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In KINEROS, the infiltration process is separated into infiltration during the rain period, 

called the "rain limited infiltration period" and infiltration when rain ceases or the rainfhll rate is below 

the infiltration rate. KINEROS considers change of water content during significant intervals of no 

rainfall. 

3.2.4 OVERLAND FLOW 

Hortontian overland flow begins when the rainfall rate exceeds the infiltration capacity. In 

KINEROS, one dimensional flow on a plane surface is solved by the kinematic wave equations, 

because it has been shown that the kinematic wave fonnulation is an excellent approximation for 

most overland flow conditions (Woolhiser and Liggett, 1967; Monis and Woolhiser, 1980). The 

continuity equation used in KINEROS for a overland flow is: 

oh +wnhm- 10h = q(x t) at Ox' 

where 

h is the storage if water per unit area or depth if the surface is a plane; 

a., m are parameters related to roughness, slope and the whether the flow is 

laminar or turbulent; 

t is time; 

x is spatial coordinate; and 

q(x,t) is the lateral inflow rate. 

(3-17) 

Four options for a. and m in equation 3-17 are provided in KINEROS. These include: (1) 

The manning hydraulic resistance law, (2) A laminar law until the Reynolds nwnber exceeds a 

critical value then Mannings law is used; (3) A laminar law until the Reynolds number exceeds a 

critical value then Chezy law is used; ( 4) The Chezy law. The user does not specifY the critical 
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Reynolds number. The user only selects the applicable law and gives the appropriate values such as 

the Manning's N or Chezy C. It is commonly agreed that overland flow on a plane begins as 

laminar flow and eventually becomes turbulebnt. The Manning's law and the Chezy law are often 

selected for large watersheds. Optional 2) and 3) are only selected for very small watersheds with 

relatively smooth and plane surface such as the parking lots and streets. 

3.2.5 ROUTING THROUGH CHANNELS 

The kinematic approximation to the equations of unsteady, gradually varied flow is used to 

represent the unsteady, free surface flow in channels. The continuity equation for a channel with 

lateral inflow is: 

where 

A is the cross-sectional area; 

Q is the channel discharge; and 

q c(x, t) is the net lateral inflow per unit length included the flow from the overland 

and upstream channels 

(3-18) 

The relationship between channel and discharge and cross-section area represented by the 

kinematic approximation is as follows: 

where 

Q ,A, a., m are defined in equation 3-18 and 3-17; and 

R is the hydraulic radius. 

(3-19) 
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Either l\1anning or Chezy law can be chosen by the user for channel flow conditions. The 

channel cross section may be approximated as trapezoidal or circular. In an urban environment, 

stOlID sewers are represented by only circular conduits and the discharge relationship for flow is 

defined by the Darcy-WISbach formula: 

where 

S - fa u2 

f- 4R2g 

Sf is the friction slope ; 

h is the Darcy-Wetbach ; 

u is the velocity ( QIA) ; and 

g is the gravity. 

The discharge for the flow in pipes is 

where 

p is the wetted perimeter; Q, A are defined in equation 3-18; 

ex. is the value equal to [8gSlfdJ 112; and 

mis3/2. 

Both channels and storm sewers can be modeled with KINEROS. 

3.2.6 ROUTING THROUGH RESERVOIR 

(3-20) 

(3-21) 

Up to three reservoirs can be contained in a watershed. Rainfall fhlling on ponds or 

reservoirs and infiltration from the ponds or reselVoirs are not considered. Since the outflow is solely 

regarded as a fimction of reservoir depth in the model, reservoir outfl.ow is given by the mass 

balance relationship: 
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(3-22) 

and 

(3-23) 

where 

Vis V(hr) the reservoir volume [L 3]; 

hr is reservoir surface elevation [L]; 

hz is reservoir outflow weir elevation [L]; and 

cI, c2 are weir coefficients. 

3.2.7 THE INPUT AND OUTPUT FILE 

Two input files are required. One is used to store watershed configuration, topographic, 

hydrologic and hydraulic infonnation or sediment data if the model is used to simulate sediment. The 

second files is used to store rainfall data. Two output files are generated. One is used to store output 

hydrographs for each plane and channel. The detailed finite difference solution for planes and 

channels are stored in a second output file. KINEROS allows the user to specifY the planes and 

channels and print the details for these planes and channels. 
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The Foster Creek Watershed, located in Lousia County, Vrrginia (Figure 4-1) was chosen 

as the study area because of previously discussed interest in evaluating models with the Thomas 

leffeson Planning District for potential future applications. The watershed covers approximately 415 

acres. Nason silt loam and Tatwn silt loam are the dominated soil types comprising about 70010 of 

the watershed area as shown in Table 4-1. The predominated Ianduse is woods and pasture covering 

approximately 27010 and 50010 of the total watershed, respectively as shown in Table 4-2. Hydraulic 

and hydrological characteristics related to soil and Ianduse are summarized in Tables 4-3 and 4-4, 

respectively. Continuous monitoring of rainfall and streamflow was conducted over the period 

1960-1969 at the locations given in Figure 4-2 by USDA! ARS and the Department of Agricultural 

Engineering, Vrrginia Tech. 

Topographic detail was available at a 1 :2400 scale from the Department of Agricultural 

Engineering, Vrrginia Tech (V.O.Shanholtz, personal conununication, 1992). Soil characteristic data 

was available for dominant soil types. Landuse mapping was available at a 1 :7920 scale from a 

previous research project (V.O. Shanholtz, personal communication, 1992). 



DATAPREPARAlION 

Figure 4-1 The schematic map of the location of Foster Creek Watershed at 
Louisa County, Virginia 
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Table 4-1 Summary of the general soil infonnation for Foster Creek Watershed 

Soil Type Mapping Symbol Areas (Acres) Proportionate Slope Range 
Extent (%) (%) 

Nason silt loam lA 24.71 5.94 00-02 

Nason silt loam 1B 148.54 35.73 02-07 

Nason silt loam 1C 12.63 3.03 07-15 

Tatum silt loam 2A 2l.51 5.17 00-02 

Tatum silt loam 2B 75.51 18.16 02-07 

Tatum silt loam 2C 6.59 1.59 07-15 

Senica silt loam 3A l.1 0.26 00-02 

Senica silt loam 3B 12.73 3.04 02-07 

Senica silt loam 3C 0.27 0.07 07-15 

Ligum loam 4A 0.55 0.13 00-02 

Ligumloam 4B 19.49 4.69 02-07 

Ligum loam 4C 0.55 0.13 07-15 

Fluvanna very fine 5A 4.12 0.99 00-02 
sandy loam 

Fluvanna very fine 5B 29.65 7.13 02-07 
sandy loam 

Fluvanna very fine 5C 4.11 0.99 07-15 
sandy loam 

Worsham silt loam 6A 0.82 0.20 00-02 

Worsham silt loam 6B 8.24 l.98 02-07 

Worsham silt loam 6C 1.10 0.26 07-15 

Tatum silt loam 7A 0.55 0.13 00-02 

Tatum silt loam 7B 16.75 4.03 02-07 

Tatum silt loam 7C 6.31 1.52 07-15 

Manteo silt loam 8B 1.92 0.46 02-07 

Manteo silt loam 8C l.92 0.46 07-15 

Mixed aIluvialland 9A 3.02 0.73 00-02 

Mixed aIluviaIland 9B 10.43 2.51 02-07 

Mixed alluvial land 9C 3.29 0.79 07-15 
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Table 4-2 Summary oflanduse infonnation for Foster Creek Watershed 

Name of Landuse Area (Acres) Proportionate Extent 

Natural Grasses; Hay Lesp 50.79 12.19 

Pasture 110.37 26.48 

Woods 195.76 49.97 

Com 4.67 l.12 

Idle 46.95 11.27 

Wheat; Oats; Barley 8.24 1.98 
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Table 4-3 Hydraulic and hydrologic characteristics of soils in Foster Creek Watershed 

Soil Types Mean Saturated} Mean Effective Total Porositf Hydrologic Soil 
Hydraulic Net Capillary Group 

Conductivity Drive 
(in/hr) (in) (em 3/ em 3) 

Nason silt loam 0.27 8.00 0.50 C 

Tatum silt loam 0.27 8.00 0.50 B 

Senica silt loam 0.27 8.00 0.50 C 

Ligumloam 0.52 4.30 0.46 C 

Fluvanna very fine 1.00 5.00 0.45 C 
sandy loam 

Worsham silt 0.27 8.00 0.50 C 
loam 

Tatum silt clay 0.06 10.20 0.50 B 
loam 

Manteosilt loam 0.27 8.00 0.50 C 

Mixed alluvial 0.05 11.90 0.43 C 
land 

Rawls et al. (1982) 
2 Ross (1978) 
3 SCS (1986) 
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Table 44 Hydraulic and hydrologic characteristics related to land use for Foster Creek Watershed 

Landuse Overlandl Depression 1 Interception Curve Number Curve Number 

Type Manning's Storage foi Hydrologic for2 Hydrologic 
N (inches) (inches) Group B Group C 

Hay, Natural 0.20 0.30 0.08 71.00 81.00 
Grasses 

Pasture 0.25 OAO 0.02 70.00 80.00 

Woods 0.40 0.50 0.03 65.00 77.00 

Com 0.10 0.15 0.03 78.00 85.00 

Idle 0.30 0.30 0.01 60.00 73.00 

Wheat, Oats & 0.10 0.15 0.16 74.00 82.00 
Barley 

From Ross (1978) 
2 From SCS (1986) 
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4.2 INPUT PARAMETERS FORKINEROSAND PSRM-QUAL 

The input data required by KlNEROS and PSRM-QUAL are categorized into topographic, 

hydrologic and hydraulic, and historic data. The topographic data includes the geographic and 

physical infonnation of channels, watersheds and sub-watersheds. The acquisition of topographic 

data consists of delineating the watershed boundaIy, conceptualizing the watershed, and detennining 

physical attributes of the watershed, sub-watersheds and channels for the two models. The 

hydrologic and hydraulic data is the information related to soil, landuse or their combination such as 

saturated hydraulic conductivity, SCS curve number, etc. Historic data refers to the recorded rainfall 

and streamflow or the design stonns for specific regions or locations. 

Specific input data requirements for the two models are given in Table 4-5 and 4-6, 

respectively. Procedures used to assemble databases for the models and to test the models on a 

watershed are illustrated and discussed in the following sections. 

4.3 DIGITAL MAP DATABASES 

To descnbe the spatial variability of soil, landuse and topography, both models require that 

the watershed be subdivided into numerous inter-connecting planes. The data requirements listed in 

Table 4-5 and 4-6 must be assembled for each plane and channel. 

GIS technology was used extensively to prepare databases for both KINEROS and 

PSRM-QUAL. By digitizing base maps for soil, land use, topography, watershed drainage and 

conceptual sub-units, GIS techniques can be used to quickly estimate parameters for ~h plane and 

channel. Note, however, that this study did not involve developing an interfuce between the models 

and a GIS. 



DATA PREPARATION 48 

Table 4-5 Summaries of input model parameter for KINEROS 

Type of Information 

Topographic 

Hydrologic and Hydraulic 

Historic Data 

Input Model Parameter 

number of plane, channel and pond elements 
defined by watershed conceptualization; 

width and overland flow length of a plane; 

slope of a plane~ 

length and slope of a channel; 

channel section. 

relative soil saturation defined by the soil 
porosity, soil depth and evapotranspiration; 

saturated hydraulic conductivity; 

effective net capillary drive; 

infiltration recession factor; 

manning's n of channel; 

manningts n of overland; 

interception. 

a gage record or a design storm in form of a 
number of accumulative rainfall amount with 
accumulative time; 

streamflow records. 
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Table 4-6 Summaries of the input parameters for PSRM-QUAL 

Type of Information 

Topographic 

Hydrologic and Hydraulic 

Historic Data 

Input Model Parameter 

number of plane and channel defined by 
watershed conceptualization; 

area and overland flow length of a plane; 

slope of a plane; 

length and slope of a channel; 

full-flow capacity of a channel; 

full-flow travel time through a channel. 

SCS curve number; 

SCS initial abstraction factor; 

equilibrium infiltration capacity; 

depression storage on pervious surface; 

initial of soil wetted defined by soil porosity, 
soil depth and evapotranspiration; 

manning's n of channel; 

manning's n of overland. 

A gage record or up to three design storms 
options; 

A SCS 24-hour rainfall amount; 

The SCS rainfall distribution of type I, n and 
ill; 

A Pennsylvania design storm. 



DATA PREPARATION 50 

Source maps were obtained for topography, soil and Ianduse from historical records for the 

Foster Creek Watershed, which were on file in the Depamnent of Agticultural Engineering, Vrrginia 

Tech. Each map was digitized using VuGIS digitizing software. Each map feature was assigned an 

attnbute appropriate for later analysis. Figures Al and A2, Appendix A show the digital soil and 

landuse maps, respectively. 

The data were referenced to the Universal Transverse Mercator (UTM) coordinate system 

and stored in the USGS Digital Line Graph (DLG) fonnat. The following data layers were created 

from historical records. 

Soil mapping units 

Landuse-landcover 

Elevation Contours 

Water features including drainage network and ponds 

Roads 

Building footprints 

The watershed subdivision boundaries, which are discussed in the next section, were 

digitized, referenced to the U1M coordinate system and stored in DLG fotmat. 

4.4 TOPOGRAPlHCDATAFORKINEROS 

The topographic data for KINEROS are listed in Table 4.5. Sections 4.4.1 through 4.4.5 

descnbe the procedures used to detennine each parameter. 
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4.4.1 Waterslted Conceptualization for KlNEROS 

In KINEROS, the watershed is subdivided into a series of cascading planes and channels. 

Descriptive infonnation for cascading planes and channels includes geometty and surface conditions 

that aJfect flow. 

The goal is to subdivide the watershed into elements with relatively homogenous 

characteristics. The procedures used to subdivide Foster Creek Watershed are detailed by 

Woolhiser et al. (1990). The first task was to highlight the drainage channels on a topographic map 

of the watershed. The boundaly of planes to each channel was outlined by drawing dashed lines 

perpendicular to the contour lines to the watershed divide. According to Woolhiser et al. (1990), a 

first order channel has at last three contributing plane elements, i.e. one plane contributes to the 

upper end of the channel and two planes contribute channel flow. The remaining higher order 

channels should have at least two planes which contribute lateral flow. Figure 4-3 shows the 

schematic representation of the watershed configuration. A total of 77 planes and 32 channels 

were manually determined based on the watershed topographic maps. Additional subdivision can be 

made based on the spatial distribution of soils and land slope. As noted previously, the watershed 

elements were digitized and stored in a DLG fonnat. A numeric number was assigned to each 

element. 

After the watershed elements were digitized, the configuration of the elements was 

reviewed for additional sub-division based on the spatial distnbution of soils and slopes. The 

procedure is outlined in the following steps: 
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1. GIS procedures were used to overlay the watershed element data layer onto the soil 

mapping unit data layer to detennine if the spatial variation is sufficient to justifY further subdivision 

2. If more than one soil type existed in a given plane element, the following criteria were 

used to detennme additional subdivision of the element. 

a). For the situation where one soil type occupied over 60010 of the total area of the plane, 

the plane was not subdivided further. 

b). For the situation where two soil types occupied approximately 40010 and 60010, 

respectively, of the total area of the plane, two additional planes were added, i.e. , one for each soil 

type. Likewise, for the situation of three soil types each covering approximately 33% of the element, 

three additional planes were added. 

c). A review of land slopes followed procedures similar to those described for soils. The 

slope data layer was grouped into four classes: 0-2%, 2%-7010, 70/0-15%, over 15% and then 

overlaid onto the watershed element previously modified to include the variation in soils. 

If one or more planes were subdivided, the additional boundaries were digitized and added 

to the digital map data file containing watershed plane boundary. 

For the Foster Creek Watershed, the above review did not result in the creation of 

additional planes or channels. The final watershed configuration is given in Figure 4-4. 



DATA PREPARATION 53 



DATA PREPARATION 

First Order Channel Plane 2 (Elememt 2) 

Plane I (E1tment 1) 

Second Order Channel 
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Figure 4-3 A schematic representation of the watershed conceptualization ofKINEROS 
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4.4.2 Slope of A Plone 

The average slope for each plane was detennined as follows: 

I.A Digital Elevation Model (OEM) was created from the elevation contour data layer 

using PC-VuGIS software. DEM were constructed detennining elevation at 109 feet equally spaced 

intervals. 

2. The average cell slope was calculated using a root mean square average of slopes 

between each neighbor in a 3 x 3 windows. The slope data layer is shown on Figure AI, Appendix 

A 

3. The slope data layer was overlaid on the plane data layer and the proportionate extent of 

each slope was detennined for each plane. 

4. The following equation was used to calculate the average slope for a plane based on the 

results of step 3. 
n 
LAiKi 

KWi=~ 
LAi 
i=1 

x.w; is the area weighted slope for a plane in percent; 

Ai is area in a plane for the slope i; 

K; is the value for the slope i ; 

n is the nwnber of unique slopes estimated in a plane; and 

i is slope category. 

The procedure used to calculate the area weighted slope is illustrate in Figure 4-5. 

(4-1) 
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Watershed Conf'iguration For KINE:ROS Hodel 

Channel 

Plane 

Scale 1: 10400 

Figure 4-4 The watershed configuration of KINER OS 
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Al *O.15+A2*0.3+A3*1.41+A4*1.61 

Al+A2+A3+A4 

Figure 4-5 A schematic procedure to defme the area weighted 

slope for a a plane. 
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4.4.3 0ver1and Flow Length, Wulth AndArea Of A Plane 

The area of each plane was calculated using the VrrGIS software. The overland flow length 

of the plane was detennined in the following steps: 

1). The plane and contour map data layers were displayed by PC-VrrGIS software. 

2). Five points were randomly located on the up drainage boundaIy of the plane. 

3).The overland flow paths for each point was detennined by moving downslope 

perpendicular to the contours to the corresponding channel element and recording the distance given 

by the graphical ruler. 

4). The overland flow length of the plane was defined as the average of the five flow paths. 

where 

The average width of each plane was detennined from the relationship: 

W= :i 
L 

L is overland flow length; 

A is area of a plane; and 

W is width of a plane. 

4.4.4 Clumnel Section 

(4-2) 

A trapezoidal channel cross-section was assumed based on peIVious work: by Ross (1978). 

The geometry of the channel section is shown on Figure 4-6. 

4.4.5 Slope And Length of A Clumne1. 

The length of the channel was defined using the VuGIS software to measure the distance 

between the two ends of the channel. The difference in elevation between the 
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Average manning's n =0.14 

1------- 16 (ft) --...,..---------; 

6 (ft) 

------12 (ft)------t 

Figure 4-6 The channel cross section 
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upstream and downstream points of a channel element was detennined by overlaying the elevation 

contour data layer with the channel data layer. Channel slope was calculated as the ratio of channel 

relief to channel length. The procedure is illustrated in Figure 4-7. 

The topographic information for each channel and plane are sununarized in Table Al and 

A2, Appenctix A, respectively. 

4.5 HYDROLOGICAND HYDRAUliC DATA FORKINEROS 

The hydrologic and hydraulic data requirements are listed in the Table 4.5. A description of 

the procedure used to calculate each parameter is given in Sections 4.5.1 through 4.5.6. 

4.5.1 Relotive Soil Saturation 

The relative soil saturation is defined as the ratio of the initial moisture content to soil 

porosity (Woolhiser et al., 1990). The values of soil porosity for each soil type were obtained from 

Ross (1978). Estimation of the initial soil moisture content for the event simulated is defined in 

section 4.5.1.1. 

The digitized soil data layer was reclassified to create the relative soil saturation data layer 

within VuGIS. The relative soil saturation data layer was overlaid on the plane data layer and an 

equation similar to equation 4-1 was used to calculate the area weighted relative soil saturation for 

each plane. The procedure is illustrated in Figure 4-8. 

4.5.1.1 Initial SoilMoisture Content 

The initial infiltration rate is significantly affected by antecedent soil moisture. Watersheds 

with low initial soil moisture tend to have less runoff over a given time interval. Whereas, watershed 
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-with high initial moisture content tend to result in higher runoff (ponce, 1989). Therefore, it is very 

important that good estimation of antecedent moisture content be used when attempting to compare 

simulated storm flow -with corresponding recorded events. 

The moisture content can be measured directly or indirectly. Direct measurement includes 

the detennination of weight loss from oven-dried samples. This method provides a point 

measurement and gives little infonnation on the soil moisture change with time. Soil moisture 

content can be measured indirectly -with tensionmeter, however, Ponce (1989) pointed out that, 

although this method can be performed in situ, its application is limited. 

The water balance method also can be used to provide an indirect measure of soil moisture. 

When sufficient infonnation such as recorded rainfull and runoff data, potential evapotranspiration 

and percolation data are available, this method can provide useful and reliable results (Thornthwaite 

et al., 1955; Ross, 1978; Beasley, 1982). This procedure was followed to estimate initial moisture 

content. The following equation is used to calculate the moisture balance. 

where 

9t = 9t- 1 +Pt-ETt-DSt-Rt 

e t is antecedent soil moisture in inches at time t; 

ETt is evapotranspiration losses in inches at time t; 

Rt is runoff losses in inches at time t; 

DSt is percolation in inches at time t; and 

t is time in days. 

(4-3) 
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Ross (1978) recommended that antecedent moisture calculation should be started 

approximately one month before the event being simulated. Ross (1978) and Beasley et aI. (1982) 

gave the details of the procedure and discussed its assumptions. 

Estimation for initial soil moisture content for each plane required data for daily 

evapotranspiration, soil water holding capacity, and daily rainfiill. The procedures used to estimate 

these data are given in the following sections. 

4.5. L 1.1 Evapotranspiration 

Evapotranspiration (ET) is the process by which water on the land surface, soil and 

vegetable is converted into vapor state and returned to atmosphere. The potential evapotranspiration 

(pEn is defined by Saxton et al. (1982) as" an atmosphericly detennined quantity, which assumes 

that the ET :ftux will not exceed the available energy from both radiant and convection sourcesll
• It is 

the amount of ET that will take place when water is not limiting. 

Techniques for estimating PET are based on one or more atmospheric variables, such as air 

temperature, solar or net radiation and can be grouped into four categories: 1) temperature method; 

2) radiation method; 3) combination method; and 4) pan-evaporation method (Saxton, 1982). 

The availability of data determines the method of calculation of PET. The Thomwaite 

(1948) method was used to calculate the monthly evapotranspiration for this study because of the 

availability of daily temperature from the watershed. Calculation was based on the relationship: 

PET = O.63Ld[ lOfJa (4-4) 

where 
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PET is potential evpOtranspiratiOn, inch; 

Ld is daytime hours in unit of 12; 

T is mean monthly air temperature, DC; 
12 

I is heat index which is equal tOL (TJ5) 1.514 ; and 
i=1 

a is a constant calculated from the relationship: 

0.00000067513-0.000077112+0.49239. 
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Data for day length vs. latitude taken from Thomthwaite and Mather (1955) are given in 

Table A6, Appendix A 

The mean daily evapotranspiration rate was calculated as PET130 and then translated into 

English units. 

4.5.1.1.2 Soil Water Holding Capacity 

The soil water holding capacity of each soil type was required to calculate the daily soil 

moisture balance. It was calculated for the zone of maximum hydrologic activity, which was 

assumed by Ross (1978) to include the A and a portion of the B soil horizon It generally coincides 

with the depth of significant root penetration of the vegetative. Soil physical properties, field capacity 

and saturated hydraulic conductivity were obtained from Ross (1978). 

4.5.1.1.3 Perco1otion 

The saturated hydraulic conductivity for each soil type was used to define the value of 

percolation Section 4.5.2 descnbes the procedure used to detennine saturated hydraulic 

conductivity for each soil type. 
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In genera1, the soil moisture content for the event simulated was defined for each soil type 

after completing the calculation of equation 4-3. Relative moisture content for each soil type was 

thus detennined by assigning the value of the ratio of soil moisture content vvith soil porosity for 

each soil type. 

4.5.2 Saturated Hydraulic Conductivity ( FMlN) 

Saturated hydraulic conductivity is used in detennining the infiltration by both KlNEROS 

and PSRM-QUAL models. Neither field nor laboratory measurements for saturated hydraulic 

conductivity data existed for Foster Creek Watershed. The tabulations of Rawls et aI. (1982) was 

used as the source to define the value for each soil type. VuGIS software was used to reclassifY the 

soil data layer to create the soil hydraulic conductivity data layer. Then the saturated hydraulic 

conductivity data layer was overlaid on the plane data layer and a equation similar to equation 4-1 

was used to detennine the area weighted saturated hydraulic conductivity for each plane. Figure 4-8 

illustrate the procedure. 

4.5.3 Effective Net Copillmy Drive (G) 

Effective net capillary drive is a conceptually soil characteristic and can be defined as a net or 

effective value of capillaly head (Woolhiser et al., 1990). The parameter was defined based on 

procedures given in Rawls et aI. (1982). The procedure which was used to define values for each 

plane was similar to the method previously described for saturated hydraulic conductivity. The 

procedure is illustrated in Figure 4-8. 
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4.5.4Injiltration Recession Factor (REC) 

The infiltration recession factor is used by KINEROS to represent the local maximum 

average depth of surface water flow (h) for which the surface is essentially completely covered by 

the water. The ratio ofh to REC is used to reduce the net rate of loss of surface water by infiltration 

during stonn recession. A relative smooth surface generally is represented by low value of the REC. 

Woo1hiser et al. (1990) gave the details of the parameter. The depression storage is defined by 

Shanholtz et al. (1994) as "Precipitation excess required to satisfy the requirements of surface 

irregularities". Because the concept and function of REC was analyzed similar to those of 

depression storage, the values of the depression storage from Ross (1978) was used to define REC. 

The procedure used to define REC for each plane was similar to that used for saturated hydraulic 

conductivity. Figure 4-9 illustrates the procedure. 

4.5.5 Interception (DINTR) 

Interception is the process by which precipitation is abstracted by vegetation or other forms 

of surface cover. Interception is very important for annual water balance calculation, however, it is 

relatively unimportant for event-based modeling (Woo1hiser et al., 1990). Interception rates were 

obtained from Ross (1978). The landuse/land cover data layer was reclassified to create the 

interception data layer. The data layer then was overlaid onto the planes and the area weighted 

interception for each plane detennined following the procedure previously outlined for REC. The 

procedure to detennine the value of the parameter for each plane is illustrated in Figure 4-9. 
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Figure 4-9 A schematic procedure for detennining the infonnation related to Ianduse for a sub-area 
or a plane 
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4.5.6 Manning'sN of A Channel (Rl) 

Chow (1964) pointed out that ttit is uncommon for engineers to think of a channel as 

having a single value (manning's n) for all occasions". That is, n is highly variable. Such factors as 

vegetation, surface roughness and channel irregularity influence manning's n Mannings n was 

obtained from the values reported by Ross (1978). 

4.5.7 0ver1tuui Manning's N of (Rl) 

The manning's n of overland is defined by the types of landuse. The value of n for each type 

oflanduse was obtained from values reported by Ross (1978). Manning's n was related to landuse 

and manning's n of overland data layer was created by reclassifYing the landuselland-cover data layer 

and overlaying onto the plane to detemrine the average value for each plane. The procedure similar 

to that of defining interception was used to detemrine the area weight Manning's n for each plane. 

Figure 4-9 illustrates the procedure. 

The hydrologic and hydraulic infonnation for each plane and channel are summarized in 

Table Al and A3, Appendix A, respectively. 

4.5.8 Modifkations to KINEROS Computer Code 

Computer code was modified to increase the storage limitation relating to planes and 

channels. The anTent limitation are 115 elements and 110 time-depth pairs of rainfiill. 

4.5.9 Testing of KINEROS Data Sets 

The approach used to check data and basic flow logic was recommended by Woolhiser et 

al. (1990). The saturated hydraulic conductivity and effective net capillary drive for aU the channels 

and planes were set to zero to simulate a completely impervious watershed. The rainfiill input file 
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was set to a constant rate of 1.0 inIhr for a duration of3oo minutes when the model was executed 

with the above parameters. The data set is considered acceptable if the condition in the statement of 

Woolhiser et aI. (1990) is met: "If the output hydrograph approaches steady state rate nearly equal 

to the input rate, all elements are contnbuting and numerical errors are acceptable". The results are 

given in Figure 4-10, which indicates that the watershed description met the above criteria. 

4.6 TOPOGRAPHIC DATA FOR PSRM-QUAL 

The procedures used to detennine database for PSRM-QUAL are descnbed in the 

remainder of this chapter. 

4.6.1 Watershed Conceptualization for PSRM-QUAL 

The procedures used to subdivide the Foster Creek Watershed are described by Aron et aI. 

(1992). The first step involved tracing the channels on a topographic map. The second step involved 

constructing boundary lines for each plane .. These were created by moving laterally from each of the 

channel segmentation points, in such a way that each channel corresponds to only one plane 

immediately upstream. The plane and corresponding channel were labeled by the same number. 

Figure 4-11 illustrates the schematic representation of the watershed configuration for 

PSRM-QUAL. Following these procedures, the watershed was divided into 32 planes and 32 

channels. The boundary for planes and channels were digitized following procedures previously 

described and stored in a DLG fonnat for later analysis. The watershed subdivision is shown in 

Figure 4-12 
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Impervious Portion 

Pervious Portion 

Figure 4-11 A schematic representation of the watershed conceptualization 

ofPSRM-QUAL. 
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4.6.2 Overland Flow Length, Wulth And Area Of A PIone 

The procedure used to define overland flow length, width and area for each sub-area was 

similar to the method descnbed in Section 4.4.3. 

4.6.3 Slope Of A PIone 

The procedure used to detennine the slope for each subarea is described in Section 4.4.2. 

A description of the topographic infonnation for each subarea and channel is summarized in 

Table A4 and AI, Appendix A, respectively. 

4.7 HYDROLOGICANDHYDRAUllCDATA FOR PSRM-QUAL 

The procedures to define the hydrologic and hydraulic data for each plane and channel are 

descnbed in Section 4.7.1 through Section 4.7.11. 

4.7.1 SCS Curve Number (eN) 

The SCS curve number was detennined based on the hydrologic soil group and 

hydrological conditions (SCS , 1986). The soil type detennines the soil hydrologic group and the 

hydrological conditions were detennined based on land use. The following procedures were used to 

detennine the CN for a plane. 1) The hydrologic groups were determined for each soil type 

according to SCS (1986) and then the hydrologic group data layer was created by reclassifYing the 

soil data layer. 2) Landuse was overlaid on the hydrologic group data layer and CN was defined 

based on the landuse-hydrologic group combination 3) The CN for each plane was calculated using 

a relationship similar to equation 4-1. The procedure are illustrated in Figure 4-13 and 4-14, 

respectively. 
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Hatershed Conf'iguration ror PSRr-1-QUAL Model 
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Figure 4-12 The watershed configuration ofPSRM-QUAL 
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4.7.2 lnidol of Soil Wetted (STIS) 

STIS is the ratio of initial soil water content with soil storage capacity (SJ. A procedure 

similar to that use to detennine the relative soil moisture content for KINEROS was utilized to 

detennine STIS for each plane. 

4.7.3 Equilibrium Injiltration Capacity (STKS) 

The satw"ated hydraulic conductivity is considered equal to the equilibrium infiltration 

capacity in PSRM-QUAL (Aron et al., 1992). The value of the parameter for each soil was defined 

from the research work ofLi (1975). A procedure similar to that used to detennine the saturated 

hydraulic conductivity for KINEROS was used to define the values of the parameter for each plane. 

4.7.4 SCS lnidol Abstraction Factor ( STDIA) 

Initial abstraction is defined as excess rainfall lost before runoff begins. Water retained in 

su.rfitce depressions, intercepted by vegetation, evaporation and infiltration are included in the 

parameter. The STDrS value was assigned 0.2 initially for each plane (SCS, 1986). 

4.7.5 Depression Storage on Pervious Sutface (STDS) 

In PSRM-QUAL, the depression storage on impervious and pervious su.rfitce are 

considered separately. Since over 98% of the area of the Foster Creek Watershed was pervious, 

impervious su.rfitce was ignored for this study. The values of depression storage on pervious su.rfitce 

was detennined from Ross (1978). The landuse data layer was reclassified to create the depression 

storage data layer and then was overlaid on the plane data layer. An equation similar to equation 4-1 

was used to define the value of the parameter for each plane. 
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4.7.6 Weighting Factor of Mus kin gum Method (STMX) 

The weighting factor of Muskingum is used to define the amount of translation and the 

amooot of attenuation of downstream discharge. Chow (1988) and Aron et al. (1993) suggest 0.2 as 

a mean value for a stream channel. This assumption was also used for this study. 

4.7.7 FuH-flow Capacity of A Chonnel 

The Manning fotmula was used to calculate the full flow capacity for each channel. The 

channel section, chmmellength, slope, manning's n were determined following the same procedure 

as previously discussed for the KINEROS. 

4.7.8 Full-flow TravelTime Through A Chonnel 

The full-flow travel time through a channel was defined by the dividing the full-flow capacity 

of a channel 'With its length. 

4.7.9 Ratio of In -bank to Overbank Flow Velocities (CTS) 

The ratio of in-bank: to overbank flow velocities is used to increase the travel time for 

surcharge flow. Aron et al. (1992) suggest that CTS should be determined by cahbration, which 

was followed for this study. 

4.7.10 Sinuousity Factor 

The procedures illustrated in Section 4.4.3 implies that an overland length is measured as a 

straight line. In reality, the overland flow path is most likely undulating. A sinuousity factor is used in 

the model to increase the measured length of the flow path. Because no field data were available to 

define the value of the parameter, the deterntination of the value of this parameter, it was determined 

by cahbration 
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4.7.11 TheManning~nof AP1ane 

The procedures illustrated in Section 4.5.6 were used to define the value of the Manning's n 

for each plane. 

Table AS, Appendix: A contains the summaries of the hydrologic and hydraulic infonnation 

for each plane, respectively. 

4.7.12 Testing ofPSRM-QUALDataSets 

Care was exercised in the preparation of input data to minimize errors. The model also 

includes an internal routine to check the sequencing of the subareas, making sure that the 

connections of plane and channel are legitimate. The input file was tested by this routine and found 

to be correct. 

4.8 SELECl10N OF STORM EVENTS 

The recorded rainfall and streamflow data covering the period 1960-1969 for Foster Creek 

Watershed, which are stored on mainframe computer of Agricultural Engineering Department, 

Vlfginia Tech, were used to evaluate the two model's capabilities. A computer program was used to 

download these data to a PC computer from the mainframe computer. The rainfall data were 

continuously recorded at rainfal1 gaging station 2, i.e. R2 in Figure 4-1. Runoff data were recorded 

with a Vlfginia V-notch weir (Bwford and Lillard, 1963), which was located at the outlet of Foster 

Creek Watershed (Figure 4-2). The following criteria were used to select stOIm events to be used 

for cahbration and verification analysis. 

1. Events resulting from snowmelt were excluded because neither KlNEROS nor 

PSRM-QUAL supports simulation of snow melt. 
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2. The stonn events were selected from the period between Arui1 through October of each 

year. 

3. Only rainfall events which resulted in runoff were chosen. A minimum peak flow rate of 

0.017 inIhr (9.13 cfs) was established for all runoff' events. 

A computer program was developed based on the above criteria and used to select 29 

events from the nine year record. 

4.9Summary 

Both KINEROS and PSRM-QUAL have substantial input parameters that must be defined. 

The major source for data to define the input parameters were from previous research reported by 

Ross (1978), Rawls et al. (1982) and SCS (1986). 

GIS technology was used extensively to assist with data preparation. VirGIS 

software was used to create and to organize the huge volume of topographic, hydrologic 

and hydraulic data for the two models. 
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Chapter 5 

BASIS FOR COMPARISON 

5.1 PROCEDURES FOR COMPARISON 

81 

The basis for assessing the perfonnance of a hydrological model generally focuses on the 

comparison of the goodness-of-fit of a simulated hydrograph with a corresponding obsetVed 

hydrograph (Green and Stephenson, 1986). A number of criteria have been set to judge the 

goodness-of-fit based on the objectives of the model user (Loague and Freeze, 1985; Sorooshian 

and Gupta, 1983; Green and Stephenson, 1986). No universal method was found that can be used 

to evaluate the perfonnance of all aspects of a model. A given set of criteria highlights a particular 

aspect of a model or models. Therefore, it may be unfair to draw a conclusion that one model is 

best among the models which have similar domains. Consequently, several methods were selected 

from the literature (Loague and Freeze, 1985; Green and Stephenson, 1986; Hession, 1988), which 

provide criteria for evaluating a range of model's simulation capability. These include: 1) Graphical 

comparison; 2) Hydrograph shapes; 3) Relative errors; 4) Model efficiency; 5) Linear regression; 

and 6) Hypothesis testing. 

As illustrated in Chapters 3 and 4, KINEROS and PSRM-QUAL are distributed models, 

which have many model parameters that need to be defined. Many parameters must be detennined 

through calibration. Sensitivity analysis was used. to detennine the degree of variability of input 

model parameters to model simulated results. The most sensitive parameters were detennined from 

sensitivity analysis and used in calibration. McCuen and Snyder (1986) give illustrations of sensitivity 

analysis as an aid in hydrologic modeling. 
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The results from sensitivity analyses were used to guide the calibration of model parameters. 

The available population of stOIm events was randomly separated into two groups. One group was 

used for cahbration and the remaining group was used for verification analysis. These procedures are 

descnbed in detail by James and Burges (1982), Loague and Freeze (1985) and Sasowsky and 

Gardner (1991). 

In summary, the basis for model evaluation involved three general tasks: 1) sensitivity 

analysis for the two models; 2) cahbration for the two models; and 3) verification for the two 

models. These tasks are discussed in Sections 5.1.1 through 5.1.3. 

5.1.1 Sensitivity Analysis 

The objective of sensitivity analysis for this study was to improve the efficiency of 

cahbration since sensitivity analysis provides a measure of the relative sensitivity of model 

parameters on the output generated by models (Osborn et al., 1982; Ponce, 1989). It also is a useful 

tool for all phases of model evaluation, calibration and verification (Osborn et aI., 1982; McGuen 

and Snyder, 1986). 

The following procedures were established to evaluate the relative sensitivity of model 

parameters. 

Sensitivity analysis were conducted for the hydrological and hydraulic parameters listed in 

Tables 4-5 and 4-6. Because rainfall is the principle model input parameter, the variation ofrainfaU 

on model outputs response was also evaluated. The sensitivity analysis was divided into two stages. 

The most sensitive parameters were detennined during the first stage. During the second stage, the 

selected parameters were further investigated as to their impact on simulated results, because 
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understanding the impact of changes in parameter values on simulated results filcilitates the 

calibration process. 

The following steps were followed during the first stage of sensitivity analysis. 

- One stonn event was randomly chosen from the rainfall storm event population. 

- A base hydrograph was simulated using reconunended parameter values. 

- Most parameters were varied ±2001o (Hession, 1988) within their hydrologic or 

hydraulic meaning while the remaining parameters remained unchanged from the base values. 

Rainfu11 amount and the SCS curve number were found to be very sensitive parameters to total 

nmoff vollUlle and peak discharge rate in studies by Hession, 1988 and Young, et al. 1987. 

Therefore, these two parameters were varied± 10010 to test the sensitivity in this study. 

The selected parameters were varied at several intervals and same procedures were used to 

test the relative sensitivity to total nmoff volume and peak discharge rate during the second stage. 

- The relative sensitivity on simulated output was calculated using the relationship: 

Relative Sensitity(%) = Simulated-Base * 100 
Base (5-1 ) 

The above procedures can be used to detennine the most sensitive model parameters 

(McCuen and Snyder, 1986). However, the infonnation on the level of certainty to be placed on the 

results of the modeling as well as the interactions between parameters is not provided by this 

procedure. 

5.1.2 Calibration 

Cahbration of hydrological models is the process of adjusting values of a parameter set that 

gives acceptable agreement between simulated and recorded flows (ponce, 1989). The process 
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requires a procedure to evaluate the success of a given cahbration and another procedure to adjust 

the parameter estimates for the next iteration It is commonly recognized that the basic objective of 

model cahbration is to minimize the differences between the observed and simulated values through 

optimization of parameters. 

The overall importance of cahbration varies with model type. CalIbration is extremely 

important for the conceptual, stochastic or lumped modeling, since most parameters of these type 

models are indirectly related to the physical process of specific watershed characteristics (ponce, 

1989; James and Burges, 1982). The distnbuted parameter nlodeling approach evaluates the 

influences of the spatial variation of parameters on simulated behavior. Distnbuted parameter models 

incorporate data concerning the aeriaI distnbution of parameter variations of the specific watershed 

with computational algorithms. Therefore, physically-based distributed models theoretically require 

little or no cahbration if the field and experimental data are accessible. However, physically-based 

models are usually not entirely detenninistic and experimental and field data are not available, 

therefore cahbration is still often necessruy. 

The two approaches generally used to cahbrate models are manual or automatic 

(Sorooshian et al., 1983). In the automatic calibration procedure, a computer program is used to 

determine the optimal set of parameters that result in the best fit of simulated versus observed 

records. The automatic cahbration procedure is difficult to use with the distrIbuted parameter models 

(Beven, 1985; Blackie, 1985; Sorooshian and Gupta, 1983; lbbitt et al., 1971) because a) the 

definition of a distnbuted parameter model involves many parameters and extensive data. Some 

parameters have a degree of interdependence with each other; b) indifference of the objective 
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function to the values of threshold type parameters; C) discontinuities of the response surfitce; and d) 

nonuiqueness of the optirnwn values of parameters. The automatic cahbration procedure may result 

in the best poSSIble fit between the simulated and the observed hydrograph by sacrificing the physical 

meaningfulness of some parameters (Sorooshian et al., 1983). Therefore, the cahbration of 

physically-based distnbuted models involving a large nwnber of parameters and even more 

parameter values by automatic calibration is impractical and often misleading (James and Burges, 

1982; Ponce, 1989). 

The manual cahbration procedure is used to cahbrate the relatively important parameters 

based on Ittrial-and-error". The manual cahbration procedure can apply the experience gained from 

sensitivity analysis and subjective judgment of the modeler (Blackie, 1985). Compared with the 

present automatic cahbration procedure, the manual calibration procedure is more accurate but 

costly (James and Burges, 1982). James and Burges (1982) illustrated the details of the differences 

between automatic and manual calibration procedures and discussed some procedures to calibrate 

models. 

The basis for cahbration involved the following steps: 

1. Define cahbration objectives. 

2. Establish objective function, i.e. detennine the degree of goodness of the 

agreement 

3. Choose the most important input parameters to cahbrate. 

4. Define reasonable ranges for input parameter values. 
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5. Manually adjust the input parameters until output matches obseIVed 

hydrograph within acceptable limit. 

The basic cahbration objective was to minimized the error between simulated and observed 

time to peak, peak discharge rate and total runofi'volume based on the relationship: 

RelativeError(%) = Simulated-Observed * 100 
Observed 

RelativeErrortimetopeak = I Observed - Simulatedl 

(5-2) 

(5-3) 

The following criteria for relative percent error and relative error using equations 5-2 and 5-3 were 

assumed acceptable based on the research by James and Burges (1982), Hornberger et al. (1985) 

and Jewell (1978). 

1. The difference between simulated peak rate and recorded rate should not exceed 15%. 

2. The differences between runofi'volume simulated and runofi'volwne observed 

should be less than 20010. 

3. The differences between simulated time to peak and observed time to peak 

should not exceed 15 minutes. 

Additional overall goodness of simulated results were based on the relationship: 

where 

MARE is the arithmetic mean relative error; 

!MARE is the logarithmic mean absolute relative error, and 

n is the number of cahbrated events. 

(5-4) 

(5-5) 
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Equation 5-4 tends to emphasize outliers. Equation 5-5 tends to decrease the effect of 

outliers. The relationships given by Equations 5-4 and 5-5 provide outliers for evaluating cahbrated 

results for the entire cahbrated rainfiill sample. The common accepted approach for a model 

cahbration and verification is to split the available observed rainfiill data into two groups. One group 

is used to cahbrate the model and the second group to test the perfonnance of the mode~ ie. model 

verification The physically based distnbuted models are expected to be applied to watershed with 

minimum cahbration because of their characteristics. Good verifications with few cahbrations "Will 

indicate that the so called physically based distnbuted model is adequate for use on the watershed. 

Therefore, proportion of data used for verification generally should be larger than the sample data 

used for cahbration. As illustrated previously, thirty events were chosen to be used for cahbration 

and verification However, no literature was found to suggest the optimum ratio between the data 

sets used for cahbration and verification Thus, seven events were selected from the thirty stonn 

samples and used in cahbration analysis. No rainfiill events occuning during 1963 met the rainfiill 

selection criteria described in Section 4.8. The recorded rainfiill infonnation for the year of 1969 was 

not available. Each of the seven events were therefore picked randomly from sample population, 

which covered the period 1960 to 1968. The remaining stonn events were used for the verification 

analysis discussed in Section 5.1.3. Tables D-1 and D-2, Appendix D contain the input data files 

used to cahbrate KINEROS and PSRM-QUAL, respectively. 

The range for each parameter was established from research reported by Rawls et aI. 

(1982), Ross (1978) and SCS (1986). For example, the mean value of the effective capillary drive 

for sandy loam was defined by Rawls et aI. (1982) as 5.0 inch. The minimum and maximum values 
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were defined as 1.2 and 21.3 inch, respectively. The range of the effective capillary drive for sandy 

loam was set to - 24% to 426% of the mean value. Calibration involved a systematic adjustment of 

each parameter running the model and comparing simulated and obsetVed hydrograph until the 

criteria of goodness of fit were met or the allowable range of the parameter was encountered . 

5.1.3 Verijication 

Verification analysis were conducted to detennine the goodness of fit between simulated 

and observed characteristics of stonn flow hydrographs. The process involved using parameters 

detennined by calibration to simulate storm flows for the verification stonn sample. The mean value 

of the cahbrated parameter from the seven events was used for the verification 

For a single event-based hydrological mode~ the peak discharge rate, runoff volume, time 

to peak and hydrograph shape are the hydrograph characteristics generally used to judge the 

perfonnance of the model. Goodness offit criteria were based on the following methods. 

5.1.3.1 Graphic Comparison 

VISUal comparison of the simulated and obsetVed hydrographs provide a comprehensive 

means of judging the accuracy of the model output. The differences between the simulated and 

observed peak discharge rate and time to peak and the similarity of simulated and observed 

hydrograph shapes can be readily assessed by this technique. Although graphical comparison is a 

widespread method, the procedure is very subjective and usefulness is dependent on the experience 

of the user (Green and Stephenson, ·1986). 
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5.1.3.2 Hydrograph Shope Index 

A measure of the extent that simulated and observed data match has been found to be a 

useful measure of goodness of fit (Green and Stephenson, 1986). It can be used to quantitatively 

judge the similarity of observed and simulated hydrograph shapes. The deviation of common points 

along the bydrograpb is measured by variance as given in the following relationships. 

(5-6) 

where 

S is variance; 

qo(t) is observed discharge rate at time t ; 

qlt) is simulated discharge rate at time 1; and 

n is number of ordinates; 

The results of variance is regarded as the bydrograph shape index to judge the goodness-

of:.fit of simulated and observed hydrographs. 

5.1.3.3 Relative Errors 

A measure of goodness of fit between simulated and obseIVed peak rate, time to peak and 

total runoff'volume is given by Equation 5-2. Relative error provides a measure of the goodness of 

fit of specific bydrograph characteristics such as peak flow rate and volume flow. It provides no 

information on hydrograph shape and similar shape characteristics. It also provides a distorted 

perspectives for low flows versus high flows. 
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5.1.3.4 Model Efficiency 

Two types of model efficiency were illustrated by Loague and Freeze (1985): the model 

efficiency on forecasting and prediction. Forecasting and prediction were defined by Lettenmaier and 

Wood (1992) as II the estimation of conditions at a specific future time, or during a specific time 

inteIVal" or II the estimation of future conditions, 'Without reference to a specific time". Loague and 

Freeze (1985) pointed out that the evaluation of model efficiency on forecasting should be based on 

a comparison of observed and predicted values of the SUIl1Il1aIY variables for individual verification 

events on an event-by-event basis. For prediction, the evaluation should be based on a full suite of 

verification events. 

The criteria set up by Nash and Sutcliffe (1970) was used to evaluate the model efficiency 

on both the forecasting and prediction of the models, since the Natural Environment Research 

Council (NEC) (1975) and Loague and Freeze (1985) suggested that the criteria be used as model 

fitting criteria The equation is dimensionless, therefore the results are not affected by the sample 

size. The expression is given: 

n - 2 n A 2 n - 2-1 
E= [L (Qj-Q.) -l: (Q. -Qi) ] * [l: (Qi-Q.) ] 

i=l I 1=1 1 i=l 1 
(5-7) 

where 
A 

Q i is simulated value for event i ; 

Q i is observed value for event i ; 

Q i is mean value over the verification events; and 

n is number of events. 
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5.1.3 .5lineor Regression 

Simple linear regression was used to descnbe the degree of association between simulated 

and obsetVed values following a procedure recommended by (Hession, 1988). For the ideal 

situation, the simulated and corresponding observed results would be identical 

Y=X 

5.1.3.6 Hypothesis Testing 

(5-8) 

The purpose of hypothesis testing of the models focus on providing a more quantitative 

comparison of relative petfonnance of models in a statistical sense (Loague and Freeze, 1985). 

Hypothesis testing of the mean and standard deviation of the peak rate, total runoff volume and time 

to peak were perfonned at a 5% level of significance. T -test and F-test were used for hypothesis 

testing for mean and standard deviation of the simulated results, respectively. 

In SllIl1lllalY, the above methods were found to be commonly used to evaluate the 

petfonnance of distributed event-based models. The results from these methods were used to 

evaluate the capabilities ofKINEROS and PSRM-QUAL models in this study. 

The summaries of overall verification results are illustrated and discussed in Section 6.3.6, 

Chapter 6. 
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ANALYSIS AND RESULTS 
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The results of sensitivity, calibration and verification analysis for KINEROS and 

PSRM-QUAL are summarized and discussed in this Chapter. Sensitivity analysis are 

discussed in Section 6.1 followed by calibration and verification analysis in Sections 6.2 

and 6.3 , respectively. 

6.1 RESULTS AND DISCUSSION OF SENSITIVITY ANALYSIS 

Sensitivity analysis were perfonned to provide a basis for calibration of model 

parameters. The most sensitive parameters and the range of each parameter were 

objectives of the sensitivity study. 

The procedures described in Section 5.1.1, Chapter 5 were used to test the relative 

sensitivity analysis for the two models. The nlajor parameters included for each model 

,were manipulated to test their sensitivities to the total runoff volume and peak discharge 

rate. The same procedure illustrated in Section 5.1.2, Chapter 5 was used to set the ranges 

of hydrologic parameters with their hydrologic meanings. 

A rainfall event was randomly selected from the rainfall database, of which the 

hyetograph is shown in Figure 6-1. For this event, 1.35 inch rainfall occurred over a 2.45 

hour duration with the recorded highest intensity 4.2 inIhr. 

The mean values for hydraulic and hydrologic paranleters of the models, which are 

shown in Tables 4-3 and 4-4, were employed to construct the base hydrograph. Discharge 

peak rate and the total runoff volume were determined by setting the parameter of interest 
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(e.g. saturated hydraulic conductivity, K) to a value equal to Ks_base 11.2 (lower range) and 

holding all remaining values constant. The process was repeated by setting the selected 

parameter to Ks_base X 1.2 to represent the upper range. 

This procedure was followed for all parameters listed in Tables 6-1 through 6-2. 

The results are also summarized in the Tables 6-1 and 6-2, respectively. 

After the most sensitive parameters were determined for the models, the 

procedures during the so called second stage in Section 5.1.1, Chapter 5 were used to 

further test the sensitivity of the selected parameters. The linear or non-linear relationships 

between each parameter and its response on total runoff volume and peak discharge rate 

were studied during this stage. The relationships can be very helpful during calibration of 

model parameters, since it indicates how parameter should be varied in calibration. The 

results of the second stage are summarized in Section 6.3.4. 

6.1.1 Results and Discussion-KINEROS 

The sensitivity of each input parameter to simulated results for KINEROS IS 

described in Sections 6.3.l.1 through 6.3.1.9. 

6.1.1.1 Rainfall 

From Table 6-1, a variation of + 1 0% in rainfall amount per time interval resulted in 

an increase in the simulated peak discharge rate of 6.84 % and an increase in simulated 

total runoff volume of 10.8 %. Reducing the rainfall amount per time interval by 10% 

resulted in the simulated peak discharge rate decreasing by 5.37% and a decrease in total 

runoff volume of 10.1 %. The results showed both peak discharge rate and total runoff 
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Table 6-1 The summary of sensitivity analysis for KINEROS1s model input parameter 

Model Variation Base Runoff Change Base Runoff Change 
Parameters Ruonff Peaks % RunolT Volume % 

Peaks (inlhr) Volumes (in) 
(inlhr) (in) 

Rainfall +10% 0.818 0.87 6.84 0.47 0.52 10.80 
Amount .. 10% 0.77 -5.37 0.42 -10.10 

Saturated +20010 0.72 -11.60 0.43 -8.17 
Hydaulic 
Conductivity -20% 0.85 3.79 0.47 1.72 

Effective net +20% 0.76 -6.84 0.44 -6.23 
Capillary 
Drive -20% 0.84 2.32 0.48 2.37 

Relative Soil +20% 0.83 1.71 0.47 1.51 
Saturation -20% 0.81 -1.22 0.46 -1.08 

Soil Porosity +20% 0.76 -7.21 0.43 -6.67 

-20% 0.87 6.85 0.50 7.31 

Channel's +20% 0.74 -10.00 0.46 -2.15 
Manningn -20% 0.92 12.20 0.47 1.94 

Overland's +20% 0.79 -3.91 0.46 -1.08 
Manningn -20010 0.86 5.50 0.48 2.15 

Interception +20010 0.88 6.96 0.50 6.88 
Depth 

-20% 0.80 -1.96 0.46 -1.94 

Infiltration +20% 0.82 0.48 0.47 0.43 
recession 
factor -20% 0.81 -0.73 0.46 -0.86 
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were very sensitive to rainfall amount. The total runoff volume is more sensitive to rainfall 

amount than peak: discharge rate. The results also illustrated the quality of recorded 

rainfall is very important when evaluating model's simulation capability. The sensitivity of 

precipitation is illustrated in Figure 6-2. 

6.1.1.2 Saturated Hydraulic Conductivity 

In general, the higher soil saturated hydraulic conductivity results in the lower 

peak: discharge rate and total runoff volume. For this example, a 20% increase in saturated 

hydraulic conductivity resulted in a decrease in the simulated peak: discharge rate of 11.6% 

and a decrease in total runoff volume of 8.17%. A 20% decrease in saturated hydraulic 

conductivity, however, resulted in the simulated peak: discharge rate to increase by 3.79% 

and total runoff volume to increase by 1.72%. The results show that saturated hydraulic 

conductivity was sensitive to peak: discharge rate and total runoff volume. However, the 

degree of sensitivity of peak discharge rate and total runoff volume to an increase or 

decrease of saturated hydraulic conductivity are obviously different. This may be due to 

the interdependence among this parameter with other model parameters. The sensitivity of 

this parameter is illustrated in Figure 6-3. 

6.1.1.3 The Effective Net Capillary Drive 

From Table 6-1, an increase of20% in the effective net capillary drive resulted in a 

decrease in simulated peak rate of6.84 % and a decrease in total runoff volume of6.23%. 

However, decreasing effective net capillary by 20% resulted in little change on simulated 

total runoff volume and peak discharge rate. The results showed both peak discharge rate 
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and total runoff volume are sensitive to this parameter. Like saturated hydraulic 

conductivity, the increase in the effective capillary drive resulted in significant differences 

in the total runoff volume and peak discharge rate. This could be caused by the 

interactions among the parameter with other parameters. For example, equation 3-16 in 

Chapter 3 can be used to explain the interaction between the saturated hydraulic 

conductivity and the effective capillary drive. The effects of the parameter on hydrograph 

shapes are shown in Figure 6-4. 

6.1.1.4 Relative Soil Saturation 

This parameter impacts the volume of water infiltrated. The higher the value, the 

less runoff volume and peak discharge rate produced. However, a variation of ± 20% in 

relative soil saturation resulted in little change on simulated runoff volume and peak 

discharge rate, which indicated the model was relatively insensitive to this parameter. The 

results also showed the parameter did not strongly affect the model outputs. The effects of 

the parameter on the hydrograph shapes are illustrated on Figure B-1, Appendix B. 

6.1.1.5 Soil Porosity 

An increase of 20% in soil porosity resulted in a decrease in simulated peak 

discharge rate of 7.2% and a decrease in total runoffvolume of 6.6.%. A decrease of 

20% resulted in an increase in simulated peak discharge rate of 6.8% and an increase in 

total runoff volume of 7.3%. The higher value of soil porosity results in higher infiltration 

rate. The results shows the peak discharge rate and total runoff volume are sensitive to the 

parameter. The sensitivity of soil porosity is illustrated in Figure B-2, Appendix B. 
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6.1.1.6 Channel Manning's N 

The peak discharge rate increased by 10% when channel manning's n was reduced 

20%. The total runoff volume was reduced by 2.15%. When n was decreased 20%, the 

peak discharge rate and total runoff volume were increased 12% and 1.94%, respectively. 

This example shows the peak discharge rate is very sensitive to the variation of the 

channel manning's n but total runoff volume is relatively insensitive. The results can be 

explained by Manning's equation. The higher value of n , the lower velocity of channel 

flow, which results in lower peak discharge rate. A change in velocity of channel flow 

generally has little effect on total runoff volume. The sensitivity of this parameter is 

illustrated graphically in Figure B-3, Appendix B. 

6.1.1. 7 Overland Manning's N 

Increasing overland manning's n by 20% resulted in a decrease in simulated peak 

discharge rate of 3.9% and a decrease in total runoff volume of 1 %. Decreasing overland 

manning's n by a similar percentage resulted in peak discharge rate of 5.5% and an 

increase in total runoff volume of 2.1 %. This example shows both peak discharge rate and 

total runoff volume are relatively insensitive to changes in this parameter. The results 

illustrated that channel's manning's n had much more effect on peak discharge rate than n 

for overland flow. The sensitivity of this parameter is illustrated graphically in Figure B-6, 

AppendixB. 
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6.1.1.8 Interception Depth 

The peak discharge rate increased by 6.96% when interception depth was 

increased by 20%. Total runoffvolume was increased by 6.88%. When interception depth 

was reduced by 20%, peak discharge rate and the total runoff volume were decreased by 

1.96% and l.94%, respectively. The sensitivity of this parameter is graphically illustrated 

in Figure B-4 , Appendix B. 

6.1.1.9 Infiltration Recession Factor 

Sensitivity analysis with the infiltration receSSIon factor had little impact on 

simulated peak discharge rate and total runoff volume. The results are given in Tables 6-2 

and 6-3 and illustrated graphically in Figure B-5, Appendix B. 

6.1.2. RESULTS AND DISCUSSIONS ---- PSRM-QUAL 

Sections 6.3.2.1 through 6.3.2.9 describe the analysis of sensitivity of each input 

parameter to simulated results by PSRM-QUAL. The results of sensitivity analysis are 

summarized in Tables 6-2 and 6-3, respectively. 

6.1.2.1 Rainfall 

From the Tables 6-2 and 6-3, a variation of + 10% in the rainfall amount per time 

interval resulted in an increase in the simulated peak discharge rate of 21.4% and the 

simulated total runoff volume of 20.7%. Reducing the rainfall amount per time interval by 

10% resulted in a decrease in the simulated peak discharge rate of 22.4% and a decrease 

in total runoff volume of 20.7%. The results show that rainfall amount are very sensitive 

to peak discharge rate and the total runoff volume. It illustrates the need for accurate 
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Table 6-2 Summary of sensitivity analysis for PSRM -QUAL's input parameters 
~eak discharie rate ~ 

Parameter Variation Base Peak Simulated Change 
Rate (inlhr) (inlhr) % 

Rainfall +10% 0.51 0.62 21.40 

-10% 0.40 .. 22.40 

Curve Number N +10% 0.89 73.90 

-10% 0.20 -60.70 

Initial Moisture +20% 0.57 10.31 
Content -20% 0.44 -13.62 

Saturated Hydraulic +20% 0.50 0.14 
Conductivity -20% 0.51 0.00 

Overland +20% 0.48 -6.03 
Manning's N -20% 0.55 6.42 

Channel Manning's +20% 0.45 -13.42 
N -20% 0.56 8.95 

Initial Abstraction +20% 0.36 -29.96 
Coefficient -20% 0.66 28.40 

Muskingum's +25% 0.53 3.11 
Weighting Facotr -33% 0.50 -3.21 

Sinuousity Factor +1% 0.51 -0.58 

+3% 0.51 .. 1.36 

+10% 0.49 -4.47 

+20% 0.47 -9.14 

+40% 0.42 -17.51 
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Table 6-3 Summary of sensitivity analysis for PSRM-QUAL 's input parameters 
!total runoffvolume~ 

Parameter Variation Total Runoff Simulated Chang 
Volume (in) (in) % 

Rainjall +10% 0.24 0.29 20.68 

-10% 0.19 -20.68 

Curve Number +10% 0.41 73.40 

-10% 0.10 -58.23 

Intial Moisture +20% 0.26 10.13 
Content -20% 0.21 -12.24 

Saturate Hydraulic +20% 0.23 -2.53 
Conductivity -20% 0.24 0.84 

Overland +20% 0.23 -3.80 
Manning's N -20% 0.25 3.80 

Channel Manning's +20% 0.24 -0.84 
N -20% 0.24 -0.42 

The Muskingum 's +25% 0.02 1.27 
Weightingjactor -33% 0.02 -2.95 

Initial Abstraction +20010 0.17 -26.70 
Coefficient -20% 0.30 26.60 

Sinuousity Factor +1% 0.24 -0.42 

+3% 0.24 -0.84 

+10% 0.23 -2.53 

+20% 0.23 -5.06 

+40% 0.21 -10.12 
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rainfall infonnation when attempting to simulate a recorded runoff hydrograph. The 

sensitivity of this parameter is shown Figure 6-5. 

6.1.2.2 SCS Curve Number 

From Table 6-2 and 6-3, an increase of 20% in the SCS CN resulted in an 

increase in the simulated peak discharge rate of 73.4% and an increase in total runoff 

volume of 58.2%. However, decreasing the eN by 10% resulted in a decrease in the 

simulated peak discharge rate of 60.7% and a decrease in total runoff volume of 58.2%. 

This example shows CN is very sensitive to peak discharge rate and total runoff volume. 

This illustrates it is very important to choose an accurate eN to represent the actual 

situation. The sensitivity of this parameter is illustrated graphically in Figure 6-6. 

6.1.2.3 Saturated Hydraulic Conductivity 

A variation of 20% in saturated hydraulic conductivity resulted in little change on 

simulated total runoff volume and peak discharge rate. This example illustrates saturated 

hydraulic conductivity is insensitive input parameter to total runoff volume and peak 

discharge rate. The sensitivity of this parameter is illustrated graphically in Figure B-7 , 

AppendixB. 

6.1.2.4 Initial Moisture Content 

This parameter impacts the volume of water infiltrated. From Tables 6-2 and 6-3, a 

variation of +20% in initial moisture content resulted in an increase in simulated peak 

discharge rate of 10.3% and an increase in total runoff volume increment of 10.1%. 

Reducing the initial moisture content by 20% resulted in a decrease in simulated peak 
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discharge rate of 13.6% and a decrease in the simulated total runoff volume of 12.2%. The 

sensitivity of this parameter is illustrated graphically in Figure B-S, Appendix B. 

6.1.2.5 The Overland Manning's N 

Increasing overland manning's n± by 20% resulted in a decrease in the simulated 

peak discharge rate of 6.03% and a decrease in the simulated total runoff volume of 

3.S%. Reducing overland manning's n by 20% resulted in an increase in the simulated peak 

discharge rate of6.42% and an increase in the simulated total runoff volume of3.8%. The 

sensitivity of this parameter is illustrated graphically in Figure B-9, Appendix B. 

6.1.2.6 The Channel Manning's N 

The peak discharge rate decreased by 13.42% when manning's n of channel was 

increased 20%. The total runoff volume was decreased by 0.84%. When the manning's n 

of channel was decreased 20%, the simulated peak discharge rate was increased by 8.95%. 

Total runoff volume was decreased by 0.42%. This example shows the peak discharge rate 

is very sensitive to the channel manning's n. However, the total runoff volume is relative 

insensitive to the parameter. The sensitivity of this parameter is illustrated graphically in 

Figure B-10, Appendix B. 

6.1.2.7 Initial Abstraction Coefficient 

From Table 6-2 and 6-3, a variation of +20% in initial abstraction coefficient 

resulted in a decrease in simulated peak discharge rate of 29.96% and a decrease in total 

runoff volume of26.7%. Reducing the initial abstraction coefficient by 20% resulted in an 

increase in simulated peak discharge rate of28.4%. Total runoff volume was increased by 
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26.6%. This example shows both peak: discharge rate and total runoff volume are sensitive 

to initial abstraction coefficient. The sensitivity of this parameter was illustrated 

graphically in Figure 6-7. 

6.1.2.8 Sinuousity Factor 

From Table 6-2 and 6-3, increasing the sinuousity factor from 1% to 10% resulted 

in slight decreases in simulated peak discharge rate and total runoff volume. An increase 

of sinuousity factor by 20% and 40% resulted in a decrease in the simulated peak 

discharge rate of 5.05% and 10.12%, respectively. The total runoff volume were reduced 

9.14% and 17.51 % respectively. These results suggest that this parameter can significant 

attenuate model results. The sensitivity of the parameter is illustrated graphically in 

Figure B-l1, Appendix B. 

6.1.2.9 Muskingum's Weighting Factor 

The results from Table 6-2 and 6-3 show both peak discharge rata and total runoff 

volume are not sensitive to changes in this parameter. The sensitivity of the parameter is 

illustrated graphically in Figure B-12, Appendix: B. 
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6.1.3 Summary of Sensitivity Analysis For KINEROS and PSRM-QUAL 

For KINEROS , both peak rate and runoff volume were found to be most sensitive 

to the rainfall amount, saturated hydraulic conductivity and effective net capillary drive. 

Changes in channel manning's n can greatly influence peak discharge rate but have little 

effect on total runoff volume. 

For PSRM -QUAL, the rainfall amount, CN and initial abstraction coefficient 

were found to be most sensitive to both total runoff volume and peak discharge rate. The 

channel manning's n had significant influence on peak rate but little effect on total runoff 

volume. Unlike the KINEROS model, total runoff volume and peak discharge rate were 

not sensitive to changes in the saturated hydraulic conductivity. The rank of relative 

sensitivity of parameters to peak discharge rate and total runoff volume are listed in 

Tables 6-4 and 6-5, respectively. 

6.1.4 Investigation of Sensitivity of The Most Sensitive Parameters 

For KINEROS, the saturated hydraulic conductivity, the effective capillary drive 

and the channel manning's n were further tested as to whether or not changes resulted in a 

non-linear response in total runoff volume and peak discharge rate. Although soil porosity 

is very sensitive parameter to the total runoff volume and peak discharge rate, it was not 

selected for this phase of the analysis. The purpose of further investigation of the most 

sensitive parameters was to provide additional indications on how the response varied in 

order to hopefully expedite calibration. The data soil porosity used in this study was from 

a field survey. Therefore, it was considered inappropriate to calibrate this parameter. For 



ANALYSIS AND RESULTS 112 

Table 6-4 The rank of sensitivity analysis of model parameters to peak discharge rate 

KINEROS PSRM-QUAL 

The sensitive Rainfall Amount, Rainfall Amount, 
parameters to peak Saturatued Hydraulic CurveNumber, 
discharge rate 1 Conductivity, Initial Abstraction 

Channel's Manning's N, Coefficient, 
Soil Porosity, Channel's Manning's N 
Effective Net Capillary Initial Moisture Content, 
Drive, Overland's Manning's N, 
Interception Depth, Muskingum's Weighting 
Relative Soil Saturation, Factor, 
Infiltration Recession Factor Sinuousity Factor, 

1 from most to least sensitive 

Saturated Hydraulic 
Conductivity 
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Table 6-5 The rank of sensitivity analysis of model parameters to total runoff' volume 

KINEROS 

The sensitive Rainfall Amount, 
parameters to total Saturatued Hydraulic 
runoff volume 1 ConductiVity, 

Soil Porosity, 
Effective Net Capillary 
Drive, 
Interception Depth, 
Relative Soil Saturation, 
Chaannel'sManning's N, 
Overland's Manning's N, 
Infiltration Recession Factor 

1 from most to least sensitive 

PSRM-QUAL 

CurveNumber, 
Initial Abstraction 
Coefficient, 
Rainfall Amount, 
Initial Moisture Content, 
Overland's Manning's N, 
Sinuousity Factor, 
Muskingum's Weighting 
Factor, 
Saturated Hydraulic 
Conductivity 
Channel's Manning's N 

113 
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PSRM-QUAL, the tests were done on SCS CUlVe number, the initial abstraction 

coefficient and the channel manning's n. For the same reason, the soil porosity was not 

included in this phase of this study. The peak discharge rate and the total runoff volume 

were determined by setting each parameter (e.g., the effective capillary drive, G ) to a 

series of values equal to Gbase /1.15, 1.10, 1.05 and holding all remaining values constant. 

The procedures was repeated by setting the parameter to Gbase X 1.15, 1.10, 1.05. This 

procedure was followed for all parameters. The results are discussed in the following 

sections. 

6.1.4.1 The Saturated Hydraulic Conductivity 

The relative errors of all the tests for saturated hydraulic conductivity is illustrated 

m Figure 6-8. From Figure 6-8, the series of increases in the saturated hydraulic 

conductivity result in obvious changes of total runoff volume and peak discharge rate. The 

higher increase in the parameter results in larger changes of outputs. The relationships 

between the model outputs and increases in saturated hydraulic conductivity were found 

to be generally linear (Figure 6-8). However, the total runoff volume showed little change 

for decrease of -5% to 20% from the mean value. The decreases in the saturated hydraulic 

conductivity however, were found to change non linearly as the magnitude of change. The 

changes in total runoff volume show an irregular responses to a decrease in saturated 

hydraulic conductivity. As illustrated previously, these changes could be caused by 

unknown interactions between the saturated hydraulic conductivity and other model 

parameters. The interactions could cause difficulty in calibrating this parameter. This 
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example also demonstrates that the procedure used for the sensitivity analysis can not 

always provide adequate insights on the relationships between model parameters and 

outputs. 

6.1.4.2 The Effective Capillary Drive 

From Figure 6-9, the changes±of 5%,10% and 15% in the effective capillary 

drive resulted in similar changes of total runoff volume and peak discharge rate. Within 

the ranges of -15% to 15% changes, the larger changes in the parameter resulted in 

greater differences in the model outputs. The relationships between the parameter with 

total runoff volume and peak discharge rate is generally linear. However, in contrast as 

shown in Figure 6-9, the trend in responses for total runoff volume and peak discharge 

rate resulted from the changes are more clearly defined. This implies that the calibration of 

this parameter could be more straight forward than that of saturated hydraulic 

conductivity. However, the relationship dramatically changed with a decrease of 20%. 

However, reason for the abrupt changes in unknown, but is most likely related to 

interaction between other parameters. The uncertainty of the parameter again could result 

in difficulty for its calibration. 

6.1.4.3 The Channel Manning's N 

The relationships between changes in the channel manning's n with peak 

discharge rate is shown in Figure 6-10. The relationship is generally linear. The changes in 

this parameter resulted in large differences in the peak discharge rate. The total runoff 

volume, however, only changed slightly which was inticipated. The results generally 



ANALYSIS AND RESULTS 116 

Sensitivity Analysis 
Saturated Hydraulic ConducUvity .. 

2 

0 ~ - I 
~ 
'l:' 

j -2 , - ... 
j 

-6 
~ 

-8 

-10 

-12 . 
5% -5% 10% -10% 15% -15% 20% -20% 

!he Peroemt am. 

Figure 6-8 The relative errors of sensitivity of saturated 
hydraulic conductivity 

Sensitivit Anal . 
The Effecine ~iDary ~ 

6~------------------------------------------, 

4+-----------------~ 

g 2+--------.~~-----

J 0 -;---~ m------,.... 

~ 

~-2+---~~-------~------~~----~~--------~ 

~-4+-------------------~~----

-6+--------------------------------=~------~ 

-8+-------.----.----r---.----.----r---,-------~ 
5% -5% 10% -10% 15% -15% 20% -20% 

Pemd.a:.ea 

E3 Totol Runoff Volume ma Peak Discharge Rote 

Figure 6-9 The relative error of sensitivity of the 
effective capillary drive 



ANALYSIS AND RESULTS 117 

15~--------------------------------------~ 

10+---------------------------------~.---~ 

& 
J 5+-------------

! 
j O-+---

~ 
-5+----------

-to+-----~~--r---~--~--~--~-
5% -5% 1 O~ -10% 15% -15% 20~ -2Q~ 

TlIlPlmmltlla&a 

Figure 6-10 The relative errors of sensitivity of the channel 
manning's n (KINEROS) 



ANALYSIS AND RESULTS 118 

suggest higher channel manning's n will result in lower flow velocities and longer travel 

time resulting in attenuation of peak:. The results shown on Figure 6-10 indicate that the 

parameter can be used effectively to calibrate peak: flow estimates. 

6.1.4.4 The SCS Curve Number 

Several conclusions can be drawn from the Figure 6-11. One is that a slight 

variation in the SCS curve number results in large changes in total runoff volume and 

peak discharge rate. The other is that variations of the total runoff volume resulted from 

the changes are larger than those of peak: discharge rate. The variations become larger 

with an increase in the magnitude of the parameter change. The results show that the 

SCS curve number is the dominate parameter which has great impacts on model outputs in 

the PRSM-QUAL modeL Therefore, it is very important to select accurate values of the 

parameter and to have good samples to calibrate the parameter. The samples should be 

fairly distributed so that the results from calibration could be applied on verification 

events with much more confidence. 

6.1.4.5 The Initial Abstraction Coefficient 

From Figure 6-12, increases in the initial abstraction coefficient resulted in 

corresponding decreases in total runoff volume and peak discharge rate. The increase in 

total runoff volume and peak discharge rate resulted from decreases in the parameter. The 

results shown in the Figure 6-12 indicate linear relations between the changes in the 

parameter with total runoff volume and peak discharge rate. The variations of peak 

discharge rate to changes in the parameter are slightly larger than those of total runoff 
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volume. However, the impacts of the parameter on model outputs is much less than 

changes in the SCS curve number. The results show that the parameter could be used a 

minor parameter for model calibration. 

6.1.4.6. The Channel Manning's N 

From the Figure 6-13, the increases in channel manning's n resulted in increases in 

the peak discharge rate. The relationship between them is generally a linear as shown in 

Figure 6-13. As expected, the total runoff volume is not affected by variations in this 

parameter. 

In summary, the most sensitive parameters of the two models was evaluated. The 

interactions among the saturated hydraulic conductivity, the effective capillary drive and 

other model parameters resulted in variable impacts on model outputs. The impacts of the 

channel manning' s n on the total runoff volume and peak discharge rate for both models 

were consistent over the range of manning's n evaluated. 

The dominant role of the SCS curve number in PSRM-QUAL model underlies the 

extremely importance of parameter selection for model calibration. This also illustrates 

that it is relatively easier to calibrate PSRM-QUAL than KINEROS model, although its 

performance for individual storms may be inconsistent. 
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6.2 CALIBRATION ANALYSIS 

Seven rainfall events were selected from the rainfall sample following procedures 

outlined in Section 5.1.2 and used to conduct to calibrate. The rainfall events with 

resulting runoff hydro graph characteristics are given in Tables 6-6 though 6-11, Figure 

6-14 and Appendix C. These events were used to calibrate parameters for both the 

KINEROS and PSRM-QUAL models. 

A review of storm event sample available for analysis shows that two of the seven 

events had peak discharge rates less than 0.03 inlhr, three events had peak discharge rates 

between 0.04 to 0.06 inIhr. For the remaining, peak discharge rate averaged approximately 

0.19 inlhr. The maximum peak discharge rate was 0.53 inIhr. For the remaining, the 

observed total runoff volume ranged between 0.1 and 0.2 inches. The analysis of the 

samples for time to peak showed two events with a time to peak less than 100 minutes. 

For the remaining events, the time to peak ranged between 200 and 700 minutes. Each of 

the rest five events had the time to peak with the range of 200 to 700 minutes. The 

average peak discharge rate for the seven calibration events was 0.087 inIhr, while the 

average peak discharge rate for the verification events was 0.078 in/hr. The average total 

runoff volume for the calibration samples was 0.16 in. For the verification samples, the 

average value of the total runoff volume was 0.26 in. For the seven calibration events, the 

average time to peak was 262 minutes. The average time to peak for verification events 

was 260 minutes. 
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Figure 6-15 describes the distribution of peak discharge rate for calibration and 

verification storm samples. The characteristics of the calibration sample appear to be 

representative of the verification samples. Additionally, similar characteristics of total 

runoff volume and time to peak are shown in Figures 6-16 and 6-17. As illustrated in 

Section 6.3.4, it is very important that the sample for calibration reflect the general 

characteristics of verification sample or storm events and conditions for which the model 

is to be used. Since the randomly selected storm sample appears to represent the major 

characteristics of the verification sample, the calibration should provide acceptable results 

when applied to the storms in the verification analysis. 

The objective during calibration was to determine parameter values for each storm 

event that minimized the differences between simulated and recorded storm peak: 

discharge rate, total runoff volume and time to peak. 

Parameters identified during sensitivity analysis formed the basis for calibration. 

These included the saturated hydraulic conductivity, effective capillary drive and manning's 

n of channel for KINEROS and the SCS curve number, initial abstraction coefficient and 

the channel manning's n for PSRM-QUAL. 

The steps followed were: 

The Manning's n for all the channels were set up using the value described in 

Figure 4-6 for the calibration of the both models. The mean values illustrated in Table 4-3 

for the saturated hydraulic conductivity and the effective capillary drive were employed 

using the procedures outlined in Sections 4.5.2 and 4.5.3 as the initial values for the 
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Figure 6-15 The distribution of observed peak discharge rate 
for calibration and verification samples 
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Figure 6-16 The distribution of observed total runoff volume 
of calibration and verification samples 
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calibration of KINEROS. Similarly, the initial values of the SCS curve number and the 

initial abstraction coefficient were determined for the calibration ofPSRM-QUAL. 

F or subsequent simulation, parameters, such as the saturated hydraulic 

conductivity, the effective capillary drive, the channel manning's n, the SCS curve number, 

the initial abstraction coefficient, were adjusted until an acceptable response was achieved 

or no improvement could be obtained within the allowed ranges set for each parameter. 

The ranges set for the parameters were given in Section 5.1.2. The criteria for each 

objective were also described in Section 5.1.2. 

The following scheme was used to adjust each parameter. After the initial 

calibration run for each sample, the simulated results were compared with the 

corresponding observed data. The comparison was judged based on the criteria established 

in Section 5.1.2. If one or more of the criteria were not acceptable, the following 

adjustments in the parameters were made. The results of sensitivity illustrated in Figures 

from 6-8 through 6-13 were used as the references to adjust the parameters. For example, 

if both the simulated time to peak and peak discharge rate did not meet the criteria , the 

channel manning's n was the first parameter to be adjusted, since the literature review in 

pervious chapters shows that the channel manning's n has direct impact on peak discharge 

rate and time to peak. For KINEROS, both saturated hydraulic conductivity and the 

effective capillary drive are very sensitive to the total runoff volume and peak: discharge 

rate. An increases or decreases in the effective capillary drive had similar impacts on total 

runoff volume and peak discharge rate. However, the total runoff volume and peak 
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and peak discharge rate were very sensitive to a decrease in saturated hydraulic 

conductivity. The different impacts of the two parameters on total runoff volume and peak 

discharge rate were used to adjust the two parameters for the next calibration run based 

on the results from the pervious calibration run. For PSRM-QUAL, the SCS curve 

number is the dominate parameter on total runoff volume and peak discharge rate. The 

impacts of the parameter on the total runoff volume and peak discharge rate were used to 

adjust the parameter for each calibration. Initial abstraction coefficient also has strong 

impact on peak discharge rate and the total runoff volume. The parameter was used in 

PSRM-QUAL to be adjusted when simulated results did not meet the criteria but the 

differences were close. 

A hydrograph resulting from calibration is compared with a recorded hydrograph 

in Figure 6-14. The results for the remaining six events are given in Appendix C. Based on 

visual comparison, simulated and observed hydrographs matched well. However, the 

graphical comparison can not provide quantitative results. 

From Table 6-6, the differences between calibrated peak discharge rates of 

KINEROS and observed for the seven events were within 15%. As shown in Table 6-8, 

only 1 event of which calibrated discharge rate of PSRM-QUAL exceeded 15%. The 

remaining events met the established criteria. In general, the peak discharge rates of 

KINEROS and PSMR-QUAL were considered acceptable based on the criteria 

established for calibration analysis. 
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From Tables 6-7 and 6-10, total runoff volume established by KINEROS met the 

criteria for four events, which three event did not meet. Total runoff volumes for the three 

events were larger than corresponding observed total runoff volumes. These may be due 

to the errors of calculation of soil moisture content for the events or the uncertainty of 

model parameters. All the calibrated total runoff volumes of PSRM-QUAL were 

acceptable. 

Tables 6-8 and 6-11 show that six of seven events where the calibrated time to 

peak for both models were within 15 minutes. Only one event did not meet the criteria. 

The results showed the calibrated time to peak of KINEROS and PSRM-QUAL are 

basically acceptable. 

The arithmetic mean relative errors and the logarithmic mean absolute relative 

errors are also given in Tables 6-6 through 6-11. Tables 6-12 and 6-13 summarize the 

optimization range for the parameters calibrated for the two models, which was used for 

verification analysis in a later section. 

The calibration results for PRSM-QUAL were slightly better than KINEROS. This 

could be attributed to the interaction between the saturated hydraulic conductivity and the 

effective capillary drive, which was illustrated in Section 6.3.4. The interaction of the 

parameters led to difficulty in calibrating the saturated hydraulic conductivity and took a 

longer time for some calibration events. 

In summary, the manual calibration was time consuming. The sensitivity analysis 

provided information useful in calibration. The experiences were obtained and 
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accumulated from pervious calibration run. The manual calibration can provide the 

opportunity to understand the impacts of gradual changes of the model parameters on 

simulated results. 

6.3 RESULTS AND DISCUSSION OF VERIFICATION ANALYSIS 

The procedures and methods illustrated in Section 5.1.3, Chapter 5 were used to 

verify the remaining events. The mean values of calibrated parameter results, which are 

shown in Tables 6-12 and 6-13, with the other parameters determined in Chapter 4 were 

used for the verification. 

Event-based models are generally designed to predict flood flows or events 

producing significant runoffs. KINEROS and PSRM-QUAL, however, have components 

to simulate pollutant transport. Because low flows events often contribute more pollutants 

than several large storms in a year in less or urban areas (Pitt, 1989), the event of May 17, 

1964 with a peak: discharge rate 0.96 cfs was randomly chosen and used to illustrate the 

performances of the two models with low runoff producing events. Therefore 23 events 

were used for verification. The results are summarized and discussed in Sections 6.3.1 

through 6.3.6. 

6.3.1 Graphical Comparison 

Graphical comparison is used to judge the differences between simulated and 
, 

observed peak discharge rate, time to peak: and hydrograph shapes. If time bases for 

simulated and observed hydrographs are known, the difference between simulated and 

observed total runoff volume also can be compared by this method. 



ANALYSIS AND RESULTS 132 

Table 6-6 Summary of calibration of peak discharge rate for KINEROS 

Event Peak Rate 
(inlhr) 

Date Observed Simulated Relative Error 
(%) 

June 26, 1968 0.02 0.023 15.00 

July 3,1962 0.024 0.024 0.00 

Aug. 23, 1967 0.059 0.061 3.39 

Sept. 14, 1966 0.073 0.072 -1.37 

Oct. 21,1961 0.192 0.195 1.56 

Sept. 10, 1960 0.049 0.047 -4.08 

June 11, 1965 0.192 0.216 12.50 

MARE 5.41 

LMARE 0.53 
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Table 6-7 Summary of calibration of total runoff volume for KINEROS 

Event Total Runoff Volume 
(in) 

Date Obsenred Simulated Relative Error 
(%) 

June 26, 1968 0.034 0.055 61.76 

July 3,1962 0.066 0.065 -1.52 

Aug. 23, 1967 0.110 0.100 -9.09 

Sept.14, 1966 0.134 0.120 -10.45 

Oct. 21, 1961 0.53 0.460 -13.21 

Sept. 10, 1960 0.055 0.070 27.27 

June 11,1965 0.175 0.22 25.71 

MARE 21.2 

LMARE 1.13 
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Table 6-8 Summary of calibration of time to peak for KINEROS 

Event Time To Peak 
(minute) 

Date Observed Simulated Relative Error 

June 26, 1968 110 105 5 

July 3,1962 331 351 20 

Aug. 23, 1967 278 280 2 

Sept. 14, 1966 546 542 4.00 

Oct. 21, 1961 486 490 4 

Sept. 10, 1960 86 90 4 

June 11, 1965 76 89 13.00 

MARE 7.42 

LMARE 0.74 
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Table 6-9 Summary of calibration of peak discharge rate for PSRM-QUAL 

Event 

Date 

June 26,1968 

July 3,1962 

Aug. 23, 1967 

Sept. 14, 1966 

Oct. 21, 1961 

Sept. 10, 1960 

June 11,1965 

MARE 

LMARE 

Observed 

0.02 

0.024 

0.059 

0.073 

0.192 

0.049 

0.192 

Peak Rate 
(inlhr) 

Simulated 

0.029 

0.24 

0.051 

0.081 

0.177 

0.053 

0.165 

Relative Error 
(%) 

45.00 

0.00 

-13.56 

10.96 

-7.81 

8.16 

-14.06 

14.22 

0.97 
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Table 6-10 Summary of calibration of total runoff volume for PSRM-QUAL 

Event Total Runoff Volume 
(in) 

Date Observed Simulated Relative Error 
(0/0) 

June 26, 1968 0.034 0.029 -14.71 

July 3,1962 0.066 0.073 10.61 

Aug. 23, 1967 0.11 0.129 17.27 

Sept.14, 1966 0.134 0.122 -8.96 

Oct.21, 1961 0.53 0.61 15.09 

Sept. 10, 1960 0.055 0.056 1.82 

June 11, 1965 0.175 0.165 -5.71 

MARE 10.59 

LMARE 0.94 
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Table 6-11 Summary of calibration of time to peak for PSRM-QUAL 

Event Peak time 
(minute) 

Date Observed Simulated Relative Erro 
(min) 

June 26, 1968 110 130 20 

July 3,1962 331 320 -11.00 

Aug. 23, 1967 278 280 2.00 

Sept.14, 1966 546 540 -6.00 

Dct.21, 1961 486 480 -6.00 

Sept. 10, 1960 86 100 -14 

June 11,1965 76 90 -14.00 

MARE 10.4 

LMARE 0.93 
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Table 6-12 Optimization range of calibrated parameter for KlNEROS 

Parameter 

Saturated Hydraulic Conductivity 

Effective Net Capillary Drive 

Manning's N of Channels 

Optimization Range From Mean Value 1 

111 % ---- 251 % 

74.5%----299% 

157%----250% 

1 The values are percentage of the ratio of calibrated values to their mean 
values from Table 4-3. 

Table 6-13 Optimization range of calibrated parameter for PSRM-QUAL 

Parameter 

SCS Curve Number 

Initial Abstraction Factor 

Manning's N of Channles 

Optimization Range From Mean Value1 

77.5%----109% 

101%----109% 

100%----214% 

138 

1 The values are percentage of the ratio of calibrated values to their mean values 
from Table 4-3 
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Typical examples illustrating how well each model performed are given in Figure 

6-18 through 6-21. The results for the remaining storm events are given in Appendix C, 

Figure C-7 through C-26. 

From a visual inspection of the results, the KINEROS model appears to more 

closely match observed hydrographs. The performance of each model was compared for 

four events in the following discussion. 

Event of October 20, 1961: This event is the largest event on the record for the 

watersheds. For this event, Figure 6-18, both KINEROS and PSRM:-QUAL predicted 

peak discharge rate and time to peak reasonably well. Both of the two models 

overpredicted the total runoff volume. 

Event of May 19, 1966: For this event, Figure 6-19, both KINEROS and 

PSRM-QUAL overpredicted the peak rate. KINEROS predicted the time to peak and 

total runoff volume well. PSRM-QUAL, however, was late on time to peak and 

underpredicted total runoff volume. 

Event of July 2, 1968: For this event, Figure 6-20, KINEROS estimated time to 

peak well but slightly underpredicted the peak discharge rate. PSRM-QUAL also 

underpredicted peak discharge rate slightly and was late on time to peak. Both of the 

models simulated the total runoff volume well. 
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Event of May 17, 1964: For this event, Figure 6-21, both models accurately 

estimated time to peak. Both models overpredicted the peak discharge rate. From a visual 

inspection, however, KINEROS appears to more closely match the observed hydrograph. 

The performances of the two models on total runoff volume are difficult to judge for this 

event. 

6.3.2 Relative E"or 

The method of relative errors is used to evaluate the model performance for 

individual events on a characteristic by characteristic basis. 

The results for time to peak, peak discharge rate and total runoff volume for the 

two models are summarized in Table 6-14, 6-15 and 6-16, respectively. 

The simulated peak discharge rate for eleven and six events, respectively by 

KINEROS and PSRM-QUAL were within 10% observed values. There are eight and one 

events, respectively, were within 10 % to 20% observed values. One event was simulated 

within 20% to 30% error by both models. Three events by KINEROS and fifteen events 

by PSRM-QUAL exceeded 30% error. The largest error for KINEROS was 117.6%. For 

PSRM-QUAL, it was 282.4%. The results shows KINEROS performed better on peak 

discharge rate than PSRM-QUAL. 

The time to peak was simulated within 5 minutes for seventeen events by 

KINEROS while only 4 events where within this range by PSRM-QUAL. Four events by 

KINEROS were within the range of 10 minutes and five events by PSRM-QUAL where 

within this range. Two events by KINEROS were within the 10-20 minute range while 
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three events by PSRM-QUAL were within this range. Eleven events simulated by 

PSRM-QUAL differed by over 20 minutes. The biggest difference between the simulated 

and observed for KINEROS was 13.7 minutes. Two events simulated by PSRM-QUAL 

had differences of 104 and 106 minutes. The results shows KINEROS performed better 

on time to peak than PSRM-QUAL. 

The total runoff volume was simulated within 10% for six events by KINEROS 

and for seven events by PSRM-QUAL. Six events by KINEROS and nine events by 

PSRM-QUAL were simulated within the range of 10% to 20%. Eight events by 

KINEROS fell within the range of 20% to 30% of observed volume while only five 

events by PSRM-QUAL were within this range. Three and two events, respectively 

exceeded error was 42.1 % by KINEROS and 66.9 % by PSRM-QUAL. 

6.3.3 Model Efficiency 

Model efficiency is used to evaluate the overall model capabilities on forecasting 

and prediction. Equation 5-5 was used to calculate the model efficiency on forecasting for 

the parameters such as peak discharge rate, time to peak and total runoff volume. To 

evaluate model efficiency on prediction, the observed and simulated values of these 

parameters were ranked independently in decreasing order. Then equation 5-5 was used 

to calculate model efficiency on prediction for two models. The results are summarized in 

the Table 6-12. 
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Table 6-14 Observed and simulated time to peak with computed errors 

Date Observed KINEROS PSRM-QUAL 
(minute) Simulated Relative Simulated Relative 

(minute) Error (minute) Error 
(minute) (minute) 

Sept. 5, 1960 64 69 5 54 -10 

Oct. 20,1960 209 204.4 -4.6 210 1 

April 9,1961 425 424 -1 420 -5 

May 1,1961 1062 1061 -1 1050 -12 
May 12,1961 85 91 6 120 35 

Aug. 25, 1961 84 87 3 90 6 

Aug. 26, 1961 378 384 6 420 42 

Sept. 7, 1961 73 72.5 -0.5 140 67 

Oct. 20, 1961 712 717 5 720 8 

May 1,1962 64 60 -4 60 -4 
June 11-12, 19621 458 464 6 352 -106 

April 19, 1964 200 202 2 260 60 

April20, 1964 86 89 3 70 -16 

May 17,1964 99 96 -3 100 1 

May 19,1966 198 202 4 220 22 

Sept. 20, 1966 201 200 -1 240 39 

Sept. 21, 1966 192 195 3 200 8 

Oct. 1, 1966 232 218.3 -13.7 336 104 

May 7,1967 565 564 -1 600 35 

May 14,1967 157 163 6 150 -7 

May 15,1967 88 92 4 75 -13 

July 2,1967 210 221 11 234 24 

July 2,1968 145 145.8 0.8 190 45 
1 The storm is between the two days. 
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Table 6-15 Observed and simulated peak rate with simulated relative errors 

Date Observed KlNEROS PSRM-QUAL 
(efs) Simulated Relative Simulated Relative 

(efs) Error (%) (efs) Error (%) 

Sept.5, 1960 18.02 14.67 -18.60 19.70 9.30 

Oct. 20, 1960 54.91 19.46 117.56 107.31 95.42 

April 9,1961 37.72 39.40 4.44 24.31 -35.5 

May 1,1961 17.60 19.70 11.90 24.73 40.48 

May 12,1961 38.98 44.43 13.98 39.40 1.08 

Aug. 25, 1961 6.71 7.13 6.25 7.54 12.50 

Aug. 26, 1961 31.86 33.11 3.95 33.53 5.26 

Sept. 7, 1961 8.80 7.96 -9.52 12.99 47.62 

Oct. 20, 1961 316.05 314.37 -0.53 323.59 2.39 

May 1,1962 60.78 67.49 11.03 61.62 1.38 

June 11-12, 19621 11.74 11.53 -1.79 24.31 107.1 

April 19, 1964 8.38 9.22 10.00 18.44 120.0 

April20, 1964 9.22 8.80 -4.55 23.05 150.0 

May 17,1964 0.96 1.26 30.43 2.01 108.7 

May 19,1966 7.13 6.71 -5.88 8.80 23.53 

Sept. 20, 1966 12.57 16.77 33.33 20.54 63.33 

Sept. 21, 1966 45.27 54.91 21.30 75.45 66.67 

Oct. 1, 1966 14.25 15.1 5.88 54.49 282.3 

May 7,1967 11.32 10.48 -7.41 22.22 96.30 

May 14,1967 9.22 10.90 18.18 14.25 54.55 

May 15, 1967 6.71 7.96 18.75 19.28 187.5 

July 2,1967 10.06 8.80 -12.50 15.93 58.33 

July 2,1968 10.06 11.32 12.50 10.48 4.17 

1 The storm is between the two days 
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Table 6-16 Observed and simulated total runoff volume with computed relative errors 

Date Observed KINEROS PSRM-QUAL 

Simulated Relative Simulated Relative 
(in) (in) Error (%) (in) Error (%) 

Sept.5, 1960 0.038 0.054 42.11 0.035 -7.89 

Oct. 20, 1960 0.684 0.449 -34.36 0.512 -25.15 

April 9,1961 0.292 0.196 -32.88 0.24 -17.81 

May 1,1961 0.170 0.125 -26.47 0.167 -1.76 

May 12,1961 0.157 0.120 -23.57 0.052 -66.88 

Aug. 25, 1961 0.025 0.022 -12.00 0.022 -12.00 

Aug. 26, 1961 0.115 0.118 2.61 0.103 -10.43 

Sept. 7,1961 0.021 0.027 28.57 0.02 -4.76 

Oct. 20, 1961 3.160 2.490 -21.20 3.31 4.75 

May 1,1962 0.205 0.155 -24.39 0.195 -4.88 

June 11-12, 0.092 0.079 -14.13 0.102 10.87 
1962) 

April 19, 1964 0.048 0.046 -4.80 0.043 -10.23 

April 20, 1964 0.040 0.045 12.50 0.034 -15.00 

May 17,1964 0.0071 0.0062 -12.68 0.0059 -16.90 

May 19,1966 0.032 0.031 -3.130 0.024 -25.00 

Sept.20, 1966 0.140 0.099 -29.29 0.110 -21.43 

Sept.21, 1966 0.310 0.284 -8.390 0.230 -25.81 

Oct. 1, 1966 0.159 0.126 -20.75 0.230 44.65 

May 7,1967 0.14 0.099 -29.29 0.110 -21.43 

May 14,1967 0.0071 0.0062 -12.68 0.0059 -16.90 

May 15,1967 0.044 0.039 -11.36 0.042 -4.55 

July 2,1967 0.051 0.049 -3.92 0.043 -15.69 

July 2, 1968 0.038 0.0384 1.05 0.035 -7.89 

1 The storm is between the two days 



ANALYSIS AND RESULTS 149 

The value of E generally should be less than 1 (Loague and Freeze, 1985). The 

simulation capability of a model is good if the value ofE exceeds 0.97 (James and Burger, 

1982). A review of the results in Table 6-17 shows that both performed reasonably well in 

simulating time to peak. PSRM-QUAL performed extremely well on total runoffvolume 

for model efficiencies on forecasting and prediction. Although the values of E of the 

model efficiencies offorecasting and prediction on total runoff volumes for KINEROS are 

consistently lower than 0.97, according to Loague and Freeze (1985), KINEROS has 

strong powers in model forecasting and prediction. The lower values of KINEROS could 

be resulted from the interactions of saturated hydraulic conductivity, the effective capillary 

drive with the other model parameters. For the same reason, both KINEROS and 

PSRM-QUAL have fair simulating capabilities on peak discharge rate. However, the 

model efficiencies on forecasting and prediction for peak discharge rate and time to peak 

by KINEROS are slightly higher than PSRM-QUAL. 

6.3.4 Linear Regression 

The objective of using linear regression is to test the degree of association between 

simulated and observed values. The tests of linear regression between the simulated and 

observed peak discharge rate, time to peak and total runoff volume were run, respectively. 

The results are illustrated and discussed as follows. 

The resulting regression describing the relationship between simulated and 

observed peak discharge rate by KINEROS and PSRM-QUAL are: 

Pea~eros = 1. 0 IPeakobserved +0.008 (6-1) 
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Table 6-17 Summary of the model efficiencies offorecasting and prediction of 
KINEROS and PSRM-QUAL 

Model model efficiency on forecasting 

Peak Rate Total Runoff Time to Peak 
Volume 

KINEROS 0.95 0.94 1.00 

PSRM-QUAL 0.94 0.99 0.97 

model efficiency on prediction 

Peak Rate Total Runoff Time to Peak 
Volume 

KINEROS 0.96 0.94 0.99 

PSRM-QUAL 0.96 0.99 0.98 
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Peakpsrm =1.0IPeakobserved+0.022 (6-2) 

R2 values for KINEROS and PSRM-QUAL are 0.959 and 0.954 respectively, 

which indicates that both two models did equally well based on this parameter. 

The linear regression relationships between simulated and observed total runoff 

volume for PSRM-QUAL and KINEROS are as follows: 

Volumeldneros =0.781 Volumeobserved+0.002 (6-3) 

Volumepsrm = 1. 04 Volume observed -0.023 (6-4) 

The values of R2 were 0.997 and 0.994 for KINEROS and PSRM-QUAL, 

respectively. Both models performed equally well. 

The linear regression equations for time to peak of the two models are: 

Timeltineros =0.999 Time observed + 1. 65 7 (6-5) 

Timepsrm =0. 969 Timeobserved+22. 1 (6-6) 

The values of R2 were 0.999 and 0.973 for KINEROS and PSRM-QUAL, 

respectively, which indicated both of the two models performed well but the results 

suggest that KINEROS did slightly better. The scattplots of the line regression are shown 

on Figures 6-22 through 6-27. 

6.3.5 Hypothesis Testing 

Hypothesis testing of the mean and standard deviation of the peak discharge rate, 

total runoff volume and time to peak were performed using the procedures described in 

Section 5.1.2.7, Chapter 5. The results are summarized in Table 6-18. 
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From Table 6-18, all the hypothesis on means and the standard deviations of two 

models can not be rejected at the 5% siginificant level. 

6.3.6 Hydrograph Shapes 

Equation 5-6 in Section 5.1.3.2, Chapter 5 was used to calculate variances of the 

hydrograph shapes for each verificated event. The results are summarized in Table 6-19 

and discussed as follows. 

From the Table 6-19, most of variances of events calculated for KINEROS are 

smaller than those for PSRM-QVAL. The mean variance for KINEROS is almost half of 

the variance calculated for PSRM-QUAL. A conclusion can be drawn the hydrograph 

shapes produced by KINEROS more closely match the observed hydrograph shapes. 

6.3.7 Summaries and Discussions of Verification Analysis 

In summary, statistical tests and model efficiencies indicate that both models 

adequately simulated storm events. KINEROS performed better on time to peak and peak 

discharge rate while PSRM-QUAL simulated total runoff volume slightly better. 

KINEROS is a physically based distributed parameter model. It defines the 

instantaneous rate of change of rainfall to runoff in terms of a rate parameter. The model 

considers time directly. This type of deterministic model is regarded as a rate parameter 

model which generally performs better on peak discharge rate and time to peak 

(Addiscott and Wagenet, 1985). PSRM-QUAL calculates the runoff using the SCS CN 

number by the amounts of rainfall. It considers the time indirectly during the change from 

rainfall to runoff. This type of deterministic model is regarded as a capacity model which 
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usually simulates the total runoff volume better (Addiscott and Wagenet, 1985). 

PSRM-QUAL has limitations as to the duration of time step that can be stored for a 

storm. Limiting the time step constrains the duration because, depending on the number 

of sub-areas, the incremental storm volumes must be consolidated. Thirty three sub-areas 

were detennined for Foster Creek Watershed. A maximum of35 time intervals could be 

used to represent a storm. F or example, when the time step is set to 10 minutes, the 

duration of storm should be no more than 350 minutes. For some rainfall-runoff events 

which have longer duration, e.g. 700 or 1000 minutes, the time step would be set to 20 

and 29 minutes, respectively_ This resulted in the patterns of the rainfall events being 

significantly changed. Short, high intensity rainfall periods are reduced, which diminishes 

accuracy and the real characteristics of rainfall events can not be reflected in the 

simulation. The performances ofPSRM-QUAL on peak discharge rate and time to peak, 

which are poorer compared with KINEROS, may be due to aggregating the rainfall 

time-rate distribution. However, the aggregation does not effect the total rainfall amount 

thus the total runoff volume calculated by SCS CN method is not significantly affected. 
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Table 6-18 Summary of hypothesis testing for the observed and simulated total 
runoff, peak discharge rate and time to peak on verification data sets 

Hypothesis 

ue=ue 
2 2 

crQ = crQI 

Model Qvolume QPk tpk Qvolume QPk tpk 

KINEROS C C C C C C 

PSRM-QUAL C C C C C C 

Level of significance is 5%; C, cannot reject; R, reject. 
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Table 6-19 Computed variances of observed and simulated hydrographs 

Date KINEROS PSRM-QUAL 
10-4 10-4 

Sept. 5, 1960 1.1 2.0 

Oct. 20, 1960 37.5 44.3 

April 9,1961 4.2 5.9 

May 1,1961 0.5 2.4 

May 12,1961 1.6 4.9 

Aug. 25, 1961 0.0 0.1 

Aug. 26, 1961 0.6 1.8 

Sept. 7, 1961 0.20 1.3 

Oct. 20, 1961 162.5 346.4 

May 1,1962 4.1 5.1 

June 11-12,19621 0.4 2.8 

April 19, 1964 0.3 0.9 

April20, 1964 0.7 6.2 

May 17,1964 0.0 0.0 

May 19,1966 1.00 1 

Sept. 20, 1966 6 1.9 

Sept. 21, 1966 2.7 24.1 

Oct. 1, 1966 0.3 10.6 

May 7,1967 0.1 0.9 

May 14,1967 0.10 1.2 

May 15,1967 0.1 2.1 

July 2,1967 0.2 0.7 

July 2,1968 0.1 0.4 

Mean Variance 9.80 20.30 
1 The stonn is between the two days. 
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Chapter 7 

SUMMARY AND RECOMMENDATION 

7.1 SUMMARY AND CONCLUSION 

162 

Increasing concerns about the affect of NP S pollution from localities with both 

agricultural and urban landuse require computer models which have the capability to 

simulate the status of stream water quality. The use of distributed models is becoming a 

feasible alternative because of rapid development of the PC-based hardware/software 

platforms. Two distributed models, the Kinematic Runoff and Erosion Model 

(KINEROS) and the Penn State Runoff Quality Model (PSRM-QUAL), were selected for 

this study, since both have the structure and components to simulate hydrologic responses 

and NPS pollution from agricultural and less developed urban areas. The Foster Creek 

Watershed was selected as the study area because of the availability of recorded 

hydrological data and its nearness to the Thomas Jefferson Planning District (TJPD). 

The computational process and input requirements of the two event-based models, 

KINEROS and PSRM-QUAL were thoroughly reviewed. The computer code for the 

KINEROS model was modified to increase the storage limitation relating to planes, 

channels and time-depth pairs of rainfall. The modified model currently can support 115 

elements and 110 time-depth pairs of rainfall. 

GIS technology was employed to Improve data management and modeling 

efficiency. PC-VirGIS, a GIS software package developed at the Information Supported 

Systems Laboratory (ISSL), Virginia Tech, was used for this study. Topographical 



SUMMARY AND RECOMMENDATION 163 

information, soil data and landuse source maps were digitized and stored in DLG format. 

Each data layer was rasterized for ease in performing spatial analysis. GIS technology was 

utilized in creating and deriving the topographic and hydrologic data layers such as slope 

data layer, SCS CN data layer, etc. The watershed configuration for KINEROS was 

assisted by GIS. GIS technology simplified data management and reduced time and effort 

to prepare required input data for the nlodels. 

GIS technology was not completely coupled with the two models. The watershed 

configuration for the two models were determined manually. Because of numerous 

detailed input information required for the two models, it is less easily linked to GIS. A 

significant data preparation was done manually. 

Although the KINEROS model has structures to allow the watershed to be divided 

into relatively homogeneous units which can better represent the impacts of spatial 

variability, the preparation of input files for KINEROS were more time consuming than 

data preparation for PSRM-QUAL. PSRM-QUAL has limitations to store the duration 

and time step. The limitations results in consolidation of storm volumes, which changes 

the pattern of some rainfall events. 

The sensitivity of KINER OS and PSRM-QUAL to the parameters of models was 

evaluated using the data bases for Foster Creek Watershed. Reference hydrographs were 

established for two models and selected parameters of the two models were varied while 

holding all others constant at their pre-defined reference values. For KINEROS, peak 

discharge rate and runoff volume were most sensitive to changes in rainfall amount, 
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saturated hydraulic conductivity and effective capillary drive. Changing manning's N of 

channels caused significant changes in peak discharge rate. For PSRM-QUAL, peak 

discharge rate and total runoff volume were most sensitive to changes in SCS CN, initial 

abstraction coefficient and rainfall amount. Changing manning's N of channels also 

significantly impacted the peak discharge rate. 

Thirty rainfall-runoff events were selected from the database for the Foster Creek 

Watershed to validate KINEROS and PSRM-QUAL models. Seven events were randomly 

selected from this record and used for calibration. Saturated hydraulic conductivity, 

effective capillary drive and manning's N of channels, which were very sensitive model 

parameters, were used to calibrate for KINEROS model. SCS CN, initial abstraction 

coefficient and manning's N of channels were used to calibrate the PSRM-QUAL model. 

A "trial and error" method was adopted to calibrate the parameters for each model. 

Sensitivity analysis was helpful in obtaining an acceptable calibration. The saturated 

hydraulic conductivity and the effective capillary drive were found to have uncertain 

impacts on KINEROS model's output, which resulted in difficulties for the calibration of 

the two parameters. 

Twenty-three rainfall-runoff events were used to evaluate the performance of each 

model. Model parameters were based on calibration results. The simulation results were 

evaluated using graphic comparison, relative error, calculation of hydrograph shape index, 

linear regression, model efficiency and hypothesis testing. 
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The discharge hydrographs simulated by KINEROS appeared to match recorded 

hydrographs better than those PSRM-QUAL. The calculation of hydrograph shape index 

confirmed this visual interpretation. 

The model efficiency parameters on forecasting and prediction show excellent 

efficiencies for both models. However, KINEROS performed marginally better on peak 

discharge rate and time to peak while PSRM-QUAL performed slightly better on total 

runoff volume. The results from hypothesis tests show both of models predicted peak 

discharge rate, time to peak and total runoff volume within statistically acceptable limits. 

The results of relative error and linear regression analysis show KINEROS 

performed better on peak discharge rate and time to peak while PSRM-QUAL performed 

better in predicting total runoff volume. The interaction between the saturated hydraulic 

conductivity and the effective capillary drive could result in the little poorer performance 

in predicting total runoff volume in contrast with PSRM-QUAL. 

In general, the results from all analysis showed that simulated results from both 

models were acceptable. KINEROS generally gave better predictions for peak discharge 

rate, time to peak. The hydrograph shape also generally more closely matched the 

recorded sequence. The differences of the models may be due to differences between the 

rate parameter and capacity models. The poorer performance on peak discharge rate, time 

to peak and simulated hydrograph shapes by PSRM-QUAL may be attributed to its 

storage limitation. 
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The simulated results of both KINEROS and PSRM-QUAL on Foster Creek 

Watershed are encouraging. The performances ofPSRM-QUAL illustrates that although, 

the model was originally developed to be used on urban areas, it may be applied to 

agricultural watersheds. 

It is very important to remember, however, that this study was conducted on only 

one watershed and the samples used are smaIl. More work is needed to improve our 

confidence in the application of KINEROS and PSRM-QUAL to agricultural and less 

urban areas. 

7.2 Recommendations 

The following recommendation are presented for further use of KINEROS and 

PSRM-QUAL on both agricultural and less urban areas. 

1. Extensive evaluation of capabilities of KINEROS and PSRM-QUAL should be 

conducted on other watersheds within Virginia having gaged records. The criteria such as 

graphic comparison, model efficiency and statistical techniques should be employed to 

determine if both models, especially PSRM-QUAL, are applicable for simulating the 

hydrologic response from agricultural watersheds. 

2. Evaluation of water quality routine of the two models should be conducted on 

the watersheds similar to the Foster Creek Watershed. This research work would be useful 

to evaluate the capabilities of the two models on predicting NPS pollution from 

agricultural watersheds. This would require the availability of observed data of rainfall, 

runoff, sediment and pollutants for several watersheds. 
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3. Future research work should focus on the evaluation of the simulation 

capabilities of KINER OS and PSRM-QUAL on watersheds which have both agricultural 

and urban landuse. The work should include the simulation of all the required hydrologic, 

sediment, and chemical characteristics in order to fully evaluate the two models 

capabilities. 

4. The computer code for the PSRM-QUAL model must be modified to overcome 

the storage limitations in order to be applied to complex watersheds. This would involved 

using a higher level computer languages, such as C or FORTRAN 77. 

5. The development of additional software to complete the data management and 

manipulations for creating input files for KINEROS and PSRM-QUAL with GIS 

technology is recommended. The software used to detennine the watershed configurations 

for two models, especially for KINEROS, is particularly needed. GIS's spatial modeling 

capability could be utilized to delineate the boundaries of watershed and sub-watersheds 

and to determine channel junctions, topographic and hydrologic information. 

6. Additional research should be conducted on the level of both certainty and 

uncertainty of the two models' parameters on results of modeling and the interactions 

within the model parameters. 
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The Soil Map of Foster Creek Watershed 

Legend 

8 Mixed alluvial Jand 
15B Seneca silt loam 
37B Worsham silt loam 
55B2 Tatwn silt loam 
55D2 Tatum silt loam 
56C3 Tatum silt clay loam 
56D3 Tatum silt clay loam 
58Bl Nason silt loam 
58B2 Nason silt loam 
58C2 Nason silt loam 
58 C3 Nason silt loam 
59C1 Manteo silt loam 
161Bl Ligum loam 
240B I Fluvanna very fine sandy loam 
240B2 Fluvanna very fme sandy loam 
24OC2 Fluvanna very fme sandy loam 
24OC3 Fluvanna very fme sandy loam 

A-I The digital soil map of Foster Creek Watershed 
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The Landuse Map of Fosler Creek Watershed 
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A-2 The digital landuse map of Foster Creek Watershed 

176 

Scale 1: 10400 



APPENDIX A 177 

• 

The Slope!' Hap of' F"oster Creek Watershed. 

1_-2% 

2-7% 

7-15% 

Scale 1:10400 

A-3. The digital slope map of Foster Creek Watershed 
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Table Al The summary of topographic and hydraulic infonnation for channels 
NAME Channel Channel Channel Channel 

Elevation Lenght Slope Manning's 
Differences (feet) N 
(feet) 

Channell 20 780.65 0.03 0.14 

Channel 2 20 620.64 0.03 0.14 

Channel 3 30 1267.44 0.02 0.14 

Channel 4 30 969.76 0.03 0.14 

Channel 5 10 433.42 0.02 0.14 

Channel 6 5 500.61 0.01 0.14 

Channel 7 10 256.59 0.04 0.14 

Channel 8 25 630.85 0.04 0.14 

Channel 9 15 782.36 0.02 0.14 

Channel 10 5 286.09 0.02 0.14 

Channel 11 5 251.56 0.02 0.14 

Channel 12 5 294.9 0.02 0.14 

Channel 13 30 794.8 0.04 0.14 

Channel 14 25 1111.78 0.02 0.14 

Channel 15 20 852.97 0.02 0.14 

Channel 16 25 1040.76 0.02 0.14 

Channel 17 45 886.65 0.05 0.14 

Channel 18 10 796.78 0.01 0.14 

Channel 19 10 315.31 0.03 0.14 

Channel 20 10 194.92 0.05 0.14 

Channel 21 5 233.17 0.02 0.14 

Channel 22 20 897.73 0.02 0.14 

Channel 23 5 399.47 0.01 0.14 

Channel 24 15 703.59 0.02 0.14 

Channel 25 10 687.13 0.01 0.14 

Channel 26 5 327.98 0.02 0.14 

Channel 27 50 1283.31 0.04 0.14 

Continue •••. 
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Table Al The summary of topographic and hydraulic infonnation for channels 

Channel 28 5 142.52 0.04 0.14 

Channe129 30 817.87 0.04 0.14 

Channe130 5 775.51 0.01 0.14 

Channel 31 20 992.59 0.02 0.14 

Channe132 5 39.04 0.13 0.14 
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Table A2 Summary of topographic information for each plane of KINER OS 

Name Area Proprotinate Overland Width Slope 
Extent (%) Flow 

(acreas) Length (feet) (0/0) 
(feet) 

Plane 34 17.571 4.227 516.17 1482.83 2.82 

Plane 35 12.904 3.104 632.89 888.15 3.16 

Plane 36 4.118 0.991 300 597.93 3.99 

Plane 37 11.257 2.708 612.63 800.41 2.83 

Plane 38 3.569 0.859 333.64 465.97 4.04 

Plane 39 5.491 1.321 388.18 616.18 4.36 

Plane 40 15.924 3.831 586.58 1182.53 4.73 

Plane 41 7.138 1.717 227.08 1369.26 3.93 

Plane 42 1.098 0.264 117.23 407.99 0.43 

Plane 43 6.864 1.651 398 751.25 3.22 . 
Plane 44 9.884 2.378 464.54 926.82 2.79 

Plane 45 3.844 0.925 409.32 409.08 4.6 

Plane 46 4.15 1 226.74 132.27 2.73 

Plane 47 8.237 1.982 723.2 496.13 3.66 

Plane 48 0.824 0.198 107.25 334.67 4.22 

Plane 49 1.922 0.462 175.17 477.95 4.58 

Plane 50 1.373 0.33 174.11 343.51 6.31 

Plane 51 0.824 0.198 64.8 553.91 7.4 

Plane 52 9.335 2.246 402.39 1010.54 2.69 

Plane 53 2.471 0.595 153.13 702.91 4.72 

Plane 54 3.295 0.793 146.65 978.73 4.42 

Plane 55 4.942 1.189 197.71 1088.83 5.31 

Plane 56 6.589 1.585 397.57 721.93 5.42 

Plane 57 0.275 0.066 116.39 102.92 5.11 

Plane 58 6.315 1.519 540.94 508.52 4.47 

Plane 59 1.098 0.264 122.98 388.92 6.26 

Continue. ... 
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Table A2 Summary of topographic infonnation for each plane of KINER OS 

Plane 60 0.549 0.132 39.18 610.37 5.59 

Plane 61 1.922 0.462 385.22 217.34 6.05 

Plane 62 0.549 0.132 830.04 28.81 6.54 

Plane 63 11.806 2.84 572.82 897.79 3.31 

Plane 64 2.471 0.595 130.14 827.08 4.95 

Plane 65 5.491 1.321 268.72 890.1 4.05 

Plane 66 4.942 1.189 243.26 884.95 6.58 

Plane 67 14.551 3.501 653.57 969.81 4.38 

Plane 68 14.277 3.435 866.38 717.82 3.14 

Plane 69 4.393 1.057 237.45 805.89 4.33 

Plane 70 6.589 1.585 304.27 943.3 4.41 

Plane 71 5.491 1.321 331.47 721.6 6.3 

Plane 72 7.962 1.916 345.3 1004.42 5.9 

Plane 73 2.471 0.595 293.2 367.11 2.15 

Plane 74 3.844 0.925 216.88 772.06 4.64 

Plane 75 4.118 0.991 204.73 876.18 4.64 

Plane 76 12.355 2.972 708.51 759.6 3.91 

Plane 77 8.237 1.982 386.5 928.34 4.56 

Plane 78 5.491 1.321 293.33 815.42 5.49 

Plane 79 1.098 0.264 142.38 335.92 6.49 

Plane 80 1.647 0.396 359.59 199.51 6.32 

Plane 81 6.589 1.585 667.89 429.74 3.8 

Plane 82 1.098 0.264 166.01 288.11 5.59 

Plane 83 1.098 0.264 328.93 145.41 3.77 

Plane 84 2.471 0.595 287.8 374 4.84 

Plane 85 2.196 0.528 276.33 346.17 4.36 

Plane 86 20.866 5.02 831.71 1092.84 2.37 

Plane 87 6.315 1.519 316.98 867.82 3.74 

Continue .... 
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Table A2 Summary of topographic infonnation for each plane of KINER OS 

Plane 88 2.746 0.661 158.09 756.63 5.14 

Plane 89 3.02 0.727 299.66 439 3.99 

Plane 90 0.549 0.132 136.53 175.16 4.72 

Plane 91 6.04 1.453 483.72 543.91 4.62 

Plane 92 1.373 0.33 173.34 345.03 8.14 

Plane 93 1.922 0.462 189.61 441.55 4.64 

Plane 94 6.315 1.519 498.21 552.14 5.37 

Plane 95 0.275 0.066 617.76 19.39 6.67 

Plane 96 2.196 0.528 269.06 355.53 6.59 

Plane 97 5.766 1.387 330.34 760.33 2.95 

Plane 98 4.667 1.123 215.76 942.23 4.41 

Plane 99 4.942 1.189 188.16 1144.1 4.54 

Plane 100 0.549 0.132 209.31 114.25 6.88 

Plane 101 3.844 0.925 617.25 271.28 4.33 

Plane 102 5.217 1.255 406.3 559.32 2.8 

Plane 103 2.471 0.595 151.71 709.49 4.33 

Plane 104 4.118 0.991 294.92 608.23 4.29 

Plane 105 21.964 5.284 1375.48 695.58 3.43 

Plane 106 12.629 3.038 541.02 1016.82 3.68 

Plane 107 3.844 0.925 307.07 545.3 5.64 

Plane 108 6.315 1.519 218.71 1257.74 4.82 

Plane 109 4.667 1.123 270.02 752.89 7.34 

Plane 110 0.03 0 23.31 56.06 0.01 

Plane 111 0.03 0 23.38 55.89 0.01 



Table A3 Summary of the hydrologic information for each plane of KINER OS 
~ 

Plane Saturated Net Capillary Total Minimum Maximum Maninng's Interception ~ 
~ 

Hydraulic Drive Porosity Relative Relative N (in) ~ 
Conductivity (in) (cml! cml

) Saturation Saturation ~ 
(inlhr) > 

34 0.27 8 0.5 0.03 0.97 0.26 0.05 

35 0.25 8.19 0.5 0.04 0.96 0.26 0.03 

36 0.27 8 0.5 0.03 0.97 0.27 0.02 

37 0.27 8 0.5 0.03 0.97 0.2 0.05 

38 0.27 8 0.5 0.03 0.97 0.3 0.02 

39 0.27 8 0.5 0.03 0.97 0.27 0.02 

40 0.21 8.88 0.48 0.09 0.91 0.3 0.03 

41 0.28 7.86 0.5 0.04 0.96 0.38 0.03 

42 0.27 8 0.5 0.03 0.97 0.2 0.08 

43 0.3 4.89 0.5 0.03 0.97 0.25 0.03 

44 0.28 7.9 0.5 0.03 0.97 0.22 0.06 

45 0.27 8 0.5 0.03 0.97 0.36 0.03 

46 0.43 5.69 0.48 0.05 0.95 0.38 0.03 

47 0.27 8 0.5 0.03 0.97 0.31 0.02 

48 0.44 5.52 0.48 0.05 0.95 0.35 0.03 

49 0.31 7.48 0.5 0.03 0.97 0.4 0.03 

50 0.27 8 0.5 0.03 0.97 0.4 0.03 

51 0.2 9.28 0.48 ' 0.1 0.9 0.4 0.03 
I--' 

Continue .... 00 
W 
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52 0.27 8 0.5 0.03 0.97 0.31 0.04 ~ 
53 0.27 8 0.5 0.03 0.97 0.4 0.03 ~ 

~ 

54 0.27 8 0.5 0.03 
Id 

0.97 0.32 0.01 >< 
55 0.27 8.03 0.48 0.07 0.93 0.4 0.03 > 
56 0.23 8.65 0.49 0.07 0.93 0.38 0.03 
57 0.05 1l.9 0.43 0.25 0.75 0.4 0.03 
58 0.26 8.17 0.5 0.04 0.96 0.35 0.02 
59 0.24 8.19 0.47 0.1 0.9 0.25 0.02 
60 0.52 4.3 0.46 0.06 0.94 0.25 0.02 
61 0.14 9.81 0.47 0.14 0.86 0.26 0.03 

62 0.16 9.95 0.47 0.14 0.86 0.4 0.03 

63 0.26 8.15 0.5 0.04 0.96 0.3 0.01 

64 0.25 8.43 0.49 0.05 0.95 0.38 0.03 

65 0.27 8 0.5 0.03 0.97 0.38 0.03 

66 0.19 9.14 0.48 0.1 0.9 0.37 0.03 

67 0.24 8.51 0.49 0.06 0.94 0.39 0.03 

68 0.33 7.95 0.49 0.05 0.95 0.2 0.08 

69 0.42 7.21 0.49 0.04 0.96 0.33 0.03 

70 0.25 8.27 0.5 0.05 0.95 0.25 0.06 

71 0.26 8.11 0.5 0.04 0.96 0.4 0.03 

72 0.2 8.84 0.49 0.08 0.92 0.37 0.03 

73 0.76 6 0.47 0.07 0.93 0.23 0.04 

I ...-
Continue. ••. 00 

~ 
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74 0.27 8 0.5 0.03 0.97 0.3 0.02 ~ 
75 0.3 7.51 0.5 0.03 

l'J!j 

0.97 0.37 0.03 ~ 
76 0.34 8.12 0.48 0.07 0.93 0.26 0.05 S< 

>-77 0.7 5.86 0.47 0.07 0.93 0.39 0.03 
78 0.33 7.92 0.49 0.05 0.95 0.29 0.03 
79 0.17 9.53 0.47 0.12 0.88 0.4 0.03 
80 0.27 8 0.5 0.03 0.97 0.4 0.03 
81 1 5 0.45 0.09 0.91 0.3 0.01 
82 0.82 5.74 0.47 0.08 0.92 0.26 0.02 
83 0.58 5.39 0.47 0.06 0.94 0.31 0.02 
84 0.6 6.66 0.48 0.06 0.94 0.23 0.02 
85 0.32 7.17 0.48 0.07 0.93 0.38 0.03 
86 0.29 8 0.5 0.04 0.96 0.26 0.02 
87 0.37 6.55 0.49 0.04 0.96 0.25 0.02 
88 0.42 7.25 0.48 0.06 0.94 0.24 0.02 
89 0.28 8.04 0.48 0.08 0.92 0.35 0.03 
90 0.09 10.2 0.46 0.16 0.84 0.4 0.03 
91 0.25 8.36 0.49 0.06 0.94 0.4 0.03 
92 0.27 8 0.5 0.03 0.97 0.4 0.03 
93 0.09 11.17 0.44 0.21 0.79 0.4 0.03 
94 0.24 8.43 0.49 0.05 0.95 0.4 0.03 
95 0.05 11.9 0.43 0.25 0.75 0.4 0.03 ....... 

00 Continue. ... l.I\ 
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96 0.12 10.07 0.46 0.15 

97 0.27 8 O.S 0.03 

98 0.26 8.23 O.S 0.04 

99 0.25 8.43 0.49 0.05 

100 0.05 11.9 0.43 0.25 

101 0.24 8.56 0.49 0.06 

102 0.46 6.36 0.48 0.05 

103 1 5 0.45 0.09 

104 0.S1 7 0.48 0.05 

lOS 0.36 7.02 0.49 0.04 

106 0.41 7.5 0.49 0.05 

107 0.76 6.43 0.45 0.12 

108 0.61 6.73 0.47 0.07 

109 0.69 6.46 0.47 0.08 

110 1 6.73 0.47 0.07 

111 0.24 8.56 0.49 0.06 
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Table A4 Summary of the topographic information for each sub-area ofPSRM-QUAL 

Name Areas Proportinate Overland Slope 
(arceas) Extent (%) Flow Lengb (%) 

(feet) 

Sub-area 1 17.571 4.227 639.7 2.82 

Sub-area 2 11.531 2.774 297.1 2.86 

Sub-area 3 26.357 6.341 591.8 3.66 

Sub-area4 1.098 0.264 240.5 0.43 

Sub-area 5 17.022 4.095 435 2.96 

Sub-area 6 8.786 2.114 416 3.48 

Sub-area 7 8.786 2.114 398.2 4.11 

Sub-area8 8.511 2.048 335.2 2.77 

Sub-area 9 7.962 1.916 321.2 5.15 

Sub-areal0 11.257 2.708 446.3 5.34 

Sub-area 11 22.788 5.482 570.7 4.53 

Sub-area 12 7.962 1.916 492.4 4.88 

Sub-area 13 11.257 2.708 526.9 3.33 

Sub-area 14 10.433 2.51 657.5 4.72 

Sub-area 15 14.826 3.567 389.4 3.18 

Sub-area 16 11.257 2.708 236.6 4.45 

Sub-area 17 2.196 0.528 139.9 2.28 

Sub-area 18 13.179 3.17 500.7 4.09 

Sub-area 19 21.964 5.284 474.7 4.71 

Sub-area 20 7.413 1.783 246.3 3.79 

Sub-area 21 1.922 0.462 170.4 4.98 

Sub-area 22 22.788 5.482 536.6 2.51 

Sub-area 23 12.08 2.906 422.3 4.24 

Sub-area 24 6.315 1.519 378.7 4.84 

Sub-area 25 20.866 5.02 661.85 5.79 

Sub-area 26 28.279 6.803 651.69 4.97 

Sub-area 27 5.217 1.255 344.15 2.81 

Continue. ••. 
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Table A4 Summary of the topographic information for each sub-area ofPSRM-QUAL 

Sub-area 28 11.806 2.84 209 4.94 

Sub-area 29 4.393 1.057 258.65 2.93 

Sub-area 30 22.239 5.35 435.8 3.49 

Sub-area 31 22.513 5.416 660.29 4.21 

Sub-area 32 15.1 3.633 298.6 5.43 

Sub-area 33 0.03 0 18.7 0.01 
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Table A 5 Summary of the hydrologic information for each sub-area ofPSRM-QUAL 

Name SCS Curve Manning' N Saturated Soil Porosity 
Number Hydraulic 

Conductivity 
(inlhr)--=z 

Sub-area 1 72 0.25 0.27 0.46 

Sub-area 2 80 0.21 0.27 0.45 

Sub-area 3 76 0.27 0.26 0.47 

Sub-area4 81 0.2 0.27 0.45 

Sub-area 5 80 0.24 0.29 0.46 

Sub-area 6 79 0.33 0.27 0.45 

Sub-area 7 78 0.37 0.32 0.46 

Sub-area8 74 0.3 0.27 0.45 

Sub-area 9 76 0.37 0.27 0.45 

Sub-area 10 77 0.39 0.29 0.46 

Sub-area 11 76 0.33 0.26 0.46 

Sub-area 12 75 0.34 0.28 0.45 

Sub-area 13 66 0.3 0.25 0.46 

Sub-area 14 73 0.36 0.27 0.46 

Sub-area 15 75 0.2 0.32 0.46 

Sub-area 16 77 0.28 0.31 0.46 

Sub-area 17 78 0.24 0.82 0.45 

Sub-area 18 73 0.26 0.32 0.46 

Sub-area 19 75 0.35 0.45 0.47 

Sub-area 20 73 0.3 0.96 0.45 

Sub-area 21 80 0.28 0.65 0.46 

Sub-area 22 75 0.26 0.29 0.46 

Sub-area 23 78 0.27 0.41 0.46 

Sub-area 24 70 0.37 0.26 0.47 

Sub-area 25 68 0.39 0.24 0.47 
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Table A 5 Summary of the hydrologic infonnation for each sub-area ofPSRM-QUAL 

Sub-area 26 75 0.39 0.27 0.47 

Sub-area 27 74 0.14 0.27 0.46 

Sub-area 28 73 0.31 0.25 0.46 

Sub-area 29 77 0.29 0.5 0.45 

Sub-area 30 76 0.36 0.37 0.45 

Sub-area 31 74 0.4 0.57 0.45 

Sub-area 32 74 0.39 0.54 0.46 

Sub-area 33 100 0.9 0.54 0.46 
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Table A6 Data for day length VS. latitude from Thornthwaite and Mather (1955) 

N.Lat 
0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

26.00 

27.00 

28.00 

29.00 

30.00 

31.00 

32.00 

33.00 

34.00 

35.00 

36.00 

37.00 

38.001 

39.00 

40.00 

41.00 

42.00 

43.00 

44.00 

45.00 

46.00 

47.00 

48.00 

49.00 

50.00 

J F M A 

1.04 0.94 1.04 1.01 

1.02 0.93 1.03 1.02 

1.00 0.91 1.03 1.03 

0.97 0.91 1.03 1.04 

0.95 0.90 1.03 1.05 

0.93 0.89 1.03 1.06 

0.92 0.88 1.03 1.06 

0.92 0.88 1.03 1.07 

0.91 0.88 1.03 1.07 

0.91 0.87 1.03 1.07 

0.90 O. 87 1.03 1.08 

0.90 0.87 1.03 1.08 

M J 

1.04 1.01 

1.06 1.03 

1.08 1.06 

1.11 1.08 

1.13 1.11 

1.15 1.14 

1.15 1.15 

1.16 1.15 

1.16 1.16 

1.17 1.16 

1.18 1.17 

1.18 1.18 

J 

1.04 

1.06 

1.08 

1.12 

1.14 

1.17 

1.17 

1.18 

1.18 

1.19 

1.20 

1.20 

0.89 0.86 1.03 1.08 1.19 1.19 1.21 

0.88 0.86 1.03 

0.88 0.85 1.03 

0.87 0.85 1.03 

0.87 0.85 1.03 

0.86 0.84 1.03 

0.85 0.84 1.03 

0.85 0.84 1.03 

0.84 0.83 1.03 

0.83 0.83 1.03 

0.82 0.83 1.03 

0.81 0.82 1.02 

0.81 0.82 1.02 

0.80 0.81 1.02 

0.79 0.81 1.02 

0.77 0.80 1.02 

0.76 0.80 1.02 

0.75 0.79 1.02 

0.74 0.78 1.02 

1.09 1.19 1.20 1.22 

1.09 1.20 1.20 1.22 

1.09 1.21 1.21 1.23 

1.10 1.21 1.22 1.24 

1.10 1.22 1.23 

1.10 1.23 1.24 

1.11 1.23 1.24 

1.11 1.24 1.25 

1.11 1.25 1.26 

1.12 1.26 1.27 

1.12 1.26 1.27 

1.13 1.27 1.29 

1.13 1.28 1.29 

1.13 1.29 1.31 

1.14 1.30 1.32 

1.14 1.31 1.33 

1.14 1.32 1.34 

1.15 1.33 1.36 

1.25 

1.25 

1.26 

1.27 

1.27 

1.28 

1.28 

1.30 

1.31 

1.32 

1.33 

1.34 

1.35 

1.37 

The values for this lattitude was used for Foster Creek Watershed 

A 

1.04 

1.05 

1.07 

1.08 

1.11 

1.12 

1.12 

1.13 

1.13 

1.13 

1.14 

1.14 

1.15 

1.15 

1.16 

1.16 

1.16 

1.17 

1.17 

1.18 

1.18 

1.19 

1.19 

1.19 

1.20 

1.21 

1.22 

1.22 

1.23 

1.24 

1.25 

s o N 

1.01 1.04 1.01 

1.01 1.03 0.99 

1.02 1.02 0.98 

1.02 1.01 0.95 

1.02 1.00 0.93 

1.02 0.99 0.91 

1.02 0.99 0.91 

1.02 0.99 0.90 

1.02 0.98 0.90 

1.03 0.98 0.89 

1.03 0.98 0.89-

1.03 0.98 0.88 

1.03 0.97 0.88 

1.03 0.97 0.86 

1.03 0.97 0.86 

1.03 0.97 0.86 

1.03 0.97 0.86 

1.03 0.97 0.85 

1.04 0.96 0.84 

1.04 0.96 0.84 

1.04 0.96 0.83 

1.04 0.96 0.83 

1.04 0.96 0.82 

1.04 0.95 0.82 

1.04 0.95 0.80 

1.04 0.94 0.79 

1.04 0.94 0.79 

1.04 0.93 0.78 

1.05 0.93 0.77 

1.05 0.93 0.76 

1.06 0.92 0.76 

D 

1.04 

1.02 

0.99 

0.97 

0.94 

0.91 

0.91 

0.90 

0.90 

0.89 

0.88 

0.88 

0.87 

0.86 

0.86 

0.85 

0.84 

0.83 

0.83 

0.82 

0.81 

0.81 

0.80 

0.79 

0.76 

0.75 

0.74 

0.73 

0.72 

0.71 

0.70 
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Figure B-1 The effect of relative soil saturation on simulated hydrographs (KlNEROS) 
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Figure B-3 The effect of channel manning's N on the simulated hydrgraphs (KINEROS) 
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Figure B-4 The effect of interception depth on simulated hydrograpb (KINEROS). 
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Figure B-5 The effect of infiltration recession factor on simulated hydrographs 
(KINEROS). 
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Figure B-7 The effect of saturated hydraulic conductivity on the simulated hydrographs 
(PSRM-QUAL) 
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Figure B-9 The effect of the manning's N of overland on the simulated hydrographs 
(PSRM-QUAL). 
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Figure B-11 The effect of sinuousity factor on the simulated hydrographs 
(PSRM-QUAL). 
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Figure B-12 The effect of Muskingum's weighting factor on the simulated hydrographs 
(PSRM-QUAL) 
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Figure C-20 A sample verification run (9/21/1966) 
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Figure C-23 A sample verification run (5/14/1967) 
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Table D-l (a) Parts ofRainfaU Input file for KINEROS 

KINEROS Rainfall Input Data 

• 
Gage Network Data RAIN EVENT OF26-06-6S: GAGE 83 

++++++++++ ... + ••• + •••••• ++ ........ 

f 
NtlM. OF RAINGAGES 

eNGAGES) 
--------

1 

MAX. NtlM. OF TIME-DEPTH DATA PAIRS FOR ALL GAGES 
(MAXND) 

20 
t 
There must be NELE pairs of (GAGE WEIGHT) data 

• 
ELE. NOM. (J) RAINGAGE WEIGHT 
------------- --------

1 1 1.0 
2 1 1.0 
3 1 1.0 
... ... 
• ... * 

105 1 1.0 
106 1 1.0 
107 1 1.0 
108 1 1.0 
109 1 1.0 
110 1 1.0 
111 1 1.0 

t 
.+ ................................ * ........... +++ .... *.* 

Rainfall Data 
................................................................... 

f 

There must be NGAGES sets of rainfall data. Repeat lines from • to ... 
for each gage inserting a variable number of TIME-DEPTH data pairs 
(see example in User Manual). 

... ALPHA-NUMERIC GAGE ID: WALNUT GULCH GAGE fS3 - GAGE NOM. 1 
t 

I 

• 

GAGE NtlM. NUM. OF DATA PAIRS (ND) 

1 20 

There must be ND pairs of time-depth (T D) data: NOTE: The last time 
must be greater than TFIN (the total computational time) 

TIME ACCUM. DEPTH 

0.0 0 
3.0 0.05 
6.0 0.14 

10.0 O.lS 
19.0 0.45 
22.0 0.6 
30.0 0.73 
35.0 O.S 
39.0 0.S5 
57.0 0.S8 
60.0 0.95 
66.0 1.09 
70.0 1.15 
74.0 1.27 
86.0 1.3 
90.0 1. 34 
98.0 1.35 

101.0 1.41 
110.0 1.42 
300.0 1. 42 

229 



APPENDIX D 

Table D-1 (b) Parts of Parameter Input file For KINEROS 
KINEROS Parameter 260668 Input File 

I 

*.......... S Y S T EM········ .................................. 

I 

NELE 
110 

NRES 
1 

NPART 
o 

CLEN 
1283.3 

TFIN 
240. 

.** ••••••••• * ••• *** •••••••••••••••• 
••• * ••••• 0 P T ION S .* ••••••••• 
* •• ** ••••••••• * ••••• *** •••••• * •• *.* 

NTlME NUNITS 
2 1 

I 

NEROS 
o 

DELT 
1.9 

*.** COM PUT A T ION o R D E R 

THETA 
0.8 

***. 
•• *** ••••• * •• *.****.* ••••• ********.** •• *******. 

There must be NELE elements in the list. NLOG 
must be sequential. ELEMENT NUM. need not be. 

COMPo ORDER 
(NLOG) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

ELEMENT 
NUM. (J) 

34 
35 
36 
1 
37 
38 
39 
2 
40 
41 
3 
42 
43 
44 
4 
45 
46 
5 
47 
48 
49 
6 
50 
51 
7 
52 
53 
54 
8 
55 
56 
9 
57 
58 
10 
59 
60 
11 
61 
62 
12 
63 
64 
65 
13 
66 
67 
14 
68 
69 
70 

TEMP 
-1. 
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52 15 
53 71 
54 72 
55 16 
56 73 
57 74 
58 75 
S9 17 
60 76 
61 77 
62 78 
63 18 
64 79 
65 80 
66 19 
67 81 
68 82 
69 83 
70 20 
71 84 
72 85 
73 21 
74 86 
75 87 
76 88 
77 22 
78 89 
79 90 
80 23 
81 91 
82 92 
83 24 
84 94 
85 93 
86 25 
87 96 
88 95 
89 26 
90 97 
91 98 
92 99 
93 27 
94 100 
95 101 
96 28 
97 102 
98 103 
99 104 
100 29 
101 105 
102 106 
103 107 
104 ' 30 
105 108 
106 109 
107 31 
108 110 
109 111 
110 32 

There must be NELE sets of the ELEMENT-w[SE prompts and data 
records; duplicate records from ~ to + for each element. The 
elements may be entered in any order. 

NU 
34 

XL 
780.65 

NR 
36 

W 
0.0 

NL 
35 

S 
0.02 

NCI 
o 

ZR 
3.0 

NC2 NCASE NPRINT NPNT 
o 1 0 0 

ZL BW DIAM R1 
3.0 12.0 0.0 0.09 

NRP 
o 

R2 
0.0 

-------------------------------------------------------------------
FMIN G POR SI SMAX ROC RECS DINTR 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

LAW CF CG CH Co-CS D50 RHOS PAVE SIGMAS 
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0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
+ 

J NU NR NL NC1 NC2 NCASE NPRINT NPNT NRP 
2 37 39 38 0 0 1 1 0 0 

-------------------------------------------------------------------
XL W S ZR ZL BW DIAM R1 R2 

620.6 0.0 0.03 3.0 3.0 12.0 0.0 0.09 0.0 
-------------------------------------------------------------------

FMIN G POR SI SMA>:: ROC RECS DINTR 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

-------------------------------------------------------------------
LAW CF CG CH Co-CS D50 RHOS PAVE SIGMAS 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
+ 

J NU NR NL NC! NC2 NCASE NPRINT NPNT NRP 
3 0 41 40 1 2 1 1 0 0 

-------------------------------------------------------------------
XL W S ZR ZL BW DIAM Rl R2 

1267.4 0.0 0.02 3.0 3.0 12.0 0.0 0.09 0.0 
-------------------------------------------------------------------

FMIN G paR SI SMAX ROC RECS DINTR 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

-------------------------------------------------------------------
LAW CF CG CH Co-CS D50 RHOS PAVE SIGMAS 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.0 3.0 12.0 0.0 0.09 0.0 

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

+ 

FMIN 
0.0 

LAW 
o 

G 
0.0 

CF 
0.0 

paR 
0.0 

CG 
0.0 

SI SMAX 
0.0 0.0 

CH CO-CS 
0.0 0.0 

ROC RECS DINTR 
0.0 0.0 0.0 

D50 RHOS PAVE SIGMAS 
0.0 0.0 0.0 0.0 

-------------------------------------------------------------------
LAW CF CG CH 

0 0.0 0.0 0.0 
... ... 
... ... 
... ... 

J NU NR NL NCl 
106 0 0 0 0 

XL W S ZR 
541.0 1016.8 0.036 0.0 

FMIN G POR SI 
0.21 7.5 0.49 0.60 

Co-CS 
0.0 

NC2 
0 

ZL 
0.0 

SMA>:: 
0.95 

050 RHOS 
0.0 0.0 

... 

... 
+ 

NCASE NPRINT 
0 1 

BW DIAM 
0.0 0.0 

ROC RECS 
0.0 0.5 

PAVE SIGMAS 
0.0 

+ 
... 
... 

NPNT 
0 

Rl 
0.4 

DINTR 
0.03 

0.0 
... 
+ 
... 

NRP 
0 

R2 
0.0 

-------------------------------------------------------------------
LAW CF CG CH 

0 0.0 0.0 0.0 

J NU NR NL NCl 
107 0 0 0 0 

XL W S ZR 
307.0 545.3 0.056 0.0 

FMIN G paR SI 
0.38 6.43 0.45 0.62 

Co-CS 
0.0 

NC2 
0 

ZL 
0.0 

SMA>:: 
0.91 

D50 RHOS 
0.0 0.0 

NCASE NPRINT 
0 1 

BW DIAM 
0.0 0.0 

ROC RECS 
0.0 0.5 

PAVE SIGMAS 
0.0 

NPNT 
0 

R1 
0.4 

DINTR 
0.03 

0.0 

NRP 
0 

R2 
0.0 

-------------------------------------------------------------------
LAW CF CG CH Co-CS D50 RHOS PAVE SIGMAS 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .. 
... 

J NU NR NL NC1 NC2 NCASE NPRINT NPNT NRP 
108 0 0 0 0 0 0 1 0 0 
-------------------------------------------------------------------

XL W S ZR ZL BW DIAM R1 R2 
218.7 1257.7 0.048 0.0 0.0 0.0 0.0 0.4 0.0 

FMIN G POR SI SMA>:: ROC RECS DINTR 
0.31 6.73 0.47 0.05 0.93 0.0 0.5 0.03 
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LAW CF CG CH CO-CS 050 RHOS PAVE SIGMAS 
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

... 

... 
J NU NR N'L NCl NC2 NCASE NPRINT NPNT NRP 

109 0 0 0 0 0 0 1 0 0 
-------------------------------------------------------------------

XL W S ZR ZL BW OIAM Rl R2 
270.0 752.8 0.073 0.0 0.0 0.0 0.0 0.4 0.0 

-------------------------------------------------------------------
FMIN G POR SI SMA}{ ROC RECS OINTR 
0.35 6.46 0.47 0.05 0.92 0.0 0.5 0.03 

LAW CF CG CH Co-CS 050 RHOS PAVE SIGMAS 
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

... 
J NU NR NL NCl NC2 NCASE NPRINT NPNT NRP 

110 0 0 0 0 0 0 1 0 0 
-------------------------------------------------------------------

XL W S ZR ZL BW DIAM Rl R2 
23.3 56.0 0.01 0.0 0.0 0.0 0.0 0.4 0.0 

-------------------------------------------------------------------
FMIN G POR SI SMA}{ ROC RECS OINTR 
0.03 11.9 0.43 0.57 0.75 0.0 0.5 0.03 

-------------------------------------------------------------------
LAW CF CG CH Co-CS 050 RHOS PAVE SIGMAS 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

... 
J NU NR NL NCl NC2 NCASE NPRINT NPNT NRP 

111 0 0 0 0 0 0 1 0 0 
-------------------------------------------------------------------

XL W 
23.3 55.8 

FMIN G 
0.03 11.9 

LAW 
o 

CF 
0.0 

S ZR ZL BW OIAM Rl R2 
0.01 0.0 0.0 0.0 0.0 0.4 0.0 

POR 51 SMAX ROC REC5 DINTR 
0.43 0.59 0.75 0.0 0.5 0.03 

CG 
0.0 

CH Co-CS 
0.0 0.0 

050 RHOS PAVE SIGMAS 
0.0 0.0 0.0 0.0 
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Table D-2 Parts of Parameter Input File For PSRM-QUA:L 
NHL NA NRES NRG NNRG NPRT NOBS NST NWG EXW I PCS 
1 33 0 1 0 1 0 1 1 2.0 2 
This is the first run 
ST TR PRl DT OTR TB STT 
1 350.0 10.0 1.03 10.0 0.00 0.0 
STONI STONZ STCNI STeNZ STOIA STOSI STOS2 STCTS 
0.110 0.250 99.5 78.0 0.218 0.06 0.00 1.10 
STLU STML STIL STSW STSI STFR STUK STUC 

STHX 
0.40 
STUi' 

1 30 5 5.0 2.00 0,80 0.200 1.000 1.000 
STKS STIS STCO STCF STCS STOK STSF 
0.090 0.40 0.56 0.35 0.67 0.30 1.00 

Rain Gage Data NS ID NPT STR XRG YRG Raingage Name 
1 1 11 0.0 0.00 0.00 a 

0.18 0.32 0.23 0.12 0.02 0.08 0.2 0.14 0.05 0.07 0.01 
Subareas for Hydrograph OUtput 

33 
Organic Materials 

a , b 
10.00000 10.00000 

Sub. No. Area Length Slope Imp.Fr. X-Coord Y-Coord 
1 17.57 639.7 0.028 0.00 
2 11.53 297.0 0.028 0.00 
3 26.36 591.8 0.036 0.00 
4 1.10 240.5 0.043 0.00 
5 17.00 435.0 0.029 0.00 

* 
29 
30 
31 
32 
33 
1. D. 

1 
2 
3 
4 
5 

* 
29 
30 
31 
32 
33 
1.0. 

1 
2 
3 
4 
5 

" 
* 

29 
30 
31 
32 
33 

1.0. 
1 
2 
3 
4 
5 

* 

'* 

* 

4.40 
22.20 
22.50 
15.10 

258.7 0.029 0.00 
435.8 0.035 0.00 
660.3 0.042 0.00 
298.6 0.054 0.00 

0.01 
nl 

-1.000 

8B.7 0.021 0.00 
02 CN1 CN2 IA 

-1. 000 
-1.000 
-1.000 
-1.000 

-1.000 -1.0 64.0 -1.00 
0.210 -1.0 67.0 -1.00 
0.270 -1.0 64.0 -1.00 
0.200 -1.0 68.0 -1.00 
0.240 -1.0 67.0 -1.00 

* 

-1.000 0.290 
0.360 
0.400 
0.390 
0.390 

-1.000 
-1.000 
-1. 000 
-1.000 

LU HL 
1.0 30. 
1. a 30. 
1.0 30. 
1.0 30. 

IL 
5. 
5. 
5. 
5. 
5. 1. 0 30. 

1.0 
1.0 
1.0 
1.0 
1.0 
KS 

0.27 
0.27 
0.26 
0.27 
0.29 

" 
30. 5. 
30. 5. 
30. 5. 
30. 5. 
30. 5. 
IS CD 

0.126 0.56 
0.199 0.56 
0.156 0.56 
0.212 0.56 
0.190 0.56 

-1.0 
-1.0 
-1.0 
-1.0 
-1.0 

SW 
5.0 
5.0 
5.0 
5.0 
5.0 

64.0 -1. 00 
64.0 -1. 00 
62.0 -1.00 
64.0 -1.00 
65.0 -1.00 
SI FR 

2.00 O.BO 
2.00 0.80 
2.00 0.80 
2.00 O.BO 
2.00 0.80 

* * 

5.0 
5.0 
5.0 
5.0 
5.0 
CF 

0.35 
0.35 
0.35 
0.35 
0.35 

" 

* 
'* 

2.00 
2.00 
2.00 
2.00 
2.00 

CS 
0.67 
0.67 
0.67 
0.67 
0.67 

* 

0.80 
0.80 
0.80 
0.80 
0.80 

OK 
0.30 
0.30 
0.30 
0.30 
0.30 

29 0.50 0.164 0.56 0.35 
30 0.37 0.157 0.56 0.35 
31 0.57 0.140 0.56 0.35 
32 0.54 0.140 0.56 0.35 
33 0.54 0.024 0.56 0.35 

0.67 
0.67 
0.67 
0.67 
0.67 
PT 

0.30 
0.30 
0.30 
0.30 
0.30 

DRAIN.ELEH.OATA KP CAP NAP(l) 

7.85 2.37 
10.90 2.50 

9.10 4.27 
13.20 2.10 
15.15 3.10 

* 
5.10 
3.40 
6.20 
8.70 

10.40 
OEPI 

-1.00 
-1.00 
-1.00 
-1.00 
-1.00 

-1.00 
-1.00 
-1.00 
-1.00 
-1.00 

UK 
0.20 
0.20 
0.20 
0.20 
0.20 

* 
* 

0.20 
0.20 
0.20 
0.20 
0.20 

SF 
1.07 
1.07 
1.07 
1.07 
1.07 

1.07 
1.07 
1.07 
1.07 
1.01 

12.90 
14.40 
14 .50 
14.70 
14.70 

DEP2 CTS MX 
-1.00 -1.00 -1.00 
-1.00 -1.00 -1.00 

0.06 -1.00 -1.00 
-1.00 -1.00 -1.00 
-1.00 0.00 -1.00 

" 
-1.00 -1.00 -1.00 
-1.00 -1.00 -1.00 
-1.00 -1.00 -1.00 
-1.00 -1.00 -1.00 
-1.00 -1.00 -1.00 
UC UP 

1.00 1.00 
1.00 LOO 
1.00 1.00 
1.00 1.00 
1.00 1. 00 

* 
1.00 1.00 
1.00 LOa 
1. 00 1.00 
LOO LOa 
LOa 1.00 

NAP (2) NAP(3) 

234 
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1 0 297.3 7.9 0 0 0 
2 0 364.8 5.2 0 0 0 
3 2 297.3 12.8 1 2 0 
4 0 364.0 8.0 0 0 0 
5 1 364.0 3.6 4 0 0 
6 0 222.2 7.1 0 0 0 
'1 2 420.4 1.8 5 6 0 
8 0 420.4 4.4 0 0 0 
9 2 297.3 7.9 7 a 0 

10 1 297.2 2.9 9 0 0 
11 1 291.3 2.6 3 0 0 
12 2 210.3 4.2 10 11 0 
13 0 210.2 11.3 0 0 0 
14 2 291.3 11. 6 12 13 0 
15 0 291.3 8.6 0 0 0 
16 1 297.3 10.4 15 0 0 
11 0 470.1 4.4 0 0 0 
18 0 210.3 7.8 0 0 0 
19 2 364.0 2.6 17 18 0 
20 0 ·nO.1 1.3 0 0 0 
21 1 297.3 2.3 20 0 0 
22 0 297.3 9.0 0 0 0 
23 :2 210.3 5.7 21 22 0 
24 2 297.3 7.1 19 23 0 
25 2 210.3 9.8 16 24 0 
26 2 211.2 4.7 14 25 0 
27 a 420.4 9.1 0 0 0 
28 2 420.4 1.0 26 27 a 
29 0 420.4 5.9 0 0 0 
30 0 211.0 11.0 0 0 0 
31 2 297.3 10.0 29 30 0 
32 2 210.2 O.S 28 31 0 
33 1 400.0 0.1 32 0 0 

End of Input 
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