







Chapter Five: Visualization of Hydrological Processes 





	The OWLS model includes the 3-D graphical module to visualize the watershed topography, soil characteristics and simulated flow paths, stream channel and hydrologic components.



�

5.1.  Basic Theory 



	In order to three-dimensionally visualize a watershed, the watershed has to be subdivided into many smaller pieces (cells) with associated nodes and edges.  The three-dimensional coordinates used by the OWLS model are shown in Figure 5 - 1.

	Unlike traditional 3-D coordinate systems, the OWLS model uses “y” as an upward direction and “z” as a forward direction.  The reason to do so is that the OWLS 3-D system is an advanced system from previous 2-D’s.  For a 2-D system, the "y" axis points upward, so for the 3-D simply add an axis towards the paper as "z".

	In the OWLS visualization model, each point (P) is represented by three-dimensional coordinate values P{x, y, z}; each line (L) is represented by two or more points L{P1, P2, ...}; each facet (F) is represented by an clockwise-ordered points F{P4, P2, P6, ...};  an area or a 3-D object, or a watershed, or a study area (A) is represented by a set of facets A{F1, F2, ...}.  The process of representing an area so that it can be seen on the computer screen as a three-dimensional object is to mathematically transfer all the points of the area from Pi{x, y, z} onto the screen coordinates Si{x, y}.  There are four coordinate systems involving in this transformation (Figure 5 - 2):

	(1) Model Coordinate System: a 3-D coordinate system of actual field data, i.e., data of location and elevation from a field survey of the study watershed;





	(2) World Coordinate System: a 3-D coordinate system of the entire space.  In some cases, there may be two or more study areas next to each other and each has its own Model Coordinate System.  The World Coordinate System is used to unify them.

�

	(3) View Coordinate System: a 2-D coordinate system of the viewer.  When a camera is used for taking pictures, the image seen from the camera is a portion of the whole “world." It is 2-dimensional.  The view coordinate system is the same concept as that of a camera.  It projects all 3-D objects within its view range into 2-D;

	(4) Device Coordinate System: a coordinate system for the output device, i.e., computer window screen, printer, or computer memory.  This coordinate system provides the physical dimensions that a graph will show.

	The transformation of a point from Model Coordinate System to Device Coordinate System involves many standard matrix transformations as well as some graphical techniques.  Algorithms like space sorting, searching,  back surface removal, color painting, polygon filling and so on are also supporting programs in the OWLS model.  The final result, just like taking pictures, is the display of a 3-D study area (or watershed) on the computer screen.






�
5.2.  The Visualization Model 



	The OWLS visualization model includes a 3-D model and 2-D model.  The 3-D model is designed to visualize topographical, geographical, and hydrologic components of a watershed.  The 2-D model is designed to display simulation results from the OWLS hydrologic model.  Both models have an Platform Independent Graphics Interface (PIGI) module to bridge the OWLS model with graphic library from different computer platforms (operating systems).  This feature makes it possible to run under different operating systems with little modification.  The current version of the OWLS visualization model was developed and tested under both MS Windows 3.1 and Windows 95 operating systems.  It allows a user to view a watershed from different angles.  Information that the OWLS visualization model can present is as follows:





	5.2.1.  3-D Visualization



	The 3-D visualization model is able to present a 3-D view of a watershed.  It can also present the 2-D map layout after defining the view direction as directly overhead.  The dynamic animation for both watershed and hydrologic processes can also be represented with this model:

	(1).  Basin Topographic Visualization: including contoured, meshed, or shaded display of the study area;

	(2).  Basin Characterization Visualization: including soil type, soil depth, flow path, drainage area, stream network, watershed boundary, and channel river-meter;

		(3).  Basin Animation: including bird-viewing, time-animation;

	(4).  Dynamic Watershed Hydrologic Simulation: a visual animation of the hydrologic processes in a watershed, in both space and time.  The hydrologic component that can be dynamically visualized by the OWLS mode includes:

			(4.1) Watershed Cells Hydrologic Components:

				(4.1.1) Canopy: intercepted water depth, intercepted snow depth, ET, netrain;

				(4.1.2) Surface: water depth, snow depth, infiltration, ET, surface flow;

				(4.1.3) Subsurface: soil moisture, water depth, ET, subsurface flow;

(4.1.4) Macropore Pipe System: water depth, incoming flow from soil, incoming flow from surface, total incoming flow from other system, macropore flow;

(4.1.5) General: precipitation, total water depth, total outgoing flow;

			(4.2) Stream Segments Hydrologic Components:

				(4.2.1) Flow: flow velocity, discharge;

				(4.2.2) Channel Geometry: channel width, channel water depth;

			(4.3) Hydrograph:

(4.3.1) Flows: both measured and simulated.  The simulated flow curve will proceed with the time;

(4.3.2) Precipitation and evaportraspiration;

(4.3.3) Air Temperature.





	5.2.2.  2-D Visualization



	The 2-D visualization model handles graphical outputs from the OWLS hydrologic model.  It displays the simulated hydrologic components as a function of time as well as the basin information and the parameters that were used for the model.  It is a special design for the hydrologic model, and is especially usefull for parameter calibration and presentation of results.  Hydrographs shown in the previous chapter were created from this model and they include the following information:

	(1) Text information: basin name, size, simulation and system parameters.  The importance of these parameters decreases from top to bottom;

	(2) Air temperature curve, simulated from the daily characterization data (minimum, average and maximum);

	(3) Precipitation as observed and evaportranspiration as simulated;

	(4) Hydrographs for both simulated and observed flows;

	(5) Simulated flow components, including surface flow, macropore pipe flow, and soil flow;

	(6) Water in different vertical components of the basin, including canopy intercepted water, canopy intercepted snow, surface water, surface snow, macropore pipe water and soil water.





5.3.  Examples 



	There are many combinations of outputs from the OWLS visualization model and some of their outputs have been presented in Chapter Four.  However,  Table 5 - 1 explains a list of figures (Figure 5 - 3 to 11) as additional examples of outputs from the OWLS visualization model.

�Table 5-� SEQ Table \* ARABIC �
1
�.  List of example figures from the visualization model

Figure #�Figure Name�Explanations��5 - 3�Contour of the BBWM watershed�Steady view for detail exam of the watershed topography.��5 - 4�Flowpath in the BBWM watershed�The simulated flow paths tell the trail that water will go through.��5 - 5�Delineated watershed boundary, stream and digitized stream�The simulated watershed boundary and stream, associated with the digitized stream from field survey.  The simulated stream matches the digital stream, and as a surplus, extending the stream for possible channels.��5 - 6�Flowpath tree and drainage area of the EBB watershed�Gray scale tells the differences of drainage area.  Lighter means smaller drainage area and vise verse.��5 - 7�Dynamic Watershed Hydrologic Simulation (DWHS) I: Total water depth and discharge at the EBB watershed at flow peak�A frame from the DWHS when stream flow is in peak.  Total water depth is identified by the color of the cells.  The more the red, the deeper the water.  Discharge is identified by the color of the channel.  Notice that the with of the channel has been amplified 10 times.��5 - 8�Dynamic Watershed Hydrologic Simulation II: Total water depth and discharge in the EBB watershed at recession limb�A frame after the peak flow shown in Figure (5 - 8).  Compare this figure to (5 - 8) and notice the color changes for both cells and channel segments.��5 - 9�Dynamic Watershed Hydrologic Simulation (DWHS) III: Total cell flow and discharge in the EBB watershed at flow peak�A frame from the simulated results at the EBB watershed.  Total Cell Flow includes surface, subsurface and macropore flow draining out from the cell.  For cells not next to the stream channel, the flow from a cell goes to or passes through the cells below it.  Notice their spatial distribution identified by their color.��5 - 10�Dynamic Watershed Hydrologic Simulation (DWHS) IV: Total macropore flow and velocity in the EBB watershed�A frame from the EBB watershed.  Macropore flow is acting as a very important hydrologic component in the watershed hydrology.  The flow velocity in the channel can also be identified by the color of the channel.��5 - 11�Dynamic Watershed Hydrologic Simulation (DWHS) V: Soil moisture content, discharge and stream depth in the EBB watershed in 3-D�A frame from the EBB watershed.  3-D view of the DWHS.  Cell colors represent the relative soil moisture content.  Stream colors identify the discharge.  The height of the stream can also be visualized by scaling the depth 1000 times.��
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Figure 5 - 1.  Coordinate system for the OWLS.
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Figure 5 - 2.  Coordinate systems of the OWLS visualization model.










