





Chapter Two:  Automatic Watershed Object Delineation











	The delineation of a watershed boundary is an important modelling problem for several reasons.  These include:





	A.  A cell on the watershed boundary may have the flow going out-ward in stead of in-ward, and a cell outside of the watershed boundary may also have water going into the watershed.  If the watershed boundary is determined from the a raster-based algorithm, its calculated area may be larger or smaller than it actually is.  For many models, the watershed boundary is assumed known and seldom field-verified.





	B.  Similarly, the stream network may not be properly represented from digitized data.  A digital line segment may not be hydrologically correct since the water from one side of the line may be able to pass through the line to the other side (like the line crossing through a slope of a cell).  For many models,  the watershed's stream network is also assumed to be known, so that any water arriving at a stream cell (for a raster based model) or stream line (for a vector based model) will become stream input no matter what the slope condition is.  Raster-based models can identify the cell which may contain the stream, but not the stream itself.  Both types of information are required by the vector-based OWLS model.


	The OWLS' watershed delineation model obtains inputs from watershed topographical data (e.g. Digital Elevation Model Data or DEM from USGS) or a watershed vectorized database (node, edge and cells relational data).  By selecting a predefined  watershed outlet-node of interest, the OWLS model calculates the watershed boundary, flow path, and stream network in the vector-based data format.  The major difference between the OWLS' watershed delineation model and other models as mentioned in Chapter 1 is that the OWLS' model is vector-based: watershed boundaries and streams are represented as point-and-line vectors.  Each segment of the line contains information about their slope, direction, neighborhood cells, and upper drainage area for a stream/flowpath line.  In addition, the OWLS model can also indicate not only the current stream network, but also the flowpaths of a fully extended or potential stream network.  
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2.1.  Flowpath 





	A flowpath is the trail of water running downslope from a specific origin and along the surface of a watershed.  Because water runs from a high elevation to a low elevation by the force of gravity, it will always choose the steepest slope as its path way.  Therefore, the OWLS algorithm for determining the flowpath from a cell assumes that the path of steepest descending slope can approximate flow paths over a surface and will precisely indicate the direction in which flow will be initiated over a homogeneous surface.


	The OWLS' algorithm used to identify watershed flowpaths is modified from the algorithm used for triangle-based terrain model (Jones et al., 1990). It is described as follows:


	(1) Take the center point (Ci) of a cell of a watershed as a start point;


	(2) Find a point (P) on the cell's boundary so that it forms a vector with the center point (Ci->P) and which has the same direction as the cell's aspect (Figure 2-1).


	(3) Record the line as the first segment of the flowpath from the cell (Ci->P); 


	(4) Take P as the next start point;


	(5) If P is on an edge, repeat step (2) to (4) until P is on the study boundary;


	(6) If P is on an existing node, repeat step (2) for all its adjacent cells (assume n cells) so that we have (P->P1, P->P2, ..., P->Pn).  Pick the one who has the largest slope angle (like P->Pi) and record it as step (3).  Then take Pi as the next start point, repeat step(2) to (4) until P is on the study boundary.


By traversing through every cell of a watershed, a cluster of hair-like flowpath lines is formed.








2.2.  Watershed Boundary 





	The watershed boundary is dependent upon the selection of  a watershed outlet point.  To determine the watershed boundary from a given stream outlet, a reversed algorithm is used to subdivide the cells so that all cells within the boundary have in-ward flow (Figure 2 - 2):
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	(1) Take the given assumed stream outlet point (Oi) as the start point;


	(2) Find the points (P1, P2, ..  Pn) on the nearby cells (n cells) so that each of them forms the vector with the start point (P1->Oi, P2->Oi, ..., Pn->Oi) and which has the same direction as its corresponding cell's aspect;


	(3) Pick the point with the largest possitive slope angle (assume Pi);


	(4) If Pi is on an edge, split the cell into two parts with one part inside the catchment and the other part out;


	(5) Take Pi as the start point and repeat step (2) to (4) until no Pi has a positive slope angle (i.e.  until a topographic peak or ridge is encountered);


The above algorithm can usually only determine partial watershed boundaries (typically two sides).  After completing this algorithm, the original cell map will have been altered by the addition of subdivided cells along the watershed boundary.  However, by applying the flowpath algorithm to all cells, including subdivided cells, we can identify all the cells that have their flowpaths running through the stream outlet point (Oi).  From the results of these operations, the actual boundary of the watershed can be established.








2.3.  Stream Network 





	The term “stream” has a dynamic connotation,  especially for small watersheds.  Depending upon water inputs (rainfall/snowmelt) and soil conditions, stream length, width, number of branches, etc.  can vary through time.  In the OWLS program, a watershed’s stream network is defined as the potential flow-collection pathway.  Thus it is not necessary to have water present in a channel or pathway all the time.
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	A stream network is represented by a tree of nodes-and-paths, each node represents a stream cross-section and each path represents a stream segment (Figure 2 - 3).  The algorithm for finding the stream network is relatively complex and is based on the results from the flowpath algorithm.  Finding the stream 


network needs to accomplish two major tasks: (1) convert flowpaths into a flowpath tree and (2) trim single-source branches from the flow path tree.








	2.3.1.  Convert flowpaths into a flowpath tree





	In terms of tracing direction, a flowpath goes from up-to-down in elevation.  But for the flowpath tree, the tracing direction is in the opposite direction.  The basic concept of this algorithm is to individually add each flowpath to the flowpath tree.  Many factors need to be considered at the point of joining a flowpath to the flowpath tree.  Following are the major steps that are utilized in the OWLS program to convert flowpaths into a flowpath tree:





	A.  For all flowpaths passing through the watershed outlet, mark them as IN;


�





	B.  For fast calculation, create a binary pointer tree, in which each node points to the flowpath node of the flowpath tree, and the left-hand-side node always has a smaller elevation than the right-hand-side node (Figure 2 - 4).  Before adding a new flowpath into the flowpath tree, we need to establish if a portion of the new flowpath has been represented in the flowpath tree to avoid overlapping.  To do so,  each node of the new flowpath is compared with nodes in the flowpath tree.  This can be a very time comsuming task if it becomes necessary of search through all the nodes in the flowpath tree.  However, utilizing the binary pointer tree, all nodes in the flowpath tree have been organized into certain order to fit the binary tree.  This type of organization essentially accelerates the searching and comparing processes by going through only a few nodes in the binary tree.  
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	C.  Inserting a flowpath into the flowpath tree (see Figure 2 - 5 for simple demonstration) :


1).  For the new flowpath, which originates from the center of a cell (the root node) and passes downslope to the stream outlet, we need to create a pointer that points to the stream outlet node.





		2).  Check if this node is in the flowpath tree using the binary pointer tree.  


2.1).  If not, the program will initialize the flowpath tree and insert the stream outlet node as the root.  Then all parential edges and nodes in the flowpath are inserted into the flowpath tree as child edges and child nodes.  At the same time, initialize the binary pointer tree,  define the root pointer, and create child pointers in the same manner as the flowpath tree.  Then go on to step 4.


	2.2).  If yes, this means that the flowpath tree exists and the node is part of the tree.  No action should be taken to the flowpath tree.  If there is a parent node in the flowpath,  move the pointer to the parent node and continue to step 2, otherwise, jump to step 4.





	3).  Check to determine if the node of the new flowpath is in the flowpath tree using the binary pointer tree.


3.1).  If not, there will be several cases:


a) the node is on an edge of the flowpath tree.  


a.1) when the node is the begining of a new branch of the flowpath tree (the parent of this node is neither in the flowpath tree nor on an edge of the flowpath tree), insert this node into the flowpath tree and create the branch as well as to the binary pointer tree.


a.2) when the node and its parent form an edge that overlaps  the edge in the flowpath tree,  then move the pointer to the parent node of the flowpath and continue to step 3.


b) the node is not on any edge of the flowpath tree, but instead is a new branch of the flowpath tree.  Insert the rest of the flowpath into the flowpath tree and create a series of new pointers in the binary tree pointing to inserted nodes.  Then continue to step 4.3.2) If yes, this means that the flowpath tree exists and the node is in the tree.  There will be two cases:


b.1) the parent of this node forms an edge with this node is an existing edge in the flowpath tree.  No adjustments of the flowpath tree are needed,  however,  move the pointer of the flowpath to the parent node (upslope node).  If there is no more parent node in the flowpath, move on to step 4.


b.2) if the formed edge is not an existing edge in the flowpath tree, it is a new branch.  Insert the node and the rest of the flowpath into the flowpath tree.





	4).  Move on to next available flowpath and start from step 3 until all marked flowpaths are evaluated and the conversion is finished.


When adding a flowpath to the flowpath tree, the characteristics of each flowpath node are calculated.  Thus, when the flowpath tree is completed, we also have the detailed information about the flowpath node (e.g.,  upper-drainage area, elevation, length to the stream outlet, slope of the flowpath edge).





	2.3.2.  Trim the single-source branch of the flowpath tree.





	To qualify for being a stream segment, a portion of the flowpath should receive water from at least two sources.  However, to delineate individual flowpaths, an algorithm was developed to trim a single-source branch from the flowpath tree.  The result is the potential stream network of the watershed; each node of this network may become a flowpath or stream when there is a sufficient supply of water to the system (see solid-line portion of Figure 2 - 3).  The flowpath tree provides much information about the watershed surface and hydrologic system.  Furthermore, we can select a filter to identify stream segments that meet specific criteria.  For example, we can choose an upper-source area as a filter and then determine which stream segments have an upper drainage area meeting that criteria.  Similarly, filters related to river-mile, slope, etc.,  can be used.   From the stream network tree, we are also able to identify where the stream should be.  By combining with the OWLS’ hydrologic model, other filters such as water depth in channel segments can be used so that we are able to dynamically similate the stream network during a storm event.








2.4. Foundation for Watershed Hydrologic Simulation





	Results from the automatic watershed object delineation become the vector-based watershed distributed object database.  This database includes watershed boundary, stream segments, and network,  cell geometry, and so on.  It become the foundation of the hydrologic simulation in  the OWLS model.
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Figure 2 - 4.  Marked flowpaths and binary pointer tree.
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