection” in order to inform the decision of what features should remain through scale reductions.

1.1. Previous work
	The principles of selection, also known as the “Radical Law,” have played a significant role in theory development concerning generalization processes.  Kadmon (1972) utilized the principles of selection in conjunction with weighted values for ranking cities to be placed on a map of Israel.  He began his study by rank ordering towns according to population then added weighted variables into the analysis in an attempt to respond to the differing needs of various maps.  In order to address the issue of which cities should be displayed, Kadmon suggests that the variable for remoteness be weighted more heavily versus simply using the population rank-order.  This would help fill in empty spaces around the map, but if purely a numbers concern, would lead to eliminating other towns that are larger and possibly more significant in the map’s purpose.  
	Stenhouse (1979) applied the Radical Law to towns in England using three classification methods: all of the towns based on population, a proportional relationship between two main functional groups of mainly resorts/administrative/commercial towns and industrial towns, and a proportional relationship between eight classifications within the two functional groups.  She found that selecting cities based only on population resulted in easily interpreted maps while general classification of the towns in two classes made the map more difficult to explain to users, but with less congestion due to their geographic distribution. Eight classifications led to “strange results” such as Birmingham, which appears to be the second largest city in England, to not represented on the map.  She suggests that town selection at smaller scales may be due to space limitations for labeling and thus smaller towns on the coast are included that otherwise may not be.  Competition for space when labeling hydrographic features is often alleviated by labeling larger waterbodies within their boundaries and along the flowlines for streams and rivers.  Stenhouse notes that Kadmon’s (1972) weighting system had the largest effect on smaller and less important places, but the importance of a population center could be founded in its distinctive location as a tourist center or part of the transportation network.  
	Stanislawski (2008) examined the Radical Law in terms of pruning hydrographic features based on USGS standards.  The examination area was in the 1102-1106 sub-regions which include parts of Colorado, Kansas, New Mexico, and Oklahoma.  His method utilized the minimum feature map size parameters for 1:24,000 topographic maps which were then implemented at 1:100,000; 1:500,000; and 1:2,000,000.  Of particular interest to this paper are his results for waterbodies and flowlines.  Stanislawski (p. 13) found that for waterbody polygons, there were fewer features than expected at 1:100,000 and significantly fewer at 1:500,000 and 1:2,000,000.  The flowline results at 1:100,000 were consistent with the Radical Law expectations, but the 1:500,000 and 1:2,000,000 features were again sparser than expected (Stanislawski, p. 9).
	Li & Choi (2002) examined the effects of scale changes on road depictions at larger scales from 1:1,000 to 1:200,000.  They showed that the number of road features depreciated differently based on connectivity and classification.  However, none of the road types they examined exhibited significant declines in numbers depicted until transitioning to scales smaller than 1:20,000.  This indicates there is some threshold at which the number of features will decline and that the relationship between scales changes across the continuum of scale representation.

1.2. Cartographic limitations
	Given criticisms about the purely mathematical approach to selection that the Radical Law represents (Kadmon, 1972; Stenhouse, 1979; Buttenfield & McMaster 1991; João, 1998; Li & Choi, 2002; Jiang & Harrie, 2003), it was determined that it would be best to approach the analysis in the context of digital landscape models (DLMs) and digital cartographic models (DCMs).  Using Töpfer & Pillewizer’s (1966) descriptions of different map purposes and the factors used in the equation, DLMs would be considered fundamental in that they contain the maximum amount of detail and DCMs would be viewed as general maps that provide a generalization of an area.  “The objective in model generalization is to reduce the resolution of the data by decreasing the number of features, without changing the shapes of the remaining features” (Gulgen & Gokgoz, 2008).  
	The initial belief was that implementation of the Radical Law for selection of hydrographic features would serve as DLM generalization based solely on size.  This does not answer the criticisms, but works within the construct of DLMs and DCMs.  Unfortunately, there are some issues with the NHD data available in attempting to implement this approach.  First is the fact that the local resolution data is derived from many sources and whether it could serve as a DLM or DCM or is in some in-between state is unknown.  Second is the source of the high and medium resolution NHD data.  These are digitized representations of paper maps which means they are only DCMs.  With the above issues of data sources established, the evaluation of the NHD data at this point becomes an analysis of cartographic generalization (instead of model generalization).  The results could be used to inform the relationship of various products in both a DLM and DCM if the basic equation was adjusted to meet the differing natures of the two.

1.3 The equation
	The principles of selection provide the equation (Töpfer & Pillewizer, 1966)

where:
	nf is the number of objects at the derived scale
	na is the number of objects on the source material
	Ma is the scale denominator of the source map
	Mf is the scale denominator of the derived map

	There are additional factors that may be included at scales smaller than 1:1,000,000 (1:1M).  As Töpfer & Pillewizer did not examine scales larger than 1:1M, there are no additional factors for significantly larger scales and the above equation is what will be used for comparison in this paper.  Rivers present a somewhat more difficult problem than waterbodies where area rivers are down-scaled appropriately until the dual lines are collapsed to one, at which point the single line may be a smaller representation at the particular scale than the feature it represents (Buttenfield & McMCaster, 1991).  As there is no factor presented by Töpfer and Pillewizer for smaller object representations not directly tied to scale, and the scale at which area rivers collapse to flowlines is as varied as the rivers themselves, the basic equation will be used for both feature types in this analysis. 

1.4. Size of features
	Ignoring for a moment the issues of how many features should be displayed, it is important to understand which features should be displayed.  This is driven by concerns of uneven distribution of features, although many of those concerns are focused on man-made features that may be more important than their size would indicate.  For this examination, two particular pieces inform that decision: the USGS National Mapping Program Technical Instructions, Part 2: Hydrography (2003) and Tobler (2000).  At the 1:24,000 scale, the USGS states lakes and ponds will be displayed if in an arid area or if the minimum axis is 0.025" long and larger than 10,000 ft2, reservoirs are shown based on type and not size, and swamp/marsh is depicted if its shortest axis is more than 200 ft (equals ~31,400 ft2).  Arid areas as defined by the USGS are depicted in Figure 1.  In line with Stenhouse’s findings on categorization, the selection of objects was accomplished based solely on size and not with subjective criteria.  The disparity in minimum size for inclusion between the lake/pond category and swamp/marsh presents an issue for evaluation outside of this paper’s reach.  Weighting the value of various categories of features would be dependent on the user and map’s purpose which would be determined when making a map from a database.
























Figure 1. Arid regions in the US as defined by the USGS (USGS, 2003).


	Tobler (2000), reflecting on developments in cartography, states that the minimum resolution of an object is the scale denominator divided by 2,000 and one should be able to detect that object at a resolution of the scale denominator divided by 1,000.  This means that an object’s
minimum resolution at 1:24,000 would be 12m and would be detectable at a resolution of 24m.  If 24m were used for the diameter of a circular lake, that minimum sized lake’s area would be 0.00045 km2 (or ~5000 ft2).  It appears that the USGS is doubling the minimum size to depict a waterbody at 1:24,000.  This does not change what is currently depicted, however it will be useful in examining the differences between local and high resolution data representations.  

2. GENERALIZATION OF NHD

2.1. Areas of interest
	Three areas were chosen for examination: Vermont and surrounding areas, part of the Upper Mississippi basin, and Colorado.  Hydrography data is stored on the USGS NHD website partitioned by 4-digit hydrologic unit codes (HUCs).  Two HUCs were selected in or neighboring the general state areas listed above: HUCs 0108 and 0201 in and around Vermont, 0704 and 0706 in the Upper Mississippi, and 1401 and 1402 in Colorado (Fig. 2). HUC 0108 is part of the Lakes basin while 0201 is in the New England basin.  For ease in this paper, they will collectively be referred to as ‘Vermont’ or ‘Vermont and surrounding area’ as that is the common feature of the two sub-regions.  Colorado’s areas straddle the boundary depicting the arid areas based on Figure 1 and therefore may or may not represent the same ratio of features across scales based on its sub-basins.  Of the three areas, only Vermont has local data at a scale of 1:5,000 published on the USGS website.  The available local data along with the standard high (1:24,000) and medium (1:100,000) resolution data were used for all three areas in the evaluation.  However, some high resolution data may have integrated higher resolutions of data (USGS, Data Availability, 2009) making this particular effort somewhat more difficult due to the possibility of more objects being present in the database than were previously demonstrated on 1:24,000 topographic maps.  If more objects are represented in the 1:24,000 database than


Figure 2. Map of HUCs used in study.


were on the physical topographic maps, the relationships between the scales will be skewed in that 1:100,000 data would appear to under represent the number of objects.  Whether this is the case or not will not be known.  
	The 24K and 100K data are directly comparable in each HUC.  However, the local resolution data does not cover the same area as the four-digit HUCs in Vermont and thus select areas within the two HUCs were used, resulting in smaller numbers for comparison.  It would have been possible to select the boundaries of the local data by combining several smaller boundary polygons to encapsulate the area.  However, the sample areas were deemed sufficient as representative areas, although two of the areas admittedly overlap.  Finally, there is a disconnect in the data’s collection dates at different scales.  The local data does not specify when it was collected, while the high and medium resolution data are listed as either being collected in 1992 or sometime before that.  1992 data was chosen when available, but HUC 0108 did not have high resolution data from that date and neither did 1401 nor 1402 for their medium resolutions.  Varied database dates represent the same issues that would be presented when looking at various topographic maps, some of which are over 50 years old.

2.2. Additional Data
	In addition to the NHD data available from the USGS, there is a suite of data known as NHDPlus.  The development of these data was through the efforts of the Environmental Protection Agency Office of Water in conjunction with the USGS and offers a “greatly improved 1:100K National Hydrography Dataset” (Horizon Systems Corporation).  The data is available for two-digit HUCs which encompass several four-digit HUCs.  The data was downloaded for HUCs 07 and 14 then clipped by the corresponding four-digit HUC boundary to allow for improved comparison versus screen captures.  

2.3. Goal
	This project started on the premise of simply counting features and comparing them across scales as the Radical Law dictates.  Interest in vertical integration issues and cartographic representations with the intent to create an approximate replication of the number of features from source data to match the next higher scale led to two initial evaluations between the local and high resolution data.  Considering congestion, coalescence, conflict, complication, inconsistency, and imperceptibility as conditions for cartographic generalization (Shea & McMaster, 1989), imperceptibility and congestion were determined to be the factors that could be taken into consideration in this process.  Thus, amalgamation and selection based on scale and feature size were used to reduce the number of features to gain an appreciation for the cartographic process as well as to provide inputs on how the principles of selection do or should apply to hydrography.  All of the work was accomplished within ArcInfo 9.3.  Amalgamating the waterbodies was accomplished with the aggregate polygons tool.

2.4. Iteration 1: Amalgamate then Select
	The first iteration in this approach was conducted in HUC 0108, examining the results of scale reduction from the local 1:5,000 data compared to the 1:24,000 data.  The first step in this generalization process was to amalgamate waterbodies at a distance of 50m.  The distance was chosen by selecting a particular waterbody configuration I was attempting to replicate and measuring the distance between the different lakes that made up the resulting representation at the 1:24,000 scale.  The 50m distance was effective in amalgamating the four lakes that were presented in the smaller scale as one.   This particular distance seems too great from an analytical perspective, but the comparison is being made to a cartographic depiction.  I believe that an amalgamation distance of 24m (minimum detectable resolution) would be more appropriate and was utilized for comparison in the number reductions involved without further cartographic consideration.  The second step in this effort was to eliminate waterbodies that were smaller than 10,000 ft2.  The data in the attribute tables is provided in square kilometers.  Therefore, a field was added in the attribute tables for area in square feet and calculated within the table.

2.5. Iteration 2: Select then Amalgamate 
	The second iteration involved the same area and focus on the same lake grouping with a different processing order.  The first step was to select the waterbodies based on the predetermined 10,000 ft2 minimum.  Then waterbodies were amalgamated at distances of 24m and 50m again to maintain consistency.  The objective of this process was to more accurately portray what exists by eliminating features that are too small to be portrayed at 1:24,000 on their own versus potentially being amalgamated into another feature and being portrayed.  

3. RESULTS

3.1. Waterbodies
	Initial work on just the local resolution data for Vermont led to appropriate reductions in the number of waterbodies represented.  An initial selection of features greater than 10,000 ft2 left 6,028 of 11,072; or 54.4%. The first iteration of amalgamation then selection resulted in 5,795 (52.3%) remaining with a 24m amalgamation distance and 5,627 (50.8%) at 50m. The second round with selection then amalgamation left 5,699 (51.5%) at 24m and 5,454 (49.3%) at 50m.  The second method results in fewer small features being retained that otherwise would not be large enough to portray on the 1:24,000 map and provides a more realistic representation of what is on the ground with fewer geometry changes.  However, selecting then amalgamating at 50m provided the closest result to what is expected from the Radical Law at 49.0%.	As mentioned earlier, one particular feature dictated the 50m amalgamation distance for this pilot study.  The results of selection and amalgamating features at 50m for this feature are shown in Figure 3.


Figure 3. Local resolution feature (left) with minimum size of 10,000 ft2 and amalgamation distance of 50m (middle), and high resolution feature in NHD (right)


	Buckley et al. (2005) state, “in today’s mapping environment, distortions, inaccuracies and incompleteness in any analog and all digital transformations should be kept to a minimum.”  Both of these iterations result in distortions through amalgamation and incompleteness through selection.  This is unavoidable and I feel that the second iteration is more appropriate as it results in a more accurate representation.  However, both iterations were then run on the local resolution data from HUC 0201 with comparisons of the number of objects reduced through both steps and two amalgamation distances.  
	Selecting waterbodies greater than 10,000 ft2 led to 7,756 of 15,902 (48.8%) remaining in HUC 0201.  Amalgamating then selecting at 24m resulted in 7,233 (45.5%) while a distance of 50m displayed 6,863 (43.2%).  Switching the order to selection then amalgamation provided 7,199 (45.3%) at 24m and 6,831 (43.0%).  Evaluating these results against what was obtained through direct comparison of sample square areas (Table 1) indicates that these two steps are likely sufficient for cartographic generalization.  There were initial analyses made in 0108 and 0201 between local and medium resolution waterbodies, but these were eliminated based on the utility of hydrographic features across scales extending only approximately twice the scale denominator (5K to about 10K or 24K to 50K) (Brewer & Buttenfield, 2007).  Three sample areas (Fig. 4) were used in the local to high resolution comparisons due to differences in boundaries that interfered with overall comparison.



Figure 4. Areas of study in 0108 (right) and 0201 (left).

Table 1. Comparisons of waterbodies at 1:5,000 and 1:24,000, 45.6% expected based on Radical Law.
	HUC
	Area of Local to High Resolution Comparison
	Features on Local (1:5K) resolution
	Features on High (1:24K) resolution
	Percent of features on 24K 

	0108
	1 (Purple, top)
	914
	495
	50.2

	
	2 (Green, middle)
	702
	347
	49.4

	
	3 (Red, bottom)
	1599
	907
	56.7

	0201
	1 (Purple, bottom)
	1371
	524
	38.2

	
	2 (Green, middle)
	575
	167
	29.0

	
	3 (Red, top)
	1299
	373
	28.7



Table 2 shows the comparisons between the 1:24,000 (24K) and 1:100,000 (100K) NHD data in addition to the NHDPlus 1:100,000 data as well as the land coverage in square kilometers.  There are significantly fewer features than the expected 49% ranging from about 5% to approximately 11%.   However, the land coverage area is actually greater in half of the study areas.
	There were two significant issues that were discovered during the evaluation.  The first is the reclassification of waterbodies at different scales.  Some features that were classified as swamp/marsh in the 1:24,000 data were classified as lake/pond in the 1:100,000 in HUC 0704.  The different classifications make it difficult for researchers to consistently find areas of interest across scales.  More germane to this particular study is the impact on the numbers of waterbodies represented and is one of the causes for the general examination of all waterbody features.  

Table 2. Comparisons of waterbodies at 1:24,000 and 1:100,000, 49.0% features expected
	HUC
	Scale and Source Comparison
	Number of features (area km2)
	Percent of features on 100K
(percent of area)

	0108
	24K
	34,080 (4432.23)
	

	
	100K 
	2,831 (831.88)
	8.3  (18.8)

	
	NHDPlus 100K
	2,870 (708.63)
	8.4  (16.0)

	0201
	24K
	8,890 (1499.45)
	

	
	100K
	954 (1605.7)
	10.7 (107.1)

	
	NHDPlus 100K
	967 (1600.85)
	10.9 (106.8)

	0704
	24K
	16,151 (298.92)
	

	
	100K
	1,558 (758.22)
	9.6   (253.7)

	
	NHDPlus 100K
	1,608 (759.59)
	10.0 (254.1)

	0706
	24K 
	9,363 (175.21)
	

	
	100K
	568 (205.00)
	6.1  (117.0)

	
	NHDPlus 100K
	598 (201.92)
	6.4  (115.2)

	1401
	24K to 100K
	11,525 (161.92)
	

	
	100K
	649 (123.33)
	5.6  (76.2)

	
	NHDPlus 100K
	653 (123.15)
	5.7  (76.1)

	1402
	24K
	9,778 (110.87)
	

	
	100K
	468 (87.84)
	4.8  (79.2)

	
	NHDPlus 100K
	480 (87.97)
	4.9  (79.3)



Reclassifying various objects skews the data in terms of the ratio of features.  In one area, swamp/marsh was reduced 95% from the high to medium resolution while in another area it only decreased 40%.  There are many factors such as cartographic decisions, climate, and size that could possibly explain the variability, but none of these can be definitively identified due to what may be considered errors in classification.
	The second area of concern happens to also deal with swamp/marsh water features.  Of concern is the fact that in some areas, more swamp/marsh features were displayed in the medium resolution data than the high resolution (Fig. 5), explaining the disparity in coverage area in Table 2.  The disparity in representations may be explained by different personnel being responsible for the digitization of the paper products.  The 1:100,000 products were generated by digitizing the 1:24,000 maps after they were shrunk to scale so the additional features exist on the larger scale maps, but were not included in the high resolution NHD data.  One remedy to this disparity is for these features to be added to the high resolution database.
	Given these particular factors, it is more difficult than initially believed to directly compare feature representation across scales.  The percentage of objects displayed at 1:100,000 would be lower if there were more swamp/marsh features in the high resolution data in the Upper Mississippi area.  Adding all of the waterbodies from the six four-digit HUCs at 1:24K (89,786) and 1:100K (7,028) and comparing them shows an average relationship of 7.8%.  There does seem to be a lower percentage of features included in the 1:100K data in the more arid area of Colorado (4.8% and 5.6%) than that in the other, more humid, HUCs (6.1% to 10.7%).  Additionally, the differences in coverage between the NHD medium resolution data and the NHDPlus is a result of clipping the NHDPlus layer, cutting off parts of features that crossed the boundaries of the HUC.  
a) 

b) 

Figure 5. High resolution data (a) with waterbody data in blue compared to medium resolution data (b) in red (high resolution data underlying the red medium data is the purple shade in the latter map).  The data is overlaid on top of the 1:24,000 and 1:100,000 topographic sheets respectively.  Note the considerably more extensive delineation of swamp/marsh data in the medium resolution data.

3.2. Flowlines
	To examine flowlines, connectors and artificial paths were removed from the analysis as they are often directly connected to the number of waterbodies present in order to create a connection through the drainage network.  Analysis of NHDPlus was accomplished in the same manner as for waterbodies using the HUC border to clip the appropriate data.  To accomplish the comparison, flowline attributes were combined based on the reach code for each segment using the Dissolve tool in ArcInfo 9.3.  This is not a complete connection of the segments as some of the river segments are separated into several different reach codes.  The number of all the individual segments at 24K and 100K was the essentially the same as after the segments were dissolved (less than 1% different), but the dissolved segments were used for comparison. The numbers in Table 3 represent the comparisons between local and high resolution data in the Vermont area and Table 4 shows the comparisons between the high, medium, and NHDPlus data. There seems to be some correlation with topography and the number of features shown at the two scales as Colorado and parts of the Vermont area that have more mountainous terrain show significantly fewer proportional flowline features at the 1:100,000 than does the Upper Mississippi area.

Table 3. Flowline comparisons between local and high resolution areas, 45.6% expected.
	HUC
	Area of Local to High Resolution Comparison
	Flowlines on Local (1:5K) resolution
	Flowlines on High (1:24K) resolution
	Percent of features on 24K 

	0108
	1 (Purple, top)
	1,193
	648
	54.3

	
	2 (Green, middle)
	1,126
	622
	55.2

	
	3 (Red, bottom)
	1,642
	1,155
	70.3

	0201
	1 (Purple, bottom)
	2,088
	1,343
	64.3

	
	2 (Green, middle)
	2,127
	637
	29.9

	
	3 (Red, top)
	2,735
	1,001
	36.6



Table 4. Flowline comparisons between high, medium, and NHDPlus data, 49% expected.
	
HUC
	Scale and Source Comparison
	Number of flowlines 
	Percent of features on 100K

	0108
	24K
	28,591
	

	
	100K 
	8,333
	29.1

	
	NHDPlus 100K
	8,347
	29.2

	0201
	24K
	18,511
	

	
	100K
	1,933
	10.4

	
	NHDPlus 100K
	1,931
	10.4

	0704
	24K
	23,212
	

	
	100K
	10,163
	43.8

	
	NHDPlus 100K
	10,237
	44.1

	0706
	24K 
	19,474
	

	
	100K
	10,319
	53.0

	
	NHDPlus 100K
	10,333
	53.1

	1401
	24K
	72,523
	

	
	100K
	6,746
	9.3

	
	NHDPlus 100K
	6,769
	9.3

	1402
	24K
	40,084
	

	
	100K
	3,713
	9.3

	
	NHDPlus 100K
	3,730
	9.3



4. RECOMMENDATIONS 

4.1. Selection and a new equation 
	The process of eliminating water features rendered at smaller scales can be done through a number of generalization processes.  “Selection is a necessity in cartographic generalization process, particularly in higher scale change such as from 1:25K to 1:100K” (Gulgen & Gokgoz, 2008).  I think this is the foundation for DLM generalization.  If there were DLMs established for 1:24K and 1:100K, a good place to start is the USGS minimums for depicting waterbodies.  This does not resolve any of the other reasons of when to generalize because those tend to be cartographic concerns.  There should be more data in the DLM with further cartographic reductions made when a product is created.  If the USGS standards were simply changed to the 0.025” minimum size requirement (1,962.5 ft2), which could be used at all scales on all feature types, then there would be a greater percentage of features retained.  Overall, 97.6% of the waterbodies in 0108 and 95.2% in 0201 would transfer from the local to high resolution data.  This is likely too high whereas using 5,000 ft2 would provide 80.6% and 73.7% in 0108 and 0201 respectively.  
	I believe the goal should be to move one power relationship up in the equation.  Instead of the square root of the scale relationship, I propose the cubed root would be more appropriate which would yield approximately 60% of features from the local to high resolution.  The larger percentage of features depicted with this equation is similar to the representation in Figure 5 where the percentage of roads depicted does not drop off from 100% until going from 1:20K to 1:50K, except for lanes which are reduced sooner.  This may be indicative of what happens with swamp/marsh classifications since they are handled differently than perennial waterbodies.  When transitioning from the 1:24K data to the 1:100K, the USGS imposes more exclusive guidelines for which waterbodies will be displayed.  The 1:24K waterbodies must be 0.025" on their shortest axis in addition to the minimum 10,000 ft2 (USGS, 2003) while the requirement for the same feature to show on a 1:100K map is 0.06" in the shortest direction (USGS, 1994).  This threshold is intended for DCM implementation, but too limiting for DLMs.  The idea of minimum depicted size could carry through consistently in the DLMs with selection of larger features for DCMs.  For example, approximating a 0.025" diameter lake at 1:100K would set the threshold for inclusion at about 34,000 ft2.  Applying this limitation to the waterbodies in HUC
0706 left 2,607 features for a reduction of 72.2% which is similar to what would be expected with the Radical Law (76% reduction resulting in 2,245 from Table 1).  This will result in using the Radical Law equation as first presented: . Whether this particular iteration of the equation would be applicable beyond the 1:100K scale, as is demonstrated in The Principles of Selection (Töpfer & Pillewizer, 1966), is yet to be determined.  As this is the implementation on the DLM side of the puzzle, it is very possible that maintaining that relationship between the 1:100K and smaller scales is possible.



Figure 5. Percentage of roads remaining as scale is reduced based on classifications (Li & Choi, 2002).


4.2. Waterbody equations
	For waterbody DCM implementation, the number of waterbodies as compared in Table 1 informs the relationship across scales.  There were a total of 2,813 high resolution waterbodies from the six selected areas compared to 5,736 local features which is 49.0% of the original number.  This is very comparable to  which would be 45.6% of the original.  The relationship between the high and medium resolution data shows a lower percentage of features remaining.  HUCs 0108, 0201, and 0704 show between 8 and 11% while 0706, 1401, and 1402 are between 4.8 and 6.4%.  The particular disparity between 0704 and 0706 is difficult to explain.  It is possible that the lower representation of 0706’s medium resolution data is an outlier with Colorado’s basins exhibiting “arid” characteristics in what was collected for the 1:24K data.  It has also been previously demonstrated the discrepancies that exist in the Upper Mississippi in depicting swamp/marsh classifications at high resolution.  Nevertheless, the data distribution lies approximately between  which is 11.8% and  or 5.8% at these scales.  Map purpose could play a role in determining which variation is used.

4.3. Flowline equations
	In the comparison between local and high resolution data, there are generally more flowlines than expected.  Of the 10,911 local resolution flowlines in the six study areas, 5,406 (49.5%) are represented in the high resolution data.  This is consistent with what is expected by the Radical Law.  The flowline comparisons between high and medium resolution seem to present an interesting pattern based on topography.  The more mountainous areas of Colorado and New England show about the same number of flowlines except for 0108 which has proportionally three times as many rivers as the other three basins.  Closer examination reveals a large lake in the basin that the other three do not have which would reduce the number of surface features that show on the 1:24K map.  The 9-10% depiction rate of the other three HUCs would result in   being an appropriate implementation of the Radical Law.  The Upper Mississippi has a significantly higher proportion of rivers and streams around 50%.  This could be duplicated through  which again is equal to 49.0% for the 1:24K to 1:100K conversion.  Stream selection for comparison of DLMs and DCMs is not elaborated because I did not know which particular attribute would be best to use for screening.  Of the data in the attribute tables, length is the easiest to select.  However, I believe cumulative drainage would be a more effective factor on which to select if available.  Thus, analysis of rivers and streams in this discussion is limited to a DCM context.

5. CONCLUSION

	The Radical Law has existed for over forty years with seemingly limited utilization and great criticism.  As the USGS continues its efforts to integrate the NHD into The National Map, it may be relevant to have some guideline for building the DLMs and DCMs associated with it.  It seems there is some relational value of scale and the numbers of features represented at various scales that can be interpreted through the Radical Law’s equation.  For waterbodies, the relationship across scales in a DLM could be represented by:
5K    24K    100K
while the DCM representation would be:
5K    24K    100K
Streams and rivers were only evaluated in terms of DCM representation by counting the segments dissolved based on reach code.  It seems that different ratios may apply depending on topography with mountainous terrain described by:
5K   24K    100K
and more level areas using:
5K  24K    100K
These relationships could also be appropriately utilized for arid and humid areas depending on the results of additional research.  Flowlines were not examined as closely as waterbodies and thus there is no founded recommendation for a DLM equation at this time, other than the same shift to a higher powered relationship as the waterbody equations.  The cubed root relationship in the level area flowline recommendations is also not based on actual data as there was no local data to evaluate.
	The question of which objects to retain still remains, but with potential answers that are not as complex as what would be addressed when selecting human structures.  Waterbodies can continue to be whittled down based on size while possibly eliminating some of the variance in the handling of lake/pond features and swamp/marsh at least within the DLM construct.  Excluding artificial paths and connectors, flowlines can either be selected based on length or possible cumulative drainage.  Which of these produces a more accurate result is unknown.  It is evident that the seemingly simple application of the Radical Law equation is not so simple.  The scale at which the evaluation of features takes place impacts how the equation should be implemented, as alluded to in The Principles of Selection (Töpfer & Pillewizer, 1966), but there appears there are more factors involved for future study.


6. REFERENCES

Brewer, C. A., & Buttenfield, B. P. (2007). Framing Guidelines for Multi-Scale Map Design Using Databases at Multiple Resolutions. Cartography and Geographic Information Science , 34 (1), 3-15.

Buckley, A., Frye, C., & Buttenfield, B. (2005). An Information Model for Maps: Towards Cartographic Production From GIS Databases. 22nd ICA Conference Proceedings. A Caruna, Spain: International Cartographic Association.

Buttenfield, B. P., & McMaster, R. B. (1991). Map Generalization: Making rules for knowledge representation. New York: Longman Scientific & Technical.

Finn, M. P., Usery, E. L., Starbuck, M., Weaver, B., & Jaromack, G. M. (2004, July). Integration of The National Map. XXth Congress of the International Society of Photogrammetry and Remote Sensing . Istanbul, Turkey: International Society of Photogrammetry and Remote Sensing.

Gulgen, F., & Gokgoz, T. (2008). Selection of Roads for Cartographic Generalization. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. XXXVII. Part B4., (pp. 615-619). Beijing.

Horizon Systems Corporation. (n.d.). NHDPlus Home. Retrieved November 3, 2009, from NHDPlus: http://www.horizon-systems.com/nhdplus/

Jiang, B., & Harrie, L. (2003). Cartographic Selection Using Self-Organizing Maps. ICA Commission on Generalisation and Multiple Representation (pp. 1-7). Paris: ICS.

João, E. M. (1998). Causes and Consequences of Map Generalisation. Bristol, PA: Taylor & Francis, Inc.

Kadmon, N. (1972). Automated Selection of Settlements in Map Generalisation. The Cartographic Journal, 93-98.

Li, Z., & Choi, Y. H. (2002). Topographic Map Generalization: Association of Road Elimination with Thematic Attributes. The Cartographic Journal, 39 (2), 153-166.

Shea, K. S. (1988, July). Cartographic Generalization. NOAA Technical Report NOS 127 CGS 12 . Reston, Virginia, United States of America: US Department of Commerce.

Shea, K. S., & McMaster, R. B. (1989). Cartographic Generalization in a Digital Environment: When and How To Generalize. Auto-Carto 9: Ninth International Symposium on Computer-Assisted Cartography (pp. 56-67). Baltimore: American Society for Photogrammetry and Remote Sensing and American Congress on Surveying and Mapping.

Stanislawski, L. V. (2008). Intelligent Pruning of the United States National Hydrography Dataset. Retrieved December 9, 2009, from ftp://mcmcftp.er.usgs.gov/lstan/generalization/CEUS2008_Stanislawski_fulldoc_draft_v3.doc

Stenhouse, H. (1979). Selection of Towns od Derived Maps. The Cartographic Journal, 16 (1), 30-39.
Tobler, W. (2000). The Development of Analytical Cartography: A Personal Note. Cartography and Geographic Information Science , 27 (3), 189-194.

Töpfer, F., & Pillewizer, W. (1966). The Principles of Selection. The Cartographic Journal, 10-16.
USGS. (2009, October 22). Data Availability. Retrieved October 28, 2009, from National Hydrography Dataset: http://nhd.usgs.gov/data.html

USGS. (2009, October 13). National Hydrography Dataset Home. Retrieved November 1, 2009, from National Hydrography Dataset: http://nhd.usgs.gov/index.html

USGS. (2003, May). Part 2: Hydrography. Standards for USGS and USDA Forest Service Single Edition Quadrangle Maps . US Geological Survey and US Department of the Interior.

USGS. (1994). Part 3: Feature specifications and compilation, standards for 1:100,000-scale quadrangle maps. United States Geological Survey.

USGS. (2009, September 28). The National Map. Retrieved October 27, 2009, from The National Map Web Site: http://nationalmap.gov/

14

image10.png

image12.png
df (application/pdf Object) - Mozilla Firefo

Ee Edt ven Hgoy Gomels Tods b
- &t (1) Wty docservr ngentacannectcomdelverjconnectnaney (0006704139025 ptexpies1257574943814=5322903188Heidm5535accname—PennsyoriatSate nivrstybehecksum=CESSACTARCISDS2EDSDBCASIFIEF4C % - [ 7

Most Visited | | Getting Started 5. Latest Headines

(1 Square Feet to Square Metersconversi. | | 47 Windows ive Hotmal 7 SenceDirect - Computers, Envronmen... | | 4 IngentaConnet Topographic Mep Gen. 55.pdl (application/pdf Object) 3 | =
=8 48 gg ® $ (5] 150% |+ -

Topographic Map Generalization

Number of road segments (%)

T T + T T T T *
20,000 40000 60000 80000 100,000 120,000 140,000 160,000 180,000 200,000
Scales (denominator)

Figure 3. Retention of road segments (in percentage) for each road type at different scales. (EX=Expressways; UT=Urban Track Roads;
PD="Primary distributors; DD=District distributors; LD=Local distributors; and LE=Lanes)

) = ] ] g EEC =)




image13.png




image14.png




image15.png




image16.png
ne (M2, )




image17.png




image18.png




image19.png




image20.png




