4. Steps to Run the OWLS model



	The OWLS model is a data-demanding model,  perhaps  it is the common charaterization for physically-based watershed models. There are many steps involved in running the OWLS model assumimg a watershed all the necessary data are available. Steps for running the OWLS model include: raw data processing, parameter assignment, watershed checking, model testing, etc. Following are the step-by-step instructions for running the OWLS model:



	4.1. Run the Data Processing Program



		4.1.1. Check List



Raw data that used by the OWLS model are defined by the parameters in Table M - 9.



Table M - 9.  Parameters for data source files

No.�Parameter�In File�Description�Required?��1�gridFileName�owls.ini�Gridded elevation data for the watershed�Yes, used by the data processing model.��2�surveyElevFileName�owls.ini�Watershed topographic survey data�Yes, if not available, use the same one as gridFileName.��3�triangleFileName�owls.ini�Watershed triangular mesh data, based on the survey data points.�No, only when you need a detailed meshing��4�contourFileName�owls.ini�An Arc/Infor asc file for contour data.�No, for graphical visualization only��5�boundaryFileName�owls.ini�An Arc/Infor asc file for boundary data of the study area.�No, for graphical visualization only��6�streamFileName�owls.ini�An Arc/Infor asc file for digitalized stream data of the watershed.�No, for graphical visualization and comparison.��7�soilFileName�owls.ini�An Acr/Info asc file for digitalized soil type data of the watershed.�No, for graphical visualization only.��8�soilDepthFileName�owls.ini�The soil depth data of two layered soil for each sample location�Yes, used by the hydrologic model��9�soilCellFileName�owls.ini�The soil type data for each soil cell�No, currently for graphical visualization only.��10�arrowPointsFileName

�owls.ini�The point data for 3-D Directional Arrows�No, used by the visualization model only��11�arrowFacetsFileName

�owls.ini�The cell data for 3-D Directional Arrows�No, used by the visualization model only��12�testPointFileName�owls.ini�The point data for a 3-D testing model�No, used by the visulation model only���Table M - 9.  Parameters for data source files (continued)

No.�Parameter�In File�Description�Required?��13�testIrrFacetFileName�owls.ini�The cell data for a 3-D irregular polygon testing model�No, used by the visulation model only��14�testRecFacetFileName�owls.ini�The cell data for a 3-D rectangular polygon testing model�No, used by the visulation model only��15�origRainFileName�bbwmdata.ini�A text file contains observed rainfall data for all gages�Yes, used by the data processing model��16�origTempFileName1�bbwmdata.ini�A text file contains observed air temperature ans soil temperature for the 1st temperature gage�Yes, used by the data processing model��17�origTempFileName2�bbwmdata.ini�A text file contains observed air temperature ans soil temperature for the 2nd temperature gage�Yes, used by the data processing model��18�origRunoffFileName�bbwmdata.ini�A text file contains observed stream flow data for all gages�Yes, used by the data processing model��19�rainGageFileName�owlshydr.ini

�A text file contains information about all the rain gages�Yes, used by the data processing and hydrologic model��20�cloudFileName�owlshydr.ini

�A text file contains cloud coverage data for the watershed�Yes, used by the hydrologic model��21�LAIRatioFileNamePrefix�owlshydr.ini

�The prefix of a series of file names, which contain Leaves Area Index ratio for different vegetations in different time of a year.�Yew, used by the hydrologic model��22�airTempGageFileName�owlshydr.ini

�A text file contains information about all the air temperature gages�Yes, used by the data processing and hydrologic model��23�soilOTempGageFileName

soilBTempGageFileName

soilCTempGageFileName�owlshydr.ini

�A text file contains information about all the soil O-, B- and C-horizon temperature gages�Yes, used by the data processing, but have not been used by the hydrologic model. Their values will not have any effect on the simulation results��24�soilTypeFileName�owlshydr.ini

�A text file contains data for each soil type in the watershed�Yes, used by the hydrologic model��25�vegTypeFileName�bbwmdata.ini�A text file contains data for each vegetation type in the watershed�Yes, used by the hydrologic model��26�streamGageFileName�bbwmdata.ini�A text file contains information about all the stream gages in the watershed�Yes, used by the hydrologic model��27�monthlyAirTempFile�bbwmdata.ini�A text file contains average monthly air temperature data for the watershed�Yes, used by the hydrologic model whenever observed data is missing.��28�physicalModelInitFile�bbwmdata.ini�A text file contains parameters for the OWLS hydrologic model�Yes, used by the hydrologic model��29�LAItoInterceptFileName�(physicalModelInitFile)�A text file contains relational data between LAI and interception capacity ratio.�Yes, used by the hydrologic model���Table M - 9.  Parameters for data source files (continued)

No.�Parameter�In File�Description�Required?��30�m2fFilePrefix�(physicalModelInitFile)�A prefix for a series of text files which contain relational data between relative soil moisture content and infiltration ability for all types of soil in the watershed�No, optional for used when available. To substitute the modified Horton's Equation.��31�LAItoETFileName�(physicalModelInitFile)�A text file contains relational data between LAI and ET capacity ratio.�Yes, used by the hydrologic model��32�drainArea2PipeRadius�(physicalModelInitFile)�A text file contains relational data between drainage area and macropore pipe radius�No, optional when available to subsititute the macropore pipe model.��33�area2PipeCount�(physicalModelInitFile)�A text file contains relational data between area of a cell and the numbers of macropore pipes.�No, optional when available to subsititute the macropore pipe model.��34�volume2PipeCount�(physicalModelInitFile)�A text file contains relational data between soil volume and numbers of macropore pipes.�No, optional when available to subsititute the macropore pipe model.��35�area2Depth�(physicalModelInitFile)�A text file contains relational data between the drainage area and the stream cross-section depth�No, optional when available from survey. To substitute the channel geometric model.��36�area2TopWidth�(physicalModelInitFile)�A text file contains relational data between the drainage area and the stream cross-section top width�No, optional when available from survey. To substitute the channel geometric model.��37�area2BotWidth�(physicalModelInitFile)�A text file contains relational data between the drainage area and the stream cross-section bottom width�No, optional when available from survey. To substitute the channel geometric model.��





		4.1.2. Raw Data Format



4.1.2.1	gridFileName



	The file defined by this parameter has the format shown in Table M - 10.



Table M - 10.  Data format for the gridFileName file

Line#�Content�Description��1�DSAA�Magic Number to identify the file format is OWLS grid data format. It also compatible with data output from Surfer (TM) graphical software���Table M - 10.  Data format for the gridFileName file (continued)

Line#�Content�Description��2�36 31�Numbers of data point in x direction (East) and y direction (North)��3�0 1050�Data range for x, in meters��4�0 900�Data range for y, in meters��5�235.18 452.6�Data range for value (elevation, or z direction), meters��6�1.70141e+038 1.70141e+038 1.70141e+038 1.70141e+038 .... 1.70141e+038 248.967 249.275 1.70141e+038 .... 1.70141e+038 1.70141e+038 1.70141e+038 1.70141e+038�Data block 1, for the first row (y = dy) of data along x direction, in this example, it has 36 data��7

�1.70141e+038 1.70141e+038 1.70141e+038 1.70141e+038 .... 1.70141e+038 249.491 1.70141e+038 1.70141e+038 .... 1.70141e+038 1.70141e+038 1.70141e+038�Data block 2, has 36 data, for y = 2dy.��....:�.... .... ....�Total 31 data blocks in this example��

	



4.1.2.2	surveyElevFileName



	The file defined by this parameter has the format shown in Table M - 11.



Table M - 11.  Data format for surveyElevFileName file

Line#�Content�Description��1�762�Total number of land survey points��2�0       30      540   391.21�The 1st point, starting as series number 0, and the x, y, location and the elevation value. All in meters.��3�1     45.7      542   391.55�Data for 2nd survey point.��...�.... .... ....�.... total 762 points in this example��





4.1.2.3	triangleFileName



	The file defined by this parameter has the format shown in Table M - 12.

�Table M - 12.  Data format for triangleFileName file

Line#�Content�Description��1�1074�Total number of triangular cells in the watershed��2�0   3   0   3   6�Point index for the 1st cell. Respectively: cell index, number of node for the cell, 1st node index, second node index and third node index. The node index is corresponding to the survey point index and is organized counter-clockwise.��3�1   3   0   7   3�Point index for the 2nd cell.��...�.... .... ....�.... total 1074 cells in this example��



4.1.2.4	contourFileName

 

	The file defined by this parameter has the format shown in Table M - 13.



Table M - 13.  Data format for contourFileName file

Line#�Content�Description��1�385�The 1st line value, elevation in meters��2-7�481.219330        807.898010

476.138397        807.658203

470.083588        808.373718

464.661804        808.531799

458.784790        809.106995

456.121857        811.939453�The 1st line x and y value, in meters.��8�END�The terminator for the 1st line��9�386�The 2nd line value in meters��10-12�488.248047        805.389160

483.474915        807.160583

483.474915        807.898010�The 2nd line x and y value in meters��13�END�the terminator for the line��...�...�...��...�END

END�the terminator for the last line

the terminator for the data file��





4.1.2.5	boundaryFileName : (Same format as Table M - 13).





4.1.2.6	streamFileName: (Same format as Table M - 13).



4.1.2.7	soilFileName



	The file defined by this parameter has the format shown in Table M - 14.



Table M - 14.  Data format for soilFileName file

Line#�Content�Description��1�110  1002.452820  297.392731�The 1st soil cell ID and the x, y value of the center point��2-12� 989.437500        296.000000

 980.825562        299.785461

 980.825562        299.785461

1024.152466        299.675171

1024.152466        299.675171

1017.687500        297.000000

1011.312500        296.000000

1011.312500        296.000000

1004.500000        295.000000

1004.500000        295.000000

 996.937500        295.000000

 989.437500        296.000000�The x and y values for 1st cell polygon.��13�END�The terminator for the 1st cell��...�END�the terminator for the last cell��





4.1.2.8	soilDepthFileName



	The file defined by this parameter has the format shown in Table M - 15.



Table M - 15.  Data format for soilDepthFileName file

Line#�Content�Description��1�47�Total number of soil survey point��2�810     300     1.2     2.9�The 1st survey point, starting as the x, y values of the sample location, and the depth of the 1st and 2nd layer soil. All in meters.��3�630     270       0     3.4�Data for 2nd survey point.��...�.... .... ....�.... total 47 points in this example��

�4.1.2.9	soilCellFileName



	The file defined by this parameter has the format shown in Table M - 16.



Table M - 16.  Data format for soilCellFileName file

Line#�Content�Description��1�157�Total number of soil cells��2�0     2     8�The 1st soil cell, starting as the series number, the soil cell ID number (from file defined in 4.1.2.7) and the soil type ID.��3�1     5     8�Data for 2nd soil cell.��...�.... .... ....�.... total 157 soil cells in this example��





4.1.2.10	arrowPointsFileName



	Same format as Table M - 11 except the values of x, y, and z are for the points of the directional arrows.





4.1.2.11	arrowFacetsFileName



	Same format as Table M - 12 except the indices represent the facets of the directional arrow.





4.1.2.12	testPointFileName



	Same format as Table M - 11 except the values of x, y, and z are for the points of the testing model.





�4.1.2.13	testIrrFacetFileName



	Same format as Table M - 12 except the indices represent the facets of the testing model.





4.1.2.14	testRecFacetFileName



	Same format as Table M - 12 except the indices represent the facets of the testing model.

�Table M - 17. Data format for origRainFileName file

Watershed Manipulation Project - Bear Brook Watershed in Maine.

....

DATE     In yymmdd format.

TIME     In 24 hour clock - HH:MM.

HOUR_S

HOUR_C

HOUR_E

         Hourly precipitation.  Hourly precipitation represents

         the amount of precipitation which fell in the previous 

         60 minutes.  Units are inches of precipitation.  _S stands

         for Summit station, _C stands for Camp station, and _E

         stands for East Bear station.

DAY_S 

DAY_C

DAY_E

         Daily precipitation.  Daily precipitation represents

         the total which fell in the previous 24 hours. 

         Units are inches of precipitation.  _S stands for Summit

         station, _C stands for Camp station, and _E stands for

         East Bear station.

(  .  )  is for missing data.



DATE   TIME   HOUR_S HOUR_C HOUR_E DAY_S  DAY_C  DAY_E



871230  0:00  0      0      .      0      0      .

871230  1:00  0      0      .      .      .      .

871230  2:00  0      0      .      .      .      .

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

890513  6:00  0.03   0      0      .      .      .

890513  7:00  0.03   0.03   0.07   .      .      .

890513  8:00  0.03   0.02   0.03   .      .      .

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





4.1.2.15	origRainFileName



	The format for the original rain data,  shown for the BBWM rainfall data file, is as shown in Table M - 17.  The front portion is simply a description of the data and their format. The OWLS program start to retrieve data after the head-line "DATE   TIME ..." is read.





4.1.2.16	origTempFileName1



	Temperature Data File for temperature gauge 1. The format of the data file is that from the BBWM watershed (Table M - 18).



	Table M - 18. Data format for origTempFileName1 file

Watershed Manipulation Project - Bear Brook Watershed in Maine (BBWM)

Soil and air temperatures (Centigrade) from the Camp station.  Data covers collection date from December 30, 1987

to December 31, 1992. 





           ---------   AVERAGE  ------------   ----------  MAXIMUM  ------------   ----------  MINIMUM  ------------   

               O        B        C                 O        B        C                 O        B        C

DATE  TIME HORIZ    HORIZ    HORIZ     AIR     HORIZ    HORIZ    HORIZ     AIR     HORIZ    HORIZ    HORIZ     AIR



871230  0  1.018    2.204    3.629    -18.04   1.056    2.23     3.653    -16.72   0.934    2.109    3.436    -20.51

871231  0  0.837    2.179    3.625    -18.51   0.996    2.214    3.653    -15.05   0.658    1.919    3.488    -22.76

880101  0  0.625    2.132    3.617    -9.36    0.72     2.172    3.645    -3.701   0.555    2.088    3.591    -15.68

880102  0  0.583    2.078    3.602    -1.016   0.643    2.114    3.63     5.051    0.469    1.977    3.502    -4.17

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





	This file contains all temperature information from the temperature gauge including three soil horizons, and air temperature. All data are charaterizational data, or in other word, average, maximum, and minimum.  As with 4.1.2.15,  the OWLS program starts reading data after identifying the first string is a number.





4.1.2.17	origTempFileName2



	Same as Table M - 18 except for temperature gauge 2.





4.1.2.18	origRunoffFileName



	The format of runoff data, shown for from the BBWM watershed is as shown in Table M - 19.

�	Table M - 19.  Data format for origRunoffFileName file.

This file contains provisional hourly discharges in cubic feet per second from

December 1, 1988 to November 30, 1992.

Data collection stations included are:

                         EAST BRANCH BEAR BROOK  USGS Station No. 01022340

                         WEST BRANCH BEAR BROOK  USGS Station No. 01022350



DATE     Data collection date (yymmdd).

TIME     Data collection time (hh:mm).

CFS_E    Hourly discharge data collection site is East Bear Brook, Station No. 01022340

FLAGE    Data flags for CFS_E.  (e) is for estimated data.

                                (.) is for missing data.

CFS_W    Hourly discharge data collection site is West Bear Brook, Station No. 01022350

FLAGW    Data flags for CFS_W.  (e) is for estimated data.

                                (.) is for missing data.





DATE    TIME CFS_E  FLAGE   CFS_W  FLAGW

--------------------------------------

881201  1:00 0.182     .    0.166     .

881201  2:00 0.182     .    0.166     .

881201  3:00 0.182     .    0.166     .

881201  4:00 0.182     .    0.166     .

881201  5:00 0.179     .    0.166     .

881201  6:00 0.166     .    0.166     .

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



The file contains observed data from two different stream gauges. As with 4.1.2.15, the OWLS program starts reading data after identifying the first string is a number.





4.1.2.19	rainGageFileName



	The data file contains information about the rain gauges. It has the format as shown in Table M - 20.



Table M - 20. Data format for rainGageFileName file.

Line#�Content�Description��1�nGages = 3;�Total number of rain gauges��data block 1�// data for gage 1

name1 = "Summit Precipitation Station";

dataFile1 = "rainsubh.bit";

x1 = 210;

y1 = 750;�The information about the 1st rain gauge. 

// is comment line;

name1 is the name of the gauge

dataFile1 is the binary file stores the processed rainfall data for the 1st gauge;

x1, y1 is the x, y values of the 1st gauge;���Table M - 20. Data format for rainGageFileName file (continued).

Line#�Content�Description��data block 1�elevation1 = 450;

startDate1 = 871022;

startTime1 = 000000;

endDate1 = 921231;

endTime1 = 230000;

step1 = 1;�elevation1 is the elevation of the 1st gauge;

startDate1, startTime1 are the date and time of the first record for gauge 1;

endDate1, endTime1 are the date and time of the last records for gauge 1;

step1 is the interval of the record at gauge 1.��data block 2�// data for gage 2

name2 = "Camp Precipitation Station";

dataFile2 = "raincamh.bit";

x2 = 510;

y2 = 690;

elevation2 = 385;

startDate2 = 871022;

startTime2 = 000000;

endDate2 = 921231;

endTime2 = 230000;

step2 = 1;

�Same as above for gauge 2.��...�// data for gage 3

name3 = "East Bear Brook Precipitation Station";

............�same as above for gauge 3.

....��





4.1.2.20	cloudFileName



	The format of this file is as shown in Table M - 21.



Table M - 21. Data format for cloudFileName file.

// Data structure for the cloud data file:

// 1. every lines with '//' heading is memo line

// 2. first digital data is the ID code of the file contain:

//    0 - no data available, follow up a constant cloud coverage;

//    1 - statistical monthly data available, follow up with

//        mm1 cloud1,..., each pair in one line

//    2 - statistical daily data available, follow up with

//        mmdd1 cloud1, ..., each pair in one line

//    3 - observed data available, follow up with

//        yymmdd1 mmddhh1 cloud1, ..., each pair in one line

0

0.8

		

For the example in Table M - 21, observed cloud coverage data are not available and a value of 0.8 cloud cover has been assigned for all days.





4.1.2.21	LAIRatioFileNamePrefix



	A prefix for the filename means there are a series of files available. For example, if the prefix is "ABC", then the series of file names are: ABC0.DAT, ABC1.DAT, ABC2.DAT, etc.  Total numbers of files is 1 plus the types of vegetation that the study watershed has. In the BBWM watershed, there are 12 files with 11 different types of vegetation. The one with "0" in the file name is the data for the whole watershed average. It is used in the simple model and it is very useful since many watershed including the BBWM watershed do not have LAI information for each type of vegetation. This file contains the LAI ratio data for different months of the year using the format as described and shown in Table M - 22.



Table M - 22. Data format for LAIRatioFileNamePrefix file.

// FILENAME: SLAI0.dat

// Seasonal Adjustable LAI Ratio for vegetation type 0 - "Average"

// ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=~~~~=======

// Theory: for many forest speces, leave area index (LAI) is changing with

//         different time season of a year. An equation here is used to

//         adjust this difference:

//   LAI(t) = R(t) * LAI0;

//   LAI(t) is the LAI of the time t

//   R(t)   is the seasonal ratio presented in this file. Conifer and Hardwood

//          will expect have different R(t);

//   LAI0   is the maximum LAI of this vegetation in a year

// The 1st data is the id data (data magic number)

// id -- interger id for the file structure

//    1. when id = 0:

//       only on constant, which is not time dependent

//    2. when id = 1:

//       only monthly average data available, which arranged like this:

// 		mon1 value1

// 		mon2 value2

// 		.... ......

//    3. when id = 2:

//       only daily data available:

// 		mmdd1 value1

// 		mmdd2 value2

Table M - 22. Data format for LAIRatioFileNamePrefix file (continued).

// 		..... ......

//    4. when id = 3:

//       observed hourly data available:

// 		yymmdd1 hhmmss1 value1

// 		yymmdd2 hhmmss2 value2

// 		....... ....... ......

// Here, data 1 means monthly data

1

1 0.01

2 0.03

3 0.1

4 0.4

5 0.7

6 0.9

7 1.0

8 1.0

9 1.0

10 0.7

11 0.1

12 0.05





4.1.2.22	airTempGageFileName (Table M - 23).



Table M - 23. Data format for airTempGageFileName file.

Line#�Content�Description��1�nTempGages = 2;�Total number of temperature gauges��data block 1�// data for gage 1

name1 = "Camp Air Temperature Station";

dataFile1 = "tempcama.dat";  // camp station, air temperature

x1 = 510;

y1 = 690;

elevation1 = 385;

startDate1 = 871230;

startTime1 = 000000;

endDate1 = 921231;

endTime1 = 230000;

step1 = 24;�The information about the 1st T. gauge. 

// is comment line;

name1 is the name of the gauge

dataFile1 is the binary file stores the processed rainfall data for the 1st gauge;

x1, y1 is the x, y values of the 1st gauge;

elevation1 is the elevation of the 1st gauge;

startDate1, startTime1 are the date and time of the first record for gauge 1;

endDate1, endTime1 are the date and time of the last records for gauge 1;

step1 is the interval of the record at gauge 1.��data block 2�// data for gage 2

name2 = "East Bear Brook Air Temperature Station";

dataFile2 = "tempebba.dat";

x2 = 630;

............�same as above for gauge 1.

....��

4.1.2.23	soilOTempGageFileName,  

		soilBTempGageFileName, 

		soilCTempGageFileName



	All these files have the same structure as shown in Table M - 20.





4.1.2.24	soilTypeFileName



	Different soil has different properties. The soilTypeFileName introduces a file having the hydraulic properties for different type of soils.  The file has the format as shown in Table M - 24.



Table M - 24. Data format for soilTypeFileName file.

Line#�Content�Description��1�nSoil = 11;�Total number of soil types��data block 1�// soil 1, very stony

name1 = "Berkshire_Fine_Sandy_Loam";

ID1 = 1;

porosity1 = 0.3;            // volumetric

nConductivities1 = 7;

moisture11     = 1.0        // saturated

conductivity11 = 0.0020833; // m/hr

moisture12     = 0.9

conductivity12 = 0.0002375; // m/hr

moisture13     = 0.8

conductivity13 = 0.0000371; // m/hr

moisture14     = 0.7

conductivity14 = 0.0000054; // m/hr

moisture15     = 0.6

conductivity15 = 0.0000004; // m/hr

moisture16     = 0.5

conductivity16 = 0.0000001; // m/hr

moisture17     = 0.3

conductivity17 = 0;         // m/hr

infiltration01 = 0.02;      // m/hr

infiltrationC1 = 0.002;     // m/hr�Data for the 1st soil type:

// is comment line;

name1 is the name of the soil;

ID1 is the 1st type soil ID;

porosity1 is the porosity for the 1st type soil;

moisture11, conductivity11;

moisture12, conductivity12;

.........., ..............;

moisture17, conductivity17;

are the paired relational data for the unsaturated hydraulic conductivity for the soil type 1;

infiltration01 is the Horton maximum soil infiltration rate;

infiltrationiC1 is the Horton minimum soil infiltration rate;

��data block 2�// soil 2, very stony

name2 = "Dixfield_Fine_Sandy_Loam";

ID2 = 2;

porosity2 = 0.3;            // volumetric

......�same as above for gauge 1.

....��4.1.2.25	vegTypeFileName



	Simular to the soil types,  this file stores information about different types of vegetation (Table M - 25).



Table M - 25. Data format for vegTypeFileName file.

Line#�Content�Description��1�nVeg = 11;�Total number of vegetation types��data block 1�// vegetation 1

name1 = "American_Beech" 

vegID1  =     1;

coverage1 =   1;

LAI1 =       10;

itRate1 =  0.01;

etRate1 =   0.9;

�Data for the 1st soil type:

// is comment line;

name1 is the name of the soil;

vegID1 is the 1st type soil ID;

coverage1 is the maximum canopy coverage;

LAI1 is the maximum leave area index in a year for the 1st type vegetation;

itRate1 is the interception ability ratio;

etRatio1 is the ET ability ratio;��data block 2�// vegetation 2

name2 = "Grey_Birch";

vegID2  =     2;

coverage2 =   1;

LAI2 =       10;

......�same as above for gauge 1.

....��



4.1.2.26	streamGageFileName



	Same format as Table M - 20.





4.1.2.27	monthlyAirTempFile



	This is the monthly averaged air temperature file.  It contains 12 variables as shown in Table M - 26.



�Table M - 26. Data format for monthlyAirTempFile file

// Monthly average air temperature defined by the user

// unit is in degree C

JANAvgTemp = -15.0;

FEBAvgTemp = -10.0;

MARAvgTemp = -5.0;

APRAvgTemp = 0.0;

MAYAvgTemp = 8.0;

JUNAvgTemp = 15.0;

JULAvgTemp = 18.0;

AUGAvgTemp = 17.0;

SEPAvgTemp = 10.0;

OCTAvgTemp = 5.0;

NOVAvgTemp = 3.0;

DECAvgTemp = -7.0;







4.1.2.28	physicalModelInitFile



	This file contains all the parameters used by the OWLS hydrologic model as well as the parameters used by the simulation visualization model. All the parameters are assigned as variables. Their occurences are not ordered, which provides maximum freedom in parameter assignment. Following is the example used by the OWLS model for the BBWM watershed (Table M - 27):



	Table M - 27.  Data format for phydicalModelInitFile file.

// Parameters used for Physical Hydrological Model

//

// Unit Selections

// Unit     Length Depth  Area      Volumn       Temperature  Angle   Discharge

// -------  ------ ------ --------  -----------  -----------  -----   ---------

// INPUTS/OUTPUTS:

// Metric   meter  mm     sq.meter  cubic meter  degree C     degree  m3/s

// English  foot   inch   sq.foot   cubic foot   degree F     degree  cfs

// RUNNINGS:

//          meter  meter  sq.meter  cubic meter  degree C     radius  m3/hr

// Other unit as follows:

//          Input     Output     Model

//          ------    ------     ------

// Energy:  W/m2      W/m2       W/m2     // 1Watt/m2 = 1000 Langly/s

//          Watt      Watt       Watt     // 1Watt = 1000 Joule

//          Joule     Joule      Joule    // 1Cal = 4.186 Joule

//

	Table M - 27.  Data format for phydicalModelInitFile file (continued).

inputUnit  = English;       	// using English unit as inputs

outputUnit = Metric;        	// using Metric unit as outputs



// === Output control ===

startDate  = 890501;        	// start date of the output

startTime  = 000000;        	// start time of the output

endDate    = 900501;        	// ending date of the output

endTime    = 000000;        	// ending time of the output

step         = 1;        		// step of time in running

saveInterval = 1;           	// save results every # steps

useDepthOutput = FALSE;     	// using depth value for outputs instead of volumes



// === interception capacity ===

LAItoInterceptFileName = "lai2intc.dat";   // file name for LAI to Interception relations

canopyMinETRate = 0.01;      	// in inch/hr



// === Horton infiltration equation parameters ===

// f = fc + (f0 - fc) * exp(-k * t)

useHorton = TRUE;       		// option to use model instead

m2fFilePrefix = "sm2f"; 		// prefix of moist to infiltration relation datafile

infiltration_k  = 0.8;  		// empirical constant in 1/hr

infiltration_a  = 0.5;  		// empirical index for soil-moisture and Horton 

						// time function

conductivityAdjust = 500; 		// adjust factor for soil conductivity 1.0 means no 

						// change, 1.1 mean increase 10%

infiltration0Adjust = 0.10; 	// adjust factor for Horton Maximun infiltration 

						// rate, =1 means no change

infiltrationCAdjust = 0.10;    	// adjust factor for Horton Minimun infiltration 

						// rate, =1 means no change



// === Snow melting Degree-Time Melt Equation ===

// modified from Degree-Day Melt Equation:

// M = Df * (Ta - Tb)

// M - daily melt => timely melt (L/T)

// Ta - average daily air temperature => average time temp (Te)

// Tb - base melt temperature (Te)

// Df - degree-day factor (L/T/Te) = 0.05 - 0.15

//      => timely factor (L/T/Te) = (0.05 - 0.15) / timeDay

snowMelt_Df = 0.004;     // in in/hr/dF of water equavalance

snowMelt_Tb = 33;        // when T > 0.5 degreeC, snow melts



// === ET model ===

// A physical ET function modified from Jensen&Haise (1963):

// PET = (a * T + b) * Rs * dt / 24.0

// where:

// PET -- potential evaportransipiration, (cm/day);

// T   -- mean air temperature, (dC);

// Rs  -- solar radiation, (cm/day equavalent water)

// a   -- constant, = 0.025 for daily estimation;

	Table M - 27.  Data format for phydicalModelInitFile file (continued).

// b   -- constant, = 0.078 for daily estimation;

// dt  -- time interval in hour(s)

ET_a = 0.025;

ET_b = 0.078;

underCanopyETConstant = 0.04;

soilETConstant = 0.01;

soilWaterSupplyC1 = 0.1;      	// means maximum 0.1"/hr

soilWaterSupplyC2 = 0.01;      	// means offset is 0.01"/hr

LAItoETFileName = "lai2et.dat";	// ET ratio from canopy is seasonal varied



// === surface roughness ===

roughness = 0.8;   



// === soil ===

// into distributed parameters

layerWeight1 = 0.0;            	// the weight that defines the soil depth

layerWeight2 = 1.0;           	// by the 1st or 2nd layers



// === macropore ===

// options provided by the program:

// option 1: user provide relational data in the following files (recommended)

// option 2: if no file is found, use model build-in conceptual function

// option 1:

drainArea2PipeRadius = "s2piper.dat"; 

					// relation between soil depth and macropore pipe radius

area2PipeCount       = "a2pipec.dat" ;      

					// relation between upper drainage area and macropore 

					// pipe count

volume2PipeCount     = "v2pipec.dat";     

					// relation between soil volume and the pipe counts

// option 2:

minDiameter = 0.0003937;  	// in 0.03937 inch, or 1 mm

pipeRatio   = 2.5;        	// power to the pipe water saturation to adjust 

					// the diameter

radiusA = 0.02;           	//0.002, = 0.02"=0.5mm 

					// pipeRadius = radiusA + radiusB * drainArea^radiusC

radiusB = 0.005;          	// = 0.0005", 0.0015

radiusC = 0.5;            	// 0.5 this parameter should be consider in metric area

countA = 1;               	// = 5, pipeCount = countA + countB * area^countC 

					//                  + countD * volume^countE

countB = 0.5;

countC = 0.5;

countD = 0;

countE = 0;

surfaceMacroporeConst = 1.6;  	//  in decimal toMacroporeFlow = 

						//  C * infiltrationDepth * (1 - satuation)

�	Table M - 27.  Data format for phydicalModelInitFile file (continued).

soilMacroporeConst    = 0.000001;	// = 0.005 in 1/hr toMacroporeFlow = C * 

							//   S_waterDepth * dt * (1 - satuation)

frictionCoeff = 20; 		       	// 0.04-0.06 for Re > 4000, turbulant flow



// === flow Routing model ===

iterativeErr = 0.01;          	// error criterion for Newton's iterations

maxIterations = 100;         	// ...

useDirectInputs = FALSE;



// === channel geometry ===

// NOTE: using user provided data relation file is first priority

//       parameters will be used only this file is not available

// like macropore, has two obtions

// option 1: relation data files:

area2Depth  = "a2rdepth.dat";// relation between upper drainage area and river depth

area2TopWidth  = "a2rtopw.dat"; // relation between upper drainage area and river 

						// top depth

area2BotWidth  = "a2rbotw.dat"; // relation between upper drainage area and river 

						// bottom depth

// option 2: empirical constant for channel cross-section equation

// REMEMBER: drainage area will converted to sq.km

widthTopConstant = 5.0;   	// 3.0 topWidth = widthTopConstant * catchArea^widthTopPow

widthBotConstant = 2.6;   	// 1.6

depthConstant    = 4.0;   	// 0.3

widthTopPow      = 0.3;   	// 0.3

widthBotPow      = 0.3;   	// 0.3

depthPow         = 0.3;   	// 0.2



// === initial condition ===

soilMoisture            = 0.52; // initial soil moisture for all cells

initialStreamDepthRatio = 0; 	// constant used to set initial stream water condition

						// in related to the maxDepth

// === Filenames for outputs ===

// Remember to change the filename for different watershed

paramFileName         = "ebbpar.dar";    // for interruption

fluxFileName          = "ebbflux.dar";   // for interruption

basinInfoFileName     = "ebbinfo.dar";   // for graphics

segmentFileName       = "ebbseg.dar";    // for graphics

channelFileName       = "ebbchan.dar";   // for graphics

cellCanopyFileName    = "ebbcan.dar";    // for graphics

cellSurfaceFileName   = "ebbsur.dar";    // for graphics

cellSoilFileName      = "ebbsub.dar";    // for graphics

cellMacroporeFileName = "ebbmac.dar";    // for graphics

cellAllFileName       = "ebball.dar";    // for graphics

sumFluxFileName       = "ebbfroot.dar";  // for graphics

counterFileName       = "ebbcount.dar";  // for graphics, size of records

textOutputFileName    = "ebbok.txt";     // text output file

riverOutputFileName   = "ebbriver.txt";  // text output file for stream flow

�	Table M - 27.  Data format for phydicalModelInitFile file (continued).



// ==== Graphic Visualization Options ====

// User defines time range

isUserTimeRange    = TRUE;   // Automatic when FALSE

displayStartDate   = 890510; // date of start   901108, 890510

displayEndDate     = 890517; // date of end     901120, 890517

displayInterval    = 2;      // every interval

// User defines data range

isRelationalGrade  = TRUE;   // FALSE use following data

minCellV           = 100;    // for cell water

maxCellV           = 900;    // moist(100);

                             // depths: 100mm - 900mm (all)

                             // flow:   15 - 30 (0.001m3/s)

minSegV            = 0;      // for stream water

maxSegV            = 0.20;    // V(1.0);Q(0.05-0.2);W(2);H(0.5)

widthConst         = 10.0;   // Amplification ratio for width, 10

heightConst        = 1000.0; // Amplification ratio for height, 1000



// Option of Components to be colored

waterComponentID  = 51; 

	//= 0 None

     //= Canopy Information 1x            		Unit in File      Unit for Output

	     // = 11 Intercepted Water Depth                (m)                (mm)

	     // = 12 Intercepted Snow Depth                 (m)                (mm)

	     // = 13 Rainfall to the Canopy                 (m)                (mm)

	     // = 14 Canopy ET                              (m)                (mm)

	     // = 15 Canopy Net Precipitation               (m)                (mm)

	     	// = 16 Intercepted Water&Snow Depth =11+12    (m)                (mm)

     //= Surface Information 2x

	     // = 21 Surface Water Depth                    (m)                (mm)

	     // = 22 Surface Snow Depth                     (m)                (mm)

	     // = 23 Surface ET                             (m)                (mm)

	     // = 24 Surface Infiltraion                    (m)                (mm)

	     // = 25 Surface Flow                          (m3)         (0.001m3/s)

	     // = 26 Surface Water&Snow Depth  = 21+22      (m)                (mm)

     //= Subsurface Information 3x

	     // = 31 Soil Moisture                          (m)                (mm)

	     // = 32 Soil Water Depth                       (m)                (mm)

	     // = 33 Soil ET                                (m)                (mm)

	     // = 34 Soil Flow                             (m3)         (0.001m3/s)

      //= Macropore Information 4x

	      // = 41 Macropore Water Depth                  (m)                (mm)

	      // = 42 Water from Suface                      (m)                (mm)

	      // = 43 Water from Soil                        (m)                (mm)

	      // = 44 Flow                                  (m3)         (0.001m3/s)

	      // = 42 Water from Suface&Soil  = 42+43        (m)                (mm)

      //= Summation 5

	      // = 51  Total Cell Water Depth                (m)                (mm)

	      // = 52  Total Cell Flow (=30)                 (m3)         (0.001m3/s)

riverComponentID  = 2;  // = 0 None

	Table M - 27.  Data format for phydicalModelInitFile file (continued).

                        // = 1 Velocity               (m/s)

				   // = 2 Discharge              (m3/s)

                        // = 3 Channel Width          (m)

                        // = 4 Stream Water Depth     (m)

// Coloring

basinColor.R       = 255;    // Basin outside area color

basinColor.G       = 200;

basinColor.B       = 200;

// Legend Color

nGrades            = 20;     // number of grades

baseMinCellColor.R = 255;    // the minimum color for the cell

baseMinCellColor.G = 50;     // representing maximum values (darker)

baseMinCellColor.B = 50;

baseMaxCellColor.R = 255;    // the maximum color for the cell

baseMaxCellColor.G = 255;    // representing minimum values (lighter)

baseMaxCellColor.B = 50;

baseMinSegColor.R  = 50;     // the darker color for the stream

baseMinSegColor.G  = 50;     // representing higher values

baseMinSegColor.B  = 100;

baseMaxSegColor.R  = 200;    // the ligher color for the stream

baseMaxSegColor.G  = 200;    // representing lower values

baseMaxSegColor.B  = 255;

timeMajorInt       = 24;     // major tig interval, in hours

timeMinorInt       = 1;      // minor tig interval, in hours

// 2-D

twoDBackground.R   = 255;

twoDBackground.G   = 255;

twoDBackground.B   = 255;

isZeroOrigin       = FALSE;   // y start from 0 except air temp.

AirTempColor.R     = 255;

AirTempColor.G     = 0;

AirTempColor.B     = 0;

PrecipColor.R      = 0;

PrecipColor.G      = 0;

PrecipColor.B      = 0;

ETColor.R          = 255;

ETColor.G          = 0;

ETColor.B          = 0;

ObservedColor.R    = 0;

ObservedColor.G    = 0;

ObservedColor.B    = 0;

SimulatedColor.R   = 255;

SimulatedColor.G   = 0;

SimulatedColor.B   = 0;

SurfaceFColor.R    = 100;

SurfaceFColor.G    = 255;

SurfaceFColor.B    = 100;

MPipeFColor.R      = 50;

MPipeFColor.G      = 50;

MPipeFColor.B      = 255;

	Table M - 27.  Data format for phydicalModelInitFile file (continued).

SoilFColor.R       = 0;

SoilFColor.G       = 0;

SoilFColor.B       = 100;

CSnowDColor.R      = 255;

CSnowDColor.G      = 255;

CSnowDColor.B      = 255;

CWaterDColor.R     = 250;

CWaterDColor.G     = 250;

CWaterDColor.B     = 250;

SSnowDColor.R      = 200;

SSnowDColor.G      = 200;

SSnowDColor.B      = 200;

SWaterDColor.R     = 255;

SWaterDColor.G     = 255;

SWaterDColor.B     = 200;

MPipeDColor.R      = 255;

MPipeDColor.G      = 200;

MPipeDColor.B      = 255;

SoilDColor.R       = 50;

SoilDColor.G       = 100;

SoilDColor.B       = 100;







4.1.2.29	LAItoInterceptFileName



	This is a relational data file with the format as shown in Table M - 28:



Table M - 28. Data format for LAItoInterceptFileName file.

// 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

4  0.4

5  0.5

6  0.6

7  0.7

8  0.8

9  0.9

10 1.0

�4.1.2.30	m2fFilePrefix



	This is prefix for a series of text files which contain relational data between relative soil moisture content and infiltration ability for all types of soil in the watershed. The files are in the format of relational data structure. For example,  when m2fFilePrefix = "infil". The file for soil type 1 in the BBWM is infl1.dat with the format in Table M - 29.



Table M - 29. Data format for m2fFilePrefix file.

// FILENAME: infil1.dat

// infiltration relation for soil type 1 - "Berkshire_Fine_Sandy_Loam"

// infiltrationRate = f(soilMoisture)

// soilMoisture = volumetric relative soil moisture contain range : 0 - 1.0

// infiltration = rate of water infiltrate to the soil under that soil moisture

//                condition, in m/hr

0   0.10

0.1 0.09

0.2 0.08

0.3 0.07

0.4 0.06

0.5 0.05

0.6 0.04

0.7 0.03

0.8 0.02

0.9 0.01

1   0.005





4.1.2.31	LAItoETFileName



	Same format as Table M - 28. The 1st column represents the leaf-area-index (LAI) and the 2nd column the ET factor.





4.1.2.32	drainArea2PipeRadius



	When available, this file is also organized as a relational data format shown in Table M - 28.  The 1st column represents the drainage area and the 2nd column the averaged macropore pipe radius.



4.1.2.33	area2PipeCount



	Same format as Table M - 28. The 1st column represents the area of the cell and the 2nd column the averaged macropore pipe counts.





4.1.2.34	volume2PipeCount



	Same format as Table M - 28. The 1st column represents the volume of soil in a cell and the 2nd column the averaged macropore pipe counts.





4.1.2.35	area2Depth



	Same format as Table M - 28. The 1st column represents the drainage area up-stream and the 2nd column the averaged depth of the channel segment.





4.1.2.36	area2TopWidth



	Same format as Table M - 28. The 1st column represents the drainage area up-stream and the 2nd column the averaged top width of the channel segment





4.1.2.37	area2BotWidth



	Same format as Table M - 28. The 1st column represents the drainage area up-stream and the 2nd column the averaged bottom width of the channel segment





		4.1.3. Parameter Assignment



	Besides the file names and their corresponding data, there are a number of parameters required for the data processing model (Table M - 30).

Table M - 30. Parameters for the data processing model.

No�Parameter�In File�Description�Required?��1�searchRange�owls.ini�Range of data searching for watershed automatic mesh creation. in meters�Yes��2�contourPointFileName

contourLineFileName�owls.ini�Processed contour file in binary format�No, used only in graphical visualization model��3�boundaryPointFileName

boundaryLineFileName�owls.ini�Processed study boundary file in binary format�No, used only in graphical visualization model��4�streamPointFileName

streamLineFileName�owls.ini�Processed stream file in binary format�No, used only in graphical visualization model��5�soilPointFileName

soilLineFileName�owls.ini�Processed soil file in binary format�No, used only in graphical visualization model��6�griddingMethod�owls.ini�Options for method of creating triangular mesh from a cluster of 4 points.�=0, the OWLS model  will use hypotenuse center close to reference point;

=1, the OWLS model will use the hypotenuse determined by difference of normal vector;

=2, the OWLS model will use the hypotenus direction from SW to NE;

=3, the OWLS model will use the hypotenus direction from NW to SE;��7�referCenterFileName�owls.ini�Calculated reference point data in binary format�Yes when griddingMEthod = 0.��8�basinPointFileName�owls.ini�The processed point file in binary format�Yes, used for output and by the hydrologic model��9�basinCellNodeFileName�owls.ini�The processed cell node file in binary format�Yes, used for output and by the hydrologic model��10�basinCellEdgeFileName�owls.ini�The processed cell edge file in binary format�Yes, used for output and by the hydrologic model��11�basinEdgeFileName�owls.ini�The processed edge file in binary format�Yes, used for output and by the hydrologic model��12�basinBoundaryTreeFileName�owls.ini�The processed binary file for basin boundary tree.�Yes, used for output and by the hydrologic model��13�basinBoundFileName�owls.ini�The processed binary file for basin boundary.�Yes, used for output and by the hydrologic model��14�basinFlowpathsFileName�owls.ini�The processed binary file for all the flowpaths from each watershed cell�Yes, used for output and by the delineation model��15�basinFlowpathTreeFileName�owls.ini�The processed binary file for basin flowpath tree.�Yes, used for output and by the hydrologic model��16�basinStreamTreeFileName�owls.ini�The processed binary file for basin stream tree.�Yes, used for output and by the hydrologic model��17�newBasinFileName�owls.ini�The processed binary file for processed basin.�Yes, used for output and by the hydrologic model���Table M - 30. Parameters for the data processing model (continued).

No�Parameter�In File�Description�Required?��18�basinOutletNodeIdx�owls.ini�The node index for the basin outlet.�Yes, it should be determined before run the data processing model and adjusted to fit the stream gage station by examing the graphical output.��19�basinFileFormat�owls.ini�The option for output file: either BINARY or ASCII (Text). Recommend binary for faster access and smaller files.�Yes.��20�boundaryDivideCell�owls.ini�Allow the new generated watershed boundary to subdivide the cells that it pass through.�Yes. Recommended to be TRUE.��21�markCellOnPath�owls.ini�A switch for marking the flowpath. When TRUE, a cell will be marked when a flowpath go through it. When FALSE, a cell will not be marked unless the flowpath from this cell go through the stream outlet node.�Yes. No much different to the results of the watershed boundary between choosing TRUE and FALSE. Pick TRUE as perfered.��22�isPartialPaths�owls.ini�An switch for running time saving purpose. It takes a while to create the watershed flowpaths from top to down. When isPartialPaths is TRUE, all flowpath creation will be stopped whenever the path node has lower elevation than the stream outlet. It saves time but the path will be partial.�Yes. Pick TRUE for faster completion. FALSE for the whole look.��23�messageLevel�owls.ini�For program debugging purpose. 

=0, no debug. 

=1, debug water balance only, err.log file will be created for output;

=2, debug stream segment only, files err.log and segment.log will be created.

=3, debug visualiztion only, reserved;

=4, debug both 1 and 2;

=5, debug all.�Yes.��24�basinTreeLogFileName�owls.ini�A text log file have the stream tree data printout.�Yes. It will be updated when messageLevel = 5.��25�pathTreeLogFileName�owls.ini�A text log file for basin flowpath tree.�Yes. It will be updated when messageLevel = 5.��26-1�outRainFileName1�bbwmdata.ini�A binary file for storing processed rainfall data from origRainFileName data row 1�Yes, it is an output file��26-...�....�....�....�....��26-#�outRainFileName#�bbwmdata.ini�A binary file for storing processed rainfall data from origRainFileName data row #�Yes, it is an output file��27�ourDaulyFileName�bbwmdata.ini�A text file stores the daily precipitation output.�Yes, it is an output file���Table M - 30. Parameters for the data processing model (continued).

No�Parameter�In File�Description�Required?��28-1�outTempFileName11�bbwmdata.ini�A binary file stores the processed data for the 1st row of records from the 1st temperature gauge file defined by (origTempFileName1)�Yes, it is an output file��28-...�....�....�....�....��29-X�outTempFileNameX�bbwmdata.ini�A binary file stores the processed data for the Y's row of records from the 1st temperature gauge file defined by (origTempFileNameX)�Yes, it is an output file��30-1�outRunoffFileName1�bbwmdata.ini�A binary file stores the processed observed data from hydrologic gauge 1�Yes, it is an output file��30-...�....�....�....�Yes, it is an output file��30-#�outRunoffFileName#�bbwmdata.ini�A binary file stores the processed observed data from hydrologic gauge #�Yes, it is an output file��31�basinIndexFileName�owlshydr.ini�A text file stores the cell index table for the cells within the simulation watershed���





		4.1.4. Run Data Processing Program



	After all the above data files have been prepared and all the parameters have been assigned. The Data Processing Program can be test run by following the steps below:



Step 1:	Run the Gauge Data Conversion Program by calling the windows as shown in Figure M - 1 under the OWLS Windows Program. There are three portions:

	(1). Rainfall Data Processing: to process the precipitation data;

	(2). Stream Flow Data Processing: to process the stream flow data;

	(3). Temperature Data Processing: to process the air temperature data.





�

Figure M - 1. Windows to run data Gauge Data Conversion Programs.







Step 2:	Run one of the Grid Data Preprocessing Program by calling the windows as shown in Figure M - 2 under the OWLS Windows Program. There are two portions:



	(1). Automatic Gridding: to convert the digital elevation data into triangular mesh;

(2). Irregular Triangle Transforming: to transform the files defined by parameters surveyElevFileName and triangleFileName into OWLS binary data format for irregular triangular mesh.





�

Figure M - 2. Windows to run Grid Data Processing Programs



Step 3:	Run the Build Basin Program to perform the automatic delineation of watershed 

flowpaths, boundary and stream by calling the windows as shown in Figure M - 3 under the OWLS Windows Program. There are two portions:

	(1). One step run: which will run build flow paths, then build flow path tree, then build stream, and at last divide boundary cells;

	(2). Step-by-step run: to run individual portions to avoid redundent works like build flow paths for just attempting to find a watershed.





�

Figure M - 3. Windows to run Delineation Procedures.



This program may run 20 or more minutes depending upon the size of the watershed and the speed of the computer.







�

Figure M - 4. Window to run the visualization program of a delineated watershed



Step 4:	After the aboved steps have been completed, run the OWLS visualization program to see if the processed watershed mesh is acceptable by calling the windows as shown in Figure M - 4 under the OWLS Windows Program.





	4.2. Run the Visualization Model



		4.2.1. Check List



	Table M - 31 lists the files that may be used by the visualization model.



Table M - 31. List of files for the visualization model.

No.�Parameter(s)�In File�Description�Required?��1

2�contourPointFileName

contourLineFileName�owls.ini�Visulation of the watershed contour lines. These files are generated by the data processing model from contourFileName (4.1.2.4).�Yes if the watershed contour need to be displayed.��3

4�boundaryPointFileName

boundaryLineFileName�owls.ini�Visulation of the watershed study boundary. These files are generated from the boundaryFileName (4.1.2.5) from the data processing model.�Yes if the study area need to be displayed.��5

6�streamPointFileName

streamLineFileName�owls.ini�Visulation of the watershed digitalized stream channel(s). These files are generated from the streamFileName (4.1.2.6) from the data processing model.�Yes if the comparison between sminulated stream network and the digitalized stream network is required.��7

8�soilPointFileName

soilLineFileName�owls.ini�Visualization of the watershed soil distribution. These files are generated from the soilFileName (4.1.2.7) and soilCellFileName (4.1.2.9) by the data processing model.�Yes if the watershed soil map need to be display.��9

10�arrowPointFileName

arrowFacetFileName�owls.ini�Visualization of the Directions. These files are in ASCII format and preset. They display the direction of Up, North and East.�Yes.���Table M - 31.  List of files for the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��11

12

13�testPointFileName

testIrrFacetFileName

testRecFacetFileName�owls.ini�A simple 3-D model to test the visualization model. These file are in text format and preseted. �No. But it help to understand the visualization model by changing the data in these files.��14

15

16

17

18

19

20

21

22

23�basinPointFileName

basinCellNodeFileName

basinCellEdgeFileName

basinEdgeFileName

newBasinFileName

basinBoundaryTreeFileName

basinBoundaryFileName

basinFlowpathsFileName

basinFlowpathTreeFileName

basinStreamTreeFileName�owls.ini�A set of files for the watershed,  all in binary format, generated from the data processing model by using data provided by  gridFileName (4.1.1.1), surveyElevFileName (4.1.1.2) and triangleFileName (4.1.1.3) plus the parameters as described in aboved section.�Yes.��24�segmentFileName�(physicalModelInitFile)�A binary file stores the stream segment coordinate values and indices�Yes, used for simulation results visualization��25�channelFileName�(physicalModelInitFile)�A binary file stores the channel flow data from simulation�Yes, used for simulation results visualization��26�basinInfoFileName�(physicalModelInitFile)�A binary file stores the statistical information and values of parameters�Yes, used for the 2-D visualization��27

28

29

30

31�cellCanopyFileName

cellSurfaceFileName

cellSoilFileName

cellMacroporeFileName

cellAllFileName�(physicalModelInitFile)�The binary  files store the water information of the basin cells. Automatic generated from the hydrologic model.�Yes, used for simulation results visualization��32�sumFluxFileName�(physicalModelInitFile)�A binary file stores the watershed average and outlet flow data�Yes, used for simulation results visualization��33�counterFileName�(physicalModelInitFile)�A text file output from hydrologic model contains the data about the simulation steps, times.�Yes, used for simulation results visualization��34�basinIndexFileName�owlshydr.ini�A text file output from data processing model for the indices of cell within the simulation watershed.�Yes, used for simulation results visualization��35�basinTreeLogFileName�owls.ini�Log file created from the program debugging. Storing the output for the basin stream tree.�Yes.��36�pathTreeLogFileName�owls.ini�Log file created from the program debugging. Storing the output of the basin flowpath tree.�Yes.��



		4.2.2. Parameter Assignment



	There are many parameters used by the visualization model (Table M - 32):



Table M - 32. Parameters used by the visualization model.

No.�Parameter(s)�In File�Description�Required?��1�drawCoordinate�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of coordinate for the watershed.�Yes��2�drawPaintedInnerBox�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of coordinate wall for the watershed to enhance the 3-dimension effect.�Yes��3�drawBoundary�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of study boundary of the watershed.�Yes���Table M - 32. Parameters used by the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��4�drawBoundaryLines�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of simulated boundary line for the catchment associated with the user-defined outlet node.�Yes��5�drawBoundaryTree�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of the simulated boundary tree for the watershed. Note: it is not a complet boundary.�Yes��6�drawFlowpathTree�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of simulated flowpath tree for the watershed.�Yes��7�drawStreamTree�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of simulated stream network tree for the watershed.�Yes��8�drawFlowpaths�owls.ini�TRUE or FALSE, a switch to turn on/off the drawing of all the flowpaths (complete/partial) for the watershed.�Yes��9�drawOnlyMarked�owls.ini�A switch parameter for choosing if drawing only the flowpath that marked following some criteria.

=0, draw all flowpath using color seperation, criteria by upper drainage area of the flowpath segment;

=1, draw  all flowpath using color seperation, criteria by the length from the flowpath segment to the catchment outlet.�Yes��10�drawShadeId�owls.ini�Parameter defines the coloring method of the catchment:

=-1, no background color;

=0x, even background coloring;

=1x, solar shading background;

    x=0, no additional shade inside the catchment;

    x=1, even additional shade inside catchment;

    x=2, additional shade according to value defined by drawCellValue

    x=3, white shade inside the catchment.�Yes��11�drawCellValue�owls.ini�A switch to turn on the cell values drawing/writing at the position of the cell (writing is control by drawCellText):

=0, do not draw it

=1, shade/write out the cell index;

=2, shade/draw/write out the cell elevation;

=3, shade/write out the cell value (upper drainage area);

=4, shade/write out the cell 1st layer soil depth;

=5, shade/write out the cell 2nd layer soil depth;�Yes��12�shadeMethod�owls.ini�Shading method option:

=0, linear;

=1, log�Yes��13�drawCellText�owls.ini�TRUE/FALSE, a switch to turn on/off writing values onto the cell�Yes��14�thresholdLength�owls.ini�A value in meters to cut out the portion of flowpath having flow-length to the catchment outlet larger than this number (upper-stream portion).�Yes���Table M - 32. Parameters used by the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��15�thresholdArea�owls.ini�A value in sq. meters to cut out the portion of flowpath having upper drainage area smaller than this number (upper-stream portion).�Yes��16�fillSurface�owls.ini�TRUE/FALSE, an option to turn on/off the surface painting (filling) of the watershed.�Yes��17�gridDrawFill�owls.ini�TRUE/FALSE, an option to turn on/off the mesh-line drawing while painting painting (filling) the surface of the watershed.�Yes��18�hiddenSurface�owls.ini�TRUE/FALSE, an option to turn on/off the back surface removal.�Yes��19�backgroundDisplay�owls.ini�TRUE/FALSE, an option to turn on/off the background painting.�Yes��20�viewSpecified�owls.ini�TRUE/FALSE, an option to turn on/off the viewing coordinates specification.�Yes��21�viewTrueScale�owls.ini�TRUE/FALSE, an option to turn on/off the coordinate scale (exact/relative).�Yes��22�delta�owls.ini�The mesh size interval that used to draw the watershed. When pick 1, all mesh of the watershed will be drawen. When pick 2, every other mesh line will be drawn and so forth.�Yes��23�viewAngleStep�owls.ini�The turn-around step angle in degree used for watershed bird-viewing.�Yes��24�viewHorizonAngle�owls.ini�The angle (degree) to the North from the  viewing-line that the viewer looks at a watershed in the sky.�Yes��25�viewZenithAngle�owls.ini�The angle (degree) to the zenith from the  viewing-line that the viewer  looks at a watershed in the sky.�Yes��26�viewReference�owls.ini�The location that the viewer focuses on. Values include:

CENTER, NORTH, EAST, SOUTH, WEST, NE, SE, SW, NW.�Yes��27

28

29�viewUp.x

viewUp.y

viewUp.z�owls.ini�The direction vector of the wiewing window's up-direction. Expressed as values in x (East), y (Up) and z (North).�Yes��30

31�marginX

marginY�owls.ini�The screen display margin in x and y direction. Values are the ratiio to the screen size.�Yes��32�normalCoord�owls.ini�TRUE/FALSE, a switch value to turn on/off relative coordinates.�Yes��33�normals�owls.ini�The maximum value of the relative coordinates in both direction. Note: it is a relative coordinate maximum value used for display. It would not affect the display results.�Yes, but no change necessary.��34�verticalScale�owls.ini�A scale ratio to increase/decrease the unit on the verticle coordinate. Since the range in vertical topography is much less than horizontal. To clearly see the topographical changes, scaling the vertical unit is necessary. The smaller scale value will enlarge the vertical difference.�Yes���Table M - 32. Parameters used by the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��35�pointLightOn�owls.ini�TRUE/FALSE, a switch parameter to allow the point-light (sun light) taking into effect on the 3-D view. It will dramatically enhance the 3-D effect.�Yes��36

37

38�ambientLight.R

ambientLight.G

ambientLight.B�owls.ini�A set of parameters represents the Red, Green and Blue spectrum for the ambient light. Range of the value is 0 to 255. The larger the value, the lighter (more intensive) of the light. For black, {R,G,B} will be assigned {0, 0, 0}. For Bright Red  {255, 0, 0}.�Yes��39

40

41�farpointLight.R

farpointLight.G

farpointLight.B�owls.ini�Similar as above. Its the light intensity for the far-point light source (sun). Strong White Light will be {255, 255, 255}.�Yes��42

43

44�lightVector.x

lightVector.y

lightVector.z�owls.ini�The direction vector of the light, ponting from the watershed to the light source and expressed as values in x (East), y (Up), and z (North). �Yes��45

46

47�reflectRatio.R

reflectRatio.G

reflectRatio.B�owls.ini�The raflection ratio of the watershed surface. Expressed in the ratio for Red, Green, and Blue spectrum. For example, if the watershed is pure green, the {R,G,B} ratio may be {0, 1.0, 0}.�Yes��48�diffuseCoeff�owls.ini�The diffusion coefficient of the watershed surface.�Yes��49�diffuseOrder�owls.ini�The diffusion parameter describing the orders of diffusion. �Yes��50�startLocalTime�owls.ini�The parameter  is used for day time animation of the watershed. The value is the hour of a day when we start to see the watershed.�Yes��51�timeStep�owls.ini�Same use as above. Its value is the step increment that we see the watershed as time passing.�Yes��52�solarAngle�owls.ini�The solar angle for the time animation.�Yes��53�triangleGridView�owls.ini�TRUE/FALSE, a switch value to switch between the triangular and rectangular mesh. �Yes��54�deltaContour�owls.ini�The contour interval that you want to see from the watershed 3-D contour  window.�Yes��55

56

57�backgroundColor.R

backgroundColor.G

backgroundColor.B�owls.ini�A set of paramters for the background of the screen, in R,G,B.  Default is {255,255,255}.�Yes��58

59

60�foregroundColor.R

foregroundColor.G

foregroundColor.B�owls.ini�A set of parameter for the screen foreground color in R, G, B. Default is {0,0,0}.�Yes��61�perspective�owls.ini�TRUE/FALSE, a parameter to switch between perspective and orthographic projection for the 3-D objects and the watershed. Perspective projection offers a length changes between near and far and giving a better 3-D effect. �Yes��62�viewDistance�owls.ini�The distance from the viewer to the watershed. It only takes into effect for perspective projection.�Yes��63

64�DocumentWidth DocunebtHeight�owls.ini�The size of graphical file to save the screen image.�Yes���Table M - 32. Parameters used by the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��65�isUserTimeRange�(physicalModelInitFile)�TRUE/FALSE, Simulation Visualization Time Range, if TRUE, starts from displayStartDate and ends after displayEndDate. Otherwise goes from the begining of the simulation to the end.�Yes��66

67

68�displayStartDate

displayEndDate

displayInterval�(physicalModelInitFile)�Simulation Visualization Time range and interval of steps. Respectively in format of yymmdd, yymmdd and interger (1, 2, ...)�Yes��69�waterComponentID�(physicalModelInitFile)�Simulation Visualization. The option for water components  to be colorred and displayed:

Canopy Information 1#

= 11 Intercepted Water Depth  (mm)

= 12 Intercepted Snow Depth  (mm)

= 13 Rainfall to the Canopy (mm)

= 14 Canopy ET (mm)

= 15 Canopy Net Precipitation (mm)

= 16 Intercepted Water&Snow Depth =11+12 (mm)

Surface Information 2#

= 21 Surface Water Depth (mm)

= 22 Surface Snow Depth (mm)

= 23 Surface ET (mm)

= 24 Surface Infiltraion (mm)

= 25 Surface Flow (0.001m3/s)

= 26 Surface Water&Snow Depth  = 21+22 (mm)

Subsurface Information 3x

= 31 Soil Moisture (mm)

= 32 Soil Water Depth (mm)

= 33 Soil ET (mm)

= 34 Soil Flow (0.001m3/s)

Macropore Information 4x

= 41 Macropore Water Depth (mm)

= 42 Water from Suface (mm)

= 43 Water from Soil (mm)

= 44 Flow (0.001m3/s)

= 42 Water from Suface&Soil  = 42+43 (mm)

= Summation 5

= 51  Total Cell Water Depth (mm)

= 52  Total Cell Flow (=30)   (0.001m3/s)�Yes��70�riverComponentID�(physicalModelInitFile)�Simulation Visualization. The option for flow components to be colorred and displayed in stream channel:

= 0, none;

= 1, flow velocity, in m/s;

= 2, discharge, in m3/s

= 3, width of water surface in the stream segment, in m;

= 4, height of water in the stream segment, in m;�Yes��71�isRelationalGrade�(physicalModelInitFile)�TRUE/FALSE, Simulation Visualization, an option for using the color grades created from range of the simulated data (TRUE) or from the user defined (FALSE, use minCellV, maxCellV, minSegV and maxSegV instead);�Yes��72

73�minCellV

maxCellV�(physicalModelInitFile)�Simulation Visualization .The data range for cell water infomation coloring;�Yes��74

75�minSegV

maxSegV�(physicalModelInitFile)�Simulation Visualization .The data range for stream segment flow information coloring;�Yes���Table M - 32. Parameters used by the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��76

77�widthConst

heightConst�(physicalModelInitFile)�Simulation Visualization .The amplifying constant to the segment width and water depth.�Yes��78

79

80�basinColor.R

basinColor.G

basinColor.B�(physicalModelInitFile)�Simulation Visualization . The color used for cells outside simulation watershed.�Yes��81�nGrades�(physicalModelInitFile)�Simulation Visualization .The number of color grades.�Yes��82

83

84�baseMinCellColor.R

baseMinCellColor.G

baseMinCellColor.B�(physicalModelInitFile)�Simulation Visualization. A darker color (smaller RGB values) used to represent highest value in the cell;�Yes��85

86

87�baseMaxCellColor.R

baseMaxCellColor.G

baseMaxCellColor.B�(physicalModelInitFile)�Simulation Visualization. The lighter color (larger RGB values) used to represent lowest value in the cell.�Yes��88

89

90�baseMinSegColor.R

baseMinSegColor.G

baseMinSegColor.B�(physicalModelInitFile)�Simulation Visualization. A darker color (smaller RGB values) used to represent highest value in the segment;�Yes��91

92

93�baseMaxSegColor.R

baseMaxSegColor.G

baseMaxSegColor.B�(physicalModelInitFile)�Simulation Visualization. The lighter color (larger RGB values) used to represent lowest value in the segment.�Yes��94

95�timeMajorInt

timeMinorInt�(physicalModelInitFile)�The time apart for the major and minor tig of the hydrograph for 3-D dynamic visualization�Yes��96

97

98�twoDBackground.R

twoDBackground.G

twoDBackground.B�(physicalModelInitFile)�The color used as the background of the 2-D hydrograph outputs�Yes��99�isZeroOrigin�(physicalModelInitFile)�TRUE/FALSE, when set to true, all values except air temperature will start from zero in the 2-D hydrograph.�Yes��100

101

102�AirTempColor.R

AirTempColor.G

AirTempColor.B�(physicalModelInitFile)�Line RGB color for the air temperature, 0 to 255.�Yes��103

104

105�PrecipColor.R

PrecipColor.G

PrecipColor.B�(physicalModelInitFile)�Line RGB color for the precipitation, 0 to 255.�Yes��106

107

108�ETColor.R

ETColor.G

ETColor.B�(physicalModelInitFile)�Line RGB color for the evapotranspiration, 0 to 255.�Yes��109

110

111�ObservedColor.R

ObservedColor.G

ObservedColor.B�(physicalModelInitFile)�Line RGB color for the observed stream flow, 0 to 255.�Yes��112

113

114�SimulatedColor.R

SimulatedColor.G

SimulatedColor.B�(physicalModelInitFile)�Line RGB color for the simulated stream flow, 0 to 255.�Yes��115

116

117�SurfaceFColor.R

SurfaceFColor.G

SurfaceFColor.B�(physicalModelInitFile)�Filling RGB color for the surface flow, 0 to 255.�Yes��118

119

120�MPipeFColor.R

MPipeFColor.G

MPipeFColor.B�(physicalModelInitFile)�Filling RGB color for the macropore pipe flow, 0 to 255.�Yes���Table M - 32. Parameters used by the visualization model (continued).

No.�Parameter(s)�In File�Description�Required?��121

122

123�SoilFColor.R

SoilFColor.G

SoilFColor.B�(physicalModelInitFile)�Filling RGB color for the soil flow, ranged from 0 to 255.�Yes��124

125

126�CSnowDColor.R

CSnowDColor.G

CSnowDColor.B�(physicalModelInitFile)�Filling RGB color for the canopy snow  depth, ranged from 0 to 255.�Yes��127

128

129�CWaterDColor.R

CWaterDColor.G

CWaterDColor.B�(physicalModelInitFile)�Filling RGB color for the canopy water depth, ranged from 0 to 255.�Yes��130

131

132�SSnowDColor.R

SSnowDColor.G

SSnowDColor.B�(physicalModelInitFile)�Filling RGB color for the surface snow depth, ranged from 0 to 255.�Yes��133

134

135�SWaterDColor.R

SWaterDColor.G

SWaterDColor.B�(physicalModelInitFile)�Filling RGB color for the surface water depth, ranged from 0 to 255.�Yes��136

137

138�MPipeDColor.R

MPipeDColor.G

MPipeDColor.B�(physicalModelInitFile)�Filling RGB color for the macropore pipe water depth, ranged from 0 to 255�Yes��139

140

141�SoilDColor.R

SoilDColor.G

SoilDColor.B�(physicalModelInitFile)�Filling RGB color for the soil water depth, ranged from 0 to 255�Yes��



		4.2.3. Run the Visualization Program



	There are several programs in current OWLS Windows version perform the visualization:



			4.2.3.1. General Display of the Watershed



				4.2.3.1.1. Steady View



�

Figure M - 5. Window to run steady view of a watershed

	There are four different windows for steady view of a watersheds (Figure M - 5):

(1) Triangular Mesh Watershed;

(2) Rectangular Mesh Watershed;

(3) Watershed Contours;

(4) Watershed Soil;



				4.2.3.1.2. Watershed Animation

�

Figure M - 6. Windows to run the dynamic view of a watershed.



	

	There are also four different windows for animation of the sky viewing of a watershed (Figure M - 6):

					(1) Triangular Mesh Watershed;

					(2) Rectangular Mesh Watershed;

					(3) Watershed Contours;

					(4) OWLS Test Model, a testing ideal simple watershed;





				4.2.3.1.3. Direction Control

�

Figure M - 7. Direction Control



	Direction control is a rotating directional coordinate used to control the facing direction of a watershed. To activate the direction control, following the steps below:

	(1). Open the windows of a three dimensional watershed view, including the dynamic watershed hydrology window;

	(2). Open the Direct Control window (see Figure M - 7);

	(3). On the angle that you want to view the watershed, click the left buttom of your mouse, then go to the watershed window and click the right buttom to refresh the watershed view.





				4.2.3.1.4. Time Control



	Similar to the Direction Control, the time control displays the view of a watershed with different shading for different hour in a day. Upon the hour you desired, press the left buttom to pause the time and refresh the window for viewing a three dimentional watershed. Note: this control will not effect the dynamic watershed hydrology window.





			4.2.3.2. Check the Watershed Layout



�

Figure M - 8. Window to visualize watershed delineation results

	This visualization enables us to see the simulated watershed flowpaths, flowpath tree, stream tree, boundary, cells, etc., and it also enables us to compare the simulated stream channel with the digitalizated results. Just by adjusting the parameters (4 to 15 in page 45) in Table M - 30,  then calling the window as shown in Figure M - 8 under the OWLS Windows Program.



�			4.2.3.3. Simulation Results 2-D Presentation



�

Figure M - 9. Window to run the 2-D visualization of the results 

from watershed hydrologic model



	The results from the OWLS hydrologic model can be displayed from the 2-D presention, which includes hydrograph for both simulated and observed flow, air temperature, precipitation and simulated ET, flow composition, water depth for in different vertical layers as well as the print out of watershed information and parameters used for the simulation. To run the model, call the window shown in Figure M - 9 from the OWLS window.

			4.2.3.4. Simulation Result 3-D Animation



	After running the OWLS hydrologic model,  the simulated results can be visualized dynamically.  The visualization model can spatially display the relative soil moisture content, water depths for different layers, flow generated from different layers and so on. On the stream channel, components which can be color-displayed include flow velocity, discharge, segment width, and water depth; in addition, the segment width and water depth are also displayed geometrically with a user-supplied amplification-ratio. The visualization model will display the watershed information for each time step in a continous manner so that it provides a dynamic view of a watershed's hydrology. To run the model, call the window shown in Figure M - 10 from the OWLS window.

�

Figure M - 10. Window to run 3-D dynamic visualization of watershed hydrology





	4.3. Run the Hydrologic Model



		4.3.1. Check List



	Files that may be used in the Hydrologic Model are listed in the Table M - 33.





Table M - 33. List of files used for the hydrologic model.

No.�Parameter�In File�Description�Required?��1�rainGageFileName�owlshydr.ini�see (4.1.2.19)�Yes��2�cloudFileName�owlshydr.ini�see (4.1.2.20)�Yes��3�LAIRatioFileNamePrefix�owlshydr.ini�see (4.1.2.21)�Yes��4�airTempGageFileName�owlshydr.ini�see (4.1.2.22)�Yes��5�soilOTempGageFileName�owlshydr.ini�see (4.1.2.23)�Not yet��6�soilBTempGageFileName�owlshydr.ini�see (4.1.2.23)�Not yet��7�soilCTempGageFileName�owlshydr.ini�see (4.1.2.23)�Not yet��8�soilTypeFileName�owlshydr.ini�see (4.1.2.24)�Yes��9�vegTypeFileName�owlshydr.ini�see (4.1.2.25)�Yes��10�streamGageFileName�owlshydr.ini�see (4.1.2.26)�Yes��11�traceTimeFileName�owlshydr.ini�A file stores the time for the currently-saved  calculated records. It is a protection and a marker for continuous run after the program being brought down or interrupted.�Yes��12�monthlyAirTempFile�owlshydr.ini�see (4.1.2.27)�Yes��13�physicalModelInitFile�owlshydr.ini�see (4.1.2.28)�Yes��14�soilDepthFileName�owls.ini�see (4.1.2.8)�Yes��15�soilCellFileName�owls.ini�see (4.1.2.9)�Yes��16�newBasinFileName�owls.ini�see (4.1.3 Table No.17)�Yes��17�segmentLogFileName�owls.ini�A text log file created when messageLevel=2 or >3. It contain the coordinates of each stream segment and their water depth, discharge and velocity. The file is used for debugging purpose.�Yes��18�LAItoInterceptFileName�(physicalModelInitFile)�see (4.1.2.29)�Yes��19�m2fFilePrefix�(physicalModelInitFile)�see (4.1.2.30)�No, Optional when set useHorton = FALSE.��20�LAItoETFileName�(physicalModelInitFile)�see (4.1.2.31)�Yes��21

22

23

24

25

26�drainArea2PipeRadius

area2PipeCount

volume2PipeCount

area2Depth

area2TopWidth

area2BotWidth�(physicalModelInitFile)�see (4.1.2.32) to (4.1.2.37)�No, Optional when available.���Table M - 33. List of files used for the hydrologic model (continued).

No.�Parameter�In File�Description�Required?��27�paramFileName�(physicalModelInitFile)�A temporal file to save the parameters used in the last saved calculation. It will be used after restart the program to prevent the data loss.�Yes��28�fluxFileName�(physicalModelInitFile)�A temporal file to save the fluxs of the whole watershed in the last saved calculation. It is used for faulty protection.�Yes��29�channelFileName�(physicalModelInitFile)�A binary file stores the simulated flow of the channel segment.�Yes��30

31

32

33

34

35�cellCanopyFileName

cellSurfaceFileName

cellSoilFileName

cellMacroporeFileName

cellAllFileName

cellFileName�(physicalModelInitFile)�The  binary files stores the cell water information of the watershed.�Yes��36�sumFluxFileName�(physicalModelInitFile)�A binary file stores the stream flow of the watershed outlet and averaged flux and water storage of the watershed.�Yes��37�counterFileName�(physicalModelInitFile)�The file stores the number of records saved.�Yes��38�textOutputFileName�(physicalModelInitFile)�The text file stores the stream flow, averaged flux and water storage of the watershed.�Yes��39�riverOutputFileName�(physicalModelInitFile)�The text file stores the flows of each segments in the watershed.�Yes��40�segmentFileName�(physicalModelInitFile)�see (4.2.1 table@24)�Yes��41�channelFileName�(physicalModelInitFile)�see (4.2.1 table@25)�Yes��42�cellFileName�(physicalModelInitFile)�see (4.2.1 table@26)�Yes��43�sumFluxFileName�(physicalModelInitFile)�see (4.2.1 table@27)�Yes��44�counterFileName�(physicalModelInitFile)�see (4.2.1 table@28)�Yes��45�basinIndexFileName�owlshydr.ini�see (4.2.1 table@29)�Yes��46�basinInfoFileName�(physicalModelInitFile)�A binary file to store watershed information and parameters�Yes��



		4.3.2. Parameter Assignment



			Parameters used by the hydrologic model is shown in Table M - 34.

�

Table M - 34. Parameters used by the hydrologic model.

No.�Parameter�In File�Description�Required?��1�catchmentID�owlshydr.ini�The ID for the catchment when there more than one catchment available.�Yes. In BBWM, 1 is the West Bear Brook and 2 is the East Bear Brook. Note: Other parameters need to be changed too when change catchmentID!!!��2�inputUnit�owlshydr.ini &

physicalModelInitFile�Input data unit. Either English or SI�Yes.��3�outoutUnit�owlshydr.ini &

physicalModelInitFile�Output data unit. Either English or SI�Yes.��4�latitude�physicalModelInitFile�The latitude of the watershed center, in degree.�Yes.��5�longitude�physicalModelInitFile�The longitude of the watershed center, in dgree.�Yes.��6�turbidity (*)�physicalModelInitFile�The acerage clear day air turbidity, in %.�Yes.��7�Manning (*)�physicalModelInitFile�Manning's coefficient of the stream channel�Yes.��8�maxTempTime�physicalModelInitFile�The time of a day having maximum temperature, in hour of 24 hrs/day.�Yes.��9�avgTempDifference�physicalModelInitFile�The average difference of air temperature in a day. It will be used only when data are missing.�Yes.��10�snowSeasonBeginMMDD�physicalModelInitFile�The date of the snow season begins. It will be used when no air temperature is available.�Yes.��11�snowSeasonEndMMDD�physicalModelInitFile�The date of the snow season ends. Used only when no air temperature data available.�Yes.��12

13�startDate

startTime�physicalModelInitFile�The start time for the simulation. For startDate, use YYMMDD, i,e, 901130 means Nov. 20, 1990. For startTime, use HHMMSS, i.e. 123015 means 12:35:15.�Yes.��14

15�endDate

endTime�physicalModelInitFile�The time  when the simulation completes. same usage as above.�Yes.��16�step�physicalModelInitFile�The calculation time interval in hour.�Yes.��17�saveInterval�physicalModelInitFile�The interval in steps that the OWLS model to save the raults.�Yes.���Table M - 34. Parameters used by the hydrologic model (continued).

No.�Parameter�In File�Description�Required?��18�useDepthOutput�physicalModelInitFile�see (2.3.1 (3))�Yes.��19�canopyMinETRate (*)�physicalModelInitFile�The canopy ET during night time.�Yes.��20�useHorton�physicalModelInitFile�see (2.3.1 (5)[1])�Yes.��21

22�infiltration_k 

infiltration_a �physicalModelInitFile�see (2.3.2 [1] & [2])�Yes.��23

24�infiltration0Adjust (*)

infiltrationCAdjust (*)�physicalModelInitFile�see (2.3.2 [4] & [5])�Yes.��25�conductivityAdjust (*)�physicalModelInitFile�see (2.3.2 [3])�Yes.��26

27�snowMelt_Df (*)

snowMelt_Tb (*)�physicalModelInitFile�see (2.3.2 [6] & [7])�Yes.��28 29�ET_a (*)

ET_b (*)�physicalModelInitFile�see (2.3.2 [8] & [9])�Yes.��30�underCanopyERConstant (*)�physicalModelInitFile�see (2.3.2 [10])�Yes.��31�soilETConstant (*)�physicalModelInitFile�see (2.3.2 [11])�Yes.��32 33�soilWaterSupplyC1 (*) soilWaterSupplyC2 (*)�physicalModelInitFile�see (2.3.2 [26] & [27])�Yes.��34�roughness (*)�physicalModelInitFile�see (2.3.2 [12])�Yes.��35 36�layerWeight1 (*)

layerWeight2 (*)�physicalModelInitFile�see (2.3.2 [13])�Yes.��37�minDiameter  (*)�physicalModelInitFile�see (2.3.2 [14])�Yes.��38�pipeRatio (*)�physicalModelInitFile�see (2.3.2 [15])�Yes.��39

40

41�radiusA (*)

radiusB (*)

radiusC (*)�physicalModelInitFile�see (2.3.2 [16])�Yes.��42

43

44

45 46�countA (*)

countB (*)

countC (*)

countD (*)

countE (*)�physicalModelInitFile�see (2.3.2 [17])�Yes.��47�surfaceMcaroporeConst (*)�physicalModelInitFile�see (2.3.2 [18])�Yes.��48�soilMacroporeConst (*)�physicalModelInitFile�see (2.3.2 [19])�Yes.��49�frictionCoeff (*)�physicalModelInitFile�see (2.3.2 [20])�Yes��50�interiveErr (*)�physicalModelInitFile�see (2.3.1 (5) [3])�Yes��51�maxInterations �physicalModelInitFile�see (2.3.1 (5) [4])�Yes��52�useDirectInputs�physicalModelInitFile�see (2.3.1 (5) [2])�Yes��53

54

55

56

57

58�widthTopConstant (*) widthBotConstant (*)  depthConstant (*) 

widthTopPow (*) 

widthBotPow (*)

depthPow (*)�physicalModelInitFile�see (2.3.2 [21] - [23])�Yes��59�soilMoisture (*)�physicalModelInitFile�see (2.3.2 [24])�Yes��60�initialStreamDepthRatio (*)�physicalModelInitFile�see (2.3.2 [25])�Yes��(*) Parameters that need to be optimized or caliberated.�

		4.3.3. Run the Hydrologic Simulation Program



�

Figure M - 11. Window to run the hydrologic model.

	To run the Hydrologic Model from the startTime, choose the one of three options from the OWLS Windows program (Figure M - 11):



	(1). For starting the simulation the very first time, run Start a Simulation;

	(2). For continuing from the last interruption, run Continue the Simulation;

	(3). For restart the simulation all over again, run Reset and Start a Simulation;





		4.3.4.  Stop the Hydrologic Simulation Program



	To stop the Hydrologic Model while it is running,  the user has to use Ctrl_Alt_Delete soft-interruption-keyboard-command or simply reset the computer.





	4.4. Display the Simulation Results



		4.4.1. Check List



	After finishing the OWLS hydrologic program run, files for 2-D and 3-D visualization are available (Table M - 35):

�

Table M - 35. Files generated by the OWLS hydrologic model

No.�File Name�Description��1�channelFileName�Binary file for channel segment water storage and flow, see (3.2.2.1)  for details.��2

3

4

5

6�cellCanopyFileName

cellSurfaceFileName

cellSoilFileName

cellMacroporeFileName

cellAllFileName�Binary files for cell water storage information, used by the 3-D visualization model, see (3.2.2.2) for details.��7�basinInfoFileName�Binary files for basin information and parameters, used by the 2-D presentation.��8�sumFluxFileName�Binary file for simulated flow output, see (3.1) for detailed discussion��9�counterFileName�Text file for number of records stored in the series of result files��10�textOutputFileName�Text file for simulated flow output, see (3.1) for detailed discussion��11�riverOutputFileName�Text file for simulated flow in stream segments, see (3.2.2.1) for details.��





		4.4.2. 2-D Display



		(1) 2-D Visualization Model



	The 2-D visualization model handles the 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 hydrologic model, especially used for parameter calibration and result's presentation.  Figures of hydrograph shown in the previous chapter are created from this model.  As we can see, it includes the following information:

	(1).  Text information: basin name, size, simulation and system parameters.  The importance of the parameters are decreasing in the order of from top to down;

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

	(3) Precipitation as observed and evaportranspiration as simulated;

	(4) Hydrograph for both simulated and observed flow;

	(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.

	Detailed of running the 2-D visualization model, see 4.2.3.3.





		(2)  Connect to spreadsheet



	The task of drawing a 2-D hydrograph can be complished by utilizing a spreadsheet computer software. The text-file from the OWLS program can be imported into a spreadsheet (i.e. Microsoft Excel,  Quattro Pro, or Lotus 123) and then use the spreadsheet's software to draw the hydrograph.





		4.4.3. 3-D Display



	As described in section 4.2.3.4,  the OWLS visualization model can provide a 3-D display of the simulated results include:



			(1) Watershed Cell Hydrologic Components

(1.1) Canopy Layer Information

	a. Intercepted Water Depth (mm);

	b. Intercepted Snow Depth (mm);

	c. Rainfall to the Canopy (mm);

	d. Canopy ET (mm);

	e. Canopy Net Precipitation (mm);

	f. Intercepted Water&Snow Depth (mm);

(1.2) Surface Information

	a. Surface Water Depth (mm);

	b. Surface Snow Depth (mm);

	c. Surface ET (mm);

	d. Surface Infiltraion (mm);

	e. Surface Flow (0.001m3/s);

	f. Surface Water&Snow Depth (mm);

(1.3) Subsurface Information

	a. Soil Moisture (mm);

	b. Soil Water Depth (mm);

	c. Soil ET (mm);

	d. Soil Flow (0.001m3/s);

(1.4) Macropore Information

	a. Macropore Water Depth (mm);

	b. Water from Suface (mm);

	c. Water from Soil (mm);

	d. Flow (0.001m3/s);

	e. Water from Suface&Soil (mm);

(1.5) Layer Summation

	a. Total Cell Water Depth (mm);

	b. Total Cell Flow (0.001m3/s);



			(2) Stream Segment Hydrologic Components

				(2.1) Flow velocity (m/s);

				(2.2) Discharge (m3/s);

				(2.3) Channel width (m);

				(2.4) Water depth (m);



5. Trouble Shooting



	5.1. Problem: Program abort without notice right after start.

		Reasons: 	(1) Parameters in the initial files are either not completed or incorrectly typed.

				(2) Data file does not have correct format. 



	5.2. Problem: Program abort without notice after running for couple of minutes.

		Reasons: 	(1) Size of watershed mesh too big, limitation is not certain, depending upon the 

				memory that the computer has. Reduce the numbers of cells in the watershed as well 

				as reduce the time range for the simulation, which may have slight effect;

				(2) Incorrect input data;

				(3) Problems in the Program;



	5.3. Problem: Program abort with General Protection Error.

		Reasons: 	(1) Size of watershed mesh too big;

				(2) Computer do not have enough resource (e.g., small hard disk space, small 

				memory size).

				(3) File(s) that are used by the OWLS model are openned by another application.

				For example, you may use MS Word to edit the initial file and did not close it 

				before you launch the OWLS application.

				(4) Problems in the model;



	5.4. Problem: Program abort with Floating Point Overflow.

		Reasons: 	(1) Incorrect data inputs;

				(2) Abnormal topograph (flat surfuce, pond);
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