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 A hydrologic model and watershed export model was used to estimate the loading 

of nutrients and total suspended solids from un-gaged local watersheds associated with 

Lake Texoma.  Discharge to the reservoir from local watersheds was predicted using a 

modification of the curve number method in HEC Hydrologic Modeling System (HEC-

HMS).  Event mean concentrations were applied to land use to estimate loadings of 

nutrients and TSS.  Total discharge from the local watersheds was estimated to be 3.02 x 

107 cubic meters for a study window of March 1 to May 31, 1997, less than 10 percent of 

the input to the lake from the Red River and Washita River systems.  Loadings were 

estimated to be 33,553 kg nitrogen, 4,401 kg phosphorus, and 3,423,140 kg TSS.   The 

models and results obtained from their application  appear to have potential utility for use 

in a water quality management decision support system for the reservoir. 
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INTRODUCTION 

Simulation models are useful tools for analysis of environmental processes and their 

interactions.  In the absence of measured data, simulation models can provide valuable 

information about the influence upstream activities can have on receiving water bodies, such as 

lakes and reservoirs.   

Watershed hydrology is an important component of expected river flows, which is a 

fundamental component of the river and reservoir modeling process (Goodwin and Hardy, 1999).  

Because of the physical, spatial, and temporal connections between lakes and watersheds 

associated with the lake, the hydrological inputs, such as flow and point and nonpoint source 

pollution, of the watershed must be determined to fully understand the processes.  Creation of an 

integration of the watershed-lake process can facilitate the understanding of watershed processes 

and ultimately the decisions about the management of the lake. 

The hydrology of a watershed depends on a complex interaction of land cover, climate, 

soils, topography, channel characteristics, and groundwater (Mastin, 1996).  The variability of 

these properties and their interactions can increase the difficulty to accurately simulate the 

resulting hydrology, especially when there is little or no monitored data to support or calibrate 

the model.  A popular method to model runoff depth during a storm event for ungaged 

watersheds is the curve number method, a well documented empirical set of relationships 

between rainfall, land-use characteristics, and runoff depth (USDA-SCS, 1986).  Land-use 

information can also be applied to the runoff calculations to estimate non-point source pollution. 

Lake Texoma has been the subject of studies to assess and manage the physical, 

chemical, and biological processes within the lake (Atkinson et al., 1999).  Any such study of 

lake management should include an understanding of the watershed and lake inputs, as 
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watersheds play an integral part in determining water quality and quantity of receiving water 

bodies.  “Water [from watersheds], together with salts and organic matter released during its 

passage through watersheds has a major impact on the chemical characteristics and the aquatic 

biota” (Kalff, 2002).  The purpose of this project was to develop a watershed modeling module 

in a decision support system for managing water quality in Lake Texoma.  This module will 

incorporate a geographic information system (GIS) and a watershed model to provide input to 

the other components of the decision support system, the hydrodynamics and water quality 

models of the reservoir.  These models (Garcia, 2004) correspond to the other component of the 

decision support tools. 

Study Area and Problem Statement 

Lake Texoma’s watershed occupies approximately 39,580 square miles, spanning the 

southwestern portion of Oklahoma and a portion of the Texas Panhandle, with the headwaters 

beginning in New Mexico and are diverse in size and in many important physical aspects, 

including soil types, land use and land cover, and precipitation (Figure 1).  Two major river 

systems drain the area – the Red River and the Washita River.  The Red River forms a boundary 

between Oklahoma and Texas.  The headwaters of the Washita begin in the Texas Panhandle and 

run north of the Red River.  A dam near the confluence of the Red River and Washita River form 

Lake Texoma.  The drainage to Lake Texoma is monitored by two gages operated by the U.S. 

Geological Survey at Gainesville, Texas on the Red River since 1936 (USGS 07316000) and at 

Dickson, Oklahoma on the Washita River since 1928 (USGS 07331000) (USGS, Retrieved 

1/12/03).   

One major property of the Red River watershed is the contribution to high salinity of the 

Red River.  The salinity is derived from Permian marine sediments in its western reaches and has 
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rendered the Red River unfit for many agricultural uses and has been examined concerning its 

influence on Lake Texoma water quality due to high loadings of calcium carbonate, calcium 

sulfate, and sodium chloride (Clyde, 2002). The Red River Arm of Lake Texoma has higher 

salinity than the Washita Arm, which appears to be influenced by less-understood chloride 

inputs. 

 

Figure 1.  Lake Texoma’s watershed extends across the Texas panhandle and Western Oklahoma.  The watersheds 
that will be modeled correspond to darker area surrounding Lake Texoma. 
 

Measurement of other loadings in the lake from the Red River and Washita River include 

sediments, nitrogen, and phosphorus (USGS, Retrieved 1/12/03).  Atkinson et al. (1999) found 

that nutrient loading to the reservoir is dictated to a large extent by the two major riverine 

systems but delivery rates and overall effect on lake water quality – both temporally and spatially 
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– are poorly understood at this time.  Therefore, integrating existing data with models could 

enhance lake management efforts.   

To simulate many of the Lake’s processes, the USGS gages were used as the boundary 

conditions for the lake.  However, some variation in the lake processes could not be explained by 

these boundary conditions alone.  The multiple creeks and streams that drain into Lake Texoma 

directly from local streams and creeks were thought to influence the lake to some degree.  

However, no continuous gages are operating on the streams and creeks in the local watersheds, 

defined as USGS hydrologic unit codes 11130210 and 11130304 (Figure 2).  These watersheds  

 

Figure 2.  The local watersheds of Lake Texoma are downstream of the USGS gaging stations 0731000 and 
0731600 and are extensions of the shoreline of the lake. 
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are approximately 1,725 square miles in area and feed directly to the lake through adjacent 

creeks and streams.   

Although the inputs from the immediate watersheds are expected to be small in 

comparison to the inputs from the 38,000 square miles that comprise the Red River and Washita 

River, the proximity of the watersheds do warrant cause for concern that these watersheds could 

have considerable impact to water quality in small embankments near the shoreline of the lake.  

Computer simulations of the runoff from storm events can provide planners and managers with 

an estimate of the impact that activities in the watershed can have on the lake. 

Some water quantity and quality monitoring within the local watersheds was conducted 

in February through September 2003 by the USGS (Masoner, personal communication) and 

provides valuable information about the hydrology and water quality in portions of these local 

watersheds.  This information was used for calibration purposes for a model that provides long-

term continuous simulation, thus creating a daily input of runoff from the watersheds and 

constituents associated with the runoff.  

Research Approach 

Water quality monitoring on Lake Texoma has provided some understanding of reservoir 

processes (Atkinson et al., 1999).  Models of the water quantity and quality of Lake Texoma 

have been created elsewhere (Garcia, draft) as another aspect of the project.   

To test the hypothesis that the local watersheds have some degree of influence on water 

quality in the lake, water quality from the watersheds was estimated using various data sets.  The 

local watersheds were delineated into sub-watersheds and their characteristics were used to 

simulate runoff properties.  This module of the project produced a water quality simulation of the 

sub-watersheds that was additional input to the models of water quantity and quality of Lake 
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Texoma.  Water quality estimates for sub-watersheds may be useful to conduct further data 

collection efforts and subsequently support the Lake Texoma Water Quality model.   

To develop a model of the Lake Texoma’s local watersheds: 

• The local watersheds, defined as hydrologic unit codes (HUC) 11130210 and 11130304, 

were further delineated into sub-watersheds based on the topography of the area and lake 

segments (Red River Transition Zone, Red River Zone, Washita River Transition Zone, 

Washita River Zone, and Main Lake Zone) designated by Atkinson et al.,  (1999), as 

shown in Figure 2.  

• Runoff associated with the delineated sub-watersheds was estimated using the curve 

number method with the Hydrologic Engineering Center Hydrologic Modeling System, 

HEC-HMS.   

o Modifications associated with using the curve number method (USDA-SCS, 

1986) in a continuous simulation were investigated and incorporated into the 

simulation. 

o The predictive capability of the runoff model was investigated using two 

monitoring regimes.  The hydrographs from a historically gaged site, USGS gage 

07329852 (Rock Creek), and from monitoring of six creeks local to Lake Texoma 

(provided by Masoner, personal communication) were used to calibrate the model 

and estimate the error associated with the methodology. 

o The Long-Term Hydrologic Impact Assessment and Non Point Source Pollutant 

Model (L-THIA) was used for simulation of long-term runoff for comparison of 

the weight of influence the sub-watersheds have on Lake Texoma’s water quality. 
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• Non-point source nutrient (nitrogen and phosphorus) and sediment loads from the local 

watersheds were estimated using the modeled flows and literature values of nutrient 

Export Coefficients and Event Mean Concentrations (EMC). 

o The predictive capability of the EMC as a non-point source model was 

investigated using the monitoring of six creeks local to Lake Texoma (provided 

by Masoner, personal communication). 

o L-THIA results were used as a comparison of the estimates of non-point source 

loads. 

Methodology 

In order to simulate hydrologic processes, sub-watersheds were delineated from the 

Digital Elevation Model (DEM) data.  Time-to-concentrations for sub-watersheds were 

determined through a combination of stream slope (velocity) and length using DEM at 30 meter 

resolution for appropriate reach segments defined in the National Hydrography Dataset (NHD).  

The NHD is a feature-based database that interconnects and uniquely identifies the stream 

segments or reaches that comprise the nations surface-water drainage system (Masoner et al., 

2001).  

Simulating hydrologic processes across a watershed involves the calculation of flows and 

water balances between the precipitation and runoff.  The amount of runoff was determined from 

a number of different parameters including precipitation, soil moisture (antecedent moisture 

condition), evaporation, type of soil, and land use (USDA-SCS, 1986). 

The HEC-HMS model used the curve number method, originating from the USDA Soil 

Conservation Service (USDA-SCS, 1986) for estimating runoff volumes based on land use and 

underlying soil conditions.  Curve numbers were calculated as a weighted average for each 
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watershed modeled.  Land use was determined from the National Land Cover Dataset with a 

spatial resolution of 30 meters (USGS, 1992).  Soil conditions were based on the hydrologic 

characteristics of the soil, determined from STATSGO (State Soil Geographic) data (USGS, 

1994a). 

 Historical precipitation from the National Weather Service is reported on a daily basis 

and is accessible through the Internet (NOAA, Retrieved 10/4/03).  Thiessen polygons, an area-

based weighting scheme, were used to estimate rainfall where several precipitation stations were 

located within the vicinity of the watershed. 

Export coefficients were used to determine nutrient and sediment loss for sub-watersheds 

per year as non-point source pollution loads to the lake.  Export coefficients are variable with 

land use and flow characteristics as well as climate, and regional geomorphology (Kalff, 2002).  

Coefficients were determined assuming that the sum of losses from the fraction of individual 

sources is the nutrient load to the local stream each year (Worrall and Burt, 1999).  The reported 

export coefficients (Rast and Lee, 1983) were used to calculate the annual loading of nutrients 

and sediments from the immediate watersheds to Lake Texoma. 

While export coefficients are reported on a yearly basis, the event mean concentration 

(EMC) was used to estimate non-point source loadings by event.  The EMC, a concentration that 

is representative of an entire runoff event, has been measured by land use in several studies, 

including the Corpus Christi Bay National Estuary Program (Baird et al., 1996) where 

concentrations of several constituents were defined by land use from water quality analyses 

performed at the Oso Creek and Seco Creek USGS stream gages in South Texas.  These numbers 

were applied as an expected concentration in other study areas with similar land use to estimate 

constituent loading.  Similar uses of the EMC have been applied in studies of San Antonio – 
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Nueces Costal Basin (Saunders and Maidment, 1996) the Corpus Christi Bay Area of Texas 

(Quenzer and Maidment, 1998) for nutrient and metal loading, and at Tillamook Bay, Oregon 

(Melancon et al., 1999) for fecal coliform loading. 

The USGS (Masoner, personal communication) made a series of measurements for six 

sub-watersheds located within the study area of flow and of the nutrients, nitrogen, and 

phosphorus and total suspended solid concentrations.  The physical and chemical measurements 

of six of the creeks served as further validation and calibration of the curve number method and 

the use of event mean concentration for loads to Lake Texoma. 

L-THIA GIS (Long-Term Hydrologic Impact Assessment) is a grid-based model that also 

uses the curve number method for estimation of the runoff simulated by storm events from the 

NWS to provide a yearly average runoff volume in a distributed format.  This model was used to 

make comparisons about the runoff and non-point source loads results calculated using the 

modified method in HEC-HMS.  Also, this model provides a visualization of the spatial 

distribution of nutrient and sediment sources from the watershed and can assist in identifying 

potential sources of the constituent loads for better estimation of the Total Maximum Daily Load 

(TMDL). 
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LITERATURE REVIEW  

Watershed Management 

Reservoirs are typically constructed at the bottom end of large drainage basins to 

maximize water-collecting potential (Kalff, 2002).  This leads to greater impacts to reservoirs as 

a receiving water in comparison to natural lakes.  Watershed activity can directly affect reservoir 

health and stability and because of this link to watershed activity; understanding of complex 

interactions between aquatic and terrestrial systems becomes an important aspect of lake 

management.  This leads to evaluation of the watershed to develop criteria for effectively 

handling the problems associated with watershed-linked reservoir water quality (Mankin et al., 

2003).   

The management of a water source begins with understanding the nature of the functions 

that comprise a watershed.  Black (1996) offers five functions of a watershed: collection, storage, 

dispersal, chemical pathways, and habitat, each affected by the characteristics of the land and the 

regional climate.  Collection refers to how water behaves in a watershed, and ultimately what 

portion of a rainfall event makes up runoff.  The collection function is variable by the collection 

capacity, and under variable collection functions, different processes may dominate runoff 

behavior.  The storage function determines what percent of the rainfall event will remain in the 

watershed as opposed to becoming runoff.  The storage function characteristics include the 

nature of the storage, saturation conditions, and resistance to leaving the storage.  The dispersal 

function becomes the fate of runoff waters as they are assembled into a hydrograph; water that 

has been collected and stored is poised to become runoff.  Water being the principal medium for 

chemical reactions, the runoff interaction in the watershed becomes an important factor in water 

and habitat quality. 
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 The watershed is seen as a system in dynamic equilibrium, where a change in one of the 

factors in the watershed activity will alter established runoff patterns.  In many cases, the 

alteration in output is too small to notice, however, it is possible to create severe disturbances in 

the balance.  When the balance is altered to a “point of no return”, additional measures are 

required to assist in recovering from a disturbance (Black, 1996). “As a result, the quantity of 

water available for runoff, stream flow and ground water flow, as well as the physical, chemical, 

and biological processes in the receiving water bodies [are] affected” (Tong and Chen, 2002).  

Because alterations can cause severe disturbance, receiving water bodies can be greatly 

influenced by the watershed stressors (Mankin, 2003). 

Water Quantity and Quality Models 

Hydrological simulation models have been developed as tools for analysis of watershed 

processes and their interactions, and for development and assessment of watershed management 

scenarios (He, 2003), and to anticipate their impact on associated water bodies.  Many models 

have been developed for the purpose of simulating watershed rainfall-runoff responses for water 

quantity and quality assessment.  The predictive powers of models to simulate future watershed 

responses to land use changes in the watershed, for example, have been shown to have potential 

impact on watershed management.  Applications of these models have been useful for prediction 

of water and water quality parameters associated with the watershed.  For example, He (2003) 

used a GIS-related version of AGNPS (agricultural nonpoint source pollution model) to simulate 

the downstream water quality response to landuse changes.  The model proved useful for making 

assumptions about the water quality impacts that could be made through development practices 

and helped resource planners to minimize loadings to receiving waters. 
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 During the last 20 years numerous loading and receiving water quality models have been 

developed, and a handful of models have been created that internally link loading and receiving 

water response (Shoemaker, 1997).  Development of loading models and, separately, the 

receiving water models, have continued to show predictive capabilities for water quality. For 

example, The Agricultural Nonpoint Source Pollution Model (AGNPS) was coupled with the 

lake model, BATHTUB, to simulate actual lake water quality of Clinton Lake in Kansas 

(Mankin et al., 2003), demonstrating the benefit and success of coupling a watershed model with 

a lake model to simulate water quality response to changes in watershed management.   

Resent research and development in watershed and receiving models have included 

integrated modeling systems such as the Linked Watershed/Waterbody Model (LWWM) and 

Better Assessment Science Integrating Point and Nonpoint Sources (BASINS) (Shoemaker, 

1997).  LWWM integrates GIS information from ArcInfo to simulate loads and water quantity 

from nonpoint sources.  Output from LWWM is used as input to WASP5, a waterbody model, to 

simulate the waterbody response to land use changes in the watershed.  BASINS gives the user 

the ability to perform comprehensive spatial assessments of watersheds using GIS.  The program 

supports screening of environmental databases for river monitoring and status data such as 

permitted loadings within the study area.  These data are integrated with nonpoint source 

pollutant simulations to create Total Maximum Daily Loads (TMDL’s) for waterbody simulation 

(Shoemaker, 1997). 

Modeling of watersheds as a methodology of predicting and understanding nutrient and 

sediment loading in systems such as Lake Texoma has its own attendant limitations, “in very few 

cases reported in the literature have models been applied using only parameter values measured 

or estimated a priori” (Bevens, 2001).  Optimism in the ability to validate and apply a model of 
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one watershed to any other has been reportedly tempered (Parkin et al., 1996).  Loague and 

Freeze (1985) cite the benefits of modeling in the “design of future field experiments and 

optimal data collection strategies”.   

 

GIS and Modeling 

Because spatial and geomorphologic variations are an integral component of watershed 

conditions, GIS is a useful tool in processing and managing of data for the description of the 

hydrology (Melesse and Shih, 2002). GIS also makes possible visualization and the 

understanding of spatial relationships, by which various social, economic, and environmental 

issues related to water resources are combined to make them available for use in a decision-

making process (McKinney and Cai, 2002). 

HEC-HMS has recently been linked with GIS capabilities through an ArcView extension 

called GeoHMS.  The U.S. Army Corps of Engineers has designed this tool, which allows users 

to document and spatially analyze maps to delineate the sub-watersheds and streams used in the 

HEC-HMS model.  The GeoHMS delineates and characterizes the watersheds, then prepares the 

information to be imported into the HMS model.   

 Another ArcView extension incorporates a different set of data to use the curve number 

method for estimating long-term annual runoff volumes distributed throughout a watershed.  The 

model, L-THIA (Long Term Hydrologic Impact Assessment), was developed by Purdue 

University to be used as an analysis tool for “estimates of changes in runoff, recharge and non-

point source pollution resulting from past or proposed land use changes” (Engel, et. al., 2003). 



14 

HEC-HMS 

 The HEC-HMS model was created by the U.S. Army Corps of Engineers and is popular 

with engineers for “simulating the precipitation-runoff processes of dendritic watershed systems” 

(HEC, 2000).  The software is free to the public domain as a downloaded from the HEC website.  

The program has wide and variable applicability for studies, which makes the program versatile 

and useful. 

The main components of the model are the basin schematic (which defines the rainfall 

losses and the routing), meteorological information, and the control specifications (defines the 

time period and time step).  Each of these components is defined separately to describe a rainfall-

runoff event.  The resulting runoff volume is presented in the defined time step (HEC, 2000). 

 Within HMS, several methods are used to describe rainfall losses, including event-based 

methods such as the curve number (CN) and continuous methods such as the soil moisture 

accounting method (HEC, 2000).  The continuous method models both wet and dry weather 

behavior.  The soil moisture accounting model is represented by a series of storage layers such as 

soils and deep ground water storage.   Storage capacities are varied continuously to track water 

losses and additions from the storage layers (HEC, 2000).  However, this model is not 

appropriate for ungaged watersheds because it requires extensive calibration from monitored 

hydrographs.  The curve number model does not provide long-term predictions because it is 

event-based.  However, this empirically derived method is appropriate for ungaged watersheds 

(HEC, 2000). 

Curve Number Method 

 The development of the Soil Conservation Service Curve Number method was an attempt 

to describe runoff volumes by plotting direct runoff against storm rainfall.  Plots of these data 
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sets showed a direct relationship between rainfall amount and direct runoff; the central 

tendencies of these plots were used to describe the runoff potential of a watershed (USDA-SCS, 

1986).  This central tendency is known as the curve number (CN), a simple, easily understood 

and well-developed conceptual model that since its creation has been popular for modeling 

runoff (Ponce and Hawkins, 1996).  The method was applied to small, agricultural watersheds in 

the central United States, creating a data set of curve numbers for different land uses and 

hydrologic soil conditions. 

Because curve numbers were developed for different land uses and hydrologic soil 

groups, the method is easily applied to ungaged watersheds to estimate runoff potential.  Runoff 

potential is based on four data sets, which are readily available and include:  a hydrologic soil 

group, which is sensitive to the infiltration rate of the soil; the land use, which affects the 

infiltration, erosion, and evapotranspiration within the watershed (Melesse and Shih, 2002); the 

hydrologic surface, which affects the hydrologic runoff processes; and the antecedent moisture 

condition (AMC), which can affect the volume of potential runoff (Mishra and Singh, 2003). 

 The CN is based on two fundamental hypotheses (Mishra and Singh, 1999), “the ratio of 

the actual amount of direct runoff to the maximum potential runoff is equal to the ratio of the 

amount of actual infiltration to the amount of the potential maximum retention”   

 

S
F

P
Q

e

= , 

 

where Q is flow, Pe is the effective rainfall, F is the amount of infiltration and surface retention, 

and S is the maximum potential retention.  The second hypothesis is “the amount of initial 
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abstraction (Ia) is some fraction of the potential maximum retention”, usually 0.2, although it can 

range from 0 to infinity (Mishra and Singh, 1999) 

 

SIa 2.0= . 

 

The initial abstraction is the certain amount of rainfall that is intercepted, infiltrated, and stored 

before runoff begins, and is subtracted from rainfall to yield the runoff volume.   

If Q is assumed to be the resulting flow after some initial effective rainfall abstraction, 

the storm runoff is described as a function of the effective rainfall and potential retention: 
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Using the standard initial abstraction parameter of 0.2, the equation becomes 
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Watersheds are categorized by their S value, with lower values designating the watersheds’ 

potential to create more runoff.  The greater the precipitation, the actual retention of precipitation 

asymptotically approaches a constant value S.  The flow, Q, is bounded  

 

0 ≤ Q ≤ P. 
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Therefore, for a given amount of precipitation during a storm event the water is expected to 

remain in the land until the precipitation exceeds some value greater than the initial abstraction.  

All precipitation greater than the initial abstraction becomes runoff (Ponce and Hawkins, 1996). 

 When developing the curve number through the creation of runoff vs. rainfall plots, 

observations of significant amounts of variation were made.  The cause of the variation could be 

spatial variation of the storm and the watershed, the temporal variation of storms, the quality of 

the measured data, and the antecedent soil moisture (Ponce and Hawkins, 1996).  The antecedent 

soil moisture is used to account for the disparity by varying S, and consequently the CN.  The 

variation is referred to as the antecedent moisture condition (AMC) or antecedent runoff 

condition (ARC).  Three concepts are generally used to describe the AMC: the antecedent 

precipitation index, the antecedent base flow index, and the soil-moisture-index.  All three are 

useful, although the base flow index is problematic because ground water flow must be 

extracted.  The soil-moisture-index was useful for long-term hydrologic simulation because the 

soil moisture was simulated utilizing evapotranspiration.  The most direct interpretation is 

through the precipitation index (Mishra and Singh, 2003).  By using the previous five days of 

rainfall, the soil moisture, and accordingly the S, is roughly estimated.  The AMC results in 

altering the CN, through the use of the original plots, by creating an envelope of the upper (90%) 

and lower (10%) limits drawn around the mean CN.  The standard median becomes CN II and 

the lower limit becomes CN I, representing the lowest runoff potential.  CN III is the upper limit, 

representing the greatest runoff potential.   

 Ponce and Hawkins (1996) summarized the advantages of the curve number method.  

They found that the method is a simple, predictable, and stable conceptual model that has 

become well established.  It also relies on only one parameter, the CN.  The CN method is the 
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only agency methodology that features readily grasped and reasonably well-documented 

environmental inputs.   

Alternatively, one disadvantage is that the CN method was regionally developed and 

size-explicit – the method is most applicable to small and midsized watersheds (USDA-SCS, 

1986; Ponce and Hawkins, 1996).  The importance of the spatial variation of the storm and 

watershed is considerable, and it has been recognized that storms vary spatially over a watershed, 

while in the watershed, the infiltration capacity can also vary spatially (Yu, 1998).  Yu (1998) 

found that by assuming a cumulative distribution function for both the rainfall rate over the 

entire watershed as well as the infiltration capacity for the area, the significance of variation of 

these parameters was considered.  The frequency distribution allows the rate of rainfall excess to 

be weighted by the average watershed-wide rainfall excess rate, thus the probability theory is 

related to the CN method using a weighted average, providing theoretical justification for the 

method.  The spatial variation also enhances the validity of the CN method in small watersheds, 

as the temporal variation in the rainfall rate becomes important relative to its spatial variation.   

To overcome the spatial variation in rainfall, methods have been developed incorporating 

radar data in GIS-based rainfall-runoff models.  Radar has demonstrated utility in this regard, as 

it provides accurate estimation of the spatial distribution of rainfall (Hoblit and Burns, 2001).  

Where point rain gages provide estimates of rain based on very little spatial information, not 

much information about how rain actually falls can be extrapolated from rain gages.  Hoblit and 

Burns (2001) cite an Army Corps of Engineers study that had good, accurate results of 

hydrologic modeling when radar information was incorporated. 
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Water Quality 

 The loads of different constituents can vary by land use, and land uses can account for a 

relatively high variability in the quality of streams and receiving waters.  Tong and Chen (2002) 

found, unequivocally, that land use was related to many water quality parameters, both on a 

regional scale and local scale.  Changes in landscape patterns can have a distinct impact on water 

quantity and quality, especially if the land use change is to agriculture and impervious land use 

(Tong and Chen, 2002).  Thus, it is useful to use this relationship of land use and water quality to 

model the impact that land use may have on water systems.   

A classic use of the relationship between land use and water quality is the export 

coefficient which is expressed as a mass per area per year and different values are reported for 

nitrogen, phosphorus, and suspended sediments for urban, forest, and agricultural land uses (Rast 

and Lee, 1983).  Rast and Lee (1983) found a good relationship between the estimated loads 

based on export coefficients for nitrogen, phosphorus, and suspended sediment and 38 

waterbodies.  The export coefficient has been found to be a useful representation of nutrient 

loading to water systems (Atkinson et al., 1988).  However, since export coefficients are reported 

on a yearly basis, they are not useful for modeling daily loads.   

The Event Mean Concentration (EMC) is a flow-averaged concentration.  Since the 

concentration of a hydrologically transported constituent can vary by orders of magnitude during 

a single event, the EMC can represent the average or median concentration for that constituent, 

the median value being an appropriate central tendency (Baird et al., 1996).  The EMC has 

proven useful for simulating constituent concentrations in runoff (Melancon et al., 1999; Jones et 

al., 2001; Quenzer and Maidment, 1998).  Studies of watersheds of one primary land use (Baird 

et al., 1996, Nizeyimana et al., 1997) have resulted in EMCs that were attributed to each of the 
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various land uses.  Like the export coefficient, the EMC provides an advantage for estimating the 

loads from watersheds with various land use types. 

Quenzer and Maidment (1998) report limitations in using EMCs as 1) the concentrations 

on the land surface are related to general land uses and do not vary with more specific land uses 

and 2) the loads were considered to be conservative in the river networks, possibly causing an 

over-estimation.  Mishra and Singh (2003) assert, “while the benefits of EMC data include 

simplicity and economics, the drawbacks of EMC data include their inability to quantify the 

temporal and hysteretic variation of water quality parameters.” 
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MATERIALS AND METHODS 

Spatial Datasets and Related Data 

The derivation of many of the parameters in this study required digital spatial 

information.  Much of the data used in this study were received December of 2002 in a CD 

called Digital Atlas of Lake Texoma (Masoner et al., 2001), some subsequent data were 

provided by Masoner (personal communication).  All of the maps provided were based on the 

North American Datum of 1983 (NAD83) using the Albers Equal Area projection with the 

standard parallels 29’’30’ North and 45”30’ North and a Central Meridian of 96” West and a 

Projected Origin of 23” North, unless otherwise noted.  Datasets with a different coordinate 

system were projected in Albers Equal Area using ArcInfo to match the previous datasets. 

HUCs 

 The HUCs, or Hydrologic Unit Code, is a catalog unit description of watersheds 

throughout the United States originally published by the USGS Office of Water Data 

Coordination.  These data were originally collected at the 1:250,000 scale. 

Elevation Model 

These Digital Elevation Models were created from the Elevation Derivatives for National 

Applications (EDNA) (USGS, 2001) from the National Elevation Datasets based on the 

Hydrologic Unit Boundary (HUC).  The DEMs used in this study correspond to HUC numbers 

11130303, 11130304, and 11130210. 

EDNA Catchments 

 These coverage polygons were derived from the DEM by the USGS (USGS, 2001) as 

part of the Elevation Derivatives for National Application (EDNA) program, using a filled sinks 
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DEM to find the flow direction.  The catchments were from a flow accumulation grid, based on a 

5000 cell accumulation. 

Surface Water 

 “The National Hydrography Dataset (NHD) is a feature-based database that interconnects 

and uniquely identifies the stream segments or reaches that comprise the nation’s surface water 

drainage system” (USGS, 1999).  Datasets was downloaded (http://nhd.usgs.gov) as sets defined 

spatially by HUC.  The NHD is an incorporation of the USGS Digital Line Graph (DLG) and the 

EPA Reach File Version 3 (RF3), and can be easily accessed and used to include digital maps of 

streams, rivers, ponds, and lakes into stream projects. 

Land use / Land cover 

 The National Land Cover Dataset was compiled from Landsat Satellite Thematic Mapper 

imagery circa 1992 (USGS, 1992) (Table 1).  With a spatial resolution of 30 meters, the land use 

and land cover descriptions are based on the Anderson land use code system in which major land 

use types are divided into nine categories defined by the first digit and the second digit that 

distinguishes sub-categories from the main categories. 

According to the metadata of the dataset, the accuracy is known only for the region 

because of the broad statistical accuracy of the data.  Other problems included determining 

between deciduous or hay/pasture and hay/pasture or row crops.  Natural grass and shrub 

discrimination was also difficult, and not always spectrally distinguishable (USGS, 1992). 

Soil 

The STATSGO (State Soil Geographic) database has a scale of 1:250,000 (USGS, 

1994a).  A map unit identifier and a 2-character state abbreviation identify the soils.  The subset 

hydrologic characteristic database was used in this study to describe the soil characteristics.  The  
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Table 1.  Land use categories using the Land Cover Classification System Land Cover Class Definitions (NLCD). 
Code General Category Land Use General Description 

11 Water Open Water Typically 25 + water cover 
21 Developed Low Intensity 

Residential 
Constructed materials 30-
80%, vegetation 20-70% 

22 Developed High Intensity 
Residential 

nstructed materials 80-100%, 
vegetation less than 20% 

23 Developed Commercial/Industrial/ 
Transportation 

Infrastructure and highly 
developed areas 

31 Barren Bare Rock/Sand/Clay Barren areas of bedrock, 
desert pavement 

32 Barren Quarries/Strip 
Mines/Gravel Pits 

Areas of extractive mining 
activities 

33 Barren Transitional Vegetative cover less than 
25%, e.g., clear cuts 

41 Forest Deciduous Forest 75% or more deciduous 
42 Forest Evergreen Forest 75% or more evergreen 
43 Forest Mixed Forest Dominated by mixed tree 

species 
51 Shrubland Shrubland Shrub cover greater than 

25% 
71 Herbaceous Upland Grasslands/Herbaceous Dominated by upland grasses 

and forbs 
81 Herbaceous 

Planted/Cultivated 
Pasture/Hay Grasses, legumes, or grass-

legume mixtures 
82 Herbaceous 

Planted/Cultivated 
Row Crops Corn, soybeans, vegetables, 

tobacco, and cotton 
83 Herbaceous 

Planted/Cultivated 
Small Grains Wheat, barley, oats, and rice 

85 Herbaceous 
Planted/Cultivated 

Urban/Recreational 
Grasses 

Vegetation in developed 
areas for recreation, etc. 

91 Wetlands Woody Wetlands 25-100% forest or shrubland 
cover of saturated areas 

92 Wetlands Emergent Herbaceous 
Wetlands 

75-100% perennial 
herbaceous vegetation in 
saturated areas 

 
hydrologic characteristics are described using a system of A to D and in this data set from 1 to 4, 

where 1 = A and 4 = D.  Hydrologic soils of type A have high infiltration rates and are deep 

soils.  Type B soils are deep and moderately deep, moderately well and well drained soils with 

moderate coarse textures.  Type C soils have slow infiltrations rates, and are soils with layers 

impeding downward movement of water, or soils with moderately fine or fine textures.  Type D 
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hydrologic soils have very slow infiltration rates, whose soils are clayey, have a high water table, 

or are shallow to an impervious layer.   

The range of characteristics in the dataset was from –0.1 to 4 and the interval was in 

tenths.  Thus, for this study grouping was done as shown in Table 2. 

Table 2.  Hydrologic soil groups were summed into four categories. 
Range of classification Assigned classification 
-0.1 to 1 0 
1 to 1.4 1 
1.5 to 2.4 2 
2.5 to 3.4 3 
3.5 to 4 4 

 
Weather 

 Data from the National Weather Service weather stations were used for rainfall input in 

this study (NOAA, 2004).  The Daily Surface Data (using the simplified options) from each of 

these sites was downloaded from the NOAA website for the period of January 1, 1995 to June 

30, 2003 (the most recently available data).  A table of the weather station name, Cooperative ID 

(COOPID) and location (latitude and longitude) was made in Excel.  The Latitude and Longitude 

columns were reformatted to numbers and the file saved as a .dbf.  The .dbf file was imported to 

ArcMap and using the command Add X,Y Data in the Tools menu the latitude and longitude 

locations became a points layer, which was saved as a shapefile.   

Thirteen different weather stations occur within the region of Lake Texoma and local watersheds 

and have continuous (or nearly so) records from the years 1995 to June, 2003 (Table 3).  To 

account for the random spatial distribution of the weather stations, each station was weighted for 

its contribution to the watersheds using Thiessen polygons, as reported in the Soil Conservation 

Service National Engineering Handbook – 4 (USDA-SCS, 1986).  The resulting polygons are the 
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weight of influence the weather station will have on the watershed.  The area of the polygon that 

overlays the watershed is the proportion of rainfall from the corresponding weather station. 

Table 3. Weather stations and locations. 
Weather Station Cooperative 

ID 
Latitude (decimal 
degrees) 

Longitude (decimal 
degrees) 

Ardmore 340292 34.167 -97.133
Chickasaw NRA 341745 34.500 -96.983
Durant 342678 34.017 -96.383
Gainesville 5 ENE 413420 33.650 -97.067
Gordonville 413642 33.800 -96.850
Kingston 4 SSE 344865 33.933 -96.683
Madill 345468 34.100 -96.767
Marietta 5 SW 345563 33.883 -97.167
Pontotoc 347214 34.500 -96.633
Tishomingo National Wl Ref 348884 34.200 96.650

 
 

 
Figure 3.  Map of weather stations and Thiessen polygons of the weather stations used in this study. 
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To createe the Thiessen polygon, the GIS Spatial Analyst extension Distance Allocation 

command was applied.  This creates a grid in which cells are allocated as closest to the source in  

100 meter resolution.   

 
NPDES 

 The location of specific point sources of pollution discharge were obtained through the 

EPA National Pollution Discharge Elimination System (NPDES) database.  Searches of facilities 

within HUC 11130210 and 11130304 that were permitted for nitrogen or suspended solids were 

conducted.  A map of the location of the facilities was created to determine which of the twelve 

sub-watersheds the facility was located. 

Models 

HEC-HMS 

 Runoff volume was estimated using the SCS curve number method.  In the curve number 

(CN) method, the model assumes runoff occurs identically as a unit hydrograph: “the excess on 

pervious portions of the watershed is added to the precipitation on directly-connected impervious 

area, and the sum is used in runoff computations” (HEC, 2000).  The HEC-HMS manual 

suggests estimating the CN “as a function of land use, soil type, and antecedent watershed 

moisture”.  The CN is a single lumped value used to describe the entire watershed and entered 

directly in the appropriate form.  The model also allows for impervious surfaces, where there 

will be no rainfall losses, and this is described as the percentage of the watershed that is not 

pervious. 

 The initial abstraction, a derived parameter from the CN for the watershed, is used as the 

rainfall loss over pervious surfaces.  Until the accumulated rainfall exceeds the initial 



27 

abstraction, the runoff will be zero.  The initial abstraction then remains “filled” for subsequent 

events. 

 The manual describes the pros and cons of using the SCS CN method.  The CN is a 

simple and predictable method that relies on only one easily and well-established variable.  

However, infiltration and saturation is of concern.  The default initial abstraction does not 

depend on the storm characteristics or timing, and rainfall intensity is not considered (HEC, 

2000). 

 The volume of water that falls and is not abstracted by the watersheds becomes runoff.  

This is “transformed” in the watershed from excess precipitation into point runoff (HEC, 2000).  

The transformation for this effort was described using a unit hydrograph lag time, which is a 

single number derived from a calculation of the time to concentration for the watershed being 

modeled. 

 The meteorological data are assumed to be the only source of water for the runoff event.  

Rainfall is also assumed to be temporally and spatially distributed uniformly over the watershed 

area in a given amount using the Thiessen polygon weights for a given time duration (HEC, 

2000). 

 The user gage weighting method for the meteorological data was used to describe the 

hyetograph (a graphical representation of rainfall intensity against time) for rainfall over the 

watershed.  This approach provides complete control over the gages and the weighting scheme 

since the user enters the gages and weights for each watershed.  In this case, the Thiessen 

polygon method was used to weight the gages. 
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Measured rainfall data were entered directly into a data management interface and 

converted to DSS format automatically by the model.  The data were applied to the model to 

create the hyetograph. 

HEC-GeoHMS 

GeoHMS was used to create a lumped basin model for some of the parameters necessary 

for input in the HMS model.  The parameters were:  watershed area; a featured watershed name 

for future reference; elevation of the centroid, and the greatest upstream and least downstream 

elevation; the longest flow path length and location; and rivers to describe connectivity of 

different watersheds with the length, and upstream and downstream elevations.  A background 

file was also created in the extension, which was imported into HMS for use as a description of 

the location of the watershed. 

The resulting shapefile created through the processing was then used as the basis for 

further processing of maps using GIS for parameters such as the CN and percent of impervious 

surface. 

   
Hydrology Method 

Delineating Watersheds 

 To delineate sub-watersheds, the ArcView extension GeoHMS was used.  The 30 m by 

30 m DEMs from HUCs 11130210, 11130303 and 11130304 were imported to ArcView for 

processing.  The Terrain Preprocessing component allows for the processing of the DEM 

manually or through the Full Preprocessing Setup, where the program processes all the 

hydrologic connections automatically.  In order to run the preprocessing feature, map units must 

be defined.  For this project, map units were in meters.  The projection was defined using the 

standard Albers Equal-Area Conic.  Using the custom tab, the projection was defined as 
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 Central Meridian:  -96 

 Reference Latitude:  23 

 Standard Parallel 1:  29.5 

 Standard Parallel 2:  45.5. 

 To define streams, and subsequently the watershed associated with each stream network, 

GeoHMS uses the flow accumulation grid and classifies all cells with flow accumulation greater 

than the user-defined threshold as cells belonging to the stream network.  The default threshold is 

one percent of the largest drainage area in the entire basin.  One half of the threshold, or 0.5% of 

the largest drainage area in the entire basin, was used in this study.  

 The Basin Processing component of GeoHMS allows for revision of the sub-watershed 

delineation.  The model requires “batch points” or points of interest, such as gauging stations or 

measurement locations.  The batch points used in this example were the sampling locations near 

the lake and USGS gauging stations 07308500 and 07329852.  The station ID and locations are 

shown in Table 4.  Basin Processing was also used to merge watersheds together when needed.   

Table 4.  Stream monitoring stations and locations. 

Name 
 
Stream 

Latitude 
(decimal degrees) 

Longitude 
(decimal degrees) 

Penni_CR_OK Pennington Creek 34.2106 -96.6815
Hickory_CR_OK Hickory Creek 34.0037 -97.0588
Hauni_CR_OK Hauni Creek 33.9895 -96.9054
Caney_CR_OK Caney Creek 33.9514 -96.7091
Potts_TR_TX Little Mineral Creek 33.8025 -96.6646
Glasses_CR_OK Glasses Creek 34.0591 -96.6895
USGS 07331000 Washita River at Dickson, OK 34.2458 -96.9756
USGS 07316000 Red River at Gainesville, TX 33.7292 -96.1597
USGS 07329852 Rock Creek 34.4952 -96.9883

 
Several watersheds created in the batch point processing for Hickory Creek were merged 

together to form two watersheds, both with stream networks of equal length.  A similar process 

was used for Hauni Creek.  The watershed for USGS 07329852 (Rock Creek Watershed) was 
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defined on the gaging station, and then all sub-watersheds were merged so that only one 

watershed remained. 

 
Local Sub-watersheds 

Because the desire was to define the sub-watersheds in close proximity to the lake based 

on the boundary of the lake rather than a single point, predefined delineation was used.  The 

EDNA catchment coverage file was manipulated to attain the sub-watershed delineations. 

 The EDNA catchment coverage for HUCs 11130210 and 11130304, NHD reach 

segments for both HUCs, and a map of the lake (previously created from the NHD coverage for 

HUCs 11130210 and 11130304) were combined.  The Intersect command in the Geoprocessing 

toolbox was used to produce an output layer with spatial and attribute features of both so that the 

boundary of the lake now became a line segment.  The resulting catchments were then dissolved 

based on the following criteria:  on the lake boundary, within the pre-defined lake zone 

boundary, upstream of the watershed that was on the lake boundary.   

 On the Washita Arm of Lake Texoma, Cumberland Pool and Tishomingo Wildlife 

Reserve were considered part of the lake, and therefore not included in the simulation.  Also, 

because of the above-mentioned areas, the Washita River Zone watersheds were divided into two 

segments, those on the shore of the Washita River Zone and those on the shore of the 

Tishomingo Wildlife Reserve/Cumberland Pool complex. 

Curve Number 

 The SCS-CN method was used to determine the runoff potential of each watershed by 

using a weighted average of each cell within each of the defined watersheds.  A new grid layer of 

30 meter resolution was created and named CN.   
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 The STATSGO soil vector coverage was joined with the MUID table and converted to 

grid format (Spatial Analyst function Convert Features to Raster) using the hydrologic 

characteristic called HYGRP (hydrologic condition group) as defined in Table 2 called “Soils”.  

The Soils raster was then combined with the NLCD land use raster.  This was done using the 

Spatial Analyst command Raster Calculator using the combinatorial command CAND to create a 

grid in which each cell contains an attribute from each of the original grids.   

 Using the classification of the soils where 1 = A, 2 = B, and so forth, each group of cells 

was reclassified to the corresponding curve number for that soil characteristic and land use, 

creating a new grid called “CN”.  The curve numbers used in this portion of the study are listed 

in Table 5. The weighted average curve number for each sub-watershed was established by 

clipping each sub-watershed and the weighted average of all cells in the sub-watershed was 

calculated from the resulting attribute table. 

Table 5.  Reported curve numbers by land use classification and soil type. 
Soil Type A B C D 
Land Use     

11 0 0 0 0
21 54 70 80 85
22 77 85 90 92
23 89 90 93 94
31 98 98 98 98
32 98 92 94 95
33 57 73 82 86
41 38 61 74 80
42 38 61 74 80
43 38 61 74 80
51 40 59 72 79
71 35 60 75 79
81 54 70 80 86
82 67 76 83 86
83 62 76 83 86
85 44 65 77 82
91 0 0 0 0
92 0 0 0 0

 



32 

Antecedent Moisture Condition 

The curve numbers used in the above analysis are reported for AMC II.  For AMC I and 

AMC III, the lookup table reported in NEH-4 (Table 5) was used to convert the weighted 

average CN of each watershed to the CN corresponding to the AMC.  Each storm event (defined 

as day or days with rain preceded with days of no rain) was simulated using the CN 

corresponding to the antecedent moisture based on the previous five days.  This is summarized in 

Table 6.  The season dates listed in Table 6 are an average of the first and last frost of the year 

reported (OCES, Retrieved 11/15/2003). 

Table 6.  The previous five day total rain event by growing season and dormant season used to estimate the 
antecedent moisture condition of soil from NEH-4 (Menerey, 1999).  The growing season was reported by the Carter 
County Agriculture Extension Office (OCES, Retrieved 11/15/2003). 

 Dormant Season Growing Season 
AMC group November 10 – March 31 April 1 – November 9 

I < 0.5 in. < 1.4 in. 
 II 0.5 to 1.11 in. 1.4 to 2.1 in. 
III > 1.1 in. > 2.1 in. 

 
Impervious Surface 

 The NLCD land use grid was used to characterize the impervious surface parameter by 

land use classification (Table 7).  Each land use description includes a range of imperviousness 

for that land use, and the lowest reported percent imperviousness was used. 

Table 7.  Percent Impervious Surface by Land Use category based on NLCD. 
Land Use Percent Impervious 
Low Intensity Residential 30 
High Intensity Residential 80 
Commercial, Industrial, or Transportation 100 

 
 The grid was reclassified by percent impervious surface to a layer called Impervious.  

The layer was clipped and a percent of impervious surface calculated for each sub-watershed. 

Lag Time 

 The lag time is defined as  
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TcLagTime ×= 6.0  

 

where Tc is the time to concentration.  The time to concentration must be found for each type of 

flow,  

Tc = t sheet + t shallow + t channel.. 

 

In this case, t sheet is assumed to be overland flow and t shallow and t channel are assumed to be creek 

flow.  The time to concentration for each part is equal to the length for the flow divided by the 

velocity of the flow.  The velocity was estimated using the following: 

 

5.0KSV =  

 

where S is the slope of the watershed, K is a coefficient of 0.48 for sheet (overland) flow, 1.2 for 

channel flow, and 2.1 for large rivers like the Washita and Red River.   

 The NHD stream coverage and DEM grid were used to find the length and slope of the 

flow path.  For the Rock Creek watershed and monitored watersheds the GeoHMS program 

created a “longest flow path” shapefile.  This was useful to overlay with the NHD stream 

coverage to distinguish between the overland flow and channel flow.  To determine the slope of 

each segment of the flow path the DEM was examined to find elevation at the beginning and end 

of each line segment for the difference of elevations, then divided by the distance. 

 The NHD stream coverage lines were assumed to be channel flow and the length of the 

stream determined from inquiring the attribute table.  The length of the overland flow was the 

length of the longest flow path minus the length of the channel.   
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For the local sub-watersheds, the NHD stream coverage lines were also assumed to be the 

length of the channel flow.  The overland flow was a visual estimate of the longest flow path 

from the end of the stream to the edge of the watershed. 

Using HEC-HMS 

 Results of sub-watershed delineation derived from the GeoHMS extension can be 

imported to HMS.  The program allows the user to create a new project, in which the parameters 

created in GeoHMS are imported to HMS.  The user may also import a map of the delineated 

watersheds for visualization. 

 The Basin Component of the model describes the behavior of the runoff and requires 

parameters for loss rate, transformation, and baseflow.  The meteorological transforms rainfall to 

runoff.  The User Gage Weighting model was used for this study, which requires the weights of 

each gage point, found using the Thiessen polygon method. The control specifications allow the 

user to define the time period and time interval for the simulation.  As HMS does not recommend 

using the CN method for a multiple peak hydrograph, the method was used by modifying the 

simulation period based on the meteorological information.  Each simulation period began by 

following a dry period and continued for some period until another rain event or the hydrograph 

peak was able to reach a negligible amount.  The resulting peak for each simulation period was 

exported to Excel to create a complete hydrograph of the entire simulation period.   

Loading Method 

Event Mean Concentration 

 The event mean concentration (EMC) is the mean concentration of a constituent in a 

given event.  The EMC has been estimated in several studies and listed by land use for each 

constituent.  The concentration expected by land use from different studies is listed in Table 8.  
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The highest and lowest concentrations reported were used to create two maps of EMCs for each 

of nitrogen, phosphorus, and total suspended solids.  Both maps were used in the study for 

comparison of results. 

Table 8.  Highest and Lowest Reported EMCs by land use in mg/L. 

 Lowest Reported EMC Highest Reported EMC 
Land Use Nitrogen Phosphorus TSS Nitrogen Phosphorus TSS 

11 0.6c 0.1f 20f 1.25e 0.11e 20c,f 

21 1.77e 0.009b 41a 3.2c 0.57a,d 166b 

22 1.34a 0.009b 48c 2.4c,f 0.3c,f 166b 

23 1.34a 0.009b 56a 2.4c,f 0.4c,f 166b 

31 1.59a 0.1b 58a 3.9b 0.6f 2200b 

32 1.59a 0.1b 58a 3.9b 0.6f 2200b 

33 1.59a 0.1b 58a 3.9b 0.6f 2200b 

41 0.35e 0.006b 39b 0.9e 0.3f 40c 

42 0.35e 0.006b 39b 0.9e 0.3f 40c 

43 0.35e 0.006b 39b 0.9e 0.3f 40c 

51 0.7a 0.01a 40f 2.48e 0.476e 70b 

71 0.7a 0.01a 40f 2.48e 0.476e 70b 

81 2.32e 0.24b 107a 7.9f 1.3a,d 201b 

82 2.32e 0.24b 107a 25.4f 4c,f 1200c,f 

83 2.32e 0.24b 107a 25.4f 4c,f 1200c,f 

85 1.34a 0.009b 30f 2.4c,f 0.177e 166b 

91 0.79b 0.006b 30c,f 1.6e 0.2c,f 39b 

92 0.79b 0.006b 30c,f 1.6e 0.2c,f 39b 

a. Baird et al., 1996. 
b. Strager et al., 2000. 
c. CH2MHILL, 2002a. 
d. Engle et al., 2003. 
e. Wu et al., 2003. 
f. CH2MHILL, 2002b. 

 
 Redefining the land use map using the same methods as described for the impervious 

surface layer created the EMC layer.  Two concentrations for each watershed and each 

constituent were determined by using the weighted average. 

The EMC can then be used as the expected concentration of the constituent in each event. 

 

dayday FlowEMCLoad ×=  
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where the Loadday is the constituent load expected each day and Flowday is the average daily flow 

previously calculated. 

Export Coefficients 

 The export coefficient is reported in g/m2/year by land use type in Table 9.  Similar 

methods as described above were used to redefine the land use/land cover dataset to find the 

weighted average export coefficient for each watershed. 

Table 9.  Export Coefficients.  From Rast and Lee (1983). 
Land Use NLCD category grams P/m2/year grams N/m2/year 
Urban 21,22,23 0.1 0.5
Rural/Agriculture 51,71,81,82,83, 85 0.05 0.5
Forest 41,42,43 0.005 0.3
Water/Wetland 11,91,92 0 0
Other 31,32,33 0 0
Atmosphere  0.025 2.4

 
Long-Term Assessment 

 The L-THIA model has been designed to work as an ArcView extension and all 

calculations are done in the GIS environment.  The ArcView extension, L-THIA GIS, was 

designed as a preliminary assessment tool for planners and managers for the impact to water 

quality that land use/land cover changes would induce.  The model was designed to require a few 

simple inputs, including the soil hydrologic group and the land use/land cover.  The model was 

applied to each of the sub-watersheds as different projects in ArcView. 

The land use/land cover grid and the soil grid both must be prepared in ArcView by 

providing the correct fields that follow the L-THIA conventions.  The land use/land cover dataset 

was reclassified into eight different classes.  These classes are listed in Table 10 with the 

reclassification scheme of the NLCD used in this study.  The soil dataset was reclassified 

according to the soil hydrologic group classes so that 1 is A, 2 is B, 3 is C, and 4 is D.  
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The model then used the reclassified grids for calculation of the CN, creating a 

distributed CN raster by specifying the land use/land cover grid and the soil grid.  Because this 

model used different land use classifications, there was some variation in the CN and the CN list 

used in this model is shown in table 11.   

 Table 10.  L-THIA reclassification scheme. 
Legal Land Use for L-THIA GIS NLCD land use code to be used 
Water 11, 91, 92 
Commercial 23 
Agriculture 82, 83, 85 
HD Residential 22 
LD Residential 21 
Grass/Pasture 51, 71, 81 
Forest 41, 42, 43 
Industrial 31, 32, 33 

 
Table 11.  Curve numbers used by the L-THIA model. 

Soil Type A B C D 
Land Use     
Water 0 0 0 0
Commercial 89 92 94 95
Agriculture 64 75 82 85
HD Residential 77 85 90 92
LD Residential 54 70 80 85
Grass/Pasture 39 61 74 80
Forest 30 55 70 77
Industrial 81 55 91 93

 
The model then incorporates precipitation data provided by the user to calculate an 

average annual runoff volume.  To provide the precipitation data, a program was written in R 

language to read the text file provided by the NWS that created the format appropriate for L-

THIA (See Appendix B).  Precipitation data used in this study was from the weather stations 

listed in Table 3 for the most complete years available, from 1950 to 2002. 

The result of the L-THIA program is a distributed average yearly runoff volume for the 

local watersheds, which can be used with EMC data provided by the program to estimate an 

average yearly runoff of different constituents. 
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Because the L-THIA program uses very similar methods for estimation of runoff and 

loadings, this method was compared to results from the modified approach using HEC-HMS 

using a sum of the total yearly average runoff from the runoff volume and the total yearly 

average load of nitrogen, phosphorus, and suspended solids. 
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RESULTS AND DISCUSSION 

Hydrologic Assessment of Local Watersheds 

 The USGS HUC 11130304 and 11130210 were used as the definition of the local 

watersheds.  This area is 1,725 square miles, and includes parts of Oklahoma and Texas.  The 

watershed ranges from mildly sloped in the southern region to more moderately sloped in the 

northern area, which is dominated by the Arbuckle Mountains (Figure 4).  The local watersheds 

 
Figure 4.  DEM showing local watershed topography, units are in centimeters.  The northern edge of the watershed 
is dominated by the Arbuckle Mountains. 
 
are rural in land use and land cover.  The area is dominated by shrubland, upland herbaceous, 

pasture, and hay (57 %), followed by forest (30 %), then grains and row crops (9 %), while urban 

areas are minimal (1.5 %) (Figure 5 and Table 12).  The hydrologic soil conditions in this area 

are variable, as shown in Figure 6.  A large portion of the northeastern shore of the lake is 
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dominated by soils with fairly high infiltration rates, while the northern and southern shores are 

dominated by soils with slower infiltration rate.  The runoff potential, described by the curve 

number, is spatially variable throughout the local watersheds (Figure 7).  The overall area-

weighted average curve number for the local watersheds of Lake Texoma is 71. 

Table 12.  Land use type percentages in the local watersheds. 
Land Use NLCD summary Percentage 
Water/Wetlands 11,91,92 2.6 
Urban 21,22,23 1.5 
Barren 31,32,33 0.4 
Forest 41,42,43 30 
Shrubland/Herbaceous/Pasture/Hay 51,71,81 56.7 
Row Crops 82 2.8 
Grain 83 6.1 

 

 
Figure 5.  The local watersheds’ land use types from the NLCD database.  



41 

 
Figure 6.  Map of Local watersheds’ hydrologic soil conditions from the STATSGO database. 

 
Figure 7.  Map of Local watersheds’ curve numbers. 
 
 The local watersheds were subdivided based on drainage to previously defined zones of 

the lake (Atkinson et al., 1999) and given a name based on the orientation of each sub-watershed 
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to the lake and lake zone; the names and acronyms used for each are listed in Table 13.  The 

location of each sub-watershed can be seen in Figure 8.  Because these sub-watersheds were 

loosely delineated based on the lake zone, in each of the watersheds there are several 

unconnected stream networks. 

Table 13.  Local sub-watersheds and acronyms. 
Sub-watershed Name Acronym 
North Shore of the Red River Zone NSRR 
South Shore of the Red River Zone SSRR 
North Shore of the Red River Transition Zone NSRRT 
North Shore of the Red River Transition Zone SSRRT 
North Shore of the Main Lake NSML 
South Shore of the Main Lake SSML 
West Shore of the Washita River Transition Zone WSWRT 
West Shore of the Washita River Zone WSWR 
North of the West Shore of the Washita River WSWR2 
North of the East Shore of the Washita River ESWR2 
East Shore of the Washita River Zone ESWR 
East Shore of the Washita River Transition Zone ESWRT 

 
Figure 8.  The local watersheds were further delineated into 12 sub-watersheds based on the lake zones. 
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These sub-watersheds range in size from 11.85 to 392.62 square miles while average CNs 

range from 65 to 77.  Percent impervious area ranges from 0.12 to 2.0 (Table 14).  Five of the 

sub-watersheds are larger than the recommended size limit for watershed modeling using the CN 

method (NSRR, SSRR, SSRRT, WSWR2, and ESWR2). Possible spatial variation throughout 

large watersheds cannot be accounted for, thereby potentially creating some error in the model.  

However, the delineation used for this project still appears to be adequate.   

Table 14.  Local sub-watersheds attributes. 
CN Watershed ID Area (mi2) Lag (hr) % Imp 

AMC I AMC II AMC III 
NSRR 392.62 63 1.36 45 65 82
SSRR 123.00 17.5 0.10 51 70 85
NSRRT 39.58 12.6 0.33 45 65 82
SSRRT 226.95 24.4 0.70 58 76 89
NSML 41.24 12.5 1.24 53 72 87
SSML 28.69 74.7 2.00 56 75 89
WSWRT 90.02 19.4 1.24 59 77 90
WSWR 11.85 10.5 0.43 49 69 85
WSWR2 275.00 80.4 0.39 54 73 87
ESWR2 217.50 55.3 0.49 51 70 85
ESWR 32.08 8.1 0.12 47 67 83
ESWRT 30.29 13.0 0.33 51 70 85

 
The modified CN method was used to provide the water volume input to the lake for the 

three-month period of March 1, 1997 to May 31, 1997.  The CN used for each storm event was 

dependent on the antecedent conditions (Table 6) using the rainfall determined for each 

subwatershed and the condition prior to the rain event. 

For this simulation, the entire local watersheds area was considered simultaneously, 

where all sub-watersheds were simulated for the same period of time.  To do this, the rainfall and 

AMC was averaged to find those events with a large potential for response.  Thus, spatial 

variations of some of the smaller storm events were disregarded.  The simulations were divided 
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into nine periods, each corresponding to some length of time that included a rain event and time 

for the hydrograph of the largest watersheds to recede (Table 15). 

Table 15.  Simulation periods used for local sub-watersheds runoff.  The simulation periods were divided by rain 
events and the AMC determined using the information from Table 5. 

Simulation Period AMC 
Feb 24 – March 9 3 
March 10 – 19 1 
March 20 – 24 1 
March 25 – April 4 1 
April 5 – 17 1 
April 18 – May 7 1 
May 8 – 12 1 
May 13 – 19 2 
May 20 – 31 1 

 
The resulting hydrographs (Figures 9 – 12) show that the greatest responses occurred in the 

beginning of March for most of the watersheds.  The South Shore of the Red River Transition 

Zone (SSRRT) had the greatest runoff in most cases, reaching 844 cfs April 10 through 15 

(Figure 10).  This variable response to the rainfall conditions for the area are important because 
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Figure 9.  Simulated hydrograph of runoff from the northern shore of the Red River arm Feb 24 – May 31, 1997. 
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Estimated Flow at South Shore of RR Arm
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Figure 10.  Simulated hydrograph of runoff from the southern shore of the Red River arm Feb 24 – May 31, 1997. 
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Figure 11.  Simulated hydrograph of runoff from the eastern shore of the Washita River arm Feb 24 – May 31, 1997. 
 
this subwatershed’s daily runoff volume was solely used as the input to the lake hydrodynamic 

model as an additional boundary condition. 
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Figure 12.  Simulated hydrograph of runoff from the western shore of the Washita River arm Feb 24 – May 31, 
1997. 
 

The simulated flow for SSRRT for this period was the greatest contribution to the lake of 

1.16 x 107 cubic meters, or 38 percent of the total simulated volume.  The north and south shore 

of the Red River Zone contributed 12 percent of the total flow, or 7.54 x 106 cubic meters. 

Contribution to Runoff Volume for Simulation March 1 - May 31, 1997
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Figure 13.  Contributions of the local sub-watersheds to the total estimated runoff volume from March 1 – May 31, 
1997. 
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The sum of all runoff for this period was 3.02 x 107 cubic meters, as compared to the 

volume from the Red River and Washita River for the same period of 3.48 x 109 cubic meters 

(USGS, retrieved August, 2003) (Table 16).  The local watershed accounts for only 0.85 % of the 

volume from the major river systems.  A comparison of the sum of the flow from the entire local 

watershed to that from the Red River and Washita River is shown in Figure 14.  The lake 

hydrodynamic model (Garcia, draft) was improved by the flow from the local sub-watershed 

SSRRT to the Lake Texoma processes as additional input. 

Table 16.  Simulated total runoff volumes for each sub-watershed from March 1 to May 31, 1997. 
Watershed ID Runoff Volume (m3) 

NSRR 3,421,226.0
SSRR 4,115,753.1
NSRRT 304,350.5
SSRRT 11,560,131.0
NSML 1,083,480.6
SSML 1,139,378.7
WSWRT 2,026,159.0
WSWR 107,758.2
WSWR2 1,065,138.6
ESWR2 3,786,329.4
ESWR 605,620.7
ESWRT 958,665.2

 
Unexplained accumulated volumes in the lake previously calculated by the USACOE as a 

Water Budget were used as comparison of additional inputs (besides the Red River and Washita 

River) for the lake hydrodynamic model.  Fifty percent of the unexplained accumulated volumes 

from the Water Budget created an error of 0.93 meters of pool level estimates using the root 

mean square method.  In comparison, the simulated runoff volume using the runoff volume for 

SSRRT for the hydrodynamic model of had an error of 1.057 meters of pool level estimates.  

Assuming that addition of the inputs from the local watersheds besides SSRRT would further 
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increase the volume in the lake, the additional 0.62 percent of simulated water volume cannot be 

accounted for in the simulation of the hydrology of Lake Texoma.  
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Figure 14.  A comparison of the actual flow into Lake Texoma from the Red River and the Washita River and the 
simulated flow from the local sub-watersheds.  (Red River and Washita River flow from USGS, retrieved August, 
2003). 
 

A complication in the hydrologic input to the lake is Cumberland Pool, located on the 

northern shore of the lake in the Tishomingo National Wildlife Refuge; the hydrology of this 

body of water is explained elsewhere (TWDB, 2003).  The discharges of many of the creeks and 

streams located in the watersheds WSWR2 and ESWR2 drain directly to this pool, especially the 

major tributaries Spring Creek and Pennington Creek.  Other contributions to the pool come 

from the Washita River, which spills into Cumberland Pool during flooding events.  The 

Pennington Outlet, located in the southeast corner of the pool, does not drain until the pool 

elevation reaches 619.0 feet (TWDB, 2003). 
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Validation of Hydrology Method 

Monitored Watersheds 

 The monitoring conducted by the USGS (Masoner, personal communication) provided an 

opportunity to validate the methodology of this model.  Locations of the six monitored creeks 

and their watershed are shown in Figure 15.  Two sub-watersheds, Hickory Creek and Hauni 

Creek, were further delineated into two sub-watersheds; both were comprised of two main 

channels, the confluence being upstream of the measurement location. 

The watersheds range in size from 7.34 to 176 square miles (Table 17).  Average CN 

ranged from 56 to 80, and the average percent impervious area varied from 0.12 percent in East 

Hauni to 3.7 percent in Caney.  

 
Figure 15.  The location and name of he watersheds delineated using the data from the monitored creeks in the local 
watershed. 
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Table 17.  Attributes used to simulated runoff for the monitored watersheds. 
CN Watershed Area 

(mi2) 
Lag 
(hr) 

% 
Imp AMC I AMC II AMC III 

Caney 7.34 4 3.7 63 80 91
Little Mineral 13.5 1.7 0.98 60 78 90
Glasses 34.5 10.7 2.36 60 78 90
Small Hickory 57.2 16.8 2.7 36 56 75
Large Hickory 119 35.9 2.8 52 71 86
Pennington 95.5 31.8 0.6 52 71 86
East Hauni 21.1 10.8 0.12 59 77 89
West Hauni 27.15 10.4 0.38 48 68 64

 
 The measurements taken at each of the six watersheds were classified as representing a 

low flow event and a high flow event (Masoner, personal communication).  These measurements 

are in Table 18.  The rain events for these measurements are shown in Table 19. 

Table 18.  The measurements taken at the monitored creeks in the local watershed, in cubic feet per second (cfs). 
Watershed High Flow Date Low Flow Date 
Caney 5 5/16/2003  
Little Mineral 9.2 5/20/2003 0.08 9/30/2003
Glasses 147 5/14/2003 1.71 5/13/2003
Hickory 5690 5/20/2003  
Pennington 160 5/14/2003 22 5/13/2003
Hauni 205 5/16/2003  

 
Table 19.  Simulation periods used for monitored watersheds runoff.  The simulation periods were divided by rain 
events and the AMC determined using the information from Table 5. 

High Flow Low Flow Watershed 
Simulation 
Period 

AMC Simulation 
Period 

AMC 

Caney May 14 – 
16, 1 hr 

1   

Little 
Mineral 

May 18 – 
20, 1 hr 

3   

Glasses May 12 – 
15, 2 hr 

1 May 10 – 
13, 2 hr 

1 

Hickory May 15 – 
20, 2 hr 

3   

Pennington May 10 – 
15, 2 hr 

1 May 10 – 
15, 2 hr 

1 

Hauni May 14 – 
16, 2 hr 

1   
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A preliminary simulation of each event indicated that the modified curve number method 

had potential to simulate the runoff process in these sub-watersheds.  However, the lag time 

needed calibration to improve the simulation, typically reduced by one half for the high flow.  

These changes are reported in Table 20.  For comparison, the resulting hydrographs are shown 

with the instantaneous flow measurement taken in Figures 16 – 22. 

Table 20.  Changes made to the monitored watersheds’ attributes after calibration. 
Watershed Low Flow High Flow 
Caney  Reduced lag time to 150 min 
Little Mineral  Reduced lag time to 400 min 
Glasses Increased lag to 25 

hours and changed 
to CN II 

Reduced lag to 3.3 hours 

Hickory  Reduced lag time to 800 for East and 1800 for 
West 

Pennington  Reduced lag time to 600 
Used CN III 

 
These changes indicate that the methodology of the lag time measurement is rough, at 

best.  This methodology is not applicable to instantaneous measurements, and that other methods 

for measuring the transformation of runoff would be more appropriate.  The changes in the CN 

used to simulate the runoff event also indicate that the modified method may be too simplistic for 

accurately modeling the antecedent conditions. 

The greatest variation was for Hickory Creek, shown in Figure 20.  The measurement for 

this event was 5,690 cubic feet per second (cfs), while the simulation peak was 2,000 cfs. 

Overall, the hydrographs of each simulation varied some from the measurement taken by no 

greater than 8 percent difference, excluding the Hickory Creek simulation.  Masoner reported 

that Hickory Creek had the greatest flow observed at this creek in twenty years (personal 

communication).  Complicating the hydrograph for Hickory Creek is Lake Murray, which is 

located within the watershed.  Lake Murray is 6,500 acres and has an earthen dam with a 
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spillway that is not monitored (Tony Clyde, personal communication).  It is possible that the 

unexplained flow came from unmonitored lake overflow. 

The land use dataset used to estimate average curve numbers (NLCD) is dated from 

1992, and although some land use change would be expected to have occurred from 1992 to 

2003, the estimated curve numbers did predict the runoff to an acceptable degree.  However, the 

observations made at each of the six sites were instantaneous measurements, providing no 

information about the actual behavior of the hydrograph, thus it is difficult to assume the validity 

of the curve numbers used.  The measurement could have been made during the rise or the fall of 

a peak following a rain event.  The instantaneous measurement is also sensitive to temporal 

variation of the rain event, for which there is no available record. 
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Figure 16.  Simulation of runoff from Caney Creek watershed May 16, 2003.  
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Little Mineral Creek
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Figure 17.  Simulation of runoff from Little Mineral Creek watershed  May 20, 2003. 
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Figure 18.  Simulation of runoff from Glasses Creek watershed, low flow condition, May 13, 2003. 
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Glasses Creek High Flow
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Figure 19.  Simulation of runoff from Glasses Creek watershed, high flow condition, May 14, 2003. 
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Figure 20.  Simulation of runoff from Hickory Creek watershed May 19 – 20, 2003. 
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Figure 21.  Simulation of runoff from Pennington Creek watershed May 11 – 14, 2003. 
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Figure 22.  Simulation of runoff from Hauni Creek watershed May 16, 2003. 
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Rock Creek Watershed 

 Rock Creek is located north of Lake Texoma, and adjacent to the local watersheds 

(Figure 23).  It shares many of the same characteristics as the local watersheds, which makes this  

 
Figure 23.  The Rock Creek watershed is located adjacent to the northern edge of the local watershed. 
 
watershed a good candidate for validation of the modified curve number method.  The creek 

drains into Lake of the Arbuckles in Oklahoma and is located in the Washita River basin (HUC 

11130303).  The Rock Creek watershed is 114 square miles and moderately to highly sloped due 

to the topography of the Arbuckle Mountains.  Although it is slightly larger than the 

recommended size of 100 square miles, it is comparable to the average size (126 mi2) of the Lake 

Texoma local sub-watersheds.  The Rock Creek watershed shows similar characteristics to the 

local watersheds of Lake Texoma (Table 21).  Using the delineated watershed, the estimated 
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curve number for this watershed is 74, which is within the range of CN used to simulate the local 

sub-watersheds. 

Table 21.  Rock Creek Land Use percentages.  
Land Use NLCD summary Percentage 
Water/Wetlands 11,91,92 1.6 
Urban 21,22,23 8.7 
Barren 31,32,33 0 
Forest 41,42,43 22.5 
Shrubland/Herbaceous/Pasture/Hay 51,71,81 64.5 
Row Crops 82 8.5 
Grain 83 1.3 

 
A comparison of the simulated hydrograph from Feb 1 to May 31, 1997 to the actual 

hydrograph shows that the model does not respond to the AMC (Figure 24).   The model does  
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Figure 24.  Rock Creek Hydrograph results using a continuous 3 month simulation. 
 

not consider that there is evaporation, evapotranspiration, and infiltration that occur in the 

watershed during periods of no rain.  Thus, the model assumes that the ground is still wet from 

the previous rain when the next rain event is simulated.  Because the model assumes this wet 

condition, the amount of water that is abstracted is less and less for each subsequent event until 
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the initial abstraction is “filled”.  The root mean square (RMS) error for this simulation was 632 

cfs. 

To improve the error of the simulation, a series of hydrographs were merged temporally 

to create a continuous simulation.  Because each event was considered separately using the 

modified CN method, the variable soil moisture becomes a parameter in the event.  The CN is 

determined using the AMC described in Table 6, thus considering how dry or wet the soil is prior 

to the rain event. 

 The simulation period of January 21 through May 31 was broken down into fifteen 

periods, according to the hyetograph, so that each rain event created a single peak.  Simulation 

periods and the corresponding AMC can be seen in Table 22.   

Table 22.  Simulation periods used for Rock Creek runoff.  The simulation periods were divided by rain events and 
the AMC determined using the information from Table 5. 

Simulation period AMC CN 
Jan 21 – Feb 5 1 55
Feb 6 – Feb 12 2 74
Feb 13 – Feb 19 2 74
Feb 20 – Feb 25 2 74
Feb 26 – Feb 8 3 88
March 9 – March 12 1 55
March 13 – March 24 2 74
March 25 – April 3 1 55
April 4 – April 16 1 55
April 17 – April 24 1 55
April 25 – May 7 2 74
May 8 – May 11 1 55
May 12 – May 19 2 74
May 20 – May 29 2 74
May 30 – May 31 2 74

 

The hydrograph created from this method was more representative of the actual hydrograph, as 

seen in Figure 25.  Each peak in the hydrograph represents the runoff response to a rain event.  

Yet, not every rain event resulted in a runoff response.  For example, on March 25, a rain event 
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resulted in almost no response in the watershed.  Using a continuous simulation without 

considering the AMC, the response in the model was 2,400 cfs (Figure 24).  By modifying the 

CN, the response more closely predicted the watershed response (Figure 25).   
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Figure 25.  Rock Creek Hydrograph using Modified curve number method. 
 
Using a modified method, peaks better represent the actual runoff response because the soil 

moisture conditions are considered before the rain event.  Thus, the model has the ability to 

subtract a proportion of the rain included in the hydrograph according to how dry the soil was.   

This modified simulation resulted in a root mean square error of 78 cfs.  The residual of 

simulated and actual flow divided by the actual flow sum was -0.2, a twenty percent reduction in 

the total flow.  Tong and Chen (2002) have suggested that if the error rate is within the range of 

10-20%, the model may be regarded as acceptable.  Thus, with some calibration, this model may 

be considered to be a valid method for simulating runoff for Lake Texoma’s local watersheds. 
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Loading Assessment of Local Watersheds 

Event Mean Concentration 

Because event mean concentrations are based on land use, using this method assumes that 

land uses/land covers are the variable in the contribution of non-point source pollution in runoff 

and that spatial distribution of the sources will be variable.  Values from the literature were 

applied to the NLCD data set for a prediction of the non-point source pollution from the local 

watersheds to Lake Texoma.  

Monitored Watersheds 

To determine the EMC-based expected concentrations a comparison was made to the 

measured concentration from the Masoner study (Masoner, personal communication) for 

nitrogen, phosphorus, and TSS. 

For nitrogen modeling, it was found that the lowest values reported in the literature 

(Table 8) more appropriately matched the data from the monitored watersheds, as seen in Figure 

26 and Table 23.   

Table 23.  Simulated concentrations of nitrogen using the EMC in comparison to the measured value. 
Nitrogen (mg/L) 

Measured 
 
Watershed Predicted 

Low Flow High Flow 
Caney 0.89 0.94 
Little Mineral 0.78 0.81 
Glasses 0.83 0.56 0.93 
Hickory 0.79 0.71 
Pennington 0.66 0.54 0.56 
Hauni 0.85 1.30 

 
The EMC nitrogen value for pasture/hay was changed to 0.7 mg/L, the value for 

shrubland and herbaceous upland.  This calibration improved the model, so that four of the 

simulated values for the six watersheds were within the range of the monitored value.  The 

predicted value for Hickory, Caney and Little Mineral Creek were within the range of the low 
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Figure 26. Predicted concentrations for the monitored watersheds of nitrogen in mg/L using the EMC in comparison 
to the measured value. 
 
flow and high flow monitored values for each of these watersheds.  Glasses Creek simulated 

value lay within the measured values of the Low Flow and High Flow measurements.  

Pennington Creek simulation overestimated the concentration by 0.1 mg/L of the High Flow 

measurement and 0.12 mg/L of the Low Flow measurement.  The greatest deviation was the 

Hauni Creek simulation, with an underestimate by 0.45 mg/L, or 35 percent less than the 

measured value. 

 The lowest predicted phosphorus values from the literature (Table 8) also reflected the 

measured values most clearly (Figure 27 and Table 24).  The variation between predicted and 

measured values was greatest for only two of the six simulated values.  Again the Glasses Creek 

predicted value was between the Low and High Flow measurement.  The Pennington Creek 

predicted value was underestimated by 0.076 mg/L for the High Flow and 0.035 mg/L for the 

Low Flow. 
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Table 24.  Simulated concentrations of phosphorus using the EMC in comparison to the measured value. 
Phosphorus (mg/L) 

Measured 
 
Watershed Predicted 

Low Flow High Flow 
Caney 0.070 0.290 
Little Mineral 0.147 0.152 
Glasses 0.099 0.068 0.148 
Hickory 0.072 0.064 
Pennington 0.040 0.075 0.118 
Hauni 0.094 0.092 
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Figure 27. Predicted concentrations for the monitored watersheds of phosphorus in mg/L using the EMC in 
comparison to the measured value. 
   

The greatest variation in predicted versus measured values was the predicted values of 

the total suspended solids as compared to the measured values for the six watersheds (Figure 28 

and Table 25).  The Hickory Creek predicted value was 81 mg/L, as opposed to the measured 

value of 2510 mg/L, a variation of 97 percent less than the actual value.  The Hauni Creek 

prediction did not fair much better, with 94 percent difference. However, the maximum EMC for 

TSS reported in the literature was 2,200 mg/L (barren land), so the Hickory Creek sub-watershed 

clearly cannot be modeled using traditional EMC methods. 
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Table 25.  Simulated concentrations of TSS using the EMC in comparison to the measured value. 
Total Suspended Solids (mg/L) 

Measured 
 
Watershed Predicted 

Low Flow High Flow 
Caney 86 418 
Little Mineral 77 52 
Glasses 81 7 315 
Hickory 81 2510 
Pennington 67 110 172 
Hauni 81 1330 
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Figure 28.  Predicted concentrations of TSS for the monitored watersheds using the EMC in comparison to the 
measured value. 
 
 Statistically, the nitrogen concentration estimates faired the best, with a total squared 

error of 0.58, and the worst for the phosphorus concentration (R2 = 0.00009), while the TSS 

concentration error is 0.11.  However, because of the size of the data set it is difficult to discern 

if this information can be used as validation of the method. 

The traditional EMC model does not consider: 1) processes that might change the 

concentration of the sediments and nutrients or transform the nutrient within the watershed, 2) 

soil types that might contribute more or less sediment or phosphorus attached to the runoff 
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solids, 3) other sources that might contribute more nutrients to the water body, or 4) the use of 

reported EMCs from areas outside this region. 

Also, the Event Mean Concentration, as a mean of an entire event, does not consider the 

First Flush phenomenon, which is important to sediment concentrations.  Many of the 

measurements made in the local watersheds appear to have been taken during a rising event 

(Pennington Creek high flow, Glasses Creek high flow, Little Mineral Creek, and Hauni Creek).  

It is not evident that the Hickory Creek measurement was taken during the rising limb of an 

event, but the extremely high flow conditions would have created an excessively erosive 

condition across the watershed.  So, more measurements of the event mean concentration would 

be appropriate for better assessment of the EMCs as a predictor of all loads to the lake. 

Local Sub-watersheds 

Using the EMC that had the best prediction for the monitored streams (the lowest 

reported nitrogen and phosphorus values and highest TSS values), areas that appear to have a 

larger concentration contribution of nitrogen and phosphorus are the watershed of the Big 

Mineral Arm (a major portion of the Red River Transition Zone), an area north west of the main 

lake, and an area north east of the dam, which all contribute to the Washita Transition Zone and 

the Main Lake Zone (Figures 29 and 30).  Similarly, the activities in the areas contributing to the 

Big Mineral Arm and activities north west of the main lake seem to correspond to larger 

contribution of sediment (Figure 31).   

These data sets were then applied to the local sub-watersheds as the sum of concentration 

contribution for each of the twelve sub-watersheds.  Also, data from the NPDES were used as an 

added concentration of nitrogen or suspended solids.  Table 26 shows the expected constituent 

have a greater potential to contribute to non-point source pollution.  Some of the highest values 



65 

 
Figure 29.  The total nitrogen EMC spatial distribution in the local watersheds 

 
Figure 30.  The total phosphorus EMC spatial distribution in the local watersheds. 
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Figure 31.  The total suspended solid (TSS) EMC spatial distribution in the local watersheds. 
 
Table 26.  Expected concentrations of nitrogen, phosphorus, and TSS for the local sub-watersheds in mg/L using the 
EMC. 

Watershed ID Nitrogen Phosphorus TSS 
NSRR 3.2191 0.1315 99.3295 
SSRR 0.9708 0.1574 92.6429 
NSRRT 1.3799 0.1595 125.4839 
SSRRT 1.1531 0.1327 110.2528 
NSML 0.9021 0.1364 88.6024 
SSML 1.0087 0.1306 129.7962 
WSWRT 1.4822 0.1637 134.8039 
WSWR 1.3898 0.1525 127.4351 
WSWR2 0.9818 0.1396 92.1529 
ESWR2 0.8044 0.1051 81.9503 
ESWR 0.8662 0.1348 181.1380 
ESWRT 1.0821 0.1677 104.4591 

 
concentration for each of the local sub-watersheds.  Table 27 lists the NPDES facility and the 

maximum concentration limit for nitrogen and TSS as reported by the EPA. 

Using the EMC-based concentrations from Table 24, it is evident that some watersheds for 

nitrogen, phosphorus, and TSS were observed in the South Shore of the Red River Zone, North  
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Table 27.  The sub-watersheds that contain NPDES facilities and the maximum concentration limits for the 
facilities. 
Watershed Name of Facilities  TSS load (kg/day) N load (kg/day) 
ESWR2 Town of Mill Creek 54.41 0 
ESWR2 City of Tishomingo 35.64 0 
NSRR Kingston, Town of 6.70 2.23 
NSRRT Thomas Buncombe Crk MHP  0.23  
SSRR United States, Dept. of Air Force 0.82 0 
SSRRT Denison, City of 23.38 0 
SSRRT Boraas Properties, Inc. 4.59 0 
SSRRT Preston Club Utility 0.68 0 
 

Shore of the Main Lake, South Shore of the Main Lake, and East Shore of the Washita River 

Transition Zone.  NSML, SSML, and ESWRT are all located in the vicinity of the main lake 

zone, thus the greatest impact to lake quality is focused on near-shore areas in the main lake 

zone. 

The daily load for the simulation period of March 1 through May 31, 1997 is shown in 

Figures 32 - 34 in kilograms per day.  The total load for the simulation period of March 1 – May 

31, 1997 was 33,552 kg nitrogen, 4,401 kg phosphorus, and 3,423,140 kg TSS. 
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Figure 32.  Graph of nitrogen daily loads in kilograms from the local watersheds to Red River and Washita River 
arms March 1 – May 31, 1997. 
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Total Phosphorus Load by Lake Arm

630.4

0
100
200
300
400
500
600
700

3/1
/19

97

3/8
/19

97

3/1
5/1

99
7

3/2
2/1

99
7

3/2
9/1

99
7

4/5
/19

97

4/1
2/1

99
7

4/1
9/1

99
7

4/2
6/1

99
7

5/3
/19

97

5/1
0/1

99
7

5/1
7/1

99
7

5/2
4/1

99
7

5/3
1/1

99
7

March 1 - May 31

Lo
ad

 (k
g/

da
y)

RR arm
WR arm

 
Figure 33.  Graph of phosphorus daily loads in kilograms from the local watersheds to Red River and Washita River 
arms March 1 – May 31, 1997. 
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Figure 34.  Graph of TSS daily loads in kilograms from the local watersheds to Red River and Washita River arms 
March 1 – May 31, 1997. 
 

The discharges from Pennington Creek, as well as many of the creeks and streams 

located in the watersheds WSWR2 and ESWR2, draining to the Cumberland Pool, will likely 
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slow down and drop all suspended solids.  Thus, sediment concentration delivery to Lake 

Texoma from the Washita River Zone from the northern shore is likely less than predicted in our 

simulations.  Also, the relationship of the Tishomingo National Wildlife Reserve, high in 

wildfowl and related ecology, is poorly understood in relation to nutrient delivery to the lake.  

Export Coefficient 

 A map depicting the distribution of export coefficients can be seen in Figures 35 and 36. 

An estimated annual loading of nitrogen and phosphorus is reported for each watershed in Table 

28.  These maps also show that nitrogen and phosphorus contribution to the Main Lake Zone 

come from the area north west of the lake. 

 
Figure 35.  The nitrogen export coefficient spatial distribution in the local watersheds. 
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Figure 36.  The phosphorus EC spatial distribution in the local watersheds. 
 
Table 28.  The simulated nutrient export values of nitrogen and phosphorus using the export coefficient. 

Watershed ID Nitrogen (kg/year) Phosphorus (kg/year) 
NSRR 106,321.5 9,906.4 
SSRR 33,747.5 2,488.3 
NSRRT 241,991.8 20,320.8 
SSRRT 34,210.8 2,902.6 
NSML 12,177.8 915.7 
SSML 294,388.3 24,213.8 
WSWRT 424,527.4 1,454.5 
WSWR 43,808.0 3,557.9 
WSWR2 130,376.3 10,138.0 
ESWR2 258,948.8 22,957.8 
ESWR 45,229.3 3,772.2 
ESWRT 31,840.8 2,845.6 

 
Long-Term Hydrologic Assessment 

 As an alternative assessment of the local sub-watersheds, the Long Term Hydrologic 

Impact Assessment tool provides some insight as to the quality of this assessment.  The model 

uses a similar distributed grid of the appropriate CN as seen in Figure 7.  However, the lumped 

CN for each of the twelve sub-watersheds varies slightly (Table 29).  There is generally a 
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reduction in the expected lumped CN, especially at SSRR, SSRRT, and WSWR of a reduction of 

9, 8, and 5 in the CN respectively.  All three of these watersheds contain a fair percentage of 

forest, for which the L-THIA model used a lower number series.  There was an increase in the 

CN by 4 in NSRRT.  Some differences are expected due to the use of different land use 

classification schemes and some variation in the CN used. 

Table 29.  Lumped CN derived from the L-THIA model. 
Watershed ID L-THIA CN II Previous CN II Difference 
NSRR 64 65 -1 
SSRR 61 70 -9 
NSRRT 69 65 +4 
SSRRT 68 76 -8 
NSML 70 72 -2 
SSML 70 75 -3 
WSWRT 75 77 -2 
WSWR 64 69 -5 
WSWR2 69 73 -4 
ESWR2 70 70 0 
ESWR 67 67 0 
ESWRT 71 70 +1 

 
 The total resulting average yearly runoff volume was 1.55 x 108 cubic meters per year, an 

increase of 414 percent of the total runoff volume calculated using HEC-HMS for a three-month 

period (see Table 30), as compared to the average annual streamflow volume from the Washita 

River of 1.55 x 109 cubic meters per year and the Red River of 2.94 x 109 cubic meters per year.  

Accordingly, the runoff from the local watersheds contributes about 3 percent of the total yearly 

water inflow to Lake Texoma. 

The distribution of the runoff contribution from each of the sub-watersheds is greatly 

variable from the results of the HEC-HMS simulation (Figure 37 and Table 29).  Whereas the 

sub-watershed contributed almost 40 percent of the total volume for the three-month simulation 

of 1997, the annual average contribution from SSRRT is only 8 percent.  The greatest annual 

contribution is from the sub-watersheds NSRR, ESWR2, and WSWR2, which are also the largest  
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Table 30.  The average annual runoff volume by watershed and the average annual loading of nitrogen, phosphorus, 
and TSS calculated using L-THIA. 

Watershed ID Runoff Volume (m3) TN (kg) TP (kg) TSS (kg) 
NSRR 32,318,649.2 58,080.8 12,496.9 106,834.0 
SSRR 4,751,326.4 5,668.5 733.9 85,939.1 
NSRRT 2,888,692.4 4,653.1 946.6 78,949.7 
SSRRT 13,176,400.4 20,068.0 3,950.6 339,548.2 
NSML 7,268,933.9 8,133.7 1,145.1 107,918.9 
SSML 5,096,629.5 9,227.5 1,156.7 101,386.1 
WSWRT 19,707,932.7 24,634.8 4,023.3 338,745.1 
WSWR 1,469,042.0 2,221.9 429.5 36,860.5 
WSWR2 31,306,707.4 43,402.8 7,896.4 749,423.9 
ESWR2 27,665,634.2 24,271.8 1,958.2 171,027.4 
ESWR 4,651,904.2 3,584.5 154.0 13,980.8 
ESWRT 4,938,449.7 5,453.4 737.9 63,067.3 
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Figure 37.  The average annual contribution of runoff volume from local sub-watersheds estimated using the L-
THIA model, in comparison to Figure 13. 
 
watersheds.  An interesting side note is the average annual runoff volume per square mile that 

shows that the largest runoff contribution is from the watersheds that most directly influence the 

Main Lake Zone, watersheds NSML, SSML, ESWRT, and WSWRT (Figure 38).  Interestingly, 

the least contribution by square mile are those watersheds located furthest west, NSRR, SSRR, 

NSRRT, and SSRRT.  Because these watersheds do not have a significantly lower lumped CN, 
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the lower runoff volume could be contributed to receiving less average yearly rainfall due to 

their location.  However, no statistical tests were conducted on the validity of this observation. 

The loading method used for non-point source pollution estimation is based on the 

average annual runoff volume.  Using the L-THIA runoff volumes, the loads from the local 

watersheds are estimated to be 209,401 kg per year of total nitrogen, 35,629 kg per year of total 

phosphorus, and 3,155,193 kg per year of TSS (Table 29).  In comparison to the previously 

calculated estimate based on the HEC-HMS volumes for a three month period, this is a 524 

percent increase for nitrogen, 710 percent increase for phosphorus, and a 7.8 percent decrease for 

suspended sediments. 
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Figure 38.  The average annual contributions of runoff volume from local sub-watersheds per square mile estimated 
using the L-THIA model.  Note that the four watersheds NSRR, SSRR, NSRRT, and SSRRT are located further 
west than the other sub-watersheds. 
 
 Considering the results of the comparison of the estimated EMC concentration for 

suspended solids for the monitored watersheds, the value for total annual TSS load seems 

conservative, as a washout effect seems to dominate the loading of TSS for these local 

watersheds. 
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Despite the conservative values used by the L-THIA model, the results did provide some 

insight to the impact that the local watersheds might have to Lake Texoma.  This model shows 

that the Red River and Washita River Arms of the lake receives the greatest impact of nitrogen, 

phosphorus, and suspended solids, contrary to the rated impact based on a lumped EMC reported 

in Table 26.  Because the values from L-THIA are based on the spatial variability of the 

precipitation across the region, the impact of the hydrology to the water quality is evident.  The 

greatest amount of runoff volume was from NSRR, ESWR2, and WSWR2.  Subsequently, these 

watersheds have the greatest nutrient and TSS potential, especially NSRR depositing the largest 

suspended sediment load of 1,068,359 kg/year and nitrogen load of 58080 kg/year.  The SSRRT 

sub-watershed is also contributes a large amount of sediment, 339,548 kg/year to the Red River 

Arm of Lake Texoma, which is listed as an impaired water as reported by the Total Maximum 

Daily Load (TMDL), due to sediment and siltation (EPA, 1998). 

Agricultural activity causes a large amount of NPS pollution to the Washita River Arm.  

WSWR2 deposited the second greatest amount of suspended solids (749,424 kg/year) and 

nitrogen (43,403 kg/year).  However, the Cumberland Pool and Tishomingo National Wildlife 

Refuge might be acting as a sink for much of this deposition. 
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CONCLUSION 

The impact on receiving water body quantity and quality is increasingly recognized as 

being affected by the delivered water quantity and quality, thus coupled watershed/receiving 

water body modeling has recently received more attention (Mankin et al., 2003).  The local 

watersheds of Lake Texoma historically have not been monitored for water quantity or quality, 

thus little is known about the physical characteristics of the watersheds or the actual impacts the 

watersheds have on the reservoir.  Insight into the hydrology of the area, as well as the potential 

impacts through land use and activity changes within the watershed may have on the water 

quality can be used to better predict lake responses to the various impacts due to land use 

activity.  This information has been assimilated into a lake water quantity and quality model to 

examine the data collected to date on Lake Texoma. Also, for an assessment of the current state 

of Lake Texoma and facilitation of an assessment of changes that would occur in Lake Texoma 

due to future changes in activities in and around the lake. 

Delineation of the Sub-Watersheds 

The local watersheds, defined as hydrologic unit codes (HUC) 11130210 and 11130304, 

were delineated into sub-watersheds based on the topography of the area and lake segments.  The 

EDNA data set (USGS, 2001) was useful as the sub-watersheds were not defined in a standard 

method as the drainage area of one stream network.  Large areas were lumped into watersheds, 

avoiding having multiple, very small watersheds that would have been difficult to manage.  This 

also simplifies the assessment of responses in the lake zones separately as the drainage areas  to 

the lake zones are accounted for explicitly.  The disadvantage of lumping stream networks is that 

some error is created in the hydrograph response to rain events, as streams within one lumped 

watershed would have different travel lengths and velocities. 
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Runoff from the Sub-Watersheds 

The USDA Technical Release 55 (USDA, 1986) states that estimating the runoff volume 

should not be attempted in watersheds greater than 100 square miles.  Five of the watersheds 

used in this study were greater than 100 square miles.  This can be a potential source of error as 

lumping the variables of the watershed can be skewed by spatial variability. 

Because lake processes are largely recognized on a long-term basis, a long-term 

continuous simulation of the local watersheds was appropriate for input to the lake model.  

Runoff associated with delineated local sub-watersheds was estimated using the modified curve 

number method with the Hydrologic Engineering Center Hydrologic Modeling System, HEC-

HMS.  The CN method is a well-documented empirical method that can be easily applied to 

unmonitored watersheds for estimating the runoff associated with the precipitation, land-use, and 

soil type.  However, disparity between observed hydrographs and hydrographs created using the 

CN method could be caused by spatial and temporal variations of the storm, and also by the 

antecedent soil moisture condition.  Modifications associated with using the CN method in a 

continuous simulation were incorporated into the simulation, namely using the antecedent 

moisture conditions to determine the runoff potential of the watershed before a rain event occurs. 

The method captures some of the inconsistency of runoff from rain events due to antecedent rain 

events and antecedent soil moisture that affect the runoff volume when the soil is more or less 

wet.  This variation in the maximum potential infiltration was amended for the continuous 

simulation, which improved the estimate of the water quality of the lake due to loadings. 

The HEC-HMS program was used in this study because of its ease of use and familiarity 

in water management fields.  The model requires few inputs; parameters were calculated using 

GIS.  Because the CN method is a single-event model, the modified curve number method was 
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applied to each storm event that occurred during the time period in the HEC-HMS program and 

the responses from event to event merged to create a continuous simulation.   

Rock Creek was a candidate for validation and calibration of the model because it is 

adjacent to the local watershed.  This small, monitored watershed was simulated for the same 

period of March 1 to May 31, 1997.  The error using the modified CN method was less than 20 

percent and considered to be a good method. 

The model and method were also validated using single storm events, monitored by the 

USGS (Masoner, personal communication) in the local watershed.  The only watershed that did 

not approach the actual measurement was Hickory Creek, which drains Lake Murray, a small, 

unmonitored body of water.  This lake could have an overflow and contributed much of the 

unexplained volume. 

The sum of water flow from the sub-watersheds for March 1 to May 31, 1997 totaled 

3.02 x 107 cubic meters, of which 1.16 x 107 cubic meters were used as input to the lake 

hydrodynamic model as a boundary condition for the Big Mineral Arm of the lake.  Compared to 

the input from the Red River and Washita River, this was 0.85% of water input to the lake from 

March 1 to May 31, 1997.  By adding this input, along with the Red River and Washita River 

input, improved lake simulations to the same degree as half of the Water Budget calculations 

provided by the US Army Corps of Engineers (Garcia, 2004). 

In comparison, The Long-Term Impact Assessment and Non Point Source Pollutant 

Model (L-THIA GIS) was used for simulation of long-term runoff for comparison of the weight 

of influence the sub-watersheds have on Lake Texoma’s water quality.  The total yearly average 

runoff from the local watershed was 1.55 x 108 cubic meters, a little more than four times the 

volume calculated for a three month period using HEC-HMS.  Either way, this runoff volume is 
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a small contribution to the lake in comparison to the major river systems.  On the other hand, the 

local watershed could play a major role in the impact these areas have on the shoreline. 

Non-Point Source Pollution from the Sub-Watersheds 

In addition to the hydrology of the area, non-point source nutrient (nitrogen and 

phosphorus) and sediment loads from the local watersheds were estimated using the modeled 

flows and literature values of nutrient Export Coefficients and Event Mean Concentrations 

(EMC).  Estimated concentrations for each land use using either the highest or the lowest 

literature-reported EMC were applied to the National Land Cover Dataset (NLCD) and summed 

for the sub-watershed.  EMC were examined for applicability to the study area to report 

estimated daily loads of constituents using the monitoring of six creeks local to Lake Texoma 

(provided by Masoner, personal communication). 

The Event Mean Concentration provided visualization and predictions for making basic 

assumptions about the relationship between the lake water quality and local watershed based on 

the land uses in this study.  The lowest reported values of nitrogen and phosphorus and the 

highest reported values of TSS were found to be most suitable values for estimating the expected 

concentration from the local watersheds.  This resulted in loads of 33,553 kg nitrogen, 4,401 kg 

phosphorus, and 3,423,140 kg TSS to Lake Texoma from the local watersheds from March 1, 

1997 to May 31, 1997.  In comparison, L-THIA reported the average annual nitrogen load for 

nitrogen and phosphorus was increased to 209,401 kg per year of nitrogen, and 35,629 kg per 

year of phosphorus.  This was probably due to slightly different values used by this model.  On 

the other hand, sediment loads decreased when estimated on a yearly basis to 3,155,193 kg per 

year, again likely due to different values used by the model. 
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The assumption for using EMC is that the concentration is the mean value for a storm 

event.  Consequently, comparing this mean value to the instantaneous measurements creates 

some bias because of washout effects, yearly changes in loads due to agricultural activity, and 

regional differences in the values.  Also, water bodies such as Lake Murray and Cumberland 

Pool complicate the predictions as they may act as a sink for nutrients and suspended solids as 

water from the watersheds drop out much of the suspended material. 

The non-point pollution load predictions made in this study show that the local 

watersheds do have some potential to impact the lake.  Some predictions can be made about the 

impact the 1,725 square miles of watershed could have on near-shore locations in the lake.  

Areas surrounding the Red River Zone are threatened by sedimentation not only by the Red 

River, but also by the local watersheds surrounding the zone.   

Overall, the amount and delivery of nonpoint pollution is a complicated picture and 

making predictions of the nonpoint source pollution load from the local watersheds must be done 

using empirical studies because of the lack of data to support other methodologies.  The results 

of this study suggest that achieving the goal of supporting management decision schemes is 

possible, provided that more data is available to statistically corroborate the values used to make 

the predictions. 

 Also, these methodologies could be applied to an expanded area of Lake Texoma’s 

watersheds, offering the user the ability to more accurately calibrate the values used because 

there is data from gages scattered about the watershed.  The Red River and Washita River 

combined account for more than ninty percent of the input to the lake and use of these methods 

in predicting changes on a whole watershed scale could be a useful tool for lake management.
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APPENDIX A. 
 
Table 31.  The weather station and thiessen weights used to simulate runoff for the monitored watersheds. 

Watershed Station Weight Station Weight Station Weight
Caney Gordonville 0.13 Kingston 0.87  
Little Mineral Kingston 0.97 Madill 0.03  
Glasses Madill 1   
Small Hickory Ardmore 1   
Large Hickory Ardmore 0.72 Marietta 0.28  
Pennington Chickasaw 0.17 Pontotoc 0.57 Tishomingo 0.26
East Hauni Madill 1   
West Hauni Madill 1   

 
Table 32.  Weather stations and thiessen weights used to simulate runoff in the local watersheds. 

Watershed Station Weight Station Weight Station Weight Station Weight Station Weight
NSRR Ardmore 0.44 Gordonville 0.02 Kingston 0.02 Marietta 0.28 Madill 0.24
SSRR Gainesville 0.38 Gordonville 0.49 Marietta .13   
NSRRT Gordonville 0.13 Kingston 0.66     
SSRRT Kingston 0.09 Gainesville 0.09 Gordonville 0.82   
NSML Kingston 1      
SSML Gordonville 0.03 Kingston 0.97     
WSWRT Kingston 0.23 Madill 0.76 Tishomingo 0.01   
WSWR Kingston 0.2 Madill 0.13 Tishomingo 0.67   
WSWR2 Ardmore 0.05 Chickasaw 0.41 Madill 0.33 Tishomingo 0.21  
ESWR2 Chickasaw 0.17 Madill 0.02 Pontotoc 0.68 Tishomingo 0.13  
ESWR Durant 0.75 Kingston 0.09 Tishomingo 0.16   
ESWRT Kingston 0.4 Durant 0.6     
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Example of R language used for processing NWS data: 
 
# read the data file (year 2003 was incomplete therefore it was deleted from file) 
data.rain <- matrix(scan("C:/L-THIA/weather/L-THIAweather/durant2.txt"), ncol=4,byrow=T) 
 
# extract information from data 
ndata <- length(data.rain[,1]) 
yrs <- unique(data.rain[,1]); nyrs <- length(yrs) 
 
# create arrays to store 
rain.thia <- structure(1:(nyrs*366), dim=c(366,nyrs)) 
flag <- structure(1:nyrs) 
 
# determmine flag to signal position of end of month for each year 
j <- 1 
for(i in 1:ndata){ 
   if(data.rain[i,2] == 12 && data.rain[i,3] == 31) {flag[j] <- i; j<-j+1} 
  } 
 
# create new array and pad it feb 29 when needed  
Z <- structure(1:(4*366*nyrs), dim=c(366,4,nyrs)) 
i <- 1 
Y <- data.rain[1:flag[i],] 
lyr <- length(Y[,1]) 
if(lyr == 365) Z[,,i] <- rbind(Y[1:59,],c(yrs[i], 2, 29,0.00),Y[60:365,]) else Z[,,i] <- Y 
 
for (i in 2:nyrs){ 
  Y <- data.rain[(flag[i-1]+1):flag[i],] 
  lyr <- length(Y[,1]) 
  if(lyr == 365) Z[,,i] <- rbind(Y[1:59,],c(yrs[i], 2, 29,0.00),Y[60:365,]) else Z[,,i] <- Y 
} 
 
# extract rain values 
W <- Z[,c(-1,-2,-3),] 
 
# weight coefficient 
a <- 0.75 
 
# format and write file 
w.t <- format(a*W, nsmall=2) 
write.table(w.t,"C:/L-THIA/ESWR/Weather/durant.txt", quote=F, col.names=F, row.names=F, 
append=T, sep="\t") 
 
# read the data file for SSRR (year 2003 was incomplete therefore it was deleted from file) 
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Durant <- matrix(scan("C:/L-THIA/ESWR/weather/Durant.txt"), ncol=53,byrow=T) 
Kingston <- matrix(scan("C:/L-THIA/ESWR/weather/Kingston.txt"), ncol=53,byrow=T) 
Tishomingo <- matrix(scan("C:/L-THIA/ESWR/weather/Tishomingo.txt"), ncol=53,byrow=T) 
 
# add weighted weather 
ESWR <- Durant + Kingston + Tishomingo 
 
# write the table 
write.table(ESWR,"C:/L-THIA/ESWR/Weather/weightedweather.txt", quote=F, col.names=F, 
row.names=F, append=T, sep="\t") 
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