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Abstract:



The geo-spatial interface of the WEPP model called GeoWEPP uses digital geo-referenced information integrated with the most common GIS tools to predict sediment yield and runoff. The model determines where and when the sediment yield and runoff occurs and locates possible deposition places. In this study, the sediment yield and runoff from Orcan Creek watershed in Kahramanmaras region was estimated by using GeoWEPP model. To investigate the performance of the model, the sediment yield and runoff results from the GeoWEPP model were compared with the observed monthly data collected from the sample watershed. The average Root Mean Square Errors (RMSE) between observed and predicted average annual sediment yield and runoff were 2.96 and 8.43, respectively. The index of agreement was 0.98 and 0.99 for sediment yield and runoff, respectively, which indicated that the model predictions provided good results.
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1. Introduction


In Turkey, topsoil faces moderate (20%), severe (36%), and very severe (22%) soil erosion incidents due to excessive amount of runoff by water in the mountainous regions and topsoil removal by wind in steppes [1]. Soil erosion and unimpeded runoff alter the stream flow regime and generate considerable amount of sediment yield, which leads to dramatic environmental impacts on water quality and aquatic habitat [2, 3]. Therefore, accurate and quick prediction of sediment yield and runoff in the watersheds is crucial in terms of planning and applying necessary soil conservation techniques in Turkey [4].



There have been several models developed to estimate sediment yield and runoff such as RUSLE, EPIC, ANSWERS, CORINE, ICONA and WEPP. In RUSLE (Revised Universal Soil Loss Equation), the annual soil loss per unit are is estimated using an empirical equation developed based on various erosion factors considering all climates, soil types, topography, and land types [5, 6, 7]. The EPIC (Erosion Productivity Impact Calculator) model assesses the effect of soil erosion on soil productivity to determine the effect of management strategies on soil and water resources. EPIC has some advanced simulation features including weather, nutrient cycling, plant growth, soil temperature, and plant environment control [7].



ANSWER (Areal Nonpoint Source Watershed Environment Response Simulation), one of the first true distributed parameter hydrologic models, was developed to evaluate the effects of the best management practices on sediment yield and runoff from agricultural watersheds [8]. The upgraded version of this model was developed to improve nutrient submodels and to allow a user to perform long term continuous simulations [7, 9]. CORINE (COoRdination of INformation on the Environment) model was developed by European Community based on Universal Soil Loss Equation (USLE) [10], a well-known methodology in soil erosion assessment studies [11]. The CORINE has the advantage of providing erosion prediction for the entire research area. Mapping soil erosion risk with CORINE methodology is very important for the integration of future scientific studies between European Community and Turkey [11, 12]. As a sequel to CORINE, they developed ICONA model (Institute for the COnservation of the NAture), which works based on a large amount of geological data [12]. ICONA is useful to predict soil loss for large areas but it cannot consider the effects of climatic data [7].



The WEPP, The Water Erosion Prediction Project, was developed to estimate sediment yield and runoff based on specific erosion factors including soil type, climate conditions, ground cover percentage, and topographic condition [13]. The WEPP model calculates sediment yield, runoff, infiltration, and erosion and deposition rates for every day and for multiple time periods (i.e. monthly or yearly). Since WEPP is process-based model, it requires great amount of input data to evaluate erosion and sediment yield potentials [14]. In order to simplify the WEPP applications, FS WEPP (Forest Service WEPP) was developed as a set of internet-base interfaces, which assists a user to quickly predict sediment yield and runoff from forest roads, forest lands, agricultural areas, rangelands, and wild-fire [7, 15].



GeoWEPP, a geo-spatial erosion prediction model, was developed to integrate the advanced features of GIS (Geographical Information System) within the WEPP v2006.5 such as processing digital data sources and generating digital outputs [7, 16, 17]. GeoWEPP overcomes the limitation of the WEPP, which is that the user must manually generate necessary input data. The current version of GeoWEPP allows a user to process digital data such as Digital Elevation Model (DEM), ortho-photos, soil surveys, land use maps, and precision farming data. Besides, required input data including slope, land cover types, soil map, land use types, and climate are integrated into spatial database of the WEPP and necessary outputs are produced by using GIS functions of GeoWEPP.



In this study, GeoWEPP (WEPP v2006.5) was used to estimate the sediment yield and runoff in Orcan Creek watershed of Kahramanmaras. The sediment yield and runoff results from the GeoWEPP model were compared with the observed monthly data collected from the sample watershed to evaluate the performance of the model.




2. Material and Method


2.1. GeoWEPP


GeoWEPP was developed as a collaborative project conducted by the Agriculture Research Service, Purdue University, and the USDA National Soil Erosion Research Laboratory [17]. To predict sediment yield and runoff at watershed scale, GeoWEPP integrates WEPP model and TOPAZ (TOpography PArameteriZation) software within the ArcView 3.2 (ArcView 2000) [17] (Figure 1). In GeoWEPP, necessary input files (land cover, land use, slope, climate, soil, and management) are generated within WEPP and topographic data are parameterized by using TOPAZ based on DEMs [18]. Finally, watershed outputs are produced by using GIS functions in ArcView [7].


Figure 1. Logic flowchart of the GeoWEPP.
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2.1.1. TOPAZ


In GeoWEPP, hillslope profiles are generated by utilizing TOPAZ, which parameterizes topographic data based on DEMs. TOPAZ determines the channel network based on the steepest down slope path, considering 8 adjacent cells of each raster cell (pixel) [19]. The channel network can be adjusted by changing values of Mean Source Channel Length (MSCL) and Critical Source Area (CSA). The MSCL defines the shortest channel length and the CSA is the minimum drainage area [7, 19]. After defining the channel network, TOPAZ generates the sub-watersheds which represent the watershed (Figure 2).


Figure 2. The flow accumulation for sub-watersheds by using TOPAZ.
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2.1.2. ArcView


The GeoWEPP model has a feature of being run in ArcView. The watershed outputs are generated as grid layers representing soil loss as a percentage of the tolerable soil loss (TSL). In the grid layers, areas that generate soil loss values greater than or less than the TSL are highlighted. The runoff and sediment yield data for each pixel can be produced in text files or in grid outputs. Text files indicate average annual rainfall and number of storms, total runoff, soil loss, and sediment yield for each sub-watersheds and for the entire watershed [7].




2.1.3. WEPP Input Files


WEPP model requires four input files including slope, climate, soil, and management files to describe hillslope geometry, meteorological characteristics, soil properties, and ground cover, respectively.



Slope File


The slope file is generated based on necessary hillslope parameters such as slope gradient, shape, width, and orientation along its length. GeoWEPP utilizes TOPAZ to produce sub-watershed profiles based on DEM data (Figure 3). In this study, sub-watersheds and channels in the study area were derived from 30 m DEMs, generated by using TOPAZ based on the 1/25 000 scale topographic maps.


Figure 3. DEM image generated in ArcView.
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Climate File


To generate climate file with daily values of precipitation, temperature, solar radiation, and wind speed obtained from the weather stations, the WEPP model uses CLIGEN (Climate Generator), which is a stochastic weather generation model [20]. For a specific location and length of time, the “Rock: Clime” application in FS WEPP is used to determine spatial climate variability in mountain regions [7, 15, 20]. To generate climate data, “Rock: Clime” can access database of PRISM (Parameter-elevation Regressions on Independent Slopes Model), which estimates precipitation and temperature based on orographic effects [22]. In “Rock: Clime”, the inputs of monthly average precipitation and temperature values can be adjusted [23]. Since meteorological database in Turkey is not generated in the data format of CLIGEN model, climate parameters for the study area were first obtained from the weather station in the city of Kahramanmaras, tramsformed into the format called PAR file, and then generated in the WEPP as a climate file of CLIGEN (Figure 4). The climate parameters include maximum and minimum air temperature, relative humidity, precipitation, solar radiation, and wind speed.


Figure 4. Climate file generated based on a PAR file.
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Soil File


Accurate representation of soil property values in WEPP is essential for estimating sediment yield and runoff. In WEPP, critical parameters in the soil file are soil texture, albedo, saturation level, hydraulic conductivity, rill erodibility and interrill erodibility, and critical shear. These parameters are obtained from data collection or calculated by the WEPP model. In this study, soil parameters were measured based on soil samples collected from randomly selected 1 m2 plots (i.e. 80 plots) located in the study area. After collecting soil samples from the selected sub-watersheds in study area and analyzing them in the soil laboratory, some of the soil properties including soil texture, albedo, saturation level, soil depth, sand-clay-organic matter ratios, cation exchange capacity, and rockness should be entered into soil input file. The values of the other properties such as rill and interrill erodibility, critical shear, and hydraulic conductivity can be calculated by WEPP model. The Green-Ampt effective hydraulic conductivity equation is used to estimate hydraulic conductivity based on rainfall amount, surface cover, and runoff [7, 24, 25]. Rill and Interrill erodibility values can be determined depending on the sediment delivery equation in WEPP v2006.5.



To run GeoWEPP, first, the soil map layer (soilsmap.asc) is generated based on soil input file in ArcView environment (Figure 5a). Then, soil text file (soilsmap.txt) (Figure 5b) is developed according to associated land cover types such as shrub, dry forest, wet agriculture, bare soil (rangeland), dry agriculture, and forest. The soil text file is used by GeoWEPP and WEPP/TOPAZ Translator (Figure 5c) to determine the description that corresponds with the soil map layer in GeoWEPP. In the text file, special codes (NumberKeys) are assigned to represent the raster cell values in the soil map layer [18]. The “NumberKey” values are to be followed by the description to describe soil types. In order to run GeoWEPP and WEPP/TOPAZ, soil text file is used as a bridge between soil map layer and WEPP/TOPAZ Translator (Figure 5).


Figure 5. The interaction between soil map layer in GeoWEPP (a), soilsmap.txt (b), and WEPP/TOPAZ Translator (c).
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Management File


The amount of land cover is indicated in management file based on growth and mortality parameters. In this study, the necessary management file data (i.e. the amount of vegetation, duff, litter, and woody debris) were obtained by field measurements and then entered into the WEPP. Then, the management file was generated for different land use types (i.e. shrub, dry forest, wet agriculture, rangeland, dry agriculture, and forest) for each sub-watershed for every year of simulation. During this process, WEPP generates interrill cover data for each year using growth parameters, soil data, and climate data. To run GeoWEPP, first, the land cover layer (landcov.asc) is generated based on management file in ArcView environment (Figure 6a). Then, land cover text file (landcov.txt) (Figure 6b) is developed according to associated land use types. The land cover text file is used by GeoWEPP and WEPP/TOPAZ Translator (Figure 6c) to determine the description that corresponds with the land cover layer in GeoWEPP [7, 18]. The interaction between GeoWEPP, landcov.txt, and WEPP/TOPAZ Translator is the same as with soilsmap.txt (Figure 6).


Figure 6. The interaction between land cover layer in GeoWEPP (a), landcov.txt (b), and WEPP/TOPAZ Translator (c).
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2.2. Model Application


2.2.1. Study Area


Orcan Creek Watershed, located in approximately 25 km southeastern of Kahramanmaras, was selected as a study area because it represents the land, soil, and vegetation characteristics of the region (Figure 7). The study area is 490 ha of which 175 ha is forested land, 165 ha is rangeland, and 150 ha is agricultural land. The dominant tree species in the forest are Pinus brutia, Cedrus libani, and Quercus brantii. The average ground elevation and average-slope were 957 m and 34 %, respectively. The average length of watershed is 20 km and the width of watershed is about 2.5 km. The annual precipitation of study area is approximately 730 mm.


Figure 7. The location of the study area on topographic map of Turkey.
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2.2.2. Methods


Sediment yield was measured based on sediment samples collected from the watershed outlet for one year period from April 2005 to March 2006. The samples were taken back to the laboratory to measure dry weights of the sediment for each sediment-producing event. The runoff data were obtained by using current meters and water level readings. In measuring runoff, continuous height records were taken by automatic recorders. Then, monthly sediment yield and a sum of the total sediment collected per year were calculated based on the daily sediment yield from the field data. The daily sediment yield was computed using instantaneous concentration and flow values as follows [26]:


L=0.0864CQ



(1)




where, L = load in T/d; C = instantaneous concentration, in mg/l; and Q = instantaneous discharge, in m3/s. The value of 0.0864 is used to convert sediment yield values from seconds to days and from milligrams to tonnes.



The yearly and monthly sediment yield and runoff outputs from GeoWEPP were generated to compare with the measured watershed sediment yield and runoff data. In GeoWEPP, the steady state sediment continuity equation was used to estimate net detachment in the hillslope as follows [27]:
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(2)




where, G = Sediment load (kg/m2/s) at distance x from the origin of hillslope, x = Distance down slope (m), Di = Interrill sediment delivery rate to rill (kg/m2/s), and Df = Rill detachment rate (kg/m2/s). Di was calculated using following equation:
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(3)




where: Ki=Adjusted interrill erodibility (kg s/m4), Ie= Effective rainfall intensity (mm/h), σir = Interrill runoff rate (mm/h), SDRRR = Interrill sediment delivery ratio, Fnozzle = Adjustment factor for sprinkler irrigation nozzle impact energy variation, Rs= Rill spacing (m), and w = Width of rill (m). Then, Df was calculated using following equation:
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(4)




where, Kr = Adjusted soil erodibility parameter (s/m), τf = Flow shear stress (kg/m/s2), τc= Adjusted critical shear stress of the rill surface (kg/m/s2), and Tc= Sediment transport capacity of the rill flow (kg/m/s). Tc was calculated as follows [27, 28]:
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(5)




where, Ktr = constant parameter, qw= flow discharge per unit width (m2/s), and s = slope (%). Finally, net deposition was computed as follows [27, 29]:
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(6)




where, Vf= Effective fall velocity of the sediment (m/s) and βr= Raindrop induced turbulence coefficient (0-1).



To evaluate the prediction performance of the models, the root mean squared error (RMSE) [30] was used based on specified assessment descriptors [31, 32]. These descriptors include observed (O) and predicted (P) values, observed mean (Ô), observed (so) and predicted (sp) standard deviations, coefficient of determination (r2), slope (b) and intercept (a) of a least-squares regression between predicted and observed runoff and sediment, RMSE, and index of agreement (d).



The RMSE is used to evaluate the performance of the model by deriving useful information about the nature of the difference between the observed and predicted values. Since the RMSE has the same units as the predicted and observed values, it can be easily interpreted [30]. The RMSE is computed based on number of paired observation (N), predicted values, and observed values as follows:
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(7)







The index of agreement provides an evaluation of prediction accuracy by describing the degree to which predicted variation accurately estimates the observed variation [30]. It is computed as:
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(8)










3. Results and Discussion


In this study, GeoWEPP model integrating detailed spatial data with WEPP v2006.5 was used to estimate the sediment yield and runoff from Orcan Creek watershed in Kahramanmaras region. Then, the sediment yield and runoff results from the GeoWEPP model were compared with the observed monthly data collected from the sample watershed.



The GeoWEPP model generated sediment yield map which indicates the areas with tolerable yield (i.e. from light to dark green) and not tolerable yield (i.e. from light to dark red) in the study area (Figure 8). The results of t-test showed that there was no statistically significant difference (p > 0.005) between predicted and observed values at p ≤ 0.05 level. The statistical comparison of predicted sediment yield and runoff against observed data revealed an r2 of 0.94 and 0.93, respectively (Figure 9). In a similar study, Kırnak (2002; reported comparable results where the WEPP- predicted sediment yield and runoff against observed data produced an average r2 of 0.94 and 0.91, respectively [33]. Thus, it can be concluded that the WEPP v2006.5 model can be used to generate acceptable predictions of sediment yield and runoff in the Orcan Creek watershed.


Figure 8. GeoWEPP generated annual soil loss map for Orcan Creek Watershed.
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Figure 9. Regression between predicted and observed (a) sediment yield (b) runoff.
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Statistical summary of predicted and observed values for sediment yield and runoff was shown in Table 1. The results indicate that the GeoWEPP model over-predicted the sediment yield by 27% and under-predicted the runoff by 13%. The comparison of predicted monthly sediment yield and runoff with observed data at the watershed was indicated in Figures 10 and 11, respectively. The sediment yield and runoff prediction revealed an RMSE of 2.96 and 8.43, respectively. Besides, GeoWEPP predicted the sediment yield and runoff with the index of agreement of 0.98 and 0.97, respectively. In a similar study, Kırnak (2002; found the RMSE and the index of agreement values of 14.75 and 11.6, and 0.64 and 0.92 for predicted sediment yield and runoff, respectively [33].


Figure 10. Comparison of predicted and observed sediment yield.
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Figure 11. Comparison of predicted and observed runoff.
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Table 1. Statistical summary of monthly predicted and observed values for sediment yield and runoff.







	
Statistical Parameters

	
Sediment (ton/ha)

	
Runoff (mm)




	






	
Predicted

	
Observed

	
Predicted

	
Observed






	
Mean

	
6.95

	
5.48

	
23.17

	
26.58




	
Std Deviation

	
9.13

	
7.32

	
28.17

	
30.60




	
N

	
12.00

	
12.00

	
12.00

	
12.00




	
Intercept

	
0.07

	
2.28




	
Slope

	
0.78

	
1.05




	
r2

	
0.94

	
0.93




	
RMSE

	
2.96

	
8.43




	
Index of Agreement

	
0.98

	
0.97










The results from the monthly predictions showed higher accuracy in sediment yields and a slight lower accuracy in runoff predictions even though the values are within the acceptable range at a 90 percent confidence level. The relatively higher actual runoff comparing with sediment yield at Orcan Creek was most likely due to subsurface lateral flow which did not contain large amounts of sediment because of filtering effect of the soil it flows through and greater soil compaction and increased erosion due to higher clay content in the soil [16].




4. Conclusion


The overall results indicated that the GeoWEPP model can assist watershed-related management institutions to quickly and accurately generate acceptable predictions of sediment yield and runoff outputs in textual or graphical format based on digital data base of the watershed. Besides, the model provides the managers with the information of areas with high sediment delivery potential. Therefore, watershed managers can locate the problematic areas in a watershed and implement necessary precaution measures to minimize or prevent sediment yield and runoff. It is highly anticipated that interests in using GeoWEPP will be increasing in Turkey as well as all over the world, as more people utilize advanced GIS techniques and computer-based methods in their sediment yield and runoff prediction studies.
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