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Decision Support System

DSS constitute a class of computer-based information
system Including knowledge-based systems that
support decision-making activities. DSS serve the
management level of the organization and help to take
decision, which maybe rapidly changing and not easily
specified in advance. A properly designed DSS is an
Interactive software-based system intended to help
decision makers compile useful information from a
combination of raw data, documents, personal
knowledge, or business models to identify and solve
problems and make decisions.




The importance of RIVER NETWORK definition

River / drainage network in GIS database:
“A logical model defined by lines, oriented

downstreams, along whitch surface waters flow™




The importance of RIVER NETWORK definition

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

Catchment areas:

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




Data model in GIS database

Alphanumeric;
Raster;
VECTOR

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







River network hieesacblgy

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

Hierarchical models:

The Strahler number is a simple
STRAHLER method of classifying stream segments

HORTON - STRAHLER based on the number of tributaries
upstream. A stream with on tributaries
SHREVES (headwater stream) is considered a
first order stream. A segment
downstream of the confluence of 2 first
order streams is a second order
stream. Thus, a n th order stream is
always located downstream of the
confluence of 2(n-1)th order streams.




River network hieesacblgy




Topology

“* Topology Is a set of rules that defines the spatial
relationship between objects”

Principal topological rules for drainage network:

All stream lines must be connected and broken at intersections;
All stream lines must be oriented downstream;

Stream lines can’t loop.

Principal topological rules for catchment areas:

Catchment areas can't overlap;

Catchment areas must cover entirely the considered river basin;

Basins of order n must be equal to the union of basins having order n-1.







Data acquisition

Three possible ways:
1. Editing from topographic maps and aerial photos;
2. Remote sensing;
. Digital Elevation Data processing;




Data acquisition

1 — Advantages:

Direct “human” evaluation of morphology, presence of human
manufactures (e.g. dams) and particular environment conditions
(avoid possible errors deriving from automatic processing);

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

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

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

Not easy interpretation of watersheds;

Very very long editing time (that means...human resources and
money).




Data acquisition

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

2 — Disadvantages:
Impossibility to produce directly drainage networks.




Data acquisition

3 — Advantages:
Very fast production of data;
No topological errors;

Homogeneous processing of data source, resulting in uniform end-
product.

3 — Disadvantages:

Some limits in real-time integration of alphanumeric attributes (e.g.
river names);

Possibility of “fakes”;
Reliability of end-prddcicisistsicitylyl elepeaeleint fronndirethe
resolution of Digital Elevation Data;

Impossibility to process at the same time large amount of data (due to
software and hardware limitations), resulting in “tiling” of the drainage
network / catchment areas




The example of Simedto River Basin

Area of the basin:
4195 Km?2

Length of Simeto river:
112 Km

Length of main river
network:
4410 Km




Avalilable data sources

Main river network of Simeto river basin edited ind
ordeled (Strahler) from 1:10000 topographic m: ps;

Aerie| photos of Simeto river basin area;
Digitil Elevation Model of Simeto river basin at he

follov/ing resolutions:
2n X 2m
oNn X om
10m x10m
20m x 20m
40 n x 40m
(ODbtiined from LIDAR data)




Principal aims of the work

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

Processing of single portions of the basin;

Comparison of the different drainage network generated,;

Comparison with aerial photos;

Comparison with available network.

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




Open source software saakluion

GRASS GIS 6.x
QGIS 3.x
gvSIG 1.9
SAGA GIS 2.x
WIS 3.X

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




Processing ssdaltioon : watershed based tiling

Square tiling is not a Jood idea...

Watershed based tilir g:

Choosing the best reslution that permit the proce ssing of *he
entire basin (40m x 4Cm);

Tiling DEM at higher r2solution (20m x 20m) usin ) the
geometries relative to the basins of order max -1 ¢enerate J
from the previous proc ess;

Processing single poriions of DEM tiled as described,;
Tiling DEM at higher r2solution (10m x 10m) using...;
And so on...until DEM 2m X 2m.




DEM Hydro-processing with iIWIS

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




DEM Hydro-processing with iIWIS

Flow determination

Fill sinks - remove local depressions from a Digital Elevation
Model,




DEM Hydro-processing with iIWIS

Flow determination

Flow direction - determines into which neighbouring pixel any
water in a central pixel will flow naturally;




DEM Hydro-processing with iIWIS

Flow determination

Flow accumulation - performs a cumulative count of the
number of pixels that naturally drain into outlets. The
operation is used to find the drainage pattern of a terrain.




DEM Hydro-processing with iIWIS

Network and catchment extraction

Drainage network extraction - extracts a basic drainage
network. The output raster map will show the basic
drainage;




DEM Hydro-processing with iIWIS

Network and catchment extraction

Drainage network ordering - examines output map from the
Drainage network extraction operation. In the output river
map this process associates the Strahler order to each river
segment;




DEM Hydro-processing with iIWIS

Network and catchment extraction

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




DEM Hydro-processing with iIWIS

Network and catchment extraction

Catchment merge - is able to merge adjacent catchments.
New catchments will be created on the basis of the

Drainage network ordering map and Strahler order, resulting
In river basins of different orders.




Evaluation of the resuillis
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Considerations

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

Watershed base tiling is a good way to reduce at

minimum connectivity problems;

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

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




Data management qosSSiiolifiiess

Security in the | Base: operating system Advanced : tighter controls typical
distribution of | dependent DBMS
the data

Ease in the Difficult : who receive them must
distribution of know how to restore its into database

the data (copy)

Read speed Slow : depends on the amount of  Fast: constant and not depends on
data the amount of data

Writing Impossible : not allowed by the Possible : designed for multi-user
multiuser operating system systems




DBMS for geoe

ORACLE Commercial Spatial or From $118000
Locator

Commercial (free for research From $600
purposes)

http://www.postgresql.org/ http://postgis.refractions.net/




A sample of object model of river network




Scenario: was Issued a pollutant in the river and
want 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
want 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
until the branch is over




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

The union of the segments selected by the procedure




DEM Hydro -processed drainage network of Belarus




DEM Hydro -processed drainage network and
catchment areas obBe&anss




DEM Hydro -processed disanaage e




