








Chapter Four: Applications 








	Development of the OWLS model is based on theoretical assumptions and physical laws. To evaluate the model, simulation results were compared to observed hydrologic responses for a specific watershed.





4.1. Watershed Description 


�� EMBED MSImager.1 \s ���


Figure 4 - 1. Bear Brook Watershed of Maine





	The Bear Brook Watershed of Maine (BBWM) was selected as a test watershed for evaluating the OWLS model. The BBWM (Figure 4 - 1) is located in eastern Maine (44o52'15" Latitude, 68o06'25" Longitude), approximately 60 kilometers from the Atlantic coastline in the northeastern United States. The BBWM is a paired watershed study funded by U.S.EPA since 1987 as part of  The Watershed Manipulation Project (WMP) within the National Acid Precipitation Assessment Program (NAPAP). NAPAP was designed to assess the causes, effects, and strategies for controlling acidic precipitation. 


The major purposes of the BBWM project are to:


	(1) Identify and quantify the major processes that control surface water acidity, with a major emphasis on the role of excess sulfate and nitrate and the rate of cation supply through chemical weathering and cation desorption;


	(2) Assess the quantitative and qualitative response at the watershed level to different (both increased and decreased) levels of acidic deposition;


	(3) Evaluate the ability of existing models of water acidification to predict short- and long-term chemical variations in surgace water chemistry and to predict watershed soil response to increased and decreased loading of strong acids.


As a long-term research watershed, the BBWM includes bench-scale, micro-site, plot, and whole watershed investigations.  The associated data bases are ideally suited for watershed hydrologic and chemical simulations at a watershed scale. Thus, it represented an ideal watershed to test the OWLS model.


	The study site of the BBWM consists of two first order streams: Eastern Bear Brook (EBB) and West Bear Brook (WBB). On each stream, a catchment outlet was selected and gauged so that both streams have about the same catchment area (EBB=10.7 ha and WBB=10.2 ha). Since both streams are so close and facing the same slope direction, both watersheds are geographically similar and are ideal for a paired watershed study. Streamflow has been monitoring with a standard 120o V-notch weir.  Flow data are sampled at 5-minute intervals. Both weirs are anchored on bedrock to ensure that they are stable and impermeable. For the six years of record (1987-1992), EBB has flowed an average of 44 weeks per year; WBB has been perennial. Both watersheds have a maximum discharge of about 0.01 mm/ha/sec or 0.15 m3/s.  Annual water yield relative to incoming precipitation for WBB ranges from 68 to 77% while EBB


ranges from 62-68%.  From 1987 to 1989, precipitation inputs and resulting discharge were very episodic with flows exceeding 0.09m3/s at least once per year; from 1990 to 1992, discharge has been more moderated and flows rarely exceeding 0.03m3/s.


	The soils in the two watersheds are thin spodosols developed from till. Soil series have been identified as Dixfield/Marlow in the lower portion of the watersheds, Tunbridge and a Tunbridge/Lyman complex in the middle portions, and a deep Tunbridge/Lyman vairant in the upper portions(Erickson and Wigington, 1987). The bedrock consists predominantly of metamorphosed and deformed pelites, with minor calc-silicate gneiss, and dikes and sills of granite (Norton, et. al., 1992).  Folists are common near and at the summit. Minor, poorly-drained soils are present in the upper part of EBB and a small area in discharge region midway up the WBB. Areas supporting softwood stands are characterized by thin mineral soils or folists, whereas hardwoods are mostly present on well-drained, thick, mineral soils common on gentler and lower elevation slopes. The depth of the watershed soils range from 0 to 5 meters, typically 1 to 2 meters. The soils are heterogeneous in composition, containing a large variety of clasts not represented in the local bedrock. Fine-grained fluvial sediments are rare, and consist of pockets of sand seperated by a gravel- and cobble-paved stream bed. Organic debris dams are small and ephemeral.


	Vegetation of the BBWM is dominated by hardwoods including American Beech, sugar maple, red maple, with minor amounts of yellow birch and white birch. The hardwood forest is successional following intensive logging prior to about 1945. The upper parts of the watershed have nearly pure softwood stands of red spruce, balsam fir, and hemlock, many of which are more than 100 years old. Softwoods occur dominantly on steeper slopes or where mineral soil is very thin or absent. Softwood, mixed, and hardwood stands cover approximately 25, 40, and 35% of the total watershed areas respectively.


	The Climate at BBWM is cool and temperate, with a mild maritime influence. The mean annual temperature is about 4.9(C, with an observed range of +35(C to -30(C. Summer daily maxima temperatures commonly exceed 25(C and winter minima commonly reach -20(C. Precipitation for the period from 1987-1992 at the BBWM has average about 1400 mm per year but locally has ranged from 700 to 1900 mm over the last 10 years.Typically about 20% to 25% of the precipitation is snow. Snow cover may be continuous from late November to April, but more typically the snow pack is completely lost one or more times during winter.Therefore, soil frost may be non-existent or extend to depths approaching 1 meter.


	Precipitation Chemistry has been one of the major components in the watershed study (Norton et al, 1995). However,  the current version of OWLS is not formulated to simulate the watershed chemistry.





 


4.2. Flow Simulation





4.2.1.  Data for the OWLS model





	As a physically-based simulation model, detailed information about the watershed is considered highly desireable for running the OWLS model. However, given that detailed information may not always be available, the OWLS model is also designed to allow optional data inputs, for the user to guess-and-try, or even neglect some parameters that are not commonly available. Therefore, data for OWLS flow simulation include three catagories: (1) Required data, (2) Optional data and (3) System Parameters.





	4.2.1.1. Required data





	Required data for the OWLS model  include watershed terrain data (e.g., digital elevation data, land survey data),  precipitation data (at least 1 hour in interval),  geographical coordinates,  air temperature data, soil survey data, and vegetation data. For more information about soil survey data inputs, see the USER'S MANUAL (Appendix III).





4.2.1.2. Optional data





	Some data for the OWLS model are optional depending upon the application that user chooses. These data include streamflow, soil infiltration, macropore pipe system, channel geometry. The streamflow data are used only when calibration and validation are required. Other optional data can be estimated by the OWLS build-in model. See the USER'S MANUAL (Appendix III) for details.





4.2.1.3. System Parameters





	There are two type 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. These parameter are choosen 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 centain range of values,  their performance within a watershed model still needs to be determined. Therefore, they usually need to be calibrated.





4.2.1.3.1.  System Control Parameters


	System Control Parameters include  unit usage parameters, time domain parameters, output format option,  file name definitions and switch parameters.  see the USER'S MANUAL (Appendix III)  for details.





4.2.3.1.2. System Model Parameters


	Parameters that directly drive the hydrological process of the watershed are system model parameters. Some of these parameters are measureable and physically known. But many of them are not physically known, especially at a watershed scale. Thus, they need calibration so that the model can be adjusted in an attempt to represent local watershed. There are about 37 model parameters used in the OWLS hydrologic model for infiltration, soil hydraulic conductivity, snowmelting, evaportranspiration,  surface flow routing, soil flow, macropore flow, channel flow routing, and channel geometry. See the USER'S MANUAL (Appendix III) for details.








4.2.2. Parameter Calibration 
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Remark:	Basin area 	=	125137 m2.;


	Total Error	=	0.0003% per calculation time step;


	SumQ 	=  	Sum of Cum.Q and SoilWater;


	SoilWater	=	the soil water volume in the watershed;


	Cum.Q	=	the accumulated flow in the outlet.





Figure 4 - 2.  Model testing result I -- Soil Flow and Routing 


under No-Rain Condition for the EBB.





	For each different watershed (especially differences in soil, geological condition),  a set of parameters needs to be established so that the OWLS model can simulate hydrologic processes. The procedure for determining parameter values for a particular watershed is called parameter calibration (or parameter optimization).  However, before undertaking parameter calibration, a system performance check was implemented to ensure continuity of mass during simulations. The system performance check should not be affected by the choice of parameters since they do not cause water to be "consumed" or "produced” within the model;  they can only alter the distribution of water between different components in a catchment. The model has been tested and water-balanced under the following conditions:
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Remark:	Basin area 	=	125137 m2.;


		Rain 		=	1mm/hr for period from 5 to 40;


	Total error 	=	0.0006% per calculation time step;


	CumQ 	=  	accumulative flow in the watershed outlet;


	CumFlow 	=	accumulative flow of the waters arriving to the 


				stream channel from different parts of cells;


	CumRain	=	The accomulative rainfall;





Figure 4 - 3.  Model testing result II -- Surface Flow and Routing 


under Constant-Rain Condition for the EBB.


	(1) With high initial soil water content, no flow to macropores and no rainfall, the model was run to test the soil flow system and the overall water balance.  Figure 4 - 2 is the testing results from the EBB watershed.  In order to check the overall water balance, stream flow has to be accumulated so that summation of the accumulated stream flow and the soil water volume should be constant if the OWLS model produces mass-balance results. As shown in Figure 4 - 2,  the model has demonstrated overall balance with a minor error of 0.0003% per calculation step caused from the floating point calculation and iteration;


	(2) With  no infiltration, no soil water and no macropore pipe flow allowed, apply a constant rainfall and run the model to test the surface flow and overall water balance.  Figure 4 - 3 shows the testing results from the EBB watershed. Under the above condiction, accumulative flow (either flow into the channel "CumFlow" or flow into the outlet "CumQ") should be the same as the accumulated rainfall in the whole hydrograph process. Figure 4 - 3 shows that during rainfall period (time step 5 to 40), the accumulated flows are smaller than accumulated rainfall. This is because the surface and channell routing delay the flow accumulation. But after the rain stop (time step 40), it takes about 8 to 10 hours for the flow to drain out. After that, accumulated flow are the same as the accumulated rainfall (an error of 0.00006% per calculation step is caused by the floating point calculation and the iteration error control);


�


Rainfall	= 1mm/hr for period from 5 to 40;


Basin area 	= 125137 m2;


Error		= 0.0002% per calculation time step


CumFlow 	= the accumulated flows to the stream channel;


CumRain 	= the accumulated rainfall;


SumWater 	= the total water storage 


Balance is the water volume after removal of rainfall effect 


(= SumWater + CumFlow - CumRain), which should approximate to the initial water storage.





Figure 4 - 5. Model Testing Result IV -- All Flow and Routing under Rain Condition for the EBB.





	(3) With no soil water and surface flow allowed, apply a constant rainfall and  run the model to test the macropore pipe system and overall water balance. Figure 4 - 4 shows the testing results. The summation of soil water volume and the accumulated outlet flow should be constant. The OWLS model produces an minor error of 0.000005% per calculation time step caused by the floating point calculation and the iterations; 


	(4) With known initial soil water content, apply a known amount of rainfall for a specified period, run the model to test the water balance of the whole system. Figure 4 - 5 is the testing results, which proves that the OWLS model produces a water balanced results with a minor error of 0.0002% per calculation time step caused by the floating point calculation and iterations.


�


Basin area 	= 125137 m2.;


Total Error	= 0.000005% per calculation time step;


SumQ 	= the accumulated.flow in the outlet;


SumWater	= the total water balance in the watershed;


SoilWater	= the soil water volume.





Figure 4 - 4. Model Testing Result III -- Macropore Pipe Flow and Routing under No-Rain Condition for the EBB.





	After testing the model and confirming its capability of satisfying the above conditions, calibration was undertaken. Calibrating parameters is a time consuming process since there are so many of them and there are many methods of calibration. One may use an optimizing program to evaluate the results of simulation and adjust parameters accordingly. But as the numbers of parameters increase, the options for multiple parameter adjustments increase dramatically. Automatic calibration may introduce unexpected results. Therefore, as with many other complex models, parameter calibration involved multiple trial-and-error run; professional judgement being used to decide which parameters to adjust and to what extent. The strategy for determining the model parameters was threefold:


	(1) Pick initial values for parameters as rational as possible by doing some simply math calculations;


	(2) Pick a low-flow period that is followed by a peakflow at the beginning of a simulation and determine the initial type parameter first (like initMoisture);


	(3) Test run the model and evaluate results as follows:


	a. timing of peakflow: adjust the watershed surface roughness and channel Manning’s roughness to change the peak timing;


	b. rising limb of hydrograph: for faster rising, allow more surface flow or macropore pipe flow and vice versa;


	c. falling limb of hydrograph: for slower recession, slow the macropore pipe flow by increasing its friction coefficient of the macropore system, and increase infiltration. To rise the base flow, increase the soil water supply to the macropore system or the soil conductivity.


	d. peak height: for higher peak, increase the surface water portion and/or macropore flow by reducing the infiltration rate, reduce the water lost via tree interception or ET, or reduce infiltration.


	e. base flow: for persistant base flow, reduce the soil hydraulic conductivity when the recession limb is too steep or increase the initial soil moiture condition when the base flow curve falls belows the observed one.


Other parameters can also be adjusted, such as the Horton’s parameters, macropore pipe radius and parameters, channel geometric parameters, ET, and others. Some of these parameters may have little effect on short-term hydrological processes and thus may not need to be adjusted. Table 4 - 1 lists the eight most sensitive parameters to the simulated hydrograph. These parameters are most offen adjusted in model calibration.


	In the BBWM watershed, we chose the Eastern Bear Brook (EBB) and two time periods for parameter calibratizon. The time periods were early summer (May 1 to June 1, 1989 ) and late fall (Oct. 15 to  Nov. 28, 1989). �



Table 4 - 1.  Most Sensitive Parameters in the OWLS model


Parameter�
Description�
Data Range�
�
infiltration0Adjust�
Dimensionless, adjust factor for maximun infiltration rate. For distributed model, different soils have different lab-tested maximun infiltration rates, the "infiltration0Adjust" parameter is a ratio to adjust all the soil maximun infiltration rates simultaneously to approximate the field condition. This parameter has great effect the proportion of water distribution amoung surface, soil and macropore system.�
0.1 ( 10.�
�
infiltrationCAdjust�
Dimensionless, adjust factor for maximun infiltration rate. This parameter has great effect the proportion of water distribution amoung surface, soil and macropore system.�
0.1 ( 10.�
�
surfaceMacroporeConst�
Dimensionless, adjust factor for amount of surface water directly drain into the soil macropore system. It is a proportion factor to the amount of soil infiltration. It has great effect to the peak flow and basically control the flow subdivision between surface flow and macropore pipe flow. �
1 ( 5.�
�
soilMacroporeConst�
Dimensionless, adjust factor for amount of soil water directly drain into the macropore system. It is a proportion factor to the amount of soil water depth, relative soil moisture content. It has great effect to the base flow and basically control the base flow subdivision between soil matrix flow and macropore pipe flow.�
0 ( 10-3�
�
conductivityAdjust�
Dimensionless, adjust factor for soil conductivity rate. For distributed model, different soils have different lab-tested unsaturated conductivities, the "conductivityAdjust" parameter is a ratio to simultaneously adjust the hydraulic conductivities for all the soils to approximate the field condition. This parameter has great effect on the soil base flow.�
1 ( 1000�
�
frictionCoeff�
Dimensionless, the friction coeffience for macropore pipe system. It has great effect on the falling-limb of a peak flow hydrograph.�
1 ( 100�
�
roughness�
Dimensionless, the Manning's roughness for watershed surface. It has great effect on the peak timing and smoothness of the hydrograph.�
0.1 ( 1.0�
�
Manning�
Dimensionless, the Manning's roughness for channel segments. It has large effect on the peak timing and smoothness of the hydrograph.�
0.05 ( 0.5�
�
snowMelt_Df�
m/oC/hr, the degree-day snowmelt factor. It has great effect on the snowmelt-caused flow event, both peak and event period.�
10-4 ( 10-2�
�
	Figure 4 - 6 illustrates the calibration results from the early summer of 1989. The top text section lists the major parameters and the values that were used during this simulation. It shows the node index of the watershed outlet, which is 233 for the EBB, and the number of nodes(94), edges(210), and cells(117) for the simulation area and 474 nodes, 743 edges and 464 cells for the study area. The area of the simulation watershed is 125,100m2. The calculation time interval for this simulation was 1 hour.  The interval for saving results is 1 step, which is equal to 1 hour here. A total 745 hours have been simulated.   Parameter values are also listed. 


	The top and bottom banner of Figure 4 - 6 illustrates the time scale for a simulation. Each cross-over line represents one day (which can be redefined by an user). All curves shown in the chart are plotted for every calculation step, or 1 hour.


	From top to bottom, the first chart in Figure 4 - 6 is the air temperature, showing the hourly temperature fluctuation during the simulation period. The unit is oC and the center line is 0 oC.  


	The second chart is the precipitation and simulated evaportranspiration (mm).  


	The third chart is the hydrograph for both observed and simulated flow at the stream outlet (m3/s).  There are four storm events in this month. Simulated flow peaks generally match except for the smallest event, which is over-predicted.  The simulated rising and falling limb have the similar slope as the observed flow for three largest events.  The baseflow is also well-estimated.


	The fourth chart is the flow composition. It is represented in flow depth calculated from the division of the summation of different flows arriving to the stream channel for that interval of time by the watershed drainage area. There are three sources of water flow into the stream channel segments: (1) overland flow from the surface of riparian cells, (2) macropore flow from soil macropore system of the riparian cells and (3) soil matrix flow from the soil of the riparian cells.  This chart indicates that the major contribution to peakflow is from surface flow and macropore pipe flow;  soil flow had little effect.  The higher proportion of contributions from surface flow in the Bear Brook is the result of shallow soil and rocky terrain in the riparian area. 


	The fifth chart represents the water depth for different layers in the watershed. In this example, it includes water associated with the canopy, surface, soil and macropores. For the canopy and soil surface, water has two phases: liquid water and snow. This chart indicates that the majority water in the watershed is stored in the soil;  macropore and surface water can only provide temporary storage. Surface water can exist only for a very short time, while macropore water can be detained somewhat longer.  Water on the canopy will be evaporated soon after a rainfall event.


	Figure 4 - 7 illustrates the calibration results for the late fall of 1989. Since the air temperatures are close to 0 degrees C,  it is difficult to correctly simulate rain or snow from the �
�
�
precipitation records.  Thus, in the hydrograph, some hydrograph peaks are over-predicted and some are under-estimated.  Even so, the occurances, runoff volumes and timing of simulated hydrographs generally match the observed hydrographs. 


	Following the completion of the calibration, a set of parameters for particular watershed were available for simulation. Values of the calibrated parameters for the East Bear Brook watershed are listed in Table 4 - 2.





Table 4 - 2. Calibrated parameters for BBWM from the East Bear Brook


No.�
Parameters�
Value�
Unit(English)�
�
Canopy Parameters�
�
1�
canopyMinETRate�
0.01�
inch/hr�
�
Surface Parameters�
�
2�
ET_a�
0.025�
dimensionless�
�
3�
ET_b�
0.078�
dimensionless�
�
4�
roughness�
1.8�
dimensionless�
�
5�
snowMelt_Df�
0.004�
in/hr/dF�
�
6�
snowMelt_Tb�
33�
dF�
�
7�
underCanopyETConstant�
0.04�
dimensionless�
�
Soil Parameters�
�
8�
conductivityAdjust�
500�
dimensionless�
�
9�
infiltration_a�
0.5�
dimensionless�
�
10�
infiltration_k�
0.8�
1/hr�
�
11�
infiltration0Adjust�
0.12�
dimensionless�
�
12�
infiltrationCAdjust�
0.12�
dimensionless�
�
13�
layerWeight1�
0�
dimensionless�
�
14�
layerWeight2�
1�
dimensionless�
�
15�
soilETConstant�
0.01�
dimensionless�
�
16�
soilMoisture�
0.52�
dimensionless�
�
17�
soilWaterSupplyC1�
0.1�
inch/hr�
�
18�
soilWaterSupplyC2�
0.01�
inch/hr�
�
Macropore Parameters�
�
19�
countA�
1�
dimensionless�
�
20�
countB�
0.5�
dimensionless�
�
21�
countC�
0.5�
dimensionless�
�
22�
countD�
0�
dimensionless�
�
23�
countE�
0�
dimensionless�
�
24�
frictionCoeff�
45�
dimensionless�
�
25�
minDiameter�
0.000394�
inch�
�
26�
pipeRatio�
2.5�
dimensionless�
�
27�
radiusA�
0.02�
inch�
�
�
Table 4 - 2. Calibrated parameters for BBWM from the East Bear Brook (Continued)


No.�
Parameters�
Value�
Unit(English)�
�
28�
radiusB�
0.005�
inch�
�
29�
radiusC�
0.5�
dimensionless�
�
30�
soilMacroporeConst�
0.000001�
dimensionless�
�
31�
surfaceMacroporeConst�
2.0�
dimensionless�
�
Stream Parameters�
�
32�
depthConstant�
4�
dimensionless�
�
33�
depthPow�
0.3�
dimensionless�
�
34�
initialStreamDepthRatio�
0�
dimensionless�
�
35�
Manning�
0.1�
dimensionless�
�
36�
widthBotConstant�
2.6�
dimensionless�
�
37�
widthBotPow�
0.3�
dimensionless�
�
38�
widthTopConstant�
5�
dimensionless�
�
39�
widthTopPow�
0.3�
dimensionless�
�
General Parameters�
�
40�
avgTempDifference�
7�
hour�
�
41�
iterativeErr�
0.01�
dimensionless�
�
42�
maxIterations�
100�
dimensionless�
�
43�
maxTempTime�
14�
hour�
�
44�
snowSeasonBeginMMDD�
1101�
mmdd�
�
45�
snowSeasonEndMMDD�
531�
mmdd�
�
46�
turbidity�
0.8�
dimensionless�
�
* Detailed explaination, please see the USER'S MANUAL (Appendix III)








4.2.3. Model Validation 





	Model validation is a process of varifying the correctness of model parameters for a watershed. The traditional method of accomplishing this is:


	A. Pick a data series for a period of time which has not been used by the model for parameter calibration;


	B. Simulate the streamflow for the precipitation event of that period;


	C. Compare the results of simulation to the observed ones;


	D. If the results are within a specific error range,  then the model is validated for that watershed.


	Since BBWM is comprised of  paired watersheds, besides using the traditional model validation procedure to the EBB watershed, the model was also applied to the WBB watershed to see





Table 4 - 3.  Simulated events in BBWM for the calibration and validation of the OWLS model


Basin�
Period for Events�
Figure Name�
Remark�
�
�
5/1/89 - 6/1/89�
Figure 4 - 6�
For Calibration�
�
East Bear Brook�
10/15/89 - 11/28/89�
Figure 4 - 7�
For Calibration�
�
Watershed�
3/27/90 - 4/25/90�
Figure 4 - 8�
For Validation�
�
�
2/26/91 - 3/29/91�
Figure 4 - 9�
For Validation�
�
�
5/1/89 - 6/1/89�
Figure 4 - 10�
For Validation�
�
West Bear Brook�
10/15/89 - 11/28/89�
Figure 4 - 11�
For Validation�
�
Watershed�
3/27/90 - 4/25/90�
Figure 4 - 12�
For Validation�
�
�
2/26/91 - 3/29/91�
Figure 4 - 13�
For Validation�
�






if the model could satisfactorly simulate its flows. Table 4 - 3 lists the events that were used for the validation as well as the calibration of the OWLS model.


	Figure 4 - 8 is the result of validation during the period from March 27 to April 25, 1990 in the EBB watershed.  Three major runoff events in this period; snow fall occurred early in the simulation. For the all these major runoff events, the OWLS model provides good estimations in both flood volume and peak timing.


	Figure 4 - 9 illustrates the results of validation for winter conditions in the EBB watershed (Febuary 26 to March 29, 1991). Within this period, there are five flood events with rainfall and/or snowfall; The OWLS model has good simulation for the highest peak and its volume and fine results for the volumes and timing-shifting for the other events.  


	Figure 4 - 10 is the result of validation for the period May 1 to June 1 of 1989 in the WBB watershed.  This is the time period used in parameter caliberation in the EBB. The simulation in the WBB shows under-estimations for all the  peak flows, but timing and base flow are good-estimated for all the flood events. 


	Figure 4 - 11 is the result of validation for the period of October 15 to November 28 of 1989 in the WBB watershed. The OWLS model tends to over-estimate the peak flows for the first two large events and produce good estimations for other smaller events.


	Figure 4 - 12 is the result of validation for the period of March 27 to April 25 of 1990 in the WBB watershed. The OWLS model under-estimates the first event and produces good estimations for all other flood events.


�
�
�
�
�
�
	Figure 4 - 13 is the result of validation for the period of Feb. 26 to March 29, 1991 in the WBB watershed.  Precipitation is rain or snow. In this period,  there are totally five events,  the OWLS model under-estimated the first event.  It is possible that the first event is a rain on snow event but 


the initial condition of the model did not reflect it.  There are four other flood events. The OWLS model produced good estimation for the highest peak event and fine estimation in volumes and timing-shifting for the other events.








4.3.  Conclusion of the Hydrologic Simulation 





	As indicated by the results of the previous simulations, the OWLS hydrologic model appears to provide good flow estimations for rain-based events.  However, the model could not provide good runoff estimations when air temperature fluctuated around 0oC and when high air temperature occurred during snowmelt.  Other factors may also cause errors in the simulations.  One of these might be the simplication of the model (under simple mode) whereby precipitation, air temperature, vegetation and soil characteristics are considered the same for all cells.  We might expect better and more realistic simulation results if the following information was available and the model simulated the watershed under the complex mode:


	(1) detailed physical information about different types of vegetation;


	(2) detailed physical information about different types of soils;


	(3) data from more then three meteorological stations;


	(4) precipitation data which includes information about rain or snow;


	(5) data for actual cloud cover;


	(6) detailed air temperature data.


	Some parameters of the OWLS model are still unknown and can only be guessed, like the parameters for macropores pipe system.  Supplimentary information from future field survey and lab studies represents an important need for the continuing development of the OWLS model.


	While the OWLS model produces lots of information about watershed's hydrologic processes, it also generates lots of questions.  For details about usage of the model, please see the USER'S MANUAL (Appendix III).
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