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Methods: Synoptic evaluation of all-feature

metrics and geomorphologic conditions
= Workflow on National Hydrography Dataset (NHD)
Subbasins

= Build density partitions (breaks <1.0, 1.0 to < 2.5, > 2.5 km/km?)
and assign partition to stream features

= Simplify subbasin stream features using Bend-Simplify algorithm
(Wang and Muller 1998) with 7 tolerances (15, 25, 50, 100, 200,
300, 500 m).

" For each density partition, compute average metrics of stream
features and average geomorphology characteristics.

= Evaluate relations between metrics and geomorphology
characteristics (XY plots, regression analysis, visual review of
spatial data patterns).

= Evaluate metrics before and after simplification
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Stream network density partitions using density
breaks at <1.0, 1.0 to < 2.5, > 2.5 km/km?2 are built
for each subbasin in NHD regions 1and 7.

Example: Upper Connecticut River subbasin
(01080101)
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NHD Stream Feature Metrics for each
Density Class

= Average sinuosity. Sinuosity is the total length of all segments in a linear
feature divided by the distance between the feature endpoints. Average
sinuosity: average of all features in a density class.

" Mean of average segment length per feature. Average segment length is the
total length of a feature divided by the number of line segments in the feature.
The mean value is the mean of all average segment lengths in a density class.

= Average error variance. The sum of the perpendicular distances of each non-
endpoint vertex in the feature to the anchor line of the feature divided by the
number of non-endpoint vertices, where the anchor line is the line between the
two end points (Buttenfield 1986, Shariari et al. 2002). Averaged for all features
a the density class.

= Average absolute angularity. The sum of absolute value of direction changes
from one segment to the next in a feature divided by the number of direction

changes (Buttenfield 1991, Bernhardt 1992, Tsoulos and Skopeliti 2000).
Averaged for all features in a density class.
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NHD Stream Feature Metrics

Sinuosity: length of a linear feature
divided by the distance between its
endpoints.

Straight line sinuosity = 1; else
SIhUOSIty > 1 Shortest Path

Actual Line

Error variance: average of the
perpendicular distances of each non-
endpoint vertex in a feature to the
anchor line of the feature, where the
anchor line is the line between the two
end points.

18th ICA Workshop on Generalisation and Multiple Representation, Rio de Janiero, Brazil August 21, 2015



RUNOFF SLOPE
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mean annual
Normalized
Difference
Vegetation
Index (NDVI).
Data available
from National
Atlas.

1-km raster 18-year NDVI average. Tested in the weighted flow
accumulation model to adjust runoff for the effects of vegetation.
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Displacement Metrics for Each Subbasin
Density Classes

Maximum Hausdorff distance. The
Hausdorff distance between two linear
features can be defined as the largest
minimum distance between any point on
one feature to any point on the other
(Hangouét, 1995; Rucklidge, 1996; — Max Hausdorft

— Source Line

Nutanong, 2011) — Simplified Line

Average areal displacement. The
areal displacement for a linear feature is
the sum of the area of all displacement
polygons created between the original
and simplified line feature divided by the
length of the original line (White 1985,
McMaster 1986).




Preliminary Results (Regions 1 and 7)

R? values (rounded to two decimal places) from regression equations
that best predict the average stream morphology characteristic (by
density class) from the average 1:24,000-scale stream feature metric

Average Stream
Metrics for a
Density Class

Error| Absolute| Segment
Sinuosity| Variance| Angularity Length

Morphology
Characteristic

Slope

Channel Density
NDVI
Permeability
Rock Depth
Runoff







Although relations are wealk, it
appears the sinuosity and error
variance metrics are influenced
by geomorphic conditions,
particularly runoff and soil

permeability.

It is important for modeling that
these relations are retained in
generalized stream features.




How and why is stream
sinuosity related to

geomorphic conditions?
(right) Schumm (1973) suggests
channel stability, shape, and
sinuosity are influenced by
sediment load, and critical
thresholds in sediment load and
slope alter a channel’s pattern,
which cause variations in channel
sinuosity over the course of the
river channel.
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(above) Two critical thresholds of
valley slope control where channel
patterns change from straight to
sinuous and from sinuous to a braided
pattern (Schumm 1973).

(left) Region 1 and 7 sinuosity values
show a very weak relation with slope.
Additional data needed.



sinuosity is directly related to flow
resistance relative to mean
landscape slope.

By considering relative flow

resistance inversely related to
surface runoff, this theory may
explain the inverse relation
between sinuosity and runoff in
Regions 1 and 7.




Regions 1 and 7 contain only about
1/4th of the range of permeability
values in the conterminous United

States.







Example of local change in sinuosity from
subbasins in different conditions

(Low)

Average Sinuosity
Dry, percentrise >7.0

Density Class

W Source

H Tolerance 15
M Tolerance 25
H Tolerance 50
B Tolerance 100
B Tolerance 200
 Tolerance 300
H Tolerance 500

Average Sinuosity
Transitional, 1.5 < percentrise < 7.0

(Low) Density Class

Simplification reduces
sinuosity, and a greater
impact appears for
features in higher density
partitions.

W Source

B Tolerance 15
H Tolerance 25
H Tolerance 50
B Tolerance 100
H Tolerance 200
M Tolerance 300
m Tolerance 500




Summary

" Preliminary examination of relations between geometric
characteristics of stream features in the high-resolution
NHD and landscape stream geomorphic conditions.

" Evaluated features in regions 1 and 7 (northeast and
north central plains of the United States).

" Results suggest inverse relations exists between
stream feature sinuosity and landscape runoff, and
between stream feature error variance and runoff.
Additional analysis is needed to validate and extend
these relations for the full range of conditions in the
United States.

" Goal: classify cartographic stream features by
geomorphology and identify appropriate simplification
relations for each class.



References

Bernhardt M C, 1992, Quantitative characterization of cartographic lines for generalization. Report No. 425, Department of Geodetic Science and
Surveying, The Ohio State University, Columbus, Ohio, 142p.

* Buttenfield B P, 1986, Digital definitions of scale-dependent line structure. AutoCarto London Conference, London, England, September 14-19, pp. 497-
506.

* Buttenfield B, 1991, A rule for describing line feature geometry. 150-171 pp. in Buttenfield B, and McMaster R, (eds.), Map Generalization, Longman
Scientific, Halow, Essex, U.K..

* Hangouét J F, 1995, Computation of the Hausdorff distance between plane vector polylines. AutoCarto12 Conference, Charlotte, North Carolina.
* Lazarus E D, and Constantine J A, 2013, Generic theory for channel sinuosity, Proceedings National Academy of Sciences 110(21): 8447-8452.
* McMaster R B, 1986, A statistical analysis of mathematical measure for linear simplification. The American Cartographer, 13(2): 103-116.

* Nutanong S, Jacox E H, and Samet H, 2011, An incremental Hausdorff distance calculation algorithm. 37th International Conference on Very Large Data
Bases, Seattle, Washington, August 29-September 3.

* Rucklidge W, 1996, Efficient Visual Recognition Using the Hausdorff Distance. Berlin: Springer Verlag.
* Schumm S A, 1973, Geomorphic thresholds and complex response of drainage systems. Fluvial Geomorphology 6:69-85.
e Schumm S A, and Khan H R, 1972, Experimental study of channel patterns. Geological Society of America Bulletin 83: 1755-1770.

e *Shahriari N, and Tao V, 2002, Minimising positional errors in line simplification using adaptive tolerance values. ISPRS Commission IV, Symposium on
Geospatial Theory, Processing and Applications, Ottawa, Canada, July 9-12.

e Stanislawski, L V, Raposo P, Howard M, and Buttenfield B P, 2012, Automated metric assessment of line simplification in humid landscapes, AutoCarto
2012 Proceedings, Columbus, Ohio, September 16-18, 14p.

* Tsoulos L, and Skopeliti A, 2000, Assessment of data acquisition error for linear features. International Archives of Photogrammetry and Remote
Sensing, 33: 1087-1091.

* U.S. Department of Agriculture, 1993, State soil geographic data base (STATSGO): Data users guide. U.S. Department of Agriculture Miscellaneous
Publication Number 1492, Washington DC.

* Wang Z, and Muller J C, 1998, Line generalization based on analysis of shape characteristics. Cartography and Geographic Information Science, 25(1):
3-15.
* White E R, 1985, Assessment of line-generalization algorithms using characteristic points. The American Cartographer, 12(1): 17-27.

* Wolock D M, and McCabe G J, 1999, Estimates of runoff using water-balance and atmospheric general circulation models.” Journal of the American
Water Resources Association 35 (6): 1341-1350. doi:10.1111/jawr.1999.35.issue-6.






