Re-scaling Terrain Variables

B.G. Lees', Q.K. Yang?, D.L. Jupp®

1UNSW@ADFA, Canberra, Australia 2601
Telephone: +61 2 6268 9577
Fax:+61 2 6268 8017
Email: b.lees@adfa.edu.au

“Chinese Academy of Sciences, 26 Xinong Road, Yangling, Shaanxi, China 712100
Email: gkyang@ms.iswc.ac.cn

CSIRO, Marine & Atmospheric Research, GPO Box 3023, Canberra, Australia 2601
Telephone: (+61 2) 6246 5895
Fax: (+61 2) 6246 5988
Email: dlbjupp@ozemail.com.au

1. Introduction

Most environmental modelling takes place within the toposequence. Conventionally, the
terrain variables for these purposes have been derived from digital elevation models
(DEMs) produced from large scale topographic maps (e.g. 1:25,000 (approx 30 meters))
or topographic data at that scale. Coverage in Australia of this scale DEM is very limited.
However, global and continental coverage of DEMs is becoming available at coarser
scale. The most important data set is derived from radar images from the NASA Space
Shuttle which were processed to give a 3 arc second (approximately 90 meters, SRTM-3)
for non- US landmasses. Whilst this is not at a scale appropriate to analysis of
relationships within the toposequence, it does have the advantage of being readily
available over broad areas.

Work by Gallant (1997; Gallant & Hutchinson, 1997) on the scaling behaviour of
topography found that the manner in which geomorphic parameters like slope and
contributing area change with scale is not irregular, but systematic, suggesting that an
appropriate mathematical characterization is possible, capturing whatever lies behind the
regularity. The prospect of being able to re-scale coarse DEM derivatives to resemble
finer DEM derivatives is extremely significant both operationally and financially.

Considerable work has been done in China to develop strategies for modifying coarse
DEM slope to produce useable data for finer scale erosion modelling. Attempts have
been made to develop an alternative, or substitute, parameter, for slope e.g. elevation
difference (ED) in specified spatial extent (Liu, 2001). Another strategy by Tang et al,
(2001; 2004: Tang, 2001: Chen, 2004) attempted to transform coarser resolution slopes to
finer resolution slopes by analyzing the histogram of slope and constructing a transform
table. However they found it difficult to define a relationship between ED and slope,
because the transform table does not capture the spatial pattern of slopes effectively.
Yang, in concert with Chinese colleagues and CSIRO researchers McVicar, Van Niel T.,
and Jupp (YYang et al, 2005; 2006a, 2006b, 2006¢), built a transformation function by



matching the histogram of the coarse DEM to that of a fine DEM sample. The DEM
produced by applying this to the coarse DEM has the slope histogram and partial surface
pattern of the finer resolution DEMSs (training area). It appears to depict the land surface
more accurately than the original.

Although the approach described by Yang et al, (2006) is the most promising, it is far
from operational, nor has it been checked for error or applicability to other geomorphic
variables. Yang et al, (2006) identified a range of issues which need further investigation.
Importantly, many of the Chinese studies have focused on trying to convert slope from
1:250,000 to 1:100,000 scale while we believe the important conversion for terrain
derivatives in hydrological analyses is from 1:100,000 to 1:25,000 (roughly from ~3-
second to <1-second). The aim of this project is to build on the work described by Yang
et al, (2006c).

2. Analysis

Our previous work (Laffan & Lees, 2004) indicates that quantitative landscape descriptor
histograms are spatially non-stationary. We believe that it is possible to automatically
identify geomorphic terrains within which histograms are stationary, and between which
they vary. The available DEMs are at scales which can support this sort data
segmentation. However, in this preliminary analysis, we used the existing 1:25,000
Kioloa Geology data from the Pathfinder site (Lees, 1999) to automatically segment the
DEM data.

The DEM was developed by digitising elevation contours (10 m interval), streamlines
and spot heights from 1:25 000 scale topographic maps of the region then interpolating
the data using LDW. The resolution is 30 meters (~ 1 second). This DEM is useful
because it covers a very diverse range of topographies. Van Neil et al., (2004) determined
that the level of error in the Kioloa DEM was comparable to DEM error levels found in
USGS and British Ordnance Survey high-resolution DEMs. A 15 x 15 km subset of the
reference DEM was progressively degraded in stages to provide 1, 3, 5, 9 and 18 second
datasets.

We used a straightforward back-propagation network and sampled three datasets to
provide the learning sample. These were the slope derived from the original, 30m
resolution DEM, slope derived from the generalized 90m resolution DEM, and geology.
Sampling was random and generated a 2,000 point representative sample. We then used
the network and the 90m DEM and Geology to predictively map slope as though we were
using a 30m DEM.

3. Results

The results were encouraging. The original error between the slopes produced by the 30m
and 90m DEMs (fig 1) was considerably reduced (fig 2). It was not eliminated however.



The areas of maximum error were reduced by about 70%, in mid-range slopes they were
reduced by about 85%. The area and amount of reduction was not evenly distributed
with the slope difference on the volcanic rock being reduced least. An analysis of these
results suggests that, because steep slopes are rare here, the representative sample had
under sampled them. Similarly, the areas of volcanic rock are quite limited and it appears
that they too were under sampled. At the time of writing, we had not tested the impact of
an unbiased sample but expect the results to improve the performance of the prediction.

If we can reconstruct comparatively fine scale slope values from coarser DEMs with only
a local sample of the fine scale DEM, and it appears that we can, then it might be possible
to reconstruct other terrain variables such as aspect, plan curvature and slope curvature,
and derivatives such as position on slope and net solar radiation. Clearly, this would be
an important step forward in cutting costs of providing suitable data for modelling, but
much more analysis and testing remains to be done.
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Figure 1. The differences in slopes calculated from a 30m and 90m DEM.
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Figure 2. The predicted slope compared with the actual slope from the 30m DEM.

4. References

Chen, Y., Qi, Q.W., Tang, G.A., 2004. Research on Slope Conversion-atlas in Loess Plateau (in Chinese).
Agricultural Research in the Arid Areas, 22, 180-185.

Gallant, J.C. 1997. Scale and structure in landscapes. Unpub PhD thesis, Australian National University.
P179.

Gallant, J.C. and Hutchinson, M.F. 1997. Scale dependence in terrain analysis. Mathematics and
Computers in Simulation, 43; 313-321.

Gao, J., 1997. Resolution and Accuracy of Terrain Representation by Grid DEMs at a Micro-scale.
International Journal of Geographical Information Science, 11; 199-212.

Laffan, S. and Lees, B.G. 2004. Predicting regolith properties using environmental correlation: a
comparison of spatially global and spatially local approaches. Geoderma, v120(3-4), pp 241-258.

Lees, B.G., Van Niel, K.P. and Laffan, S.W. 2006. Predictive vegetation mapping and DEM error.
Proceedings of the First International Symposium on Terrain Analysis and Digital Terrain Modelling,
Nanjing, November 2006.


http://www.sciencedirect.com/science?%20ob=PublicationURL&%20cdi=5655&%20pubType=J&%20auth=y&%20acct=C000004218&%20version=1&%20urlVersion=0&%20userid=1975847&md5=86820b89bde5a71f200cf5588e57ac6b
http://www.sciencedirect.com/science?%20ob=PublicationURL&%20cdi=5655&%20pubType=J&%20auth=y&%20acct=C000004218&%20version=1&%20urlVersion=0&%20userid=1975847&md5=86820b89bde5a71f200cf5588e57ac6b
http://www.sciencedirect.com/science?%20ob=PublicationURL&%20tockey=%23TOC%235655%231997%23999569996%239643%23FLP%23&%20cdi=5655&%20pubType=J&view=c&%20auth=y&%20acct=C000004218&%20version=1&%20urlVersion=0&%20userid=1975847&md5=fc3ca996224da796edd6874cbef75def

Lees, B.G. 1999. ANU Kioloa/NASA Pathfinder GLCTS Site: Kioloa DTM. URL; http://sres-
associated.anu.edu.au/pathfinder/dtm.html .

Liu, X. H,, Yang, Q., and Li, R. 2001. Extraction and Application of Relief of China Based on DEM and
GIS Method (in Chinese). Bulletin of Soil and Water Conservation, 21, 57-59.

Tang, G. A, Yang, Q., Zhang, Y., Liu, Y.M,, Liu, X.H. 2001. Research on Accuracy of Slope Derived
From DEMs of Different Map Scales (in Chinese). Bulletin of Soil and Water Conservation, 21, 53-56.

Tang, G.A., Zhao, M.D., Li, T.W. 2003. Modelling Slope Uncentainty Derived from DEMSs in Loess
Plateau (in Chinese). Acta Geographica Sinica, 58, 824—=830.

Van Niel, K.P., Laffan, S.W., and Lees, B.G. 2004. Effect of error in the DEM on environment variables
for predictive vegetation modelling, Journal of Vegetation Science, 15 (6): 747-756.

Wu, X.F., Liu, C.M., Wang, Z.G. 2003. Effect of horizontal resolution of raster DEM on drainage basin
characteristics (in Chinese). Journal of Natural Resources, 18, 168-173.

Yang, Q. K., Li, R., and Liang, W., 2006a Cartographic Analysis on Terrain Factors for Regional Soil
Erosion Modelling (in Chinese). Research of Soil and Water Conservation, 13, 56-58, 59.

Yang, Q. K., Van Niel, T.G., McVicar, T.R., Hutchinson, M.F. and Li, L.T. 2005. Developing a digital
elevation model using ANUDEM for the Coarse Sandy Hilly Catchments of the Loess Plateau, China,
Canberra, Australia, CSIRO Land and Water Technical Report, 7/05, 2005.

Yang, Q. K., Li, R., and Liang, W., 2006a Cartographic Analysis on Terrain Factors for Regional Soil
Erosion Modelling (in Chinese). Research of Soil and Water Conservation, 13, 56-58, 59.

Yang, Q. K., Zheng, C.X,, Li, L.T., McVicar, T. R., and Van Niel, G. 2006b. Optimizing DEM Resolution
with Information Content Analysis. Journal of Yangtze River Scientific Research Institute, 23, 21-23,28.

Yang, Q. K., Li, R., Liang, W., Shi W., Jupp, D. and Li L. 2006c. Re-scaling lower resolution slope by
histogram matching, Proceedings of the First International Symposium on Terrain Analysis and Digital
Terrain Modelling, Nanjing, November 2006.


http://sres-associated.anu.edu.au/pathfinder/dtm.html
http://sres-associated.anu.edu.au/pathfinder/dtm.html
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=H2k15ng89iDG2d1fmJp&Func=Abstract&doc=6/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=H2k15ng89iDG2d1fmJp&Func=Abstract&doc=6/1

	1. Introduction
	2. Analysis
	3. Results
	4. References

