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1.  About the OWLS model



	1.1.  What?



		1.1.1.  What is an Object?



	An object is an entity having some specific properties and certain types of functions; Virtually everything in the real world is an object.  In the field of computer science, an object is defined as a container of data type (or class in C++) which has some specific properties or features (or data members) and which also has certain types of functions (also called member 

functions).



		1.1.2.  What is a Watershed?



	A watershed is an area that drains to a common point or outlet.



		1.1.3.  What is a Link?



	A link (or Linkage) is a direct relation between two objects.  There are three types of linkages:

	(1) Internal linkage:  One object is included within another.  For example, the object OWLSFlow includes object OWLSTime.  OWLSTime becomes one of the features of OWLSFlow, which is accordant with the natural flow.  Features of OWLSTime are automatically passed to OWLSFlow (in-to-out).  

	(2) Inherited linkage:  One object is inherited from another object.  For example, the object OWLSPhysicalModel is the inherited object from OWLSModel; and object OWLSWatershed is the inherited object from OWLSPolyhedron.  Parameters (features) of OWLSPolyhedron automatically passes to OWLSWatershed (parent-to-children).

	(3) External linkage: One object contains a member acting as a gateway to another object.  Such member is also called pointer, or External link in OWLS’ term.  In such cases, some functions of the object can easily use parameters from another object through this link without complex analytic procedures.  External linkage not only makes the cell-to-cell connection possible and is relatively easy,  but also assists in the connection of flow paths and stream networks.



		1.1.4.  What is Simulation



	A Simulation is a process to recreate or approximate a natural process.  There two types of simulations: Physical and Mathematical.  The OWLS model utilizes mathematical simulation to represent the hydrologic process.



		1.1.5.  What is OWLS?



	OWLS is the abbreviation from the Object Watershed Link Simulation.  It is a mathematical model simulating the hydrologic processes of small forested watershed.  It is organized as follows:  Every component in a watershed and its hydrologic processes is considered as an object.  Relations among the components are the Linkages.  Flow in the watershed is transported through these Linkages.  Thus, the OWLS model is basically a collection of computer programs calculating these linkages for each object.  

	In the OWLS program, the watershed is constructed as follows:	Starting from the basic components (objects) of a watershed: points, lines and cells, establish the properties that these objects have (e.g.  elevation, length, slope, soil, vegetation ...) and the types of functions they perform (e.g., infiltration,  surface flow ...); Then find the relations between these objects (linkage) to form the bigger objects of the watershed (e.g., flow path, stream network, canopy, surface, soil, macropore pipes ...); Finally establish how these objects operate together (linkage) to reflect watershed behavior (e.g.  stream flow, stream chemistry).





		1.1.6.  What is the information that the OWLS model provides?



	The information that the OWLS model can provide includes: Stream flow at the watershed outlet, stream flow at each stream segment of the channel, soil moisture conditions in the soil of each cells and the whole watershed and much more.  Check out section 3 in this manual for details.



		1.1.7.  What program language is the OWLS model used?



	The language that the OWLS model used is C++, with Borland Windows Classes for PC Windows interface.  While OWLS can be run under both Windows 3.x or Windows 95,  it seems to have better performance in Windows 95.  The majority of the OWLS model, including the hydrologic, visualization and data processing models are coded using standard C++ program, which can be easily transplanted into different operation systems (like UNIX) for faster run or larger data sets.  The Windows User Interface portion is the only portion that is platform dependent and should be re-coded for a different operation system.



	1.2.  Who?



		1.2.1.  Who contributed  to the development of the OWLS model?



	The idea of the OWLS model was presented in the research proposal for the Ph.D.  thesis by Mr.  Huaisheng Chen in late 1994,  a student in the Department of Forest Engineering in Oregon State University.  After obtaining feedback from his major professor Dr.  Robert L.  Beschta and his committee (Dr.  Marvin Pyles, Dr.  Chaur-Fong Chen, Dr.  Wayne C.  Huber, Dr.  Peter C.  Klingeman and Dr.  Parker J.  Wigington).  The concept of an Object Watershed Link type of simulation began to emerge.

	As part of the thesis research, Mr.  Chen carried out all the development tasks.  The development of the OWLS model includes object subdivision, object design, modular design, watershed layout design, data entry, data processing,  program coding, program debugging, program testing, literature research and so forth.  In the course of the development of the OWLS model,  there were several technical difficulties involved: the watershed object automatic delineation,  flow calculation for irregular cells,  flow routing model, macropore flow model, program error control and program debugging.  In the course of choosing an experimental watershed which had sufficient data available for the OWLS model,  Dr.  Wigington of the US EPA Corvallis Lab and Dr.  Steve Norton from the Department of Geology in University of Maine were instrumental in providing basic data for the Bear Brook watershed in Maine.  



		1.2.2.  Who may be interested in the OWLS model?



	 Professional people who study watershed problems regarding water quantity, quality in soil, surface and stream channels may be interested in the OWLS model.  



		1.2.3.  Who is able to run the OWLS model?



	The current version of the OWLS model is not user-friendly.  Thus, it requires professional knowledge about watershed hydrology, geography, meteorology, soil physics.  Knowledge about geometry, spread-sheet usage, and basic knowledge about computer programming are also required.  If the OWLS model is to be applied to a different watershed, a potential user needs to read through this manual and follow step-by-step instructions.  Knowledge about the C++ programming will greatly help in applying this model, and even help in the development of new  codes to enhance the OWLS or move the OWLS to different computer platform.

	The OWLS model can be applied to small forested watersheds.  The size of the watershed is ideally 5 to 1000 hectares when OWLS is used on a personal computer.  But since the OWLS model has not been applied to any other watershed and the data handle capacity of PC has been increased dramatically,  the range of watershed is only a guess.



2.  Inputs for the OWLS model



	2.1.  Required Data



(1) DEM data



	Digital Elevation Model data provide quantitative characterizations of watershed elevations and area.  Typically for small watersheds, an array of data representing many sampled points (or surveyed points) of watershed elevation related to a local reference point are sufficient for the OWLS model.  For experimental watersheds like BBWM, a detailed land survey produced elevation data for points on the watershed located 15 meters apart.  In some areas, like the riparian zone, additional measurements have been undertaken to reflect detailed variation of watershed topography.  For watersheds without special survey data, a DEM database provided by the USGS can be adopted.  

	Topographical data is required for the OWLS program.  By organizing the data into a certain format, the data processing modular will convert the elevation data into a vectorized database assuming a triangular meshed watershed.



(2) Precipitation Data



	Precipitation data are the depth of rainfall or snowfall within each time interval (e.g.  1 hour).  Currently, almost all experimental watersheds have precipitation data available.  For areas without precipitation data,  using nearby precipitation records nay be a reasonable approximation.  The OWLS model allows more than one precipitation station for a watershed.  When there are at least three rain gauges available in (around) a watershed, the model has a precipitation module that uses a spatial linear interpolation technique to distribute rain gauge data into different cells of the watershed.



(3) Geographical Coordinators



	The geographical location of the watershed's center needs be provided by a user.  At the BBWM, the latitude  is 44.87 (in degrees North) and the longitude is 68.1 (in degrees West).  Geographical location is used by the solar radiation model in OWLS, for the purpose of calculating potential evapotranspiration.



(4) Air Temperature Data



	In order to estimate the snowfall and snowmelting, the model uses air temperature as the criterion to determine if it is snow or rainfall, and also if snowmelt is occurring.  Air temperature is also used to calculate the potential evapotranspiration from vegetation and soil.  Therefore, air temperature is also a required variable for the watershed model.  

	For an experimental watershed like the BBWM, there may be more than two air temperature gauges.  In this case, a vertical air temperature model was used to interpolate the elevation difference of air temperature distribution.  For an area with fewer air temperature records (like only has daily records of max-min data), the OWLS model has a built-in daily air temperature interpolation model to approximate the daily air temperature fluctuation, so that daily fluctuations in hydrologic processes can be simulated for the watershed (especially day from night).  In addition to the observed hourly air temperature or daily air temperature characteristic values, an OWLS user also need to provide mean monthly air temperature and the date for the beginning and ending of  the snow season.  In case of missing data or no records, the OWLS model will compute an approximation of air temperature using monthly and seasonal data with its built-in air temperature model.



(5)  Soil Survey Data



	Soil survey data include two major components: the depth of the soil and the type of the soil.  The OWLS model is designed to have information for two-layered soil depth for the watershed, representing the vertical differences of soil properties.  The model also accepts as many as soil types as are available on the watershed including representative soil properties.  For areas that lack soil data, these two properties can be simplified into two numbers: the mean watershed soil depth and the average soil type.  In this case, the watershed’s soil is assumed homogeneous.  In this application to the BBWM, since we have detailed soils data, soil depth was determined from the surveyed soil depth data.  There are two layers of soil in the BBWM, but in the OWLS model, the soil column is considered as one-layered with uneven physical properties in a vertical dimension.  The depth of the soil in the model is more hydrologically sensitive than the soil definition itself.  The OWLS model provides a weighted parameter for a user to determine the depth of the two soil layers.



	2.2.  Optional Data



(1) Streamflow Data



	Streamflow data is required only when the OWLS model is used for parameter calibration and validation.  Measured streamflow is considered as an objective measure of watershed response.  If modeled flow patterns generally match the observed streamflow, then the model is considered calibrated.  The values of the model parameters are then considered calibrated parameters.  To prove the model is a good simulator of  hydrological processes,  streamflow which was not used for calibration is then simulated; this process represents model validation.  If the modeled results still reproduce measured flows, then the model can be considered to represent the hydrologic processes of that watershed.

	Streamflow data is not need if the model is used to simply simulate the hydrologic processes of a watershed.  In that case, the streamflow produced from the model will represent uncalibrated output.



(2) Soil Infiltration Data



	For some watersheds,  relations between soil infiltration rate and the soil moisture for each type of soil may be available field data.  This information is very valuable and can dramatically reduce the number of parameters that need to be calibrated in the model.  If this information is available, it can be simply stored into a set of defined files.  The Horton model is then disabled so that the OWLS model will use the corresponding soil infiltration rate for various soil moisture condition.  When detailed infiltration data are not available, the OWLS mode uses the modified Horton’s infiltration model.  In the BBWM watershed, we used modified Horton’s model.



(3) Macropore Pipe Data



	Little is known regarding the macropore system of forest soils.  However, the OWLS model has a built-in macropore pipe model developed using some major assumptions from pipe flow theory.  Information regarding the following relationship will hopefully be available in the future and could be used to replace the currently assumed parameters:

a.  relational data between catchment area and macropore pipe radius;

b.  relational data between catchment area and numbers of macropore pipes;

	For the BBWM, macropore pipe data were not available, thus, assumed parameters were used to calculate the macropore pipe property in a cell.



(4) Channel Geometry Data



	Data for channel geometry can be obtained directly from the field observation and measurement.  This data can be used directly by the OWLS model to replace its built-in channel geometric model.  Relational data for channel geometry include:

			a.  Drainage area and stream depth;

			b.  Drainage area and stream top width;

			c.  Drainage area and stream bottom width;

	For the BBWM, no channel geometry data were collected; Thus, we used the built-in model.





	2.3.  System Parameter Data



	There are two types of system parameters for the OWLS model: system control parameters and system model parameters.  System control parameters are those used to determine the performance of the model, e.g., English vs. SI unit, calculation time step, etc.  These parameter are chosen by the user and do not require calibration.  System model parameters are those parameters required by the watershed model itself and directly involve the simulation of watershed processes, e.g.  infiltration coefficient, hydraulic conductivity.  While many of these parameters have a physical interpretation and a certain range of values,  their performance within a watershed model still needs to be determined.  Therefore, they usually need to be calibrated.



2.3.1.  System Control Parameters



		(1) Unit Usage:



	In the United States, both English and SI units are used in scientific and professional disciplines.  To overcome this difficulty, the OWLS model allows a user to choose either set of units for input or output.



		(2) Time Domain:



	A definition of the time range from start to finish should be provided before running the model, including: start date (yymmdd), start time (hhmmss) , end date,  end time,  time step for calculation, and the time interval for saving results.  By providing the time domain, the OWLS model is capable of simulating the hydrological process for a defined period and also interpolate or accumulate input information like precipitation and air temperature at a desired interval.  Also, by specifying the interval for saving results, only the desired results are saved, which is beneficial for optimizing calculations and computer resources.



(3) Output Unit Option:



	The OWLS model provides an option for output units: in terms of "depth" or "volume".  When the useDepthOutput is set to TRUE, the output of streamflow, evapotranspiration, etc., is illustrated in depth over the whole watershed area per unit time.  This is especially useful when we doing a water balance.  When the useDepthOutput is set to FALSE, the output unit is volume per unit time, such as flow in cubic meters per second.



	(4) File Name Definitions:



	The OWLS model needs to work with relatively large amounts of data which are stored amongst a variety of files.  These files are defined as control parameters so that the OWLS program can access them.  Although control parameters are fixed, their values are determined by a user.  File format for each parameters are also fixed.  Some of the control parameters may remain undefined when data is not available for them.  The following is an example:

						LAItoInterceptFileName = "lai2intc.dat"     

	Where LAItoInterceptFileName is one of the control parameters and “lai2intc.dat” is the value of this parameter which is a file name.  The file name for LAItoInterceptFileName stores the relational data between the Leave Area Index (LAI) and the Intercepting ratio (RLAI).  The intercepting ratio is the ratio between the interception storage capacity of the forest having a specified LAI at a certain time of the year in relation to the maximum interception storage capacity.  As LAI is a seasonal factor,  interception storage capacity of a forest will also change accordingly by adjusting the interception ratio.  The file format of the lai2intc.dat is as follows:



	// FILENAME: LAI2INTC.DAT

	// Data file for relations between

	// available LAI (LAI * coverage) and

	// interception capacity ratio (R)

	// INTC = INTC0 * R(LAI(t))

	// LAI -- INTC

	0  0

	1  0.1

	2  0.2

	3  0.3

	.. ...

	8  0.8

	9  0.9

	10 1.0



The lines heading with double slash "//" are comment lines (the standard comment marking in C program).  Comment lines can be any where in the data file.  The lines heading with numbers are the data lines.  The first value in each line represent the LAI value and the second value corresponds to the interception capacity ratio.  All relational data follow the above format so that values can be selected and used for interpolation.  For example, in the above data, if the LAI is 8.5, then the OWLS model will pick the values from LAI = 8 (which is 0.8) and LAI = 9 (which is 0.9) and then solve for a value between is 0.85.  While default values within the OWLS model can be used, if field information provides a relationship between these two parameters, the user can directly modify this file so that we have more a accurate model for the watershed.

File name definitions for the OWLS hydrologic model are as follows:



	[1].  LAItoInterceptFileName: This file that stores relational data between LAI and Interception ratio.

	[2].  LAItoETFileName: This file that stores relational data between LAI and ET ratio from canopy.

	[3].  drainArea2PipeRadius:  This file that stores relational data  between soil depth and macropore pipe radius.

	[4].  area2PipeCount: This file that stores relational data  between upper drainage area and macropore pipe count.

	[5].  area2Depth : This file that stores  relational data between drainage area and stream depth.

	[6].  area2TopWidth: This file that stores  relational data between drainage area and top width of a stream cross-section.

	[7].  area2BotWidth: This file that stores relational data between drainage area and bottom width of a stream cross-section.

	[8].  paramFileName: Interruption Protection file for model parameters.  This file is in binary format.  The OWLS model is designed to protect results from interruption.  In case of power loss or manual interruption, the results will not be lost.  The simulation can be continued from the last saving point before the loss of power instead of to starting again from the very beginning.

	[9].  fluxFileName: Interruption protection file of flux map from last calculation step.  This file is in binary format.

	[10].  channelFileName: This data file stores simulated channel information, including the depth of water, width of channel, discharge in the channel and all details of a channel segment.  This file is primarily for graphical visualization.  The visualization model can read this file and provide visual output for a user.  This file is in binary format.

	[11].  cellFileName: This data file stores simulated information for watershed cells, including the soil moisture, the flux  occurring within the cell and water depths (surface, snow cumulation, soil, macropore etc.)

	[12].  sumFluxFileName: This data file stores series of flow data at the watershed outlet.  Data are saved in a pre-defined saving step.  The visualization model within the OWLS model can read the data file and output to the user.

	[13].  counterFileName: This counter file maintains the records that have been simulated.

	[14].  textOutputFileName: This is comprehensive data file in text format showing  rainfall, observed flow, simulated flow, canopy intercepted water, surface water and flow, soil water, soil flow, soil moisture, macropore water, macropore flow, and so on for the stream outlet.  It is intended to contain summary information about the simulation.  It can be imported into a spreadsheet and used for simple graphical analysis.

	[15].  riverOutputFileName: This is a text file for storing simulated streamflow, including flows for each stream segment for each time saving step.





	(5) Switch Parameters



	There are built-in functions within the OWLS model that allow a user to switch parameters depending upon their availability as model inputs.  These parameters are usually presented as values like TRUE or FALSE.  Some of them use digital integers for choosing among more than two options.  Switch parameters do not need calibration.  The following are the switch parameters used in the OWLS model:

	[1].  useHorton: when TRUE,  the modified Horton’s equation will be used for surface infiltration calculation.  When FALSE,  relational data will be obtained from the files for infiltration rate under different soil moisture conditions.

	[2].  useDirectInputs: This switch parameter is used to determine whether direct precipitation onto the stream surface will be considered as part of the watershed water inputs.  The default value is FALSE since the adding of direct inputs may cause a slightly imbalance of water circle in the watershed.  Although the OWLS model simulates the dynamic stream water surface during a precipitation event,  it is not easy to deduct this portion of stream water surface from the nearby land unit, e.g.  if the watershed area is 100,000 m2 and the stream water surface area is 1,000 m2.  This 1,000 m2 could not be deducted from the watershed area.  Thus, if we add direct rainfall onto the stream, there will be actually 100,000+1,000 m2 surface area receiving water from the sky, which is not correct.  So the default for this model is to neglect the direct rainfall instead of amplify its effects.

	[3] iterativeErr: This is the control factor for Newton’s iterations in the kinematic wave simulations for both surface water routing and stream flow routing procedures.  It is an error criterion.  The smaller it is, the more precise the result will be.  On the other hand, a small error term increases the time/steps needed for calculations.  While it can greatly affect run times,  it will not significantly affect simulation results.  In the BBWM modeling, the iterativeErr is taken the value  0.01.

	[4] maxIterations: This is another control factor for Newton’s iterations to avoid unexpected looping.  This parameter sets an upper limit for the number of iterations.  When its value is relatively large (like 100), it will not affect the simulation result.  But if set as low as 1 or 2,  the result of simulation will be significantly altered.

	



		(6) Visualization Control



	Parameters to control the screen output include color, view specification, time range etc.





2.3.2.  System Model Parameters



	Parameters that directly drive the hydrological process of the watershed are system model parameters.  Many of these parameters are not physically known, especially at a watershed scale.  Thus, they need calibrations so that the model can fit to local watershed.  There are 37 model parameters used in OWLS:

	[1].  infiltration_k: the constant in 1/hr for Horton’s equation;

	[2].  infiltration_a: the index for soil-moisture and Horton time function

	[3].  conductivityAdjust: an adjustment factor for soil conductivity 1.0 means no change, 1.1 means a 10% increase.  This parameter is set for calibration purposes: since soil conductivity is not only a function of soil type but also soil moisture content.  The OWLS model obtains relational data between soil hydraulic conductivity and the soil moisture contained in files or from user supplied data.  In actuality, the hydraulic conductivity of a watershed may have a systematic offset from these values.  Therefore, a conductivityAdjust parameter is used to create this offset as a bridge between laboratory data and field conditions.

	[4].  infiltration0Adjust: similar to the conductivityAdjust, different types of soil have different maximum infiltration rates (which most likely come from lab experiments).  This parameter allows an offset to adjust laboratory results to fit field situations.

	[5].  infiltrationCAdjust: an adjustment factor for Horton Minimum infiltration rate.

	[6].  snowMelt_Df: a snowmelt degree factor, in inches of water equivalent per hour per degree F.

	[7].  snowMelt_Tb: the base air temperature above w���hich snowmelt can occur.

	[8].  ET_a: the "a" constant for potential evapotranspiration (PET).

	[9].  ET_b: the "b" constant for PET.

	[10].  underCanopyETConstant: the ratio between water evaporation on the soil surface water and PET.

	[11].  soilETConstant: the ratio between soil ET and PET.

	[12].  roughness: the surface roughness (Manning’s coefficients) for watershed surfaces.

	[13].  layerWeight1 and layerWeight2: the OWLS model utilizes input data for two soil layers.  But hydrologically there is a depth of soil that may not fit exactly into either the first or second layer.  It may occur somewhere in between.  Thus, the equation for the depth of soil is weighted by the depth of both layer, which means the layerWeight1 (weight for the 1st layer) and layerWeight2 (weight for the 2nd layer of soil) should be sum to 1.0.  In the BBWM watershed, based on hydrograph responses,  we chose the bottom layer as the boundary of the soil depth, or layerWeight1 as 0.0 and layerWeight2 as 1.0.

	[14].  minDiameter: the parameter used by the Macropore flow model.  It is the minimum diameter that qualifies a soil tunnel pipe for being a macropore pipe and, which allows the movement of gravitational water.

	[15].  pipeRatio: this parameter is used to adjust the average macropore pipe radius.  The parameter is based on the assumption that in a soil column, the macropore pipes are not evenly distributed vertically.  Larger pipes may be found more on the top than at the bottom of the soil column.  Therefore, when more macropores are saturated by the water, there the average effective macropore radius will be larger.  The pipeRatio parameter is used to adjust the average effective macropore diameter.  There is a reason to introduce this parameter: On the hydrograph, the flow recession curve is usually more gradual than ordinary soil and pipe flow can simulate.  This parameter will be able to speed up the flow peak and slow down the flow recessions.

	[16].  radiusA, radiusB and radiusC: a parameter for the macropore pipe radius equation;

	[17].  countA, countB, countC, countD and countE: parameters for the macropore pipe count equation;

	[18].  surfaceMacroporeConst: a ratio between water flow into macropores from the surface and that to the soil (infiltration).  Since the exact equation for the process by which surface water flows into the soil macropore system is unknown,  a simplified assumption is that the amount of water flux from surface to the macropore pipe system is proportional to the soil infiltration flux.  Under this assumption, surfaceMacroporeConst is used to calculate the amount of water flow into the macropore system from the surface.

	[19].  soilMacroporeConst: the constant for soil water flux to the macropore pipe system.  Similarly, the water flux from the soil to a macropore pipe system are unknown.  This constant is based on the assumption that the higher soil water tables, the greater the flux from the soil to the macropore pipes.  Currently, the macropore model only allows inputs from surface water and soil water, but does not allow the reverse process (i.e.,  water moving from macropore pipe to the soil or non-stream surface).

	[20].  frictionCoeff: the friction coefficient for macropore pipes.  For an ordinary system of non-macropore pipes, this parameter is ranged from 0.04 to 0.06 for Re > 4000 turbulent flow.  But for hydrograph simulations of the BBWM watershed, the value was 350, otherwise the simulated hydrograph was always to steep up and down (i.e., water moves too fast through the macropore system).  This result indicates  that natural macropore system may have more friction than associated with simple pipes.

	[21] widthTopConstant and widthTopPow: the parameters used to calculate the channel top width in relation to catchment area.

	[22] widthBotConstant and widthBotPow: the parameters used to calculate the channel bottom width in relation to catchment area.

	[23] depthConstant and depthPow: the parameters used  to calculate the channel depth in relation to catchment area;

	[24] soilMoisture: the initial soil moisture condition.  This value will only affect the initial stage of simulated flows and will become less influential as calculations proceed.

	[25] initialStreamDepthRatio: the initial stream water depth condition, as a ratio to its maximum physical depth.  This parameter is relatively unimportant.  Like soilMoisture, it can only affect the initial stages of simulated flows and its effect disappears with continued calculations.

	[26] soilWaterSupplyC1: the maximum rate of water supply that a soil can offer to the vegetation canopy.

	[27] soilWaterSupplyC2: the coefficient for the equation to calculate soil water supply for the canopy.  This parameter will affect the curve of soil-moisture to water supply.  When it is zero, than the curve become a straight line which means they are linearly related.  From a conceptual basis, the value is in the range between 0 and 0.1618 of the soilWaterSupplyC1.  It represents the maximum offset from the linear straight line.





3.  Outputs from the OWLS model


Table M - 1. Data structure of sumFluxFileName file

��
Size of Offset�Numbers of Offset�Value Represented��
int�1�Series Number��
int�1�The number of steps for the current simulation��
float�1�Simulated discharge (m3/hr)��
float�1�Observed discharge (m3/hr)��
double�1�Rainfall depth (m)��
double�1�ET depth (m)��
double�1�Stream water volume (m3)��
double�1�Stream Surface Flow Component (m3/timestep)��
double�1�Stream Subsurface Flow Component (m3/timestep)��
double�1�Stream Macropore Pipe Flow Component (m3/timestep)��
double�1�Intercepted Water Depth (m)��
double�1�Surface Water Depth (m)��
double�1�Soil Water Depth (m)��
double�1�Macropore Pipe Water Volume (m3)��
double�1�Relative Soil Moisture Content��
double�1�Soil Conductivity (m/hr)��
double�1�Basin Averaged Air Temperature (degree C)��


	The OWLS model generates two different kind of outputs: 2-D data and 3-D data.



	3.1.  Two-Dimensional Data



	Two-Dimensional Data include stream flow at the watershed outlet, total water storage for different components of the watershed, vertical flux of the watershed, average soil moisture content and watershed air temperature.  All of these data correspond to a certain time step of simulation.  They are stored in two formats: binary format and text format.  

	The binary-formatted file is defined by the parameter sumFluxFileName.  It has repeating data blocks with the structure shown in Table M - 1.







Table M - 2. Data format for 
textOutputFileName 
file



�



Row------2------3-----------4----------5----------6----------7----------8

No.   Date   Time   julianDay   SimuFlow   MeasFlow   SimuFlow   Rainfall

--  yymmdd hhmmss        days       m3/s       m3/s         m3         m3

  0 901103      0  33180.0000      0.000      0.002        0.0        0.0

  1 901103  10000  33180.0417      0.001      0.002        2.4        0.0

  2 901103  20000  33180.0833      0.001      0.002        4.0        0.0

  3 901103  30000  33180.1250      0.001      0.002        4.4        0.0

 ..     ..     ..          ..         ..         ..         ..         ..



--9---------10---------11---------12---------13---------14---------15---------16

 ET RiverWater   RSurFlow  RSoilFlow  RPipeFlow     Canopy    Surface  SoilWater

 m3         m3         m3         m3         m3         m3         m3         m3

0.0          1          0          6          0          0          0       6288

0.0          1          0          6          0          0          0       6276

0.0          2          0          6          1          0          0       6264

0.0          2          0          6          1          0          0       6252

 ..         ..         ..         ..         ..         ..         ..         ..

 

-------17---------18---------19---------20

PipeWater  soilMoist  soilCondu  basinTemp

       m3    percent      mm/hr      deg.C

        5      9.872    208.330      5.205

       10      9.922    208.330      5.391

       15      9.938    208.330      5.749

       19      9.939    208.330      6.256

       ..         ..         ..         ..


	The text-formatted file is defined by the parameter textOutputFileName.  The text file contains two portions: parameter portion and data portion.  The parameters portion describe the major parameters that used for the simulation.  The data portion are simulated results which has the format as shown in Table M - 2.



   


		3.1.1.  Stream Flow





	Streamflow for the watershed outlet has three columns in the output file: columns 6, 7 and 11.  Columns 6 and 7 are simulated and observed discharge at the watershed outlet respectively.  Column 11 is the simulated flow in volume or depth associated with a particular time step.  It can be used to compare with precipitation (also in volume or depth) in column 8.




		3.1.2.  Water Storage





	The water storage of a watershed includes: canopy water storage (column 14), surface water storage (column 15), soil water storage (column 16), macropore water storage (column 17), and channel water storage (column 10).



		3.1.3.  Vertical Flux





	The vertical flux, as output, includes the simulated total evapotranspiration (column 9) and the calculated watershed average precipitation (column 8).








		3.1.4.  Soil Moisture Content





	As calculated from individual cells, the soil moisture content (column 18) is the watershed averaged relative soil moisture.








		3.1.5.  Temperature





	The air temperature (column 20) in the watershed is simulated using the Air Temperature Extension Model.  The results show whether it is rain or snow.







3.1.6.  Conductivity





	The averaged value of soil hydraulic conductivity (column 19)  is calculated as a function of soil moisture content.  







	3.2.  Three-Dimensional Data



	All three-dimensional output data are stored in files with binary format to reduce size and insure fast access.  3-D output data from the OWLS model includes:







		3.2.1.  Topographical Output





			3.2.1.1.  Stream Segment





	The watershed stream segments are stored in a file defined by parameter segmentFileName.  This file is in binary format and stored as follows:





Table M - 3. Data format for 
segmentFileName 
file
.



Size of Offset�Numbers of Offset�Value Represented��
integer�1�Total number of stream segments (nSegments)��
integer�1�Numbers of Steps of the simulated data��
OWLSTime�double

long

long�1�1

1

1�Time Information:�Julian Day;

hhmmss;

yymmdd;��
float�nSegments�velocity of the segment flow (m/s)��
float�nSegment�discharge of the segment flow (m3/hr)��
float�nSegments�segment water width (m)��
....�....�....��
float�nSegments�velocity of the segment flow (m/s)��
float�nSegment�discharge of the segment flow (m3/hr)��
float�nSegments�segment water width (m)��









Tab
le M - 4
. 
Recursive function



�


void OWLSenTree::read(FILE *file)

{

  if (root == NULL)



  {

    root = new OWLSenNode();

    current = root;

  }

  OWLSenNode * old;

  old = current;

  int i;

  fread(&old->enIdx, 

    sizeof(OWLSen), 1, file);

  fread(&old->nChildren, 

    sizeof(int), 1, file);

  if (old->nChildren)

  {

    old->child = new 

      OWLSenNode*[old->nChildren];

    for (i = 0; 

      i < old->nChildren; i++)

    {

      old->child[i] = new 

        OWLSenNode();

      current = old->child[i];

      read(file);

    }

  };

  current = old;

};











			3.2.1.2.  Stream Network






	The watershed stream network is saved in the file defined by parameter basinStreamTreeFileName.  The file is in binary format and stored in a edge-node tree structure.  The size of the stream network tree may vary.  It needs to be re
trieved by a recursive function (Table M - 4)
.



	
This recursive function creates a stream tree while reading data from the file defined by the 
b
asinStreamTreeFileName
.  Two components in the modular: OWLSenNode and nChildren which is an integer for the number of children that the current tree node has.  If the number of children is not zero,  the function continues to move on to each child until an additional cannot be found.







			3.2.1.3.  Watershed Cells, Boundary and Flowpath





	All topographic data of a watershed are stored in a file defined by the parameter newBasinFileName.  The file is in binary format 
(Table M - 5
).






	
	
Table M -5. Format of 
newBasinFileName 
file



Size of Offset�Numbers of Offset�Value Represented��
integer�1�Total number of nodes (nNodes)��
integer�1�Total number of edges (nEdges)��
integer�1�Total number of cells (nCells)��
OWLSNode�float 

float 

float 

float 

float 

float �nNodes�1

1

1

1

1

1�Node Data:�value on x;

value on y;

value on x;

value w,=1;

d1, soildepth1;

d2, soildepth2;��
OWLSEdge�integer 

float 

integer

integer

integer

integer�nEdges�1

1

1

1

1

1�Edge Data:�Marker in/out;

Length;

1st node index;

2nd node index;

1st neighbor  cell;

2nd neighbor cell;��
OWLSCell�integer 

integer 

float 

sCellInfo

integer

float

integer

Color

float�nCells�1

1

1

1

nEdges

nEdges

nEdges

1

1�Cell Data:�Marker in/out;

nEdges;

Cell value;

Cell Information;

Edge Index;

Edge Weight;

Node Indices;

Cell Color;

Cell Area;��
integer�1�Watershed outlet node index��
float�1�Watershed Slopy Area��
float�1�Watershed Area��
OWLSEdge�integer 

float 

integer

integer

integer

integer�nEdges�1

1

1

1

1

1�Edge Data:�Marker in/out;

Length;

1st node index;

2nd node index;

1st neighbor  cell;

2nd neighbor cell;��
�
	
	
Table M -5. Format of 
newBasinFileName 
file
 (continued)



Size of Offset�Numbers of Offset�Value Represented��
OWLSEdge�integer 

float 

integer

integer

integer

integer�nEdges�1

1

1

1

1

1�Edge Data:�Marker in/out;

Length;

1st node index;

2nd node index;

1st neighbor  cell;

2nd neighbor cell;��
OWLSenTree�OWLSenNode

integer

..............

.........

�(size will be determined by the recursive modular)�Watershed Boundary Data, stored in a tree structure.  Size of this block may varied.  Need to be retrieved by the recursive function as addressed aboved.��
OWLSenTree�OWLSenNode

integer

..............

.........�(size will be determined by the recursive modular)�Watershed Flowpath Tree stored in a tree structure.  Size of this block may varied.Need to be retrieved by an recursive function as addressed aboved.

��








		3.2.2.  Hydrologic Output



			3.2.2.1.  Flows for Stream Segments






Table M -6. Format of 
riverOutputFileName 
file



�



Stream Flow Rate in cub.m/s for each segment

Total Number of Segments = 29

      segment ID :       0       1       2       3       4       5       6      ..      28

segment RiverMile:     0.0    72.6   112.3   145.0   147.6   209.2   226.4      ..   259.9

 Number JulianDay 

      0 32629.0000   0.000   0.000   0.000   0.000   0.000   0.000   0.000      ..   0.000

      1 32629.0417   0.001   0.001   0.000   0.000   0.000   0.000   0.000      ..   0.000

      2 32629.0833   0.001   0.001   0.001   0.000   0.000   0.000   0.000      ..   0.000

      3 32629.1250   0.001   0.001   0.001   0.000   0.000   0.000   0.000      ..   0.000

     ..  ..........   .....   .....   .....   .....   .....   .....   .....      ..   .....

    245 32639.2083   0.011   0.011   0.010   0.007   0.007   0.006   0.006      ..   0.002

    246 32639.2500   0.017   0.017   0.015   0.011   0.010   0.008   0.008      ..   0.002














	There are two files for 3-D flows: a text version and a binary version.  The text version is stored in the file defined by parameter riverOutputFileName which has the 
format
 as shown in Table M -6.






The first 2 rows are information about the units of flow and the total number of stream segment.  The 3rd row is the stream segment ID.  The 4th row is the segment cross-section river-mile, which is the distance to the stream outlet.  Its units, when flow is in SI unit, is in meters.  Starting from row 6, each row represents a simulated flow results for each stream segment.  The 3rd column is flow from the stream outlet and columns after that are simulated flows for each segment.

	The binary version of the segment flows is stored in the file defined by the parameter channelFileName, which has the repeating blocks with the 
structure
 shown in Table M - 7.






Table M - 7. Format of 
channelFileName 
file



Size of Offset�Numbers of Offset�Value Represented��
int�1�The number of stream segments in the watershed stream tree: nSegments��
int�1�The number of steps for the current simulation��
OWLSTime�double

long

long�1�1

1

1�The time for the current simulation: Julian Day, HHMMSS, YYMMDD.��
float�nSegments�The velocity for each stream segment��
float�nSegments�The discharge for each stream segment��
float�nSegments�The width of each stream segment (channel width)��








			3.2.2.2.  Water Storage for Watershed Cells





	The file for water storage for watershed cells is defined by parameter cellFileName.  It is in binary format and has repeating blocks with the 
structure
 as shown in Table M - 8.






Table M - 8. Format of 
cellFileName 
file



Size of Offset�Numbers of Offset�Value Represented��
int�1�The number of cells in the watershed: nCells��
int�1�The number of steps for the current simulation��
OWLSTime�1�The current time ��
float�nCells�The relative soil moisture content for each watershed cell.��
float�nCells�The intercepted water depth in the canopy for each cells��
float�nCells�The surface water depth for each cells��
float�nCells�The macropore water volume for each cells��
float�nCells�The total water depth for each cells��
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