
Development of decision support systems Development of decision support systems Development of decision support systems 
for integrated water management in Belarusfor integrated water management in Belarusfor integrated water management in Belarus

Evaluation of the reliability of DEM Hydro-processe d drainage 
network and catchment areas

Dr.Giuseppe Grasso , Dr. Giuseppe Cantarella, Dr. Simone Genovese, 
Dr. Tatsiana Hubina, Dr. Marco Li Volsi & Dr. Ferdinando Reitano

Consultants on Spatial Data Management
(Regione Siciliana, Catania, Italy)



Decision Support SystemDecision Support System

�� DSSDSS constituteconstitute aa classclass ofof computercomputer--basedbased informationinformation
systemsystem includingincluding knowledgeknowledge--basedbased systemssystems thatthat
supportsupport decisiondecision--makingmaking activitiesactivities.. DSSDSS serveserve thethe
managementmanagement levellevel ofof thethe organizationorganization andand helphelp toto taketake
decision,decision, whichwhich maybemaybe rapidlyrapidly changingchanging andand notnot easilyeasilydecision,decision, whichwhich maybemaybe rapidlyrapidly changingchanging andand notnot easilyeasily
specifiedspecified inin advanceadvance.. AA properlyproperly designeddesigned DSSDSS isis anan
interactiveinteractive softwaresoftware--basedbased systemsystem intendedintended toto helphelp
decisiondecision makersmakers compilecompile usefuluseful informationinformation fromfrom aa
combinationcombination ofof rawraw data,data, documents,documents, personalpersonal
knowledge,knowledge, oror businessbusiness modelsmodels toto identifyidentify andand solvesolve
problemsproblems andand makemake decisionsdecisions..



The importance of RIVER NETWORK definitionThe importance of RIVER NETWORK definition

�� River / River / drainagedrainage network in GIS database:network in GIS database:

““A A logicallogical modelmodel defineddefined byby lineslines, , orientedoriented

downstreamsdownstreams, , alongalong whitchwhitch surfacesurface waterswaters flowflow””



The importance of RIVER NETWORK definitionThe importance of RIVER NETWORK definition

�� River / drainage network in GIS database:River / drainage network in GIS database:
““A logical model defined by lines, oriented A logical model defined by lines, oriented 
downstream, along which surface waters flowdownstream, along which surface waters flow””

Catchment areas:Catchment areas:�� Catchment areas:Catchment areas:
“Each area that collect waterfalls to a single stream“Each area that collect waterfalls to a single stream--
line; the union of catchment areas related to portions line; the union of catchment areas related to portions 
of connected streamof connected stream--lines defines their relative basins”lines defines their relative basins”



Data model in GIS databaseData model in GIS database

�� Alphanumeric;Alphanumeric;
�� Raster;Raster;
�� VECTORVECTOR

““A set of mathematicallyA set of mathematically defined coordinatesdefined coordinates
represented as POINTS, LINES or AREAS.”represented as POINTS, LINES or AREAS.”





River network River network hierarchyhierarchy

�� In order to define river network system is important to In order to define river network system is important to 
associate to each stream line its hierarchical order.associate to each stream line its hierarchical order.

Hierarchical models:Hierarchical models:

�� STRAHLERSTRAHLER
�� HORTON HORTON –– STRAHLERSTRAHLER
�� SHREVESSHREVES



River network River network hierarchyhierarchy



TopologyTopology

�� “ Topology is a set of rules that defines the spatial   “ Topology is a set of rules that defines the spatial   
relationship between objects”relationship between objects”

Principal topological rules for drainage network:Principal topological rules for drainage network:
�� All stream lines must be connected and broken at intersections;All stream lines must be connected and broken at intersections;
�� All stream lines must be oriented downstream;All stream lines must be oriented downstream;
�� Stream lines can’t loop.Stream lines can’t loop.

Principal topological rules for catchment areas:Principal topological rules for catchment areas:
�� Catchment areas can’t overlap;Catchment areas can’t overlap;
�� Catchment areas must cover entirely the considered river basin;Catchment areas must cover entirely the considered river basin;
�� Basins of order n must be equal to the union of basins having order nBasins of order n must be equal to the union of basins having order n--1.1.





Data Data acquisitionacquisition

�� Three Three possible wayspossible ways::
1.1. Editing from topographic maps and aerial photos;Editing from topographic maps and aerial photos;
2.2. Remote sensing;Remote sensing;
3.3. Digital Elevation Data processing;Digital Elevation Data processing;3.3. Digital Elevation Data processing;Digital Elevation Data processing;



Data Data acquisitionacquisition

1 1 –– Advantages:Advantages:
�� Direct “human” evaluation of morphology, presence of human Direct “human” evaluation of morphology, presence of human 

manufactures (e.g. dams) and particular environment conditions manufactures (e.g. dams) and particular environment conditions 
(avoid possible errors deriving from automatic processing);(avoid possible errors deriving from automatic processing);

�� Possibility to input directly data not derivable from automatic Possibility to input directly data not derivable from automatic 
processing (e.g. river names).processing (e.g. river names).

1 1 –– Disadvantages:Disadvantages:
�� High possibility of topological errors;High possibility of topological errors;
�� Possible different interpretation of the relevance of river segments (i.e. Possible different interpretation of the relevance of river segments (i.e. 

minimum length of river segments to edit, resulting in nonminimum length of river segments to edit, resulting in non--
homogeneous product);homogeneous product);

�� Not easy interpretation of watersheds;Not easy interpretation of watersheds;
�� Very Very veryvery long editing time (that means…human resources and long editing time (that means…human resources and 

money).money).



Data Data acquisitionacquisition

2 2 –– Advantages:Advantages:
�� High precision in identification of waters;High precision in identification of waters;
�� Possibility to rapidly relate data acquired in different period.Possibility to rapidly relate data acquired in different period.

2 2 –– Disadvantages:Disadvantages:
�� Impossibility to produce directly drainage networks.Impossibility to produce directly drainage networks.�� Impossibility to produce directly drainage networks.Impossibility to produce directly drainage networks.



Data Data acquisitionacquisition

3 3 –– Advantages:Advantages:
�� Very fast  production of data;Very fast  production of data;
�� No topological errors;No topological errors;
�� Homogeneous  processing of data source, resulting in uniform endHomogeneous  processing of data source, resulting in uniform end--

product. product. 

3 3 –– Disadvantages:Disadvantages:
�� Some limits in realSome limits in real--time integration of alphanumeric attributes (e.g. time integration of alphanumeric attributes (e.g. 

river names);river names);
�� Possibility of “fakes”;Possibility of “fakes”;
�� Reliability of endReliability of end--product is strictly dependent f rom the product is strictly dependent from the 

resolution of  Digital Elevation Data;resolution of  Digital Elevation Data;
�� Impossibility to process at the same time large amount of data (due to Impossibility to process at the same time large amount of data (due to 

software and hardware limitations), resulting in “tiling” of the drainage software and hardware limitations), resulting in “tiling” of the drainage 
network / catchment areasnetwork / catchment areas



The example of The example of SimetoSimeto River BasinRiver Basin



Available data sourcesAvailable data sources

�� Main river network of Main river network of SimetoSimeto river basin edited and river basin edited and 
ordered (ordered (StrahlerStrahler) from 1:10000 topographic maps;) from 1:10000 topographic maps;

�� Aerial photos of Aerial photos of SimetoSimeto river basin area;river basin area;
�� Digital Elevation Model of Digital Elevation Model of SimetoSimeto river basin at the river basin at the 

following resolutions: following resolutions: following resolutions: following resolutions: 
�� 2m x 2m2m x 2m
�� 5m x 5m5m x 5m
�� 10m x10m10m x10m
�� 20m x 20m20m x 20m
�� 40m x 40m40m x 40m
(Obtained from LIDAR data)(Obtained from LIDAR data)



Principal aims of the workPrincipal aims of the work

�� To evaluate the reliability of drainage network and To evaluate the reliability of drainage network and 
catchment areas generated from DEM at different catchment areas generated from DEM at different 
resolution: resolution: 

�� Processing of single portions of the basin;Processing of single portions of the basin;
�� Comparison of the different drainage network generated;Comparison of the different drainage network generated;�� Comparison of the different drainage network generated;Comparison of the different drainage network generated;
�� Comparison with aerial photos;Comparison with aerial photos;
�� Comparison with available network.Comparison with available network.

�� To furnish a method to process at desired scale all the To furnish a method to process at desired scale all the 
basin.basin.



Open source software Open source software solutionsolution

�� GRASS GIS 6.xGRASS GIS 6.x
�� QGIS 3.xQGIS 3.x
�� gvSIGgvSIG 1.91.9

SAGA GIS 2.xSAGA GIS 2.x�� SAGA GIS 2.xSAGA GIS 2.x
�� ilWISilWIS 3.x3.x

Is it possible to process all the data the Is it possible to process all the data the 
same time ?same time ?



�� Square tiling is not a good idea…Square tiling is not a good idea…
�� Watershed based tiling:Watershed based tiling:

�� Choosing the best resolution that permit the processing of the Choosing the best resolution that permit the processing of the 
entire basin (40m x 40m);entire basin (40m x 40m);

�� Tiling DEM at higher resolution (20m x 20m) using the Tiling DEM at higher resolution (20m x 20m) using the 

Processing Processing solutionsolution : : watershedwatershed basedbased tilingtiling

�� Tiling DEM at higher resolution (20m x 20m) using the Tiling DEM at higher resolution (20m x 20m) using the 
geometries relative to the basins of order geometries relative to the basins of order max max --11 generated generated 
from the previous process;from the previous process;

�� Processing single portions of DEM tiled as described;Processing single portions of DEM tiled as described;
�� Tiling DEM at higher resolution (10m x 10m) using…;Tiling DEM at higher resolution (10m x 10m) using…;
�� And so on…until DEM 2m X 2m.And so on…until DEM 2m X 2m.



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Dem visualizationDem visualization : display Digital Elevation Model : display Digital Elevation Model 
and create a representation for it.and create a representation for it.



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Flow determinationFlow determination ::
�� Fill sinks Fill sinks -- remove local depressions from a Digital Elevation remove local depressions from a Digital Elevation 

Model;Model;



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Flow determinationFlow determination ::
�� Flow direction Flow direction -- determines into which determines into which neighbouringneighbouring pixel any pixel any 

water in a central pixel will flow naturally;water in a central pixel will flow naturally;



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Flow determinationFlow determination ::
�� Flow accumulation Flow accumulation -- performs a cumulative count of the performs a cumulative count of the 

number of pixels that naturally drain into outlets. The number of pixels that naturally drain into outlets. The 
operation is used to find the drainage pattern of a terrain.operation is used to find the drainage pattern of a terrain.



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Network and catchment extractionNetwork and catchment extraction ::
�� Drainage network extraction Drainage network extraction -- extracts a basic drainage extracts a basic drainage 

network. The output raster map will show the basic network. The output raster map will show the basic 
drainage;drainage;



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Network and catchment extractionNetwork and catchment extraction ::
�� Drainage network ordering Drainage network ordering -- examines output map from the examines output map from the 

Drainage network extraction operation. In the output river Drainage network extraction operation. In the output river 
map this process associates the map this process associates the StrahlerStrahler order to each river  order to each river  
segment;segment;



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Network and catchment extractionNetwork and catchment extraction ::
�� Catchment extraction Catchment extraction -- constructs catchments; a catchment constructs catchments; a catchment 

will be calculated for each stream found in the output map of will be calculated for each stream found in the output map of 
the Drainage network ordering operation. The operation the Drainage network ordering operation. The operation 
uses a Flow direction map to determine the flow path of uses a Flow direction map to determine the flow path of 
each stream;each stream;



DEM HydroDEM Hydro--processing with processing with ilWISilWIS

�� Network and catchment extractionNetwork and catchment extraction ::
�� Catchment merge Catchment merge -- is able to merge adjacent catchments. is able to merge adjacent catchments. 

New catchments will be created on the basis of the New catchments will be created on the basis of the 
Drainage network ordering map and Drainage network ordering map and StrahlerStrahler order, resulting order, resulting 
in river basins of different orders.in river basins of different orders.



EvaluationEvaluation ofof the the resultsresults



EvaluationEvaluation ofof the the resultsresults



EvaluationEvaluation ofof the the resultsresults















ConsiderationsConsiderations

�� Precision of DEM HydroPrecision of DEM Hydro--processed drainage network processed drainage network 
and catchment areas is strictly dependent from the and catchment areas is strictly dependent from the 
resolution of elevation data;resolution of elevation data;

�� Watershed base tiling is a good way to reduce at Watershed base tiling is a good way to reduce at 
minimum connectivity problems;minimum connectivity problems;minimum connectivity problems;minimum connectivity problems;

�� Automatic process, however, produce results that Automatic process, however, produce results that 
must be reviewed manually;must be reviewed manually;

�� Time to produce, review and apply corrections to Time to produce, review and apply corrections to 
drainage network and catchment areas generated drainage network and catchment areas generated 
automatically is reduced to 30% respect to automatically is reduced to 30% respect to 
topographic basedtopographic based--editing. editing. 



Data-store approaches

File based DBMS based

Security in the 
distribution of
the data 

Base: operating system 
dependent

Advanced : tighter controls typical 
DBMS

Ease in the 
distribution of
the data 
(network) 

Hard: operating system 
dependent, slow: hardware 
dependent

Easy: designed for distributed
systems, fast: query made by the 
DBMS engine

Ease in the Easy Difficult : who receive them must 

DData ata managementmanagement possibilitiespossibilities

Ease in the 
distribution of
the data (copy) 

Easy Difficult : who receive them must 
know how to restore its into database 

Amount of
stored data 

Large but limited : depending on 
file type or operating system 

Virtually limitless

Read speed Slow : depends on the amount of 
data

Fast : constant and not depends on 
the amount of data

Inquiry speed Slow : query made by the 
application 

Fast : query made by the DBMS 
engine

Writing
multiuser

Impossible : not allowed by the 
operating system

Possible : designed for multi-user 
systems 

“Personal GIS” or redistributable
maps

“Enterprise GIS”



Database technologies for geospatial data

License Spatial 
Extension

Price

ORACLE Commercial Spatial or 
Locator

From $118000

Microsoft SQL Server 
2008

Commercial No need From $4300

MySQL Commercial (free for research No need From $600

DBMS DBMS forfor geospatialgeospatial datadata

PostgreSQL is a powerful, open source object-relational database system developed
by Berkley University. It has more than 15 years of active development and a proven
architecture that has earned it a strong reputation for reliability, data integrity, and
correctness. It runs on all major operating systems, including Linux, UNIX (AIX, BSD,
HP-UX, SGI IRIX, Mac OS X, Solaris, Tru64), and Windows.
PostGIS adds support for geographic objects to the PostgreSQL object-relational
database. In effect, PostGIS "spatially enables" the PostgreSQL server, allowing it to
be used as a backend spatial database for geographic information systems

More info at: http://www.postgresql.org/ and http://postgis.refractions.net/

MySQL Commercial (free for research 
purposes)

No need From $600

PostgreSQL Open source PostGIS Price? ...what?



A sample of object model of river networkA sample of object model of river network



Scenario: was issued a pollutant in the river and Scenario: was issued a pollutant in the river and 
want to know which branches will be distributedwant to know which branches will be distributed

1)A GIS operator can identify the 
location of spilling and the software 
identifies the segment

2) The software can identify the node 
“to node” related to the previous 
segment

3) The software can identify the 
segment (one or more) that has the 
previous node as “from node”



Scenario: was issued a pollutant in the river and Scenario: was issued a pollutant in the river and 
want to know which branches will be distributedwant to know which branches will be distributed

4) The software can identify the node 
(one or more) “to node” related to the 
previous segment (one or more)

5) …

Steps 2 and 3 can be repeated Steps 2 and 3 can be repeated 
until the branch is over



Scenario: was issued a pollutant in the river and Scenario: was issued a pollutant in the river and 
want to know which branches will be distributedwant to know which branches will be distributed

The union of the segments selected by the procedure



DEM HydroDEM Hydro --processed drainage network of Belarusprocessed drainage network of Belarus



DEM HydroDEM Hydro --processed drainage network and processed drainage network and 
catchment areas catchment areas of Belarusof Belarus



DEM HydroDEM Hydro --processed processed drainage networkdrainage network


