
DRAFT: PLEASE DO NOT CITE 

DRAFT 
Evaluating Nutrient Tracking Tool (NTT) and simulated 

conservation practices (TR1407) 
Ali Saleh*, Edward Osei, and Oscar Gallego 

Abstract 

The Nutrient Tracking Tool (NTT), an enhanced version of an earlier model that was developed 

by the USDA, the Nitrogen Trading Tool, provides farmers, government officials, researchers 

and others an efficient, web-based, and user-friendly method of evaluating the impacts of 

proposed and existing conservation practices (CPs) on water quality and quantity. In addition to 

cultural or non-structural practices (e.g., nutrient management), commonly used structural CPs, 

such as filter strips, grassed waterways, cattle exclusion, terraces, and wetlands, can be evaluated 

in NTT with a few key strokes after selecting the user’s field of interest. NTT estimates the 

impacts of each practice, or combination of practices, on sediment losses, nutrient losses, and 

runoff, as well as farm production indicators such as crop yield. Through its interface with the 

Agricultural Policy environmental eXtender (APEX) model, NTT simulates all CPs using 

rigorous algorithms while providing the user with a simple interface to access the results. The 

current and previous versions of NTT are available to users at the “WELCOME” screen of the 

NTT website (www.nn.tarleton.edu/ntt).  This paper provides the technical details on how CPs 

are simulated in NTT. 
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Introduction 

A number of computer simulation models have been developed to estimate nutrient losses from 

crop fields and other environmental indicators related to farm management practices. By and 

large, these models are designed for use by researchers who have advanced degrees in their fields 

of expertise. For instance, the Agricultural Policy Environmental eXtender (APEX; Williams et 

al., 2000) model is designed for comprehensive simulation of field-scale management practices. 

Significant training in agronomy and/or agricultural engineering or related fields as well as 

adequate knowledge in computer software applications are needed to effectively use APEX. 

Similarly, the Soil and Water Assessment Tool (SWAT; Arnold et al., 1998 model, a watershed-

scale simulator, requires significant training and advanced computer skills to operate. Until 

recently, there was virtually no comprehensive biophysical model that could be used readily by 

the farmers whose practices are often the subject of the evaluations. 

 

Nutrient Tracking Tool (NTT) (Saleh et al., 2011) is an enhanced version of an earlier model that 

was developed by the U.S. Department of Agriculture (USDA), the Nitrogen Trading Tool. Both 

the Nitrogen Trading Tool and NTT are primarily designed as tools that can assist farmers or 

their technical service providers in estimating eligible water quality credits when implementing 

conservation practices (CPs) as part of a water quality credit trading program. However, the use 

of these tools goes beyond trading applications. NTT facilitates the simulation of numerous 

management scenarios, including structural and non-structural CPs for many other (e.g., TMDL) 

programs.  
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NTT is a web-based computer program that allows farmers and their crop advisors, technical 

service providers, USDA Natural Resources Conservation Service (USDA NRCS) staff, Soil and 

Water Conservation District (SWCD) personnel, or others to estimate flow, nutrient and 

sediment loss impacts of alternative practices or management scenarios implemented on a 

specific field or land management area. NTT uses the APEX model to provide these estimates, 

and also provides estimates of crop yields and other indicators of interest to farmers. In this 

paper, we will discuss the methodology used for simulating the cultural and structural CPs using 

NTT. 

 

Methods and Materials 

NTT was developed by integrating APEX into the tool as the core environmental simulation 

model. APEX is a modified version of the Environmental Policy Integrated Climate (EPIC) 

(Williams, 1990), a field-level model that was developed in the early 1980s to assess the effects 

of management strategies on water quality.  APEX extends the functionality of EPIC by allowing 

the simultaneous simulation of multiple contiguous subareas (fields) for a wide range of soil, 

landscape, climate, crop rotation, and management practice combinations.  It is designed for 

whole farm or small watershed analyses, and can be used for applications, such as filter strip 

impacts on nutrient losses from manure application fields, that require the configuration of at 

least two subareas.  Alternatively, it can be run for single fields in the same manner that is 

allowed in models such as EPIC.  The ability to simulate liquid applications from animal waste 

storage ponds or lagoons is a key component in APEX.  Other components include weather, 

hydrology, soil temperature, erosion-sedimentation, nutrient cycling, tillage, dairy management 
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practices, crop management and growth, pesticide and nutrient movement, and costs and returns 

of various management practices. 

Recently, the carbon fate and transport functions of the CENTURY model (Parton, 1996) were 

incorporated into APEX (version 0604), which now allows APEX to simulate carbon dynamics 

in the soil-plant system. APEX also has groundwater and reservoir components. A field or small 

watershed can be subdivided as much as necessary to ensure that each subarea is relatively 

homogeneous in terms of soil, land use, management, etc. The routing mechanisms in APEX 

provide for evaluation of interactions between subareas involving surface runoff, return flow, tile 

flow, sediment deposition, irrigation, nutrient transport, and groundwater flow. 

 

The APEX model currently nested within NTT provides estimates of the changes in nitrogen 

(N), phosphorus (P), and sediment losses that are associated with alternative practices that are 

specified by the user. In addition to predictions of nutrient and sediment losses, APEX gives an 

indication of any potential impacts of the practices or scenarios on crop yields and surface and 

subsurface water flow resulting from the change in management practices. Furthermore, two 

forms of P (orthophosphate P and organic P) and various forms of N (organic, soluble, leached, 

and volatilized nitrous oxide) are also included in the detailed output screen that is provided in 

NTT. 

 

NTT provides users with the opportunity to compare the effects of single CPs or combinations of 

CPs on indicators of interest such as, nutrients, sediment, and/or crop yield. The alternative 

conditions being compared are broadly referred to as scenarios. A scenario can consist of any 

feasible combination of practices, policies, biophysical parameters, or other conditions. 
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The current and previous versions of NTT are available to users at the “WELCOME” screen of 

the NTT website (www.nn.tarleton.edu/ntt) (Figure 1). The various versions of NTT are 

presented in the “Available Versions” portion of the WELCOME screen (Figure 1). Also, the 

help (user manual) function is accessible using the “Help” button.   

Figure 1. “Welcome” screen from NTT web application  
 

 
 
Testing and Evaluating the APEX Model  
 
Testing and evaluating the APEX model within NTT consists of sensitivity analysis and 

verification processes. The sensitivity analysis process is an important step to evaluate the 

reliability and robustness of a model, while, the verification process assists us in examining the 

accuracy of model output by comparison with independent experimental data.  

 

For the geographic region of interest the model sensitivity procedure is performed to determine 

the most important parameters to consider in the verification process. Sensitivity analysis also 

helps ensure that the most appropriate range of parameters is used for various management and 
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structural practice conditions. 

 

The following procedures are preferably performed in an NTT verification process: 1) 

Calibration: this includes parameterization of the model (according to the range of parameters 

determined during the sensitivity analysis) using any existing independent experimental data. 

This step is usually limited to the period of available measured data, usually much less than the 

48-year period of a typical NTT model simulation. In the calibration process, model input 

parameters are adjusted for the area of interest so that simulation results closely match results 

from measured data; 2) Confirmation: the general accuracy of the results obtained from NTT are 

evaluated and ultimately accepted by local producers, agencies, and research centers.  

 
APEX Model Data Inputs and Parameter Settings for NTT  

To prepare APEX to simulate a scenario there are numerous data input and parameter settings 

required to describe daily weather, soils, field management practices, site information, and field 

characteristics.  The 48 years (1960-2007) of daily weather information, including minimum and 

maximum temperature and precipitation, for every county (at least one weather station for each 

county) in US is obtained from the USDA-NRCS National Climate Center 

(http://www.wcc.nrcs.usda.gov/) and is available in NTT. The soil data for the area of interest 

(e.g., farm) is obtained from the USDA-NRCS Web soil Survey site 

(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). This retrieved soil data is 

checked for data gaps, and any inconsistencies, using internal NTT routines. For instance in the 

case of missing soil physical properties, such as sand, silt or clay content, the procedures used in 

Saxton (2006) are applied to generate the missing data based on the soil textural name and local 
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data. Ultimately, the most sensitive input soil parameters obtained from the Soil Survey site are 

available for users’ modifications based on their local measured data (Figure 2). That includes 

the initial soil P (ppm) in the top six inches of soil and average field slope.  

Figure 2. Soil selection and modification screen. 

 

The current version of NTT only allows the changes in soil characteristics in the top layer of soil. 

However, the next version of NTT will allow modifications of soil properties for all available 

soil layers (up to 10 layers). Also, users have the option to input their maximum soil depth to 

impermeable layer or water table based on their measured data. NTT will automatically modify 

the soil data accordingly.  

 

Also, using APEX, NTT is able to simulate up to nine different soils within a farm. The 

estimated average flow, nutrient and sediment runoff losses, and crop yield from each simulated 

soil are then cumulated proportionally for the whole farm. If all the soils within the farm (up to 

nine) are not selected in the NTT “soil selection” screen for simulation, NTT will select the most 

dominant soils that sum up to a total area equal to or greater than 80% of the entire farm area 

(Figure 2).  

 

7  



DRAFT: PLEASE DO NOT CITE 

Various combinations of non-structural and structural practices can be simulated with NTT. 

Nutrient management, irrigation, and tillage practices are simulated through changes in field 

operation schedules. Structural CPs are simulated though various adjustments in the APEX input 

parameters.  

 

The most prominent APEX parameters are for crops, tillage operations, and nutrient 

characteristics. There are also general control and parameter files, which contain many equation 

coefficients and the miscellaneous parameters used. The values of these parameters can be 

adjusted, within the scientifically accepted range, based on the crops, soils, and management 

practices of the farming systems found in different regions of US.  

 

The APEX control file  

The APEX model general setup, which determines the simulation length, starting date, type of 

output, simulation methods for potential evapotranspiration, driving water erosion equation, 

runoff estimation methodology, etc., is included in the APEX control file (Table 1). A majority 

of the variables in the control file will be constant for most NTT runs.   

 
Table 1. List and definition of the most sensitive parameters in the NTT (APEX) APEXCONT.DAT 
file.  
 

Variable 
name 

Value Description (Option selected to use for CEAP) 

NBYR 48 Number of  Years for Simulation Duration 
IYR 1960 Beginning Year of Simulation (including 15 years of pre-run not included in the 

analysis of output) 
IET 4 Potential Evaporation Equation (Hargreaves) 
CO2 365.0 Carbon dioxide concentration in atmosphere in ppm 
GWS0 50.0 Maximum ground water storage in mm 
RFT0 0.00 Ground water residence time in days. 

If  0, use default value of 50.   
RFP0 0.20 Return Flow / (Return Flow + Deep Percolation) 
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RTN0  50.0 Number of years of cultivation at start of simulation  
This parameter affects the partitioning of nitrogen and carbon into the passive and 
slow humus pools.  The number of years of cultivation before the simulation starts is 
used to estimate the fraction of the organic N pool that is mineralizable.  
Mineralization is more rapid from soil recently in sod.  Also increasing the number of 
years the field has been in cultivation increases the amount of C and N in the passive 
pool.  This means it will take longer for the carbon and nitrogen to become available. 

DRV 4.0 Equation for Water Erosion  (Modified MUSLE theoretical based equation) 
  
 

The APEX Parm file: 

Most of the main parameters used in NTT are stored in theAPEX PARM file. A description and 

listing of the values used in NTT for each of the key parameters are provided in Appendix A. 

The current parameter values listed in Appendix A are used in the various equations within the 

APEX model and might vary from one region to another based on verification processes. 

Evaluation of conservation practices 
 

In the NTT program, conservation practices are categorized into the structural practices (STPs) 

and non-structural practices (NSTPs). In general NSTPs include practices such as tillage, nutrient 

management, cropping system changes, and other cropland activities based on knowledge and 

experience of farmers.  In other words, cultural practices are management practices that a farmer 

or land manager implements and are usually based on annual decisions, which involve changing 

the way cropland is managed to achieve production or conservation goals. On the other hand, 

STPs are considered as more permanent practices and require more than annual management 

decisions and usually require engineering designs, surveying, and other technical work.  

 

In order to evaluate the CPs related to streams and channels within the farmland (such as 

stabilization of waterways within fields or stream channels adjacent to or running through a 

field), one key feature that was included in recent NTT capabilities was the division of each field 
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into two subareas. This division allows APEX to consider the channel system in a simulated 

farm. Specifically, NTT simulations in previous versions of the tool entailed an APEX 

simulation of the entire field as specified, for the baseline and another simulation of the same 

field for the alternative scenario. In the current version, the field is divided into two subareas 

prior to the baseline or alternative scenario simulation.  

 

A. Simulation of Non-Structural Practices (NSTPs)  
 

NTT provides flexible options for simulating alternative tillage practices as well as nutrient 

applications on crop and/or pasture lands at the “Management Information” page (Figure 3). 

Figure 3. Management Information page in NTT 
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 The underlying APEX model within NTT simulates each individual field operation separately. 

Nutrient applications are specified by date of application, frequency within a year, rate, form 

(i.e., dry or liquid commercial fertilizer and/or solid or liquid manure application), and mode 

(i.e., surface or injected) of application. A fertilizer data file that is modified by the NTT 

program allows users to specify any combination of nitrogen and phosphorus in each nutrient 

application. Any number of nutrient applications can be made on each day of the simulation 

period. Thus the tool provides great flexibility for evaluating a wide range of nutrient 

management practices including split nitrogen applications, reduced nutrient rates, and other 

changes in timing, frequency, as well as method and depth of nutrient application. 

 Figure 4. Nutrient (commercial and manure) input values by user  

 

The APEX model within NTT simulates the fate and transport of nutrients and the resulting 

impacts on crop yields, sediment losses, and associated nutrient losses from the field. 

 

NTT also provides flexibility in simulating tillage operations by selecting the tillage operation 

from the list of “tillage operation list (Figure 5). The impacts of tillage operations on soil 

conditions are controlled by various APEX parameters as well as a tillage data file that contains 

corresponding parameters for each tillage operation. The tillage parameters can be modified, and 

these parameters control tillage depth, harvesting efficiency, field efficiency of tillage operations, 

and many other factors that indicate how each tillage pass is performed on the field. 
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Other farm management practices such as cover crops, contour buffer strips, various crop 

rotations, change of land use, prescribed grazing, and many combinations of NSTPs and STPs 

could be simulated (evaluated) in NTT (Figure 2). In the following sections some of these 

practices will be discussed.  

 

Figure 5. Tillage operations input page. 

 

B. Simulation of Structural Practices (STPs)  
 
A number of the farm structural practices described in the USDA-NRCS “National Conservation 

Practice Standards” 

(http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/?cid=NRCSDEV11_001020) 

can be evaluated by NTT. The following practices are among the crop management practices,, 

STPs, and NSTPs that can be simulated in NTT. Brief descriptions of how each of the CPs 

included in NTT is simulated are provided below. 
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1. Tile Drainage (DRT) 

Tile drainage is a practice for removing excess water from the subsurface of soil intended for 

agriculture (Figure 6). Drainage brings excessive soil moisture levels down for optimal crop 

growth. Tile drainage is often the best recourse for reducing high subsurface water levels to 

improve crop yields. Too much subsurface water can be counterproductive to agriculture by 

preventing root development, and inhibiting the growth of crops. Excessive water also can limit 

access to the land, particularly by farm machinery. 

Figure 6. A typical agricultural tile drainage system (http://www.ny.nrcs.usda.gov) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tile drainage simulation in NTT increases subsurface flow, which may provide an avenue for 

increased nutrient losses, particularly nitrate-nitrogen (NO3-N), in subsurface flow. Drainage via 

underground drainage systems is treated as a modification of the natural lateral subsurface flow 

of the area.  Drainage is simulated by the user indicating the depth of the drainage system (Figure 

7) and the time required for the drainage system to reduce plant stress (DRT).  The value of DRT 

is set at one-day as default in NTT for simulating tile drainage.  
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Figure 7. Tile drain depth input screen 

 

2. Wetlands (WL) 

Wetlands are those areas that are inundated or saturated by surface or groundwater at a frequency 

and duration sufficient to support under normal circumstances a prevalence of vegetation 

typically adapted for life in saturated soil conditions (Figure 8). Wetlands include swamps, 

marshes, bogs and similar areas. The wetland area is simulated as a shallow reservoir (0.3-m 

depth) with growing wetland vegetation – it is essentially simulated as an artificial1 wetland and 

not a natural wetland. The slope of wetland area is set as one percent. Finally, the area of the 

wetland must be inputted by the user (Figure 9). Table 2 provides the list of parameters required 

for simulating reservoirs and wetlands. The parameter values listed in Table 2 are the current 

default values set for wetland simulation in NTT and users are not able to modify them in the 

present version of the tool. However, the next version of NTT will enable users to modify these  

 
Figure 8. A type of wetland, simulated in NTT as shallow reservoir with growing vegetation 
(www.chisagoswcd.org) 

 
\ 
 
 
 
 
 
 
 
 
 

1 Artificial wetlands are often referred to as constructed wetlands. 
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parameters.  Simulated wetlands trap sediment, reduce runoff, increase infiltration and also 

increase uptake of water and nutrients by the vegetation in the area covered by the wetland. 

 
Figure 9. Wetland area input screen 
 

 
 
Table 2. The default input values for reservoir (e.g., shallow reservoirs representing WL 
condition). 
 

Emergency 
Spillway Principal Spillway 

 

 

CP 

Subarea 

 

 

Elevation (m
) RSEE 

Surface Area  (ha) 
RSAE 

Volum
e (m

m
)RSVE 

Elevation (m
)RSEP 

Release Rate 
(days)RSRR 

Surface Area (ac)RSAP 

Volum
e (m

m
)RSVP 

Initial Reservoir 
Volum

e (m
m

) 

Initial Sedim
ent 

Concent. (ppm
) 

N
orm

al Sedim
ent 

Concent.(ppm
) 

Hydraulic Conduct.      
(m

m
 hr-1) 

 
 

Wetlan
d 

(WL) 

1 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 

3 0.3 
WL 

Area 50 0.3 20 
WL 

Area 25 20 300 300 0.001 
 

 
3. Filter Strips, Riparian Forest Buffers, Waterways, and Contour Buffer Strips 
 
A.  Filter Strip (FS) is an area of vegetation, generally narrow in width and long across the 

downslope edge of a field, that slows the rate of runoff, allowing sediments, organic matter, and 
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other pollutants that are being conveyed by the water to be removed by settling out (Figure 10). 

Filter strips reduce erosion and the accompanying sediment-bound pollution. 

A filter strip is specified in NTT by indicating its width and the type of crop planted.  The width 

of filter strip is used to calculate its area. The inputted FS area along with its width can identify 

the FS shape. The area of filter strip is subtracted from the main farmland and is simulated as a 

separate field (i.e., subarea). Flow, sediment, and nutrients are routed from the farmland (i.e., 

upland field) to the filter strip before leaving the edge of the farmland.  

 
Figure 10. An agricultural field with a grass FS at the edge of the field 
(http://www.oh.nrcs.usda.gov) 
 

 
 
In NTT, filter strips function by providing for better infiltration of soluble nutrients, trapping of 

sediment, and uptake of water and nutrients by the filter strip vegetation. Management for the FS 

includes planting of a proper FS crop that can be selected from a choice list by the users. Also, 

the fraction of buffer/floodplain flow (FFPQ; 0-1.0) – that is, the percentage of upland flow that 

goes through the filter stip, and the ratio of FS subarea slope to that of the upland field (0-1.0) 

need to be entered by the user (Figure 11). The saturated hydraulic conductivity values in the 

filter strip subarea are modified for this practice (it is set to 0.1 mm hr-1). Also, the FS field’s 
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Manning’s N, channel C (USLE Crop Management Channel Factor, RCHC) and Channel 

Manning’s n are all adjusted to reduce channel erosion in the vegetation strips under this 

scenario. Tables 3 through 5 show the modified values of APEX parameters for FS simulation 

and several other CPs. The area of the upland field is adjusted by subtracting the area of the FS 

(Figure 10). The modified upland field area is used to adjust the final crop yield. 

 

Figure 11. Filter strip (FS) required input information provided by user 

 

 
Table 3. Field 
Geometry for various 
CPs.  Channel* Upland** 

Scenario Subarea  
Drainage 

Area 

Length (CHL) 

M
anning's N

 
for (CHN

) 

Slope (SLP)  

M
anning's N

 
for (U

PN
) 

Filter 
Strip 
Flow 

Fraction 

Baseline 
1 

User 
Input/2 

Sqrt(Area
*0.01) AP SSas AP 0 

2 
User 

Input/2 
Sqrt(Area

*0.01) AP SSas AP 0 

Wetland 
(WL) 

1 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

2 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

3 User Input 

Sqrt(Wid
th ^ 2) + 
((Length 
/ 2) ^ 2) AP 0.01 AP 0 

Stream 
Bank 1 User Input 

Sqrt(Area
*0.01) AP SSas AP 0 
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Stabilizati
on 

(SBS) 2 User Input 
Sqrt(Area

*0.01) 0.1 SSas AP 0 

Riparian 
Forest 
(RFB) 

1 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

2 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

3 

User Input 
* Grass 
Fraction 

Area 

Sqrt(Wid
th ^ 2) + 
((Length 
/ 2) ^ 2) 0.1 

SSas * 
User 
Ratio 0.24 

User 
Input 

4 

User Input 
* Trees 
Fraction 

Area 

Sqrt(Wid
th ^ 2) + 
((Length 
/ 2) ^ 2) 0.2 

SSas * 
User 
Ratio 0.3 

User 
Input 

 
 
Table 3. Field Geometry 
for various CPs (Cont’d).  Channel* Upland** 

Scenario Subarea  
Drainage 

Area 
Length 
(CHL) 

Man
ning'
s N 
for 

(CHN
) 

Slope 
(SLP)  

Manni
ng's N 

for 
(UPN) 

Filter 
Strip 
Flow 

Fraction 

Water 
Way 

(Grass 
Buffer) 

 

1 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

2 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) 0.1 SSas AP 0 

3 

User 
Input 

Sqrt(Wid
th ^ 2) + 
((Length 
/ 2) ^ 2) 0.1 

0.25*S
Sas 0.24 0.9 

Water 
Way 

(Grass 
Buffer) 

Contour 
Buffer 

1 

Calculate
d 

accordin
g to set 
of strips 

 
Sqrt(Area

*0.01) AP SSas AP 0 

2 
Calculate

d 
Sqrt(Area

*0.01) 0.1 SSas 0.24 0.9 
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accordin
g to set 
of strips 

Filter Strip 
(FS) 

1 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

2 

(User 
Input/2)-

(WL 
area/2) 

Sqrt(Area
*0.01) AP SSas AP 0 

3 

User Input 

Sqrt(Widt
h ^ 2) + 

((Length / 
2) ^ 2) 0.1 

SSas * 
User 
Ratio 0.24 

User 
Input 

* Channel depth and width are calculated in APEX 
**Upland slope length is calculated based on the upland slope (Table 4); AP = Default calculated value in 
APEX; SSas = Soil survey average slope 
 
Table 4. Calculated slope length based on field slope 
 

Upland 
Field Slope 

% (SLP) 
Slope Length 

(ft) 
0 - 0.5 100 
0.5 – 1 200 
1 – 2 300 
2 -3 200 
3 -4 180 
4 – 5 160 
5 – 6 150 
6 -7 140 
7 – 8 130 
8 – 9 125 

9 – 10 120 
10 – 11 110 
11 – 12 100 
12 – 13 90 
13 – 14 80 
14 – 15 70 
15 – 17 60 

>17 50 
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Table 5. Reach channel values in NTT for various CPs. 
 

 
 

Routing Reach Channel* 
Routing Reach 

Floodplain 

Scenario Subarea  
Length 
( RCHL) 

Manning's 
n (RCHN)  USLE C  USLE K  Width Length 

Baseline 1 CHL AP 0.2 0.2 AP AP 
2 CHL*0.90 AP 0.2 0.2 AP AP 

Wetland 
(WL) 

1 CHL AP 0.2 0.2 AP AP 
2 CHL*0.90 AP 0.2 0.2 AP AP 

3 WL Width 
 

n/a 
 

n/a 
 

n/a 
 

n/a 
 

n/a 
Stream 
Bank 

Stabilization 
(SBS) 

1 CHL 0.2 0.2 0.2 AP AP 

2 CHL*0.90 0.2 0.01 0.01 0 0 

Riparian 
Forest 
Buffer 
(RFB) 

1 CHL AP 0.2 0.2 AP AP 
2 CHL*0.90 AP 0.2 0.2 AP AP 

3 FS Width 0.1 0.01 0.2 
FS Area * 
10 / Width 

User 
input 

4 RF Width 0.1 0.01 0.2 
RF Area * 
10 / Width 

User 
input 

Filter Strip 
(FS) 

1 CHL AP 0.2 0.2 AP AP 
2 CHL*0.90 AP 0.2 0.2 AP AP 

3 FS Width 0.1 0.01 0.2 
FS Area * 
10 / Width 

User 
input 

Water Way 
(Grass 
Buffer) 
(GW) 

1 CHL AP 0.2 0.2 AP AP 
2 CHL*0.90 0.1 0.01 0.2 AP AP 

3 
Grass 
Width 0.1 0.01 0.2 

GW Area * 
10 / Width 

User 
input 

Counter 
Buffer Strip 

(CBS) 

1 CHL AP 0.2 0.2 0 0 

2 FS Width 0.1 0.01 0.2 
WW Area * 
10 / Width 

User 
input 

* Routing reach channel depth (RCHD), width (RCHD), and top width (RCHW) are calculated by APEX 
 

B. Riparian Forest Buffer (RFB) is a forested (predominantly trees and shrubs) area of land 

adjacent to a body of water such as a river, stream, pond, lake, marshland, estuary, canal, playa 

or reservoir. The forested area traps sediment and increases infiltration, thereby reducing 

sediment and nutrient losses. Plant uptake of nutrients in the forested area also reduces nutrient 

losses downstream. RFB is simulated in a manner similar to the filter strip practice with the 
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additional assumption that there are trees and shrubs along the length of the riparian zone in 

addition to the grasses that are growing in the simulated area (Figure 12). 

 

The RFB includes a grass filter strip, and an area of forest buffer (Figure 12). The user is able to 

input information for the area of RFB and the ratio of the grass filter strip area to the entire RFB 

area (e.g., 1 to 4 or 0.25) (Figure 13). Management for the forest zone includes planting pine as 

well as a perennial grass. 

 
Figure 12. An image of RFB (http://www.oh.nrcs.usda.gov)  
 

 
 
Figure 13. Riparian forest buffer  (RFB) required input information provided by user 
 

 
 
Also, field (RFB) Manning’s N, channel C ( RCHC) and Channel Manning’s N are all adjusted to reduce 

channel erosion in the vegetation strips under this scenario.   

 

Flow from cropland is routed across the grass filter strip and then routed through the riparian forest. Both 

grass and forest zones are simulated as floodplains.  In the RFB the fraction of surface runoff, simulated 
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as overland flow (FFPQ; 0-1.0) is defined by users. The remaining surface flow is assumed to pass 

through small channels, which are parameterized in APEX as a single reach channel.  Slope length for the 

FS and RFB are computed based on the upland field slope. The slope ratio of RFB to that of contributing 

upland field is set by the users (e.g., 0.25-1). For instance, if the contributing upland slope is 4%, the 0.25 

fraction means that the slope of RFP is 1% (Figure 13). Tables 3 through 5 show the modified values of 

APEX parameters for RFB simulation. Similar to FS, area of upland field is adjusted by subtracting the 

area of the RFB (Figure 5). The modified upland field area is used to adjust the final crop yield. 

  

D. Grassed Waterways (GW) are natural or constructed vegetated channels that conduct and 

dispose of overland flow from upstream areas (Figure 14). Simulated grassed waterways reduce 

flow, trap sediment, and increase infiltration within the area of the grassed waterway. Grassed 

waterways typically work by increasing surface roughness which reduces the velocity of flow. 

Grassed waterways are simulated in NTT as a function of their w idth and the type of vegetation 

planted (Figure 15). The width of the waterway is used to calculate its area. The area of upland 

field is adjusted by subtracting the area of the grassed waterway (Figure 14). The modified 

upland field area is used to adjust the final crop yield. Also, field (grassed waterway) 

Manning’s N, channel C (RCHC) and Channel Manning’s N are all adjusted to reduce channel 

erosion in the vegetation strips under this scenario.  Tables 3 through 5 show the modified 

values of APEX parameters for GW simulation. 

D. Contour buffer strip (CBS) is an area of land maintained in permanent vegetation (such as 

perennial grass) that helps to control air, soil, and water quality and address other 

environmental problems primarily on land that is used for agriculture (Figure 16). Buffer strips 

trap sediment and enhance filtration of nutrients and pesticides by slowing down runoff that 

could enter the local surface waters.  
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Figure 14. An example of agricultural land with GW system (http:/ / www.wi.nrcs.usda.gov) 
 

 

 

 

 

 
 
 
 
 
 
 
Figure 15. Grass waterways (GWW) required input information provided by user 
 

 
 

Figure 16. An image of CBS farming system (http:/ / www.wi.nrcs.usda.gov) 
 

 

 

 

 

 

 

 

The contour buffer strip is simulated based on the width of the buffer and main field crop and 

management practices, and the type of the crop planted and management on the buffer strips.  
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The number of strips and area are calculated according to the total field area and the widths of 

buffer and main field, which are inputs to the model (Figure 17). The surface and subsurface 

flow are routed from one strip to another until it reaches the edge of the field. A lso, the grassed-

buffer strip Manning’s N, channel C (RCHC) and Channel Manning’s N are all adjusted to 

reduce channel erosion in the vegetation strips under this scenario.  Tables 3 through 5 show the 

modified values of APEX parameters for CBS simulation. The area of upland field is adjusted by 

subtracting the total area of the CBS (permanently vegetated) portion of the field (Figure 16). 

The modified upland field area is used to adjust the final crop yield. 

Figure 17. Contour buffer strip  (CBS) required input information provided by user 
 

 

4. Stream fencing (Livestock Access Control) (SF) 
 
Stream fencing, to keep cattle out of streams, is seen as a way to improve water quality (Figure 

18). Fencing will prevent animal defecation in streams, which constitutes a direct contribution 

of manure, manure nutrients, and pathogens to the surface water resource. In addition, stream 

fencing prevents bank erosion and protects the aquatic habitat. 

 
Stream fencing is simulated by indicating the number of animals in the stream, the daily amounts 

of manure produced by the selected animal (including horses, dairy cows, swine, cattle, sheep, 

and goats), and the time (hours/day) and days of a year the animals spend in stream (Figure 19). 

In NTT, stream fencing eliminates or reduces direct nutrient deposition in streams as point 

source and stops the destabilization of stream banks that is often caused by livestock traffic. This 

is done by simulating the area between the fence and edge of stream as FS field (Figure 18). The 
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user has the choice to describe the area, efficiency, and the type of grass growing for the new FS 

as shown in Figure 19. It is important to know that NTT would not allow the selection of another 

FS for the same stream channel from the “management Information” page. 

 
Figure 18. A stream in a pasture land, protected from animal access by SF 
(http://www.pa.nrcs.usda.gov)  

 
 

Figure 19. Stream fencing (SF) required input information provided by user 

 

The defecated manure from animals in the stream is considered as a direct point source of 

nutrients in the water. The amounts of nutrients (N and P) in solid and liquid forms are 

calculated based on the type of manure produced from the specific animal (provided by the 

user or default values; Figure 19) and the period of the year they spend a portion of their time in 

the stream. 
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5. Terrace System (TS) 

Terrace system is a leveled section of a hill sited cultivated area, designed as a method of soil 

conservation to slow or prevent the rapid surface runoff of water. Terraces decrease hill slope-

length, reduce formation of gullies, and intercept and conduct runoff to a safe outlet thereby 

reducing sediment content in runoff water. Often, in application the landscape is formed into 

multiple terraces, giving a stepped appearance (Figure 20). Terracing in NTT is simulated by 

reducing the “ erosion control practice factor”  (PEC) and initiated by simply turning the switch 

on at the “ management Information”  screen (Figure 21). The PEC factor reduction is based on 

field slope. Table 6 provides the PEC factor reduction as related to field slope.  

Figure 20. A steep landscape with TS to prevent or minimize soil erosion 
(http:/ / www.ga.nrcs.usda.gov) 

 
 
 
Figure 21. Terrace system (TS) selection key in NTT  
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Table 6. PEC values as related to field  
 

Upland Field 
Slope % (SLP) 

PEC 
Factor 
(0-1)  

< 2  0.60  
2.01 to 8  0.50  

8.01 to 12  060  
12.01 to 16  0.70  
16.01 to 20  0.80  

20.01 to 25  0.90  
  
  

>25  1  
 

6. Pond (PND) 

A pond is a water impoundment made by constructing an embankment or by excavating a pit or dugout 

(Figure 22). Ponds are usually constructed to provide water for livestock, fish and wildlife, recreation, fire 

control, development of renewable energy systems and other related uses, and to maintain or improve 

water quality. In NTT the fraction of the field controlled by ponds (FCO) is the only input data required 

for simulating ponds (Figure 23). The water, sediment, and nutrient storage and release are calculated in 

NTT on a daily basis.  

Figure 22. An example of pond (http://www.il.nrcs.usda.gov) 
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Figure 23. . Pond  (PND) required input information provided by user 

 

7. Streambank stabilization (SBS) 

Erosive stream banks are re-shaped and seeded, and sometimes protected with rock rip-rap or seeded with 

bio-engineering materials under this management practice. Stabilizing the streambank of the streams 

(Figure 24) protects water quality, improves fish habitat, and the vegetation provides habitat for birds and 

small animals. Upon the selection of this management practice by the user (Figure 25), the channel USLE 

C and K along with channel manning N factors are adjusted (Tables 3 through 5) in NTT to reflect the 

effect of this management practice on water quality in the stream channels. 

 
Figure 24. Two types of SBS practices with (a) rock protection and (b) vegetation cover 
(http://www.nrcs.usda.gov) 
 
(a) 
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(b) 

 
   
Figure 25. Streambank stabilization (SBS) selection key in NTT 

 

8. Land leveling (LL) 

Land leveling will facilitate the efficient use of water on irrigated land and is accomplished by reshaping 

the surface of land to be irrigated, to planned lines and grades (Figure 26). To simulate this management 

practice in NTT, users need to provide the new average field slope (SLP) after the land treatment (Figure 

27). NTT will use the new average field slope for simulating the leveled field.  
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Figure 26. Land leveling as part CP to reduce sediment and nutrient losses (http://www.la.nrcs.usda.gov) 

 

Figure 27. Land leveling (LL) required new slope by user 

 

9. Grazing (GRZ) 

Grazing operations in NTT can be simulated for different types of animals (including beef cattle, 

dairy cows, horses, goats and sheep) (Figure 28). Each simulated farm is represented as an owner 

(or even multiple owners) in NTT, and may have livestock as well as poultry. Each owner may 

have up to ten herds or groups of animals.  Each herd is characterized by forage intake rate in 

kg/head/day, grazing efficiency (accounts for waste by trampling, etc.), manure production rate 

in kg head/day, urine production in liters/head/day, and carbon and soluble and organic N and P 

fractions in the manure.  
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Figure 28. An example of a dairy cow grazing operation (http://www.nrcs.usda.gov) 
 

 
 
Grazing may occur throughout the year or may be allowed only at certain times. Grazing may be 

started and stopped for any field by using a start and stop grazing code in the management file 

(Figure 29). Grazing corn stubble after harvest is a good example of initiating and stopping 

grazing.  In addition, grazing stops automatically when a user-adjustable “grazing limit” for each 

herd is reached. The “grazing limit” is the minimum vegetation biomass cover (default value is 

set at 0.5 t/ha that must be present in the field before grazing can occur. However, this limit 

might be adjusted for different management practices (Figure 30). Table 7 provides the list of 

input for grazing that is entered in “management” screen. 

Figure 29. Grazing (GRZ) operation input requirements provided by user 
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Figure 30. Minimum vegetation biomass at the field before start grazing 

 

Table 7. Parameters values used for grazing. 

Field Configuration 

Subarea Id 

O
w

ner Id 

Herd eligible for 
grazing 

G
razing lim

it for 
each herd (t/ha)* 

N
um

ber and type 
of anim

als in herd 

M
anure nutrient 

content on dry 
basis (fraction) 

 
 

y 
herd  hrs/day in 

feeding area 

Daily Grazing 
rate/anim

al unit 

Daily M
anure 

production /anim
al 

unit 

Daily U
rine 

production /anim
al 

unit 

Grazing 1 1 1 

0.5 (default) 
or U

ser input 

User 
input 

User 
input 

User 
input 

Based 
on 

animal 
type 

Based 
on 

animal 
type 

Based 
on 

animal 
type 

2 2 1 
0.5 (default) 
or U

ser input 

User 
input 

User 
input 

User 
input 

Based 
on 

animal 
type 

Based 
on 

animal 
type 

Based 
on 

animal 
type 

*This is the minimum amount of plant material (t/ha) that must be present in order to allow 
grazing.  Grazing will not be initiated until this limit has been reached. 

 
10. I rrigation and fertigation 

NTT simulates four types of irrigation (sprinkler, drip, furrow/flood, and furrow diking; Figures 31 and 

32) by two irrigating modes – manual or automatic. 

A. MANUAL: if manual irrigation is used, irrigation is applied according to the amounts and dates 

specified by the user in the operation page (Figure 33) in a volume equal to the minimum of the specified 

volume, maximum single application volume, or the volume required to fill the root zone to field capacity 

calculated as: 

((Field capacity – storage)/ (1 – EFI))                        (1) 

where, EFI is calculated as the runoff volume /irrigation volume (EFI values range from 0 to 1). EFI will 

be taken into account regardless of the mode of irrigation (manual or automated). Table 8 describes the 
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required input variables for manual irrigation in the NTT “management” page. The NTT interface enables 

users to input these parameters in a straightforward way. 

 

Figure 31. A center pivot (sprinkler) irrigation, an example of one of the different types of irrigation 
simulated in NTT (http://www.al.nrcs.usda.gov) 

 
   
Figure 32. A farm with furrow dike irrigation system (www.ars.usda.gov)  
 

 
 

 

 

 

 

 

 

 

Figure 33. Manual irrigation operation input requirements provided by user 
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B. AUTOMATIC: if automatic irrigation is used, the amount applied per application is equal to the 

maximum single application amount (ARMX) that is set for each farm, and irrigation is applied when the 

irrigation trigger (BIR) is reached. In all cases the EFI is removed through runoff prior to infiltration into 

the soil. If the amount of irrigation is greater than the amount of water needed to bring the soil to field 

capacity, the model will run off the fraction (EFI), fill the profile to field capacity and the remaining water 

will be percolated through the soil. This may cause leaching of nutrients, however. Soluble nutrients are 

leached through the soil or removed with runoff. Table 8 describes the required input variables for 

specifying automated irrigation in the NTT “management” page  (Figure 34) and also provides default 

values. 

Figure 34. Automated (a) irrigation and (b) fertigation operations input requirements provided by 

user 

 

 
Table 8. Irrigation parameters used for auto irrigation and fertigation with default values. 
 

Scenario 

Irrigation type 

Subarea Id 

Irrigation 
Efficiency (0-1) 

Applicat. 
Interval (days) 

Fertilizer Type 

W
ater Stress 
Factor 

M
ax Annual 

Irrigation (in) 

M
ax Single 

Application 
Volum

e (m
m

) 

Furrow
 Diking 

Safety 
Factor(0-1) 

 

Auto 
Fertigation 

User 
input 

1 
User 
input 

User 
input 

Element 
N 

User 
input 200 

User 
input 

User 
input 

 

2 

User 
input User 

input 
Element 

N 

User 
input 

 
200 

User 
input 

User 
input 

 

Auto 
Irrigation 

User 
input 

1 
User 
input 

User 
input None 

User 
input 

 
200 

User 
input 

User 
input 

 

2 
User 
input 

User 
input None 

User 
input 

 
200 

User 
input 

User 
input 
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11. Furrow Dikes 

Furrow dikes are small earthen dams formed periodically between the ridges of a ridge-furrow 

tillage system or, alternatively, small basins created in the loosened soil behind a ripper shank or 

chisel. The furrow diking practice is known by many names, including tied ridges, furrow 

damming, basin tillage, basin listing, and microbasin tillage. The dikes or basins store potential 

runoff on the soil surface, allowing the water to infiltrate (Fig. 32) thus, decreasing storm or 

irrigation runoff and increasing storage and plant available water in the soil. The required input 

data for furrow diking (Table 8) are similar to those of auto irrigation and are easily entered in 

the NTT management screen (Figure 35). However, the “Furrow diking safety factor (FDSF)” 

needs to be entered by the user in the NTT management screen. FDSF is the fraction of furrow 

dike volume available for water storage.  FDSF controls the volume of water that can be stored 

in the dike before water tops over the dike. This variable is used to account for uncertainty in the 

volume of the furrow dike (Table 8). 

 

Figure 35. Automated furrow diking irrigation operation input requirements provided by user 

 
 
Application of NTT to a sample farm in Carroll County, Maryland 
 
To illustrate the scope of NTT applications, selected CPs were run on a sample of soil series that 

represent the distribution of soils in the State of Maryland. A total of 4,711 soils were used in 

these simulations, ranging in slope from 0 to 15% slope, with an average slope of 5.5%. In this 

NTT application, 11 alternative scenarios were evaluated (Table10) for each of the soil types. All 

the scenarios included here have a bearing on erosion losses, but also highlight NTT’s 
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capabilities for estimating nutrient and sediment losses, and various indicators of relevance for 

farmers. Table 10 describes the key features of each of these alternative scenarios as well as the 

baseline scenario.  

 

With the exception of the no-till scenario, each alternative scenario was evaluated assuming a 

conventional-till field with corn-soybean rotation, which is one of the main cropping systems in 

Carroll County, MD. Table 11 shows the management practices for the Corn-Soybean cropping 

system in the area of interest simulated. 

 

Table 10: List of conservation practices for sample farm Carroll County, MD  
 
 

Scenario Full name of CP CP Description 

1 Baseline 
Various tillage passes, including 
moldboard plow, field cultivator, and 
cultipacker. 

2 Cover crop Wheat cover crop after corn 
3 Irrigation (Sprinkler) Auto. Irrigation efficiency set at 0.8 
4 Terraces Gradient terraces 

5 Nutrient management Incorporation of nutrient applications 
within 48 hours 

6 Streambank stabilization 
Fraction of floodplain flow (FFPQ) 
=0.8; width = 12 m.; slope relation to 
upland = 0.25 

7 Riparian Forest Buffer 
Fraction of floodplain flow (FFPQ) 
=0.8; width = 9 m.; slope relation to 
upland = 0.25; grass portion = 0.25 

8 Grassed Waterway (15 ft. each side) 
Fraction of floodplain flow (FFPQ) 
=0.9; width = 9 m (4.5 m. on each 
side of field channels) 

9 No till Elimination of all tillage operations 
10 Filter Strip 15 m width of switchgrass 
11 Contour Buffer Strip 20 ft. of dense grass, 80 ft. of crop 
12 Wetland 0.8-ha wetland 
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Table 11. Operations for Corn-Soybean Rotation 
 

Year 
Date  Operation  Application 

Type/Rate (lbs/ac)  
1 April 15 Fertilizer nitrogen  Surface 160 
1 April 15 Fertilizer phosphorus  Surface 60  
1 May 5 Planting Corn -  
1 October 10 Harvest Corn  -  
1 October 11 Kill Corn  
2 May 14 Fertilizer phosphorus Surface, 40 
2 May 15 Plant soybeans 

 2 October 15 Harvest soybeans 
 2 October-16 Kill soybeans -  

 
 

Results and discussion 

 
In all, 11 scenarios were simulated: the baseline and 10 alternative scenarios. Each scenario was 

simulated over a 48-year period (from 1960-2007) based on available weather data associated 

with the location of the Maryland soil series being used in the simulations. The results presented 

here are annual averages across all soil types based on the last 46 years of simulation. The first 

crop rotation period (2-year) of the 48 years of simulation output was not included in the 

scenario results because it was assumed that a significant period of time is required for the 

relevant indicators to reflect conditions attributable to the scenario being simulated. The average 

impacts of the 10 scenarios on flow, sediment and nutrient losses, relative to the baseline are 

shown in Table 12.  The results shown in the table indicate that the NTT simulation output 

captures directionally the expected essential features of each practice, based on the general 

consensus in academic publications on conservation practice effectiveness and prevailing expert 
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opinions. In addition to the annual averages reported in Table12, the range of impacts of each 

conservation practice on flow and sediment, total N, and total P losses are also represented in 

box and whisker plots in Figures 36 through 39. In these plots, each box represents the range in 

values of the percentage changes from the first quartile till the third quartile, with the median in 

the middle of the range. Thus the vertical placement of each box on the figures represents 50% of 

the range of impacts of the scenario on the indicator. The lines (whiskers) going below and 

above the boxes represent the extent to the minimum and maximum percentage impacts 

respectively. 

Among all scenarios, only irrigation management and tile drainage had significant impacts on 

crop yields on the portion of fields that were actually cropped. Some of the other scenarios had 

significant impact on crop yields only in the sense that land had to be taken out of production in 

order to implement them. However, the yield reductions indicated in the table only refer to yield 

impacts on land that was actually cropped with corn and/or soybeans. 

 
Table 12: Summary NTT estimates of the impacts of scenarios (% changes from baseline values) 

  
Flow Sediment 

Total 
N 

Total 
P 

Organic 
N 

Organic 
P 

Soluble 
N 

Soluble 
P 

Corn 
yield 

Soybean 
yield 

 in t/ac 
-------------------------------lb/ac---------------------------
---- ----bu/ac---- 

Baseline 
values* 13.41 1.71 18.07 2.59 13.16 2.45 4.91 0.13 149.3 52.0 

  

--------------------------------Percentage changes from corresponding baseline values-----------
--------------------- 

Cover Crop -4.1 -21.4 -15.6 -16.8 -15.7 -17.2 -15.4 -10.0 0.0 0.1 
Irrigation 13.4 5.1 2.5 0.2 7.8 0.1 -11.7 2.3 15.5 16.4 
Terraces 0.0 -32.5 -21.4 -27.6 -29.2 -29.2 -0.4 1.6 0.1 0.1 
Nutrient 
management -0.3 3.1 -10.2 -62.4 3.0 -62.2 -45.5 -66.1 0.1 -0.1 
Streambank 
stabilization -0.1 -36.0 -9.9 -23.9 -13.6 -25.2 -0.1 0.0 0.0 0.0 
Riparian 
forest buffer -1.0 -48.9 -39.0 -51.9 -52.8 -54.7 -1.9 -1.0 0.0 0.0 
Grassed -0.6 -57.4 -46.4 -61.6 -63.1 -64.9 -1.6 -0.9 0.0 0.0 
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waterways 
Filter Strip -0.8 -42.0 -33.8 -45.1 -45.6 -47.5 -2.3 -1.5 0.0 0.0 
Contour 
Buffer Strip -15.4 -69.7 -75.1 -90.8 -94.2 -94.7 -23.9 -19.3 0.0 0.0 
Wetland -38.2 -34.8 -35.4 -40.3 -39.9 -42.4 -23.5 -0.9 0.0 0.0 
*Baseline values: flow in inches, sediment in tons/ac, nutrient losses in lb/ac, and crop 
yields in bu/ac. 

   
 
 
Cover Crops: 

Simulation results across all Maryland soils likely to have crop cover (soils with slopes 15% or 

less) indicate that cover crops would have significant impact on reducing runoff (flow), sediment 

losses, and all nutrient losses on average. Box plots in Figures 1 through 4 also indicate that flow 

and sediment losses are very likely to reduce under cover crops regardless of soil type. For the 

most part nitrogen and phosphorus losses are also projected to decline under cover crop 

implementation, except for a few soils. 

 

Irrigation management: 

Irrigation is projected to increase crop yields as expected, but increases in runoff, sediment 

losses, and nutrient losses are also indicated, according to the averages in Table 12. These 

increases are also reflected in the range of impacts across all soils, with virtually all soils 

showing increases in flow and sediment and nutrient losses. However, lower losses of sediment 

and nutrient is expected with higher irrigation efficiency, where less run off occurs. 

 
Terraces: 

Gradient terraces are projected to have very little impact on flow, but significant reductions in 

sediment and nutrient losses are indicated when terraces are installed. The annual average across 
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all soils, as well as the range of impacts all suggest that terraces will unambiguously reduce 

sediment and nutrient losses. 

 

 
Figure 36. Range of simulated impacts of conservation practices on flow 
 
 
Nutrient management: 

Nutrient management consists of a wide variety of management practices. In this paper, we 

simply simulated nutrient incorporation for the nutrient management scenario. Fertilizer was 

incorporated during application, instead of being surface applied. This scenario resulted in 

consistent reductions in nutrients due to placement of fertilizer below the soil surface. A small 

increase in sediment may be associated with nutrient incorporation. 
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Figure 37. Range of simulated impacts of conservation practices on sediment losses 
 
 
Stream and Riparian Management 

The stream and riparian management systems (stream bank stabilization, riparian forest buffer, 

grassed water ways, and filter strips) are projected to result in significant reductions in losses of 

sediment and nutrients (Table 12). In addition to a reduction in sediment losses, both total 

nitrogen and total phosphorus losses are projected to decline when either a 15-m filter strip or a 

9-m riparian forest buffer is put in place at the downslope edge of the field, or 4.5-m grassed 

water ways on each side of field channels. Stabilization of stream banks is also projected to 

result in significant nutrient and sediment loss reduction. These four scenarios also result in 

reductions in edge-of-field runoff (flow). Among all four scenarios, grassed waterways (scenario 

8) had the greatest reduction in all four indicators. The range of impacts shown in the figures also 

indicates that all four scenarios in this group had consistent reductions in all indicators across all 

simulated soils. 
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Figure 38. Range of simulated impacts of conservation practices on Total N losses 
 
 
No till 

As Table 12 indicates, no till practices – elimination of all tillage passes – are anticipated to yield 

significant reductions in sediment and nitrogen losses. However, flow is projected to increase, as 

are phosphorus losses. With few exceptions, no-till impacts are generally consistent across all 

soils. 

 

Contour buffer strips 

Of all the scenarios simulated, contour buffer strips had the most significant impact on all 

indicators. Total sediment and nutrient reductions are projected to run in the range of 80 to 90 

percent on average, while flow reductions are also indicated to be close to 20% on average. 

Furthermore, the box and whisker plots indicate that these reductions are highly consistent. With 

the exception of a few soils where sediment losses might increase, contour buffer strip 

implementation is anticipated to yield consistently significant reductions in runoff, sediment, and 

nutrient losses when implemented on a corn-soybean field. 
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Figure 39. Range of simulated impacts of conservation practices on Total P losses 
 
 
Wetlands: 

The final scenario simulated across all Maryland soils less than 15% in slope entailed a 0.8-ha 

wetland at the downslope edge of the 100-ha field. The wetland is projected to result in the most 

significant reduction in flow volumes – over 30% - while also leading to significant decreases in 

sediment and nutrient losses. 

 

 
 
CONCLUSIONS 

The Nutrient Tracking Tool (NTT) provides farmers, government officials, researchers and 

others an efficient, web-based, and user-friendly method of evaluating the impacts of proposed 

and existing conservation practices (CPs) on water quality and quantity. A series of simulations 

using farm practices and soil and weather data from the State of Maryland NTT was utilized to 
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assess the effectiveness of NTT in simulating major USDA-NRCS CPs, in terms of runoff, 

nutrients, sediment, and crop yield. NTT was used to evaluate the impacts of 10 CPs (of the 

many possible individual CPs or CP combination scenarios that users can specify) when 

implemented for the selected farms in MD with a typical corn-soybean management.  The results 

obtained from NTT, which were based on simulation of soils up to 15% in slope, indicate that 

the tool is capable of simulating numerous CPs reasonably well, given the documented 

effectiveness of the CPs. NTT is a valuable tool by which users could make the most effective 

decisions to increase their farm productivity while reducing nutrient and sediment losses to water 

bodies.  

 

In the near future, numerous functions, as well as an economic evaluation capability, will be 

added to NTT, in order to increase the average user’s ability to simulate more of the existing 

conditions and alternative scenarios at his/her farm. Also, other CPs essential to different regions 

of the US will be tested and consequently added to the list of CPs in NTT in the near future. 

 

Finally, NTT will become a more reliable and useful tool as it is tested and validated for different 

regions of the U.S., and as additional features and databases are added through our partnerships 

with USDA-NRCS and local experts.  
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APPENDIX A 

List and definition of the major parameters in the NTT (APEX) PARM.DAT file 
 

Number Value Description  
1 2.0 Crop canopy-PET (range is from 1-2) factor used to adjust crop 

canopy resistance in the Penman-Monteith PET equation. 
2 
 

2.0 Root growth-soil strength (Range is from 1 - 2).  Normally 
1.15<parm(2)<1.2.  Set to 1.5 to minimize various soil factor 
constraint on root growth. Setting Parm(2)>2 eliminates all 
root growth stress.  Adjustments required for crop yield 
calibration by region, including accounting for effects of pH, 
aluminum toxicity, bulk density, and soil salt buildup. 

3 0.5 Water stress-harvest index (Range is from 0 - 1) sets fraction 
of growing season when water stress starts reducing harvest 
index.   

4 1.0 Water storage N leaching (Range is from 0 - 1) fraction of soil 
porosity that interacts with percolating water as nitrogen 
leaching occurs.           

5 0.5 Soil water lower limit (Range is from 0 - 1) lower limit of water 
content in the top 0.5 m soil depth expressed as a fraction of 
the wilting point water content.  Was reduced to as low as 0.2 
in a few western regions for wind erosion calibration. 

6 1.0 Winter dormancy (h) (Range is from 0 - 1) causes dormancy in 
winter grown crops. Growth does not occur when day length 
is less than annual minimum day length + parm(6). 

7 0.9 N fixation (Range is from 0 - 1) at 1, fixation is limited by soil 
water or nitrate content or by crop growth stage. At 0 fixation 
meets crop nitrogen uptake demand. A combination of the 
two previously described scenarios is obtained by setting 0 < 
parm(7) < 1.  Reduced to as low as 0.3 for western rotations 
with alfalfa hay; otherwise a rotation of e.g., 4 years of alfalfa 
and 1 year of corn silage would show low alfalfa yields due to 
N stress. 

8 20.0 Soluble phosphorus runoff coefficient. (0.1m3/t), (Range is 
from 10 - 20). P concentration in sediment divided by that of 
the water.  

9 20.0 Pest damage moisture threshold, (mm), (Range is from 25 - 
150), previous 30_day rainfall minus runoff.  One of several 
parameters used to regulate pest growth.  See also parm 10, 
PSTX in the control file, PST in the crop file and SCRP (9). 

10 20.0 Pest damage cover threshold, (t/ha), residue + above ground 
biomass.  This is the amount of cover required for pests to 
begin to grow.  Setting parm 10 at a large number (50) will 
result in little or no pest growth because it will be impossible 
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Number Value Description  
to reach such high levels of cover.  One of several parameters 
used to regulate pest growth.  See also parm 9, PSTX in the 
control file, PST in the crop file and SCRP (9). 

11 -100.0 Moisture required for seed germination (mm), (Range is from 
10 - 30), soil water stored minus wilting point storage in the 
plow depth (plow layer depth = parm(43)).  If the amount of 
moisture in the plow layer is not equal to or greater than 
Parm 11, germination will not occur.  
The value of -100.0 will turn this function off.    

12 2.5 Soil evaporation coefficient, (Range is from 1.5 - 2.5), governs 
rate of soil evaporation from top 0.2 m of soil. 

13 2.0 Wind erodibility coefficient, (Range is from 0 - 3), adjusts wind 
soil erodibility factor downward as loose material is eroded. 

14 0.2 Nitrate leaching ratio, (Range is from 0.1 - 1), Ratio of nitrate 
concentration in surface runoff to nitrate concentration in 
percolate. 

15 0.0 Runoff CN weighting factor (Range is from 0.0 - 1.0).  Weights 
current and previous day’s CN.  If 1.0, uses current estimate; if 
0.0 uses previous day’s CN. 

16 1.0 Expands CN retention parameter (Range is from 1.0 - 1.5).  
Values > 1.0 expand CN retention and reduce runoff. 

17 0.05 Soil evaporation – plant cover factor (Range is from 0.0 - 0.5).  
Reduces effect of plant cover as related to LAI in regulating 
soil evaporation. 

18 1.0 Sediment routing exponent (Range is from 1 - 1.5) exponent 
of water velocity function for estimating potential sediment 
concentration. 

19 0.03 Sediment routing coefficient, (t/m3)( Range is from 0.01 - 
0.05) potential sediment concentration when flow velocity = 
1.0 (m/s).  

20 0.2 Runoff curve number initial abstraction (Range is from 0.05 - 
0.4)   

21 10.0 Soluble Carbon adsorption Coefficient (0.1m3/t) (Range is 
from 10 - 20).  Carbon concentration in sediment divided by 
that in water 

22 0.05 Reduces NRCS Runoff CN Retention Parameter for Frozen Soil.  
(Range is from 0.05 – 0.6)  Fraction of S (Retention Parameter) 
Frozen Soil   

23 0.0028 Hargreaves PET equation coefficient (Range is from 0.0023 - 
0.0032), original value = 0.0023, current value = 0.0032. 

24 0.1 Pesticide leaching ratio (Range is from 0.1 - 1) Ration of 
pesticide concentration in surface runoff to pesticide 
concentration in percolation. 

25 0.0 Root sloughing coef (0._10.) for tree, large values increase 
root decay rate. 

47  



DRAFT: PLEASE DO NOT CITE 

Number Value Description  
26 0.05 Fraction of maturity at spring growth initiation (Range is from 

0 - 1) allows fall growing crops to reset heat unit index to a 
value greater than 0 when passing through the minimum 
temperature month. 

27 0.3 CEC effect on nitrification & volatilization (Range is from 0 - 1) 
sets lower limit of CEC correction factor in nit/vol function. At 
0 CEC should prevent nit/vol process. At 1 CEC has no effect 
on nit/vol. 

28 5.0 Upper nitrogen fixation limit (Range 0.1-10.0) Upper daily 
limit of nitrogen fixation by legumes (kg/ha/day) 

29 0.5 Biological mixing efficiency (Range is from 0.1 - 0.5) simulates 
mixing in top soil by earth worms etc. Parm (31) sets depth for 
this action. 

30 1.4 Soluble phosphorus runoff exponent (Range is from 1 - 1.5) 
provides nonlinear effect for soluble phosphorus-runoff eq. 

31 0.3 Maximum depth for biological mixing, (m), (Range is from 0.1 
- 0.3) 

32 1.0 Organic p loss exponent(1_1.2) provides nonlinear effect for 
organic p loss eq. 

33 2.0 Coefficient in MUST EQ (Range is from 2.0 – 3.0).  Original 
value = 2.5. 

34 0.56 Hargreaves PET equation exponent (Range is from 0.5 - 0.6) 
original value=0.5. 

35 1.01 Denitrification soil-water threshold (Range is from 0.9 - 1.1), 
fraction of field capacity soil water storage to trigger 

denitrification.   
36 1.4 Denitrification rate constant controls denitrification rate.   
37 0.0 Lower limit of daily mineralization rate coef(.01_.1) adjusts 

the temperature/moisture rate function.   
38 1.0 Water stress weighting coefficient (Range is from  0 - 1) at 0 

plant water stress is strictly a function of soil water content; 
at 1 plant water stress is strictly a function of actual ET 
divided by potential ET. 0<parm 38<1 considers both 

approaches. See also SCRP 17. 
39 0.00001 Puddling saturated conductivity (mm/h) (Range is from 

0.00001-0.1) simulates puddling in rice paddies by setting 
second soil layer saturated conductivity to a low value. 

40 0.001 Groundwater storage threshold (Range is from 0.001 - 1.) 
fraction of groundwater storage that initiates return flow. 

41 0.5 Plant root temperature stress exponent (Range is from 0.1 - 
2.) exponent of ratio of soil layer temperature to average of 

plant optimal and base temperatures.  
42 1.8  SCS curve number index coefficient (Range is from 0.3 -2.5) 

regulates the effect of PET in driving the SCS curve number 
retention parameter.  
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Number Value Description  
43 0.0508  Plow layer depth (m) used to track soluble phosphorus 

concentration or weight.  
44 2.0 Upper Limit of Curve Number Retention Parameter S(Range is 

from 1.0 - 2.0)   SUL=PARM(44)*S1.   Allows CN to go below 
CN1.  

45 3.0  Sediment routing travel time coefficient, (Range is from 0.5 - 
10.) brings inflow sediment concentration to transport 

capacity concentration as a function of travel time and mean 
particle size.  

46 0.7  RUSLE C-factor coefficient (Range is from 0.5 - 1.5) coefficient 
in exponential residue function in residue factor.  

47 1.0  RUSLE C-factor coefficient (Range is from 0.5 - 1.5) coefficient 
in exponential crop height function in biomass factor.  

48 0.0  Adjusts climatic stress factor (Range is from 50 - 80) ((Average 
annual precipitation/Average annual temperature) / Parm 

48).  Setting parm 48 to 0.0 gives a Climatic factor = 1.0 which 
has no effect on crop yield  

49 5.0  Maximum rainfall interception by plant canopy (mm) (Range 
is from 0 - 15.0)  

50 0.1  Rainfall interception coefficient, (Range is from 0.05 - 0.3)  
51 0.5  Water stored in litter (residue) coefficient (Range is from 0.1 - 

0.9).  Fraction of litter weight.  
52 10.0   Exponential coefficient in EQUATION expressing tillage effect 

on residue decay rate (Range is from 5 - 15)  
53 0.9  Coefficient in oxygen EQUATION used in modifying microbial 

activity with soil depth (Range is from 0.8 - 0.95)  See also 
SCRP 20.    

59  1  P upward movement by evaporation coefficient (Range is 
from 1 - 20)  

60  5.0  Maximum number of days a pasture is grazed before rotation 
(Range is from 1 - 365)  

61  0.8  Soil water tension weighting factor (Range is from 0. - 1.) 
Regulates upward water flow as a function of soil water 

tension in the layer of interest and the one above it. 0.0 only 
considers above layer tension.  1.0 only considers layer of 

interest's tension.  
62  0.1  Manure erosion equation coefficient, (Range is from 0.1 - 0.5) 

larger values increase manure erosion.  
63  0.1  Pesticide loss coefficient, (Range is from 0.1 - 1.0) fraction of 

porosity interacting with pesticides as water flows through a 
soil layer.   

64  1.0  Dust distribution coefficient, (Range is from 0.5 - 1.5) affects 
downwind travel time.  

65  0.001  RUSLE2 transport capacity parameter (Range is from 0.001-
0.1) regulates deposition as a function of particle size and 
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Number Value Description  
flow rate. 

66  1.0  RUSLE2 threshold transport capacity coefficient (Range is 
from 1.0-10.0) adjusts threshold (FLOW RATE * SLOPE 

STEEPNESS) 
67  10.0  Dust distribution dispersion exponent (Range is from 5.0 - 

15.0) modifies the effect of the angle between the wind 
direction and the centroid of downwind subareas.  

68  0.25  Manure erosion exponent t (Range is from 0.1 - 1.0) modifies 
equation based on weight of manure on soil surface.  

69  1.0  Coefficient adjusts microbial activity function in top soil layer 
(0.1_1.0)   

70  1.0  Microbial decay rate coefficient (Range is from 0.5 - 1.5).  
Adjusts soil water-temperature-oxygen equation.  

71  1.50  Manure erosion coefficient (Range is from 1.0 -1.5).  Modifies 
erosion estimate based on above ground plant material. Plant 

material (live and dead) reduces manure erosion.  
72  0.10  Volatilization/nitrification partitioning coefficient (Range is 

from 0.05 - 0.5).  Fraction of process allocated to 
volatilization.  

73  0.2  Hydrograph development parameter (Range is from 0.1 - 0.9).  
Storage depletion routing exponent used to estimate travel 

time outflow relationship.  
74  0.10  Groundwater N concentration ratio (0.01_0.99), N conc. in 

return flow / N conc. in percolate. (Set to 0.5 for most 
regions).  

75  0.05  Furrow irrigation erosion coefficient (t/m3) (Range is from 
0.01 - 0.05).  Potential sediment concentration in a furrow 

when flow velocity = 1.  (m/s).  
76  1.0 Furrow irrigation sediment routing exponent (Range is from 1 

- 1.5).  Exponent of water velocity function for estimating 
potential sediment concentration.  

77  0.0  Runoff amount to delay pest application (mm) (Range is from 
0.0 – 25).  Pesticide is not applied on days with runoff greater 

than Parm (77).  
78  10.0  Soil water value to delay tillage (Range is from 0.0 – 1.0) 

Tillage is delayed when PDSW/FCSW>Parm(78).  PDSW = Plow 
depth soil water content; FCSW = Field capacity soil water 

content.  
79  1.0  Auto mow lower limit (t/ha) above ground plant material that 

prevents auto mow.      
80  10.0 Solar Radiation Threshold for snow melt (Range is from 10-20) 

snow melt may occur at solar radiation values above parm(80) 
81  0.01  Standing dead fall rate coefficient (Range is from 0.0001-0.1) 
82  1.0  N upward movement by evaporation coefficient (Range is 

from 0.001-20)  
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Number Value Description  
83  0.01  Regulates evaporation from channel & floodplain (Range is 

from 0.001-1.0) small values reduce channel & floodplain 
evaporation.   

84 0.5 Fraction of manure considered in calculation erosion c Factor 
(Range is from 0.0-1.0) in feedlots or fields that receive heavy 
manure application the manure acts as a soil cover like crop 

residue 
85 0.0001 Manure mineralization rate factor (Range is from 0.0001-0.1) 

manure mineralizes much faster than crop residue. Small 
values increase manure mineralization. 
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