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Swiss Mapping standards applied 

To digital mapping in Sri Lanka 

 You’ll find step-by-step instructions for MapInfo in the annex  

1. Importing the SRTM dataset in MapInfo 

2. Trimming tiles and merging them to fit the size of a country 

3. Exporting basic DEM data for statistical analysis 

4. Attributing a colour profile to the SRTM4 DEM. 

5. Creating Contour lines or Regions from SRTM 4 DEM. 

6. Computing Slope and Aspect of the SRTM 4 DEM 

7. Optimizing the display of the SRTM4 DEM  
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1. Introduction 
 

GIS analysis of river networks automatically extracted from Digital Elevation Models (DEM) is a 

promising approach for the fast albeit rough definition of areas critical for efficient humanitarian 

interventions. Several software have been developed to automatically define watersheds, extract 

and order networks, or calculate fractal dimensions of lines such as contour lines or streams. When 

combined with spreadsheets functions available e.g. in MS Excel and basic GIS functions avail-

able e.g. in MapInfo or ArcGis, it is possible to rapidly produce digital maps showing areas where 

the groundwater recharge potential is important or, with a different perspective, areas likely to be 

flooded or prone to landslides.  The aim of this paper is twofold as it intends simultaneously 1) to 

describe the different steps of a systematic exploration of DEM data to produce robust sets of data 

-the different computation steps are described in the text while a precise procedure is described in 

Annex 1 - and 2) to illustrate possible results as well as outline the limits of such methods based 

on the example of the Sri Lanka DEM. Graphics and basic statistics are included in the text, so that 

text, graphs and maps interact during the whole presentation of preliminary analyses and final dis-

play of data. 

 

Sri Lanka is regularly plagued by natural disasters, such as landslides, flooding, tropical storms 

and exceptionally by the 2004 tsunami, an exceptional event which resulted in massive destruc-

tion. The Government of Sri Lanka decided to implement an Integrated Disaster Management Sys-

tem, which shall include Hazard Assessment, Risk Evaluation, Preparedness activities and an effi-

cient Response System. An earlier version of this paper intended to contribute to the Hazard As-

sessment, by defining areas which need to be included in mitigation strategies in semi-automated 

way. Its scope was later expanded to include potential groundwater recharge, as this had become 

an always more serious issue with the escalation of the conflict in Sri Lanka. Finally, this revision 

includes optimum display options for SRTM DEM. 

 

A word on software used for these analyses 

The original SRTM 4.0 raw set has been analyzed in MapInfo version 7.8. Besides this commer-

cial software, freeware such as MapWindow (http://www.mapwindow.org) especially its plug-in 

Basins 4 (http://hspf.com/pub/basins4) were also used. Additional functionalities within MapInfo 

include MapImagery freely available from http://www.mapimagery.com/cgi-bin/download.pl?

mi7200.exe, StreamBuilder V2 from Avantra Geosystems (see http://www.avantra.com.au/

StreamBuilder.htm) and Vertical Mapper 3.1 from Northwood technologies Inc and Marconi 

Mobile Limited (see http://www.mapinfo.com/promo/slp/vert_mapper_demo/vmdemo.html). Sat-

ellite images were processed with ENVI version 3.4 (see http://www.ittvis.com/ProductServices/

ENVI.aspx ). Some statistical data analyses were made with MS Excel, most of the graphs are 

however based on Edward Tufte’s design principles and not on the poor Microsoft standards. 

Despite the fact that the desktop computer used to carry out these analyses has state-of-the-art 

hardware (Intel Dual Core, 3.4 GHZ, 2 GB of RAM) and software combination, time and RAM 

resources needed for some analysis were insufficient. The scattered nature of the DEM for exam-

ple did not allow a fully automated drawing of contour lines at 50 meter intervals or defining poly-

gons of same altitudes with fine range intervals on a regular desktop computer. 

See Bünzli M.-A., 2007, SRTM Digital Elevation Model of Sri Lanka: a preliminary exploration of the data, Swiss 

Cooperation Office Colombo, Sri Lanka 

See for example Edward Tufte’s The Visual Display of Quantitative Information or  Envisioning Information- for 

more info, browse through http://www.edwardtufte.com/tufte/books_vdqi 

http://www.mapwindow.org/
http://hspf.com/pub/basins4
http://www.mapimagery.com/cgi-bin/download.pl?mi7200.exe
http://www.mapimagery.com/cgi-bin/download.pl?mi7200.exe
http://www.avantra.com.au/StreamBuilder.htm
http://www.avantra.com.au/StreamBuilder.htm
http://www.mapinfo.com/promo/slp/vert_mapper_demo/vmdemo.html
http://www.ittvis.com/ProductServices/ENVI.aspx
http://www.ittvis.com/ProductServices/ENVI.aspx
http://www.edwardtufte.com/tufte/books_vdqi


 

 

Sri Lanka data set  

The basic dataset used for this paper is the version 4 of the Shuttle Topographic Radar Mission 

(SRTM 4) Digital Elevation Model, (Jarvis A., H.I. Reuter, A.  Nelson, E. Guevara, 2008, Hole-

filled seamless SRTM data V4, International Centre for Tropical Agriculture (CIAT), available 

from http://srtm.csi.cgiar.org). Each pixel has a ground definition of 90 meters and has an eleva-

tion with a precision of 1 tenth of a millimeter! It is originally projected in a Latitude/Longitude 

Projection in the WGS84 Datum. The original SRTM4 dataset contained 12’001 rows for the Lon-

gitude 75 to 85 Degrees East of Greenwich and 6’001 columns for the Latitude from 5 to 10 De-

grees North of the Equator, or more than 72 million individual values. The DEM data were im-

ported, trimmed and merged in MapInfo and could then be exported as Excel files.   

Other sources used include the 1:500 000 Geological Map of Sri Lanka (Cooray, 1984) and the 

1:1’000’000 Geomorphological Map of Sri Lanka (Gunatilake, 1987); the administrative limits 

of Sri Lanka Provinces and Districts (OCHA, 2006), general data from the 1: 1’000’000 GI Plus 

dataset (© Europa Technologies). Climate data were retrieved from the open USGS Middle East 

dataset.  

Soil, geomorphology and other useful maps were retrieved from http://library.wur.nl/isric/

index2.html?url=http://library.wur.nl/WebQuery/isric/22417 . 

LandSat images were downloaded from http://www.iwmidsp.org/iwmi/SearchData/preview.asp?

xPath=/dsp/rs-gis-data/National/Sri-Lanka/01-Landsat-ETM-30m-Single-Dates/ReadMe/ 

The importance of adequate metadata cannot be overemphasized as a river network analysis is a 

succession of computing steps and that both the origin of data as well as the parameters used for 

each computation influence the final result. Ideally, metadata shall be prepared according to the 

standards developed by UNOSAT for a hydrogeological map of Eastern Chad. 

DEM analysis – a brief theoretical introduction 

Landscape results from the interaction of numerous factors, geological conditions defining the 

chemical composition of rocks and soils, geomorphology expressing the dynamics of erosion and 

ecosystems controlling the dynamics of living organisms. They are largely influenced by prevail-

ing climatic conditions, which can be analyzed either at long-term, statistically significant level or 

on event basis in case of acute natural disasters. 

 

The network of permanent or temporary rivers in a given area is an exact signal of the balance ex-

isting between active chemical, physical and biological forces. The length, density or shape of riv-

ers results from a number of complex interactions, but the result is still a single, clear picture. To 

analyze this signal with the purpose to highlight useful parameters for water exploration or natural 

hazard identification is the basic idea behind many techniques currently evolving in parallel with 

the development of Remote Sensing and geographical modeling. 

 
 

For the method of interpolation, see Reuter H.I, A. Nelson, A. Jarvis, 2007, An evaluation of void filling interpola-

tion methods for SRTM data, International Journal of Geographic Information Science, 21:9, 983-1008 

Bünzli M. – A. and Haeberlin Y., 2005: Carte Hydrogéologique de l’Est du Tchad : Notice Explicative,  UNHCR / 

UNOSAT, Genève, 88 pages, 43 figures,  

Selvaradjou, S-K., L. Montanarella, O. Spaargaren and D. Dent (2005). European Digital Archive of Soil Maps 

(EuDASM) – Soil Maps of Asia DVD-ROM version. EUR 21823 EN. Office of the Official Publications of the Euro-

pean Communities, Luxembourg 

http://srtm.csi.cgiar.org
http://library.wur.nl/isric/index2.html?url=http://library.wur.nl/WebQuery/isric/22417
http://library.wur.nl/isric/index2.html?url=http://library.wur.nl/WebQuery/isric/22417
http://www.iwmidsp.org/iwmi/SearchData/preview.asp?xPath=/dsp/rs-gis-data/National/Sri-Lanka/01-Landsat-ETM-30m-Single-Dates/ReadMe/
http://www.iwmidsp.org/iwmi/SearchData/preview.asp?xPath=/dsp/rs-gis-data/National/Sri-Lanka/01-Landsat-ETM-30m-Single-Dates/ReadMe/


 

 

Modern GIS applications allow to shift or combine raster images and vector data in a user-friendly 

manner, using the results of one analysis as input for the next one. However, to perform automated 

analysis requires a good understanding of the limits and potential errors of each step of data ma-

nipulation, crucial for evaluating the accuracy of the final maps and tables.  

 

Not surprisingly, an in-depth, preliminary analysis of the available data is needed before proceed-

ing with any statistical or geographical manipulation. 

 

Figure 0: The Raster and the Vector view of the World. 

 

Traditionally, satellite image form the bulk of raster data used for environmental analyses, for 

which spectral pattern recognition is more advanced than spatial pattern analysis. Following steps 

are included in satellite image analysis: Image rectification and restoration; Image enhancement, 

including contrast manipulation, spatial feature manipulation and multi-image manipulation; Im-

age classification, including supervised and unsupervised classification; and finally data merging 

and GIS integration. SRTM data can be used to produce grids, a specific form of raster representa-

tion, in which the altitude is linked with each cell, allowing 3 dimensional modeling. 

Vector data consist of points, lines and areas as well as field which represent qualitative or quan-

titative values. Network analysis is based on vector extracted from DEM, but point pattern analysis 

can also be used to extrapolate values when assuming that each node can be treated as a point.   

Finally, the order or magnitude of events must be properly assessed to avoid misinterpretations, 

i.e. that the adequate frame must be used to explain observed or computed events. It has been rec-

ognized since a long time that the best way to represent the time and space dimensions of 

natural events is within a log/log graph. Time and space scales at which observations are re-

ported are thus important and adequate care must be given to their precise definition. This remark 

is especially important at a time when the current climate change hysteria deeply affects our capac-

ity to think at the adequate time scale – climate changes must be measured against time scales cov-

ering centuries, while local accidents have a statistical significance only when the average values 

are changing within period of 50 years. Contrary to climate changes, river network changes can 

be seen immediately, as they constantly reflect the actual balance of physical forces acting 

along its shores. 

 

 

 

For a complete review of Satellite Image processing, see: Lillesand T. M., Kiefer W. K. and Chipman J.W., 2004: 

Remote Sensing and Image Interpretation, 763 pp., John Wiley and Sons, NY 

See O’Sullivan D. and Unwin D., 2003. Geographical Information Analysis, John Wiley and Sons, NY 

Delcourt, R.H., Delcourt, P.A. et Webb, T., 1983. Dynamic plant ecology: The spectrum of vegetational change in 

space and time. Quaternary Science Reviews, 1: 153-175. 



 

 

2. Preliminary analysis of Sri Lanka DEM 
 

Once introduced in MapInfo, the DEM was first analyzed without any geographical manipulation, 

but only to highlight the basic statistical parameters. The figure 1 shows the histogram of the fre-

quency of heights automatically classified by Vertical Mapper in a range of 256 values, which is 

of limited interest.  In Figure 2, the frequency of occurrence has been replaced by its logarithm, 

which permits to highlight otherwise unnoticed fluctuations. They indicate thresholds in the spatial 

scale, defining the upper limit of a set of physical and chemical processes which contribute to 

weathering of rocks, erosion, sedimentation and pedogenesis. These thresholds are then used to 

produce a number of maps showing the spatial localization of lowlands, eroding terraces, primary 

sources of sediments, permitting to redraw the geomorphology of Sri Lanka only by displaying the 

DEM with a sound color profile and eventually segregating the landscape in three different geo-

tectonic settings.  

Figure 1: Diagram of the distribution of the SRTM 

4 DEM node values. 

 

The value of each node varies from 0 (sea level) to 

2500 Meters, whereas the frequency, indicating the 

number of occurrences for each value, varies from 

zero to more than 725’000. This graph is domi-

nated by the predominance of lowlands in Sri 

Lanka and does not permit to discriminate inter-

esting features in highlands. 

Figure 2: Diagram of the log of the frequency of 

the SRTM DEM node values. 

 

The light-grey line represents a normal log distri-

bution. Peaks can be observed around the values 

of 180, 550 to 600, 1900 and 2200 meters, as well as 

a regular, flat slope between 700 and 1350 meters. 

While a normal log distribution explains partly the 

repartition of altitudes up to 1900 meters, another 

explanation must be found for higher altitudes, as 

expressed by the black dashed line. 

Three different dynamics are currently controlling the 

erosion dynamics in Sri Lanka: the deposits of sediments 

in lowlands; in relation with the alpine uplift, a constant 

but rather slow erosion of the altitudes between 180 me-

ters and 1900 meters, where local geology explains the 

differential rates of erosion; a localized erosion of the 

highest altitudes which present strong evidence of a rel-

ict regional erosion plane, which can tentatively be 

linked to the post Pan-African orogeny. 

Radar diagram are generally used when comparing data 

which are not comparable! Here, we compare two normal 

log distributions i.e. the monotonous distribution of alti-

tude classes and the frequency of their appearance in Sri 

Lanka DEM. This is in no way a typical radar diagram 

Figure 3: Radar diagram of SRTM 4 DEM. 

 

If compared with a clock, at noon we have the sea level 

and can notice a sharp decrease of the frequencies be-

tween 0 and 200 meters (at 1.30); a slower decrease 

until 1900 meters (at 9.00); and finally a sharp decrease 

marked by a strong peak at 2180 meters (at 10.30)  
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Figure 4: Shaded DEM Sri Lanka with zones lower than 20 meters in red 

Figure 5: DEM Sri Lanka with colors based on thresholds defined in figure 2. 

Figure 6: DEM Sri Lanka highlighting the zones of primary production of sedimentary material 

Figure 7: Geomorphological Map of Sri Lanka (Gunatilake, 1987) 

In terms of volume of rock, there is a total of 14’775 km3 of rock on the total surface of 66’047 km2, with 94% of 

the surface (62084 km2) contributing only to a third of the total volume, while the 6% of the highest part of the 

country contributes to 34% of the total volume. The average thickness of continental crust above sea level is 223  m. 



 

 

Contour lines and regions of same average altitude 

Using the same thresholds, contour lines and regions were extracted from the DEM, highlighting 

the most important geographical information (see Para 5 of Annex 1) 

Figure 8: Detailed View and color profile of the Sri Lanka DEM highlighting different geo-tectonic settings. 

Lowlands are in blue, highlighting the erosion pattern of the lower Terrace, in green; the central massive of 

Sri Lanka in brown is topped with a limited zone above 1900 meters in grey 

 180 meters, the upper limit of the lowlands, an area with high sedimentation rates, regu-

larly rejuvenated by the sea level changes during colder periods of the Pleistocene. 

 700 meters represent the upper limit of the lower Highlands, which are in a maturing ero-

sion process, with some very steep slopes. 

 A very stable repartition of altitudes characterizes the values ranging from 700 to 1350 

meters, which can tentatively be linked to a global rejuvenation due to the regional uplift 

synchronic to the Himalaya orogeny. 

William Davis has proposed in 1884 a theory of erosion cycles: Rivers and streams begin to cre-

ate V-shaped valleys among the mountains (the stage called "youth"). During this first stage, the 

relief is steepest and most irregular. Over time, the streams are able to carve wider valleys 

("maturity") and then begin to meander, leaving only gently rolling hills ("old age"). Finally, all 

that is left is a flat, level plain at the lowest elevation possible (called the "base level.") This 

plain was called by Davis a "peneplain," which means "almost a plain" for a plain is actually a 

completely flat surface. Then, "rejuvenation" occurs and there is another uplift of mountains and 

the cycle continues. The logarithmic distribution of frequencies permits identifying five main 

thresholds, which can be described according to Davis erosion theory as follows: 



 

 

 Two more thresholds are visible at 1900 meters and at 2100 meters, important even if 

they represent only very small relative area. The over-representation of altitudes around 

2100 meters probably represents a relict regional erosion plane, as the black dashed line 

in figure 2 suggests a typical erosion curve of a mature Davis erosion cycle . 

 

All descriptions made until now were made without any direct reference to the existing geologi-

cal maps but purely based on topography data. Hereunder, the geological map of Sri Lanka has 

been draped on the DEM to highlight the relation between the petrography and the topography. 

A relatively higher topography of the undifferentiated sedimentary rock of the Highland Com-

plex (in orange) can be noticed when compared to the undifferentiated gneiss (in pink) of the 

Vijayan complex (Cooray, 1984), which include most of the lower Highlands. 

 

 
 
Figure 9: Geological map of Sri Lanka draped on the DEM 

Conclusions on the preliminary analysis of the Sri Lanka DEM 

The Sri Lanka DEM reflects an interesting topography characterized by 1) a clear base level – 

the sea level- whose fluctuations during the Pleistocene have resulted in alternating periods of 

erosion and sedimentation; 2) lower Highlands, which correspond to a different Precambrian unit 

than 3) the (upper) Highlands, which correspond to the Highland Complex, another Precambrian 

unit. While the highlands are eroded due to the uplift of the Indian plate in the current Alpine 

orogeny, a fossil peneplain could be identified which corresponds to a relict erosion curve repre-

senting the senile stage of the erosion of the Precambrian shield following the Pan-African 

orogeny. 



 

 

3. Aspect and Slope of DEM 
 

For each pixel, the values of the aspect and slope are calculated by Vertical Mapper with an al-

gorithm based on the values of the neighboring cells of the DEM (see Para 6 of Annex 1). Again, 

a preliminary analysis of the data is needed before proceeding with automated river network ex-

traction. They will focus on the orientation of valleys as expressed by the aspect and statistical 

distribution of slopes. SRTM data include an error which alters the quality of the aspect and 

slope values of semi-cardinal directions (NR; SE; SW and NW). The average error on aspect and 

slope is small enough for general conclusions on aspect, although a word of caution is needed 

here: average slope and aspect based on 90 meters ground resolution pixels have quite a coarse 

base-grid, hiding many visible features.  

A relation between the position of clouds and geomorphic features could be established while 

combining different under-products of slope and aspect analyses, when semi-transparent layers 

of similar slope were overlaid on LandSat images. 

Aspect analysis: process and preliminary results 
 

The aspect indicates in which direction the landscape is oriented and is perpendicular to the di-

rection in which the slope fails. A histogram of aspect has been exported from Vertical Mapper 

and its value are displayed in a radar diagram. Here, the radar diagram is not used to compare 

values which cannot be compared, but to represent the compass direction of the aspects, the 

North being on the top. 

 

 

Figure 10: Radar diagram of the DEM aspect 
 

15 values - 5% of the whole range of values - represent 15.4% 

of total frequency. The highest values are generally bordered 

by very low frequencies of aspect angles The most frequent as-

pects are approximately W, NE, N, SE, SW, NW, E, S, WSW, 

ENE, WNW, NNE, NNW, SSW, SSE,  

 

74 values (29% of all values) are above the average frequency, 

while 182 values (71% of the values) are under the average fre-

quency, which indicates an uneven aspect distribution. 

 

The West aspect is more frequent than the East aspect, as well 

as the North/South and ENE/WSW aspects, which all show a 

regional asymmetry along these directions. The overall dip of 

Sri Lanka is approximately oriented towards WNW 

As the DEM Sri Lanka covers the whole island, the average value of its aspect directions should 

be 180 degrees. While it’s the case when averaging the 256 values of the histogram, it’s not the 

case anymore when averaging the product of the frequency by the aspect, whose result is 182.96 

degrees, thus indicating that the average error is 1.7%, a very accurate result indeed.  

Gorokhovich Y., Voustianiouk A. , 2006, Accuracy assessment of the processed SRTM-based elevation data by 

CGIAR using field data from USA and Thailand and its relation to the terrain characteristics, Remote Sensing of 

Environment 104 (2006) 409–415. 



 

 

Figure 11: Aspect of Sri Lanka DEM. 

Note the high frequency of blue and orange in the South (East West general orientation of geomorphic fea-

tures) and the Northwards trend of alignments towards the East (yellow, orange and turquoise). The black 

line localizes the Chillaw - Hambantota cross section illustrated in figure 13. 



 

 

Slope analysis: process and preliminary results 

The slope can also be computed from the DEM with Vertical Mapper, and as expected important 

slopes are concentrated in the Central Highland (see figure 13) 
Figure 12: Diagram 

of the log of the 

frequency of slopes. 

 

The black line 

represents a trend 

line with a second 

degree polynomial 

equation 

(y = -0.00004x2 

- 0.011x + 5.150, 

R² = 0.985). 

 

Angles up to 3 de-

grees are appearing 

more often while 

angles between 3° 

and 19° less often 

than predicted.  

 

The scattered distribution of angles higher than 60° is an artifact due to the logarithmic scale of  frequency.  

 

Figure 13: Cross section Chil-

law Hambantota 

In this figure combining alti-

tudes and slope grids, it’s 

possible to recognize, from 

left to right: 

Very important slopes (> 20 

degrees) at the end of the 180 

meters plateau; 

Very important slopes be-

tween 400 and 700 meters; 

Important slopes (> 20 de-

grees) between 1400 and 1600 

meters and 

Important slopes (> 20 de-

grees) between 500 and 100 

meters. 

 

 

Note the concentration of high slopes in the central Highland, as well as along ridges in the North-East. Riv-

ers with very gentle slope and all major reservoirs are easily identified if slope under 0.5° are colored in blue. 

 

A reclassification was made for the slope values of the DEM, i.e. that they were grouped in new 

classes, and areas of same average slope range were defined (See Para 7 in Annex 1) as illus-

trated in figures 15, whereas figure 17 illustrates the superposition of the shaded DEM with the 

reclassified slope grid. The process, purely visual at this stage, consists of making the grid layer 

partly transparent and superpose it on the colored DEM. The colors of the DEM and the reclassi-

fied slope DEM have been carefully selected to permit an easy reading, i.e. that the DEM is in 

the blue-purple tones, whereas the slope grid is represented in a series ranging from green to yel-

low to red. Sharp edges are thus highlighted, allowing a fast discrimination of areas  to be as-

sessed as a matter of priority when making a landslide risk map. 
 



 

 

Figure 14: Slopes of DEM Sri Lanka. 

Note the concentration of high slopes in the central Highland, as well as along ridges in the North-East. Riv-

ers with very gentle slope and all major reservoirs are easily identified if slope under 0.5° are colored in blue. 



 

 

 
 

Figure 15: Slopes in the Nuwara Eliya area before the reclassification 

 

Figure 16: Slope in the Nuwara Eliya area after reclassification. 

 

Pixels with a slope of < 6° have been made transparent, areas with steep slopes are depicted in orange or red. 

 

 
 

Figure 17: DEM in the area of Nuwara Eliya 

Figure 18: Dem in the area of Nuwara Eliya overlaid  

by semi-transparent slope grid. 



 

 

Conclusions on Aspect and Slope 
 

 
Figure 19: LandSat image and slopes extracted from DEM. 

The slopes extracted from DEM were superposed on LandSat image dated 14.03.2001 and displayed in natu-

ral colors (bands 321). March is normally a dry season in South-West Sri Lanka. 

 

The alignment of clouds along areas with important slopes is characteristic of orographic cloud 

formation, water condensation being induced when air masses undergo fast ascension to avoid 

important reliefs. During the South-East monsoon season in July and the North-West monsoon 

seasons in November, massive volumes of wet air cross Sri Lanka. Besides rainfall due to re-

gional dynamics, additional locally induced rainfalls occur in areas with strong slopes (and 

height differences) as well as favorable aspect. As there will eventually be more rain in the wind-

ward than in the leeward direction, asymmetrical erosion takes place, with more rain – and more 

erosion – on slopes dipping towards the South-West than towards North-East. 

 

Investigating DEM data and slope and aspect grids before starting network analysis has resulted 

in identifying three different geo-tectonic settings; highlighting global trends in precipitation re-

partition partly linked to the aspect of Sri Lanka; confirming the limit of the 180 meter terrace, 

which is deeply eroded and can present slopes of more than 30 degrees; 

 

Although the accuracy of SRTM 4 data is not absolute, it can reasonably be used for watershed 

analysis once the regional trends have been clearly identified, defining a framework for interpre-

tations. 
 



 

 

Strahler Index Shreve IndexStrahler Index Shreve Index

4. Automated analysis of river networks 
 

There are two fundamental types of DEM representations, raster images, composed of pixels 

originating mainly from Remote Sensing and scanned maps, or vectors, processed from a variety 

of sources and stored as points, lines or polygons. 

 

Semi-automated analyses of DEM-extracted watersheds, sub-basins, river networks and its topo-

logical classification ca be expressed in both formats. The ordering system mostly used in net-

work analysis must first be introduced before examples of analyses based on raster and vector 

data will be shown. 

The Strahler order increases by a factor one each time two segments of the same order con-

verge on a node: the water flow corresponds to a first order segment as soon as runoff starts. 

Strahler index analyses always give the same result. In comparison, the Shreve Index can result 

in very different indexes on each node, depending where the ordering is started. It is a cumula-

tive system, where the order at each convergence represents the sum of all segments.   

See Strahler AN. 1952. Dynamic basis of geomorphology. Bulletin of the Geol. Society of 

America 63: 923-938 and Shreve, R. L. 1966. Statistical Law of stream numbers. Journal of Ge-

ology 74, p. 17-37. 

Pro memoriam, P = E + EPT + R + I + ΔS, where P is the precipitation, E the Evaporation, 

EPT the Evapotranspiration, R the Runoff, I the Infiltration and ΔS the variation of groundwater 

stock. As soon as R > 0, a flow will occur, characterized at the head of any watershed by a first-

order segment. Basic automated flooding analyses are built almost exclusively on appearance 

and evolution of Runoff. See Horton RE. 1945. Erosional development of streams and their 

drainage basins: hydrophysical to quantitative morphology. Bulletin of the Geol. Society of 

America 56: 275–370 

Figure 21: The Strahler and Shreve index system, both indexes being developments of the works of Horton, 

who is well-known for his study of minimum runoff and flood generation.  



 

 

Analysis based on raster data manipulation 

Figure 22: Two steps illustrating the automated extraction of the Strahler index: on the left, an extraction of 

high-lying areas, while the right section shows the streams with an actual flow. 
 

Figure 23: Grid representation of the Strahler index 

of the network extracted from SRTM DEM which is 

an example of the automatic treatment of a network 

in raster mode. 

 

The river network has been extracted with 

MapWindows’ Basins 4 plug-in  from the 

SRTM DEM and classified according to 

Strahler index. The order directly indicates the 

dynamic of rainfall reaching the ground – when 

the order is null, all the water infiltrates, when 

the order is higher than 1, some water flows 

above the ground while a high order (higher 

than 5) indicates a fast flow of large quantities 

of water. This digital network is an excellent 

basis for flooding and groundwater recharge 

areas modeling.  
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Order 10 -> R important, 

I small and ~ to P
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Figure 24: Bifurcation Ratio: Distribution of nodes 

of order 1 to 4 in the whole network. The Horton 

law of stream numbers states that there exists a 

geometric relationship between the number of 

streams of a given order Nω and the order ω.  

 

The parameter of this geometric relationship 

is the Bifurcation Ratio, RB. By using a loga-

rithmic scale, a curve appears, whose equa-

tion is shown.  

The value of 2.24 is smaller than the average 

Horton bifurcation ratio, usually closer to 3. 



 

 

Analysis based on vector data manipulation 
 

A MapInfo-based program – StreamBuilder 3.0, was used to automatically extract the water-

sheds and the river network, which could all directly be used for geostatistical analyses. 

 

Figure 25: Watershed extraction     Figure 26: Sub-Basins extraction 

 

Figure 27: Rivers extraction     Figure 28: Discretization of river networks 

Discretized networkDiscretized network

WatershedsWatersheds Sub-BasinsSub-Basins

RiversRivers

Figure 29: Inverse Distance Weighing model forecast of flooding areas. Inner channels likely to spill out are 

displayed in stronger turquoise than areas inundated by water during annual to centennial floods. 

Figure 30 shows areas with a high groundwater recharge such as forecasted by krieging. Darker blue shows 

areas with higher infiltration potential than light blue or white areas. These are only preliminary results. 



 

 

5. Optimizing the Display of the DEM 
 

With the results of the preliminary data analyses, it’s possible to render a relief representation of 

the DEM which shall look as natural as possible and integrate the main geologic and geomor-

phological features identified so far (See Annex 1 part 7). The principles established by Eduard 

Imhof, father of the Swiss mapping school, have been strictly applied in the treatment of the 

DEM, its slope and its aspect. Different sources of light are used for shading the different layers, 

all situated around 300° North, the upper-right part of a map being the usual starting point for 

users normally reading an Indo-European language.  

When altitudes are displayed on Y axis and the logarithm of 

the frequency on X axis, a characteristic curve of the DEM can 

be analyzed for the optimal choice of colours for displaying the 

DEM. 

The seemingly scattered distribution above 2280m is an arte-

fact due to the logarithmic scale of the graphic.  

The relative increase of altitude between 2100 and 2180 meters 

should be highlighted through a complementary colour selec-

tion.  

While 1900 m represents a major breaking point in the gen-

eral curve, the 2010 altitude represents a second-order change 

in morphology. 

There is a marked increase in the frequency of altitudes be-

tween 1720 and 1900 m, which shall be highlighted with a spe-

cific colour. 

 

While in figure 2 the 1350 altitude made a clear separation 

between major blocks, it can hardly be seen in this representa-

tion, which shows en passant the importance of making multi-

ple representations of the frequency distribution to bring the 

different orders of organisation to light. The 1120 m limit 

marks a second-order change in this graph. 

 

The 700 m limit marks a first-order change in the topography. 

 

There seem to be second or even third-order changes at 320 m 

and 420 m, while 510 m represents a first-order change.  

 

 

 

The 180 m limit marks a first-order change, and a second or-

der break can be seen at 90 meters. The highest number of 

occurrences is between 0 and 20 m, thus requiring a specific 

colour. 

 

We have now 14 altitudes which can be correlated with first and second-order changes in the 

general morphology. The colouring scale shall thus include 0m, 20m, 90 m, 180 m, 320m, 420 m, 

510 m, 700 m, 1120 m, 1350 m, 1720 m, 1900 m, 2100 and 2180 m and finally 2280m. A pre-

cise selection of colours can now be made to display the SRTM DEM. But Slope and Aspect 

grids can also contribute rendering a more natural display, especially if used with adequate trans-

parency on the DEM. 

 

Imhof Eduard, 2007, Cartographic Relief Presentation, English-language edition, ESRI Press, CA 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: 

DEM displayed 

with the colour 

scale shown at 

right 

 

 

 

 

 

 

 

 

 

 

Figure 33: Slope of 

DEM, greyed with the 

colour scale at outer 

right  

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Aspect  displayed 

with a yellow layer expressing 

the amount of light received 

by  surfaces oriented towards 

285°N  

 

Morphological features are 

differentially highlighted by 

these colour scale, it’s time to 

combine them 



 

 

Figure 35: DEM illuminated 

from 300° N with a 30° incli-

nation. Small scale features 

become Immediately visible, 

as well as local accidents. 

 

As described by Imhof, the 

features oriented perpendicu-

larly to the shading light dis-

play fewer details than the 

other features.  

 

This shaded DEM has bright 

tones, showing sharp bounda-

ries among colours. This will 

be corrected through the over-

lay of slope and aspect grids. 

 

 

Figure 36: DEM and slope:  

same shaded DEM as before, 

but with a slope illuminated 

from 315° N and 30° inclina-

tion. The slope grid has a 70% 

transparency. 

 

The boundaries are sharper, 

the tones look more harmoni-

ous and many details can now 

be analyzed, such as the paral-

lel series of fractures in the 

central mountain. 

 

Even if the image looks better, 

some details are still too 

sharp, and the whole image 

would benefit from an addi-

tional muting of too vibrant 

element. A last overlay with 

the aspect grid may calm the 

image. 

 

 

Figure 37: DEM, slope and 

aspect: same  DEM and slope 

as before, with an additional 

layer: the aspect, with the 

light coming from 285° N and 

30° inclination. The aspect 

grid has a 90% transparency. 

 

Some additional details can be 

seen in the highest parts of the 

mountains, but most impor-

tantly the topographic repre-

sentation is now sufficiently 

muted to allow the display of 

additional information. 



 

 

  

Figure 38: a very different view of the same area, albeit based on the 

same display of slope and aspect as per the table at left: The colour 

scale was selected to highlight the erosion pattern of the lowland 

while the different units in the Highland are largely muted. Different 

active or passive colour scales selected for the same altitude classes 

will result in completely different visual results. 

 

 

There is be an upper limit of ten colours above which the reader is unable to distinguish them 

anymore, meaning that the design of a map must always strive to highlight graphically the rele-

vant information with less than ten colour tones, which is the case of the map above. 

Conclusions 
 

The DEM, slope and aspect grids extracted from the SRTM dataset are useful for analyzing geo-

morphologic features. A data analysis of the DEM allows defining thresholds, which can then be 

used to highlight the different topographic zones of Sri Lanka. Using the logarithm of the fre-

quency instead of the raw data greatly increase the insight in the topography, while the radar rep-

resentation of the log of the altitude and the frequency permits to recognize zones with different 

tectonic origins. 

 

The orientation of the slopes and the aspect of the DEM has preferential directions related to 

structural lineaments, but also to the more or less direct exposure to monsoon rainfall. The slopes 

extracted from the DEM were reclassified, and displayed with varying transparencies on the 

DEM. A careful selection of the colors permits to highlight the main edges of the landscape in 

the Central highland. 

Grid Light source Angle 

DEM 300°N 30° 

Slope 315°N 30° 

Aspect 285°N 30° 

Imhof Eduard, 2007, Cartographic Relief Presentation, English-language, ESRI Press, CA 



 

 

A further analysis of the slope and the DEM shows that steep slopes are concentrated in certain 

ranges of altitudes, with two probable different origins: in the range 700 to 1100 meters linked to 

the petrography of the rock, which results in cliffs and regional slopes resulting from the long-

term erosion processes, whereas the steep slopes in the lowland (under 400 meters) are linked to 

active erosion, often due to inadequate land use. 

 

These hypotheses should be further explored in a later stage of development of a GIS. The re-

sults on automated flooding analyses are preliminary, and should only be used once compared to 

actual flooding events in the last 10 years .  

 

Finally, some examples show the large variety of possible DEM displays, all DEM, slope and 

aspect respecting Swiss Mapping school. Maps shall not only aesthetic criteria, but also be 

meaningful, with the limits of altitudes, slope classes or aspect illumination selected to reflect the 

main geomorphic features. The superposition of semi-transparent layers illuminated from three 

different points instantly transforms an anonymous relief display in a geo-morphological map. 

Most of the data treatment steps can easily be automated, except for the in-depth analysis and 

reasoning about the DEM dataset, as its interpretation and classification must be based on geo-

graphical or geological hypotheses that computers are unable to handle.  

 

Step-by-step instructions for reproducing the different products presented in this report shall help 

the reader to explore the characteristics of SRTM and other DEM datasets. A specific effort is 

put on metadata of each layer, as always more complex analysis will require an in-depth under-

standing of the mathematical processes applied to produce the different layers of the GIS. 

 

Finally, as mentioned in the first page, this report is based on Edward Tufte’s design principles , 

which have deeply inspired the graphs and maps shown above. 
 

 

Bern, February 28th 2011 

 

 

Marc-André Bünzli, 

MSc Earth Sc., MSc Env 

 

See for example Edward Tufte’s The Visual Display of Quantitative Information or  Envisioning Information- for 

more info, browse through http://www.edwardtufte.com/tufte/books_vdqi 

http://www.edwardtufte.com/tufte/books_vdqi


 

 

Annex 1: Step by step procedures for SRTM 4 data analysis 

Importing the SRTM dataset in MapInfo 

In page http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp, select the tiles you want to im-

port. Download each tile in ASCII format and create a new folder where you’ll unzip them. 

Three files will then be an ASCII file with all data, a file with projection details and a ReadMe 

textfile. 

Go to Vertical Mapper/Create Grid/ Import Grid. Click add, browse until you find the ASCII 

file, select it. In the dialog box, select Longitude/latitude as Category and Longitude/Latitude 

(WGS84)p432 as category member. You can tick the “Use for all imports of similar types” if 

you have several tiles to import. The default null value is -9’999.000 as proposed as default 

value. Select Meters in the Grid Import Z-Unit dialog box, select the folder where it shall be 

saved and click OK. 

Open the Grid in MapInfo, right-click to open the open the Layer Control, select Display and 

untick “Display within Zoom Range in “Zoom Layering”, click OK twice, a colored DEM ap-

pears. Repeat this procedure for all tiles to be imported. Alternatively, you can also enter 0 as 

minimal value and 5000 KM as maximal value for the zoom layering. This setting will only be 

saved in a workspace, not in the file itself. 

Trimming tiles and merging them to fit the size of a country 

Open a folder with Country Boundaries - the location of this file depends on your configuration 

– open the Countries table and select the country you are interested in (from the browser table or 

by clicking on the map window). Open the Layer Control with a Right-click, make the cosmetic 

layer editable, then paste/copy the country in the Cosmetic layer. Right-click on the country, go 

to Edit Objects/Buffer and put a radius value for the buffer zone . Click OK, you have now a 

buffered country contour line. This will now be used to trim unneeded areas from your DEM. 

Make sure that the buffered country is selected before processing. 

Select the DEM you want to trim, open the Vertical Mapper toolbox, Go to Show/Hide grid 

Manager – tools – Trimmer, select the folder where you want to save your trimmed file, and 

click save. Repeat as often as needed. 

To merge the trimmed files, open the Vertical Mapper toolbox, Go to Show/Hide grid Man-

ager – tools – Splicer, add the trimmed files you want to merge, ensure that the Merge box and 

that the “Average” value are selected, choose the folder where you want to save your merged 

DEM file, and click OK. 

You should now have a single DEM file covering your area of interest. It’s advisable to keep the 

original ZIP files with the DEM raw Data and to delete the other files as they are usually very 

heavy and not needed anymore. 

Exporting basic DEM data for statistical analysis. 

There are 3 possibilities to export data on the DEM to Excel for basic statistical analysis 

 

First method: open the Vertical Mapper toolbox, Go to Show/Hide grid Manager – Info – 

Histogram, right-click the graph and select Export/Text File. A file showings the frequency of 

256 DEM values is exported in a TXT format and can easily be introduced in Excel. In the Sri 

Lanka DEM, it has a size of 6 Kb. 

The optimal value for the buffer zone is depending on the size of the country, its position with reference to regional 

watersheds, the areas of interest. In case of doubt, start with a value between 25 and 50 km. It’s also possible to in-

crease the size of the buffer later, but be aware that the larger the buffer zone is, the slower the processing of data 

will be as the DEM will become bigger. 

http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp


 

 

Second method: open the Vertical Mapper toolbox, Go to Show/Hide grid Manager – tools – 

export, select ASCII point export, a file with 3 columns – Longitude, latitude and height will be 

generated. This is a very large file – in the case of Sri Lanka 275 Meg – and cannot be intro-

duced in Excel because it exceeds the its maximum limit of 1’050’000 lines. A cumbersome 

method consisting of splitting the file in smaller parts in Word can be applied but seems not very 

useful. 

Third method: open the Vertical Mapper toolbox, Go to Show/Hide grid Manager – tools – 

export, select ASCII grid export, a file with 6’000 lines and 6’000 columns will be generated. 

It’s also quite large - 251 Meg for Sri Lanka DEM– but can be introduced in Excel and used for 

statistical analysis. 

Attributing a color profile to the SRTM4 DEM. 

Statistical analyses of the DEM have shown that there are 5 interesting thresholds which shall 

now be used for defining color profiles for the DEM. The values are 0 m, 180 meters, 550 m, 

700m, 1350 m, 1900 m and 2100 m, which allows creating at least 6 different altitude classes. 

Open the Vertical Mapper toolbox, Go to Show/Hide grid Manager – color where you can 

adapt the color profile. You can load existing color profiles – they are usually under C:\Program 

Files \MapInfo \vm \Color Profiles. 

Creating Contour lines or Regions from SRTM 4 DEM. 

Open the Vertical Mapper toolbox, Go to Show/Hide grid Manager – Contour, select poly-

lines, then intervals and enter the value you want – e.g. 100 meters, check that the minimum and 

maximum values are within the range of the DEM, click OK. 

You can create regions from the same dialog box, select regions, define intervals and click OK. 

It is usually useful to create regions with specific values defined during statistical analysis while 

using regular ranges for contour lines. Color profiles defined for the DEM can also be used for 

displaying Contour lines or regions. 

A note of caution – to produce the contour regions for the Sri Lanka DEM, 2 hours and 45 min-

utes of computing were needed to produce a file of 16 Meg – showing how cumbersome this 

procedure is. It’s also possible to combine all contour lines or regions and to update the files with 

total length or area. 

Computing Slope and Aspect of the SRTM 4 DEM. 

The automatic computation of Slope and Aspect is very easy in Vertical Mapper:  open the Ver-

tical Mapper toolbox, Go to Show/Hide grid Manager – Analysis – Create Slope and As-

pect. 

The Color management is the same as with the DEM, and the Export of data as well. Export-

ing and analyzing the aspect histogram however is limited, as there are only 256 classes while 

the aspect comprises 360 degrees. There seems also to be a severe distortion towards the cardinal 

direction (N, E, S, W) and the NE, SE, SW and NW directions, probably due to a weakness in 

the algorithm. 

Optimizing the display of the SRTM4 DEM. 

The proposed combination of layers is the following one: 

The DEM, illuminated from 300°, with a color scale such as described in para 4 above and illus-

trated in figure 33; The slope, illuminated from 315°, with a color scale illustrated in figure 34: 

and the aspect, illuminated from 285°, with a color scale illustrated at figure 35. 

 

Open the Vertical Mapper toolbox, Go to Show/Hide grid Manager – color where you can 

adapt the color profile. You can load existing color profiles – they are usually under C:\Program 

Files \MapInfo \vm \Color Profiles. 



 

 

For the DEM, select the DEM in the grid manager, Go to Show/Hide grid Manager – color, 

adapt the colors, click shading, click properties, change azimuth to 300°, click OK and wait – 

this can be quite long, depending on the size of the DEM and its morphology. 

 

For the slope, select the slope in the grid manager, Go to Show/Hide grid Manager – color, 

adapt the colors, click shading, click properties, change azimuth to 315°, click OK and wait – 

this can also be quite long. 

 

For the Aspect, select the Aspect in the grid manager, Go to Show/Hide grid Manager – color, 

adapt the colors, click shading, click properties, change azimuth to 285°, click OK and wait – 

this will be as long 

 

Now the slope and aspect grids can be rendered semi-transparent: Right-click on the map to open 

Layer control, select the slope grid, select Display, tick Style Override, click the activated icon 

and increase the translucency to 70 percent. Tick the transparent box and select an area with a 

nil slope, i.e. a white area. Make sure the slope grid is ticked on in the layer control. 

 

Once the slope grid is done, redo it for the aspect grid: Display, Style override, and increase the 

translucency to 90 percent. and then close it. Tick the transparent box and select an area with a 

South East aspect, i.e. a white area. Make sure the aspect grid is ticked on in the layer control. 

 

When you close the layer control, the three sub-products of the DEM will be superimposed, with 

a base color given by the altitudes, the relief being expressed by the semi-transparent slope in 

varying grey tones, and some additional yellow light added on the slopes exposed towards North 

West. 

 

Once you are happy with your color combination, save the color scale of each of the three layers: 

Go to Show/Hide grid Manager – color, open the histogram of each grid and save it- you will 

need to save slope and aspect color scale only once, while you may have to adapt the DEM col-

ors to each specific set of data you’ll analyze. 

 

Don’t forget to save the workspace before closing MapInfo, otherwise you’ll have to re-open all 

tables, as well as change many settings (color scale, transparency. Shading) before you can enjoy 

further working with your map. 
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