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ADAPT: MODEL USE, CALIBRATION,  
AND VALIDATION 

P. H. Gowda,  D. J. Mulla,  E. D. Desmond,  A. D. Ward,  D. N. Moriasi  

ABSTRACT. This article presents an overview of the Agricultural Drainage and Pesticide Transport (ADAPT) model and a 
case study to illustrate the calibration and validation steps for predicting subsurface drainage and nitrate-N losses from 
an agricultural system. The ADAPT model is a daily time step, field-scale water table management model that was devel-
oped as an extension of the GLEAMS model. The GLEAMS algorithms were augmented with algorithms for subsurface 
drainage, subsurface irrigation, deep seepage, and related water quality processes. Recently, a frost depth algorithm was 
incorporated to enhance the model’s capability to predict flow during spring and fall months. In addition to the normal 
GLEAMS output, ADAPT gives estimates of pesticides and nutrients in drainage. The model has four components: hydrol-
ogy, erosion, nutrient transport, and pesticide transport. Predictions of surface runoff and subsurface drainage by ADAPT 
are very sensitive to hydrology input parameters, such as NRCS curve number, hydraulic conductivity, depth of the imped-
ing layer, and hydraulic conductivity of the impeding layer. In the erosion component, slope, hydraulic length, and crop 
management are the most sensitive factors. Nutrients generally follow the trends in surface runoff and subsurface drain-
age. In addition, nitrogen and phosphorus concentrations in soil horizons are sensitive to nutrient losses. Recently, the 
ADAPT model was further calibrated and validated in southern Minnesota to evaluate impacts of subsurface drain spac-
ing and depth, rate and timing of nitrogen application, and precipitation changes on water quality. ADAPT is written in 
FORTRAN, and the source code is available to interested model users. Considering the limited technical support and text 
editor-based input files, development of a user-friendly interface to create input files would greatly enhance ADAPT’s ac-
ceptability by users involved in modeling agricultural systems equipped with subsurface drains. 

Keywords. Nonpoint-source pollution, Subsurface drainage system, Upper Midwest, Water quality, Water table manage-
ment. 

he Agricultural Drainage and Pesticide Transport 
(ADAPT) model is a daily time step, field-scale 
simulation model that was developed in the De-
partment of Agricultural Engineering of Ohio 

State University to simulate the quantity and quality of 
flows associated with water table management systems. 
ADAPT was developed by integrating Groundwater Load-
ing Effects of Agricultural Management Systems 
(GLEAMS; Leonard et al., 1987) with DRAINMOD 
(Skaggs, 1982), a subsurface drainage model. The two 
models were combined to create a model that would predict 
both the quantity and quality of surface and subsurface ef-

fluents. ADAPT was written in FORTRAN with modular 
programming techniques. 

The first publications describing ADAPT in the refereed 
literature were Chung et al. (1992) and Ward et al. (1993). 
In addition to describing ADAPT, Chung et al. (1992) eval-
uated the hydrologic component of the model, while Ward 
et al. (1993) described development studies with the 
ADAPT model. A key initial application of ADAPT was 
performed by Desmond et al. (1996), who compared daily 
water table depth prediction by four simulation models. 
Gowda et al. (1999a) developed a spatial process model 
that uses ADAPT for predicting flow and nutrient discharg-
es in the Rock Creek watershed of northern Ohio and suc-
cessfully used this model in numerous water quality studies 
in Minnesota at plot, field, and watershed levels (Davis et 
al., 2000; Dalzell et al., 2004). In 2000, a frost depth algo-
rithm developed by Benoit and Mostaghimi (1985) was in-
corporated to enhance ADAPT’s capability to predict flow 
during spring and fall months and was tested with flow da-
ta from the lower Minnesota River basin (Dalzell et al., 
2004). Numerous studies with ADAPT were successfully 
completed in Ohio (Gowda et al., 1999b), Iowa (Gowda et 
al., 2008), Illinois (Sogbedji and McIsaac, 2006), Minneso-
ta (Sands et al., 2003; Johansson et al., 2004; Dalzell et al., 
2004; Updegraff et al., 2004; Petrolia and Gowda, 2006a, 
2006b; Gowda et al., 2007), and Kansas (Anand et al., 
2007) for evaluating agricultural alternative management 
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practices and development of total maximum daily loads. 
Recently, the ADAPT model was calibrated and validated 
in southern Minnesota to evaluate impacts of subsurface 
drain spacing and depth (Nangia et al., 2010a), rate and 
timing of N application (Nangia et al., 2008; Nangia et al., 
2010b), and changes in precipitation (Nangia et al., 2010c) 
on N losses in southern Minnesota. 

The ADAPT model theoretical documentation and users’ 
manuals can be obtained from the developers at Ohio State 
University, but technical support for users is limited. There 
is a small group of developers and users, primarily associ-
ated with the USDA-ARS Conservation and Production 
Research Laboratory in Bushland, Texas, and the Universi-
ty of Minnesota. ADAPT is an open-source model. Current-
ly, there is no GIS user interface available for ADAPT; in-
stead, the model uses a text editor for creating input files. 
The objectives of this study were to: (1) provide a brief de-
scription of ADAPT including the components simulated, 
(2) present ADAPT calibration and validation procedures, 
(3) present a case study to illustrate the calibration and val-
idation process, and (4) discuss ADAPT model weaknesses 
and future research needs. 

ADAPT DESCRIPTION 
The ADAPT model has four components: hydrology, 

erosion, nutrient transport, and pesticide transport. The hy-
drology component includes snowmelt, surface runoff, 
macropore flow, evapotranspiration (ET), infiltration, sub-
surface drainage, sub-irrigation, and deep seepage. The 
snowmelt component in ADAPT is based on a theory pro-
posed by Anderson and Crawford (1964) and Viessman et 
al. (1989). Snowmelt water depth is computed as the sum-
mation of snowmelt due to radiation, rainfall, conduction, 
convection, and condensation (Chung et al., 1992). Poten-
tial ET is computed using either the Ritchie method used in 
GLEAMS (Knisel, 1980) or the Dorenbos-Pruitt method 
(James, 1988). A modified Green-Ampt equation (Mein 
and Larson, 1971) is used to determine infiltration time. 
Subsurface drainage and sub-irrigation algorithms are 
based on DRAINMOD (Skaggs, 1980). Subsurface drain-
age flow rate is calculated using either Kirkham’s or 
Hooghoudt’s equation depending on the water table condi-
tion. Deep seepage through the impermeable layer is de-
termined using Darcy’s equation. A detailed description of 
the equations used to compute the different hydrologic pro-
cesses in ADAPT can be obtained from Chung et al. 
(1992). 

Soil erosion is estimated using the Universal Soil Loss 
Equation (Foster et al., 1980). Nutrient transformation pro-
cesses in the ADAPT model were adopted from the 
GLEAMS nutrient model (Knisel et al., 1993). Two nutri-
ents, nitrogen and phosphorus, are included in the model. 
The nitrogen cycle used in ADAPT includes routines for 
mineralization from crop residue, soil organic matter, and 
animal waste, immobilization to crop residue, plant uptake, 
partitioning between soil and solution phases, nitrogen fixa-
tion by legumes, denitrification, and fertilization. Nitrogen 
in the soil is divided into active and stable pools and 

changes daily as a function of their relative size and the 
C:N ratio of organic materials, such as crop residue, roots, 
and animal waste. The phosphorus cycle used in the 
ADAPT model includes routines for mineralization, immo-
bilization, fertilization, animal waste application, and crop 
uptake. Phosphorus losses are simulated at a daily time step 
based on rates of sediment loss and soil concentrations of 
phosphorus, as well as rates of runoff and concentrations of 
soluble phosphorus (Knisel et al., 1993). A detailed de-
scription of how these components are computed is given 
by Chung et al. (1992). 

The pesticide component in the ADAPT model uses pa-
rameter values from the hydrology and erosion components 
to simulate partitioning and degrading of pesticides each 
day. Pesticide input parameters include pesticide applica-
tion date, amount, method, pesticide water solubility, foliar 
and soil half-lives, and the partition coefficient. Up to ten 
pesticides can be simulated at a time for determining their 
fate and transport in the agricultural system. Pesticide out-
put includes concentration and mass in surface runoff, sed-
iment, subsurface drainage, and deep seepage. ADAPT also 
provides pesticide concentrations in the soil layers, and 
masses decomposed and taken up by plants. Decomposition 
of the pesticide accounts for biodegradation and hydrolysis 
and is assumed to follow first-order kinetics both in the soil 
and on leaves (Knisel, 1980). The vertical movement of 
pesticides includes macropore flow, infiltration, and deep 
seepage. Pesticide movements with evaporation and plant 
uptake are the same as in GLEAMS. Evaporation moves 
pesticide in solution upward in the soil profile, while plants 
uptake the pesticide in each soil layer through transpiration 
depending on the root distribution in the soil. Pesticide 
mass in subsurface drainage is calculated using the solution 
concentration in the water table layer. ADAPT allows the 
user to inject pesticides through sub-irrigation. It is as-
sumed that pesticides move up along with the sub-irrigated 
water. Based on the principle of mass conservation, the pes-
ticide mass balance is checked daily.  

MODEL INPUT AND OUTPUT 
Input data for the ADAPT model include weather, soil, 

crop, sub-irrigation and subsurface drainage systems, and 
nutrient and pesticide data. The weather data required to 
drive the ADAPT model are daily rainfall, average air tem-
perature, wind speed, relative humidity, and solar radiation 
for the duration of the simulation. Soil data include the tex-
ture, thickness, organic matter content, soil water character-
istics, and saturated hydraulic conductivity for each hori-
zon. In addition, surface storage depth, NRCS curve 
number at antecedent soil water condition II, and relation-
ships between water table depth, upward fluxes, and 
drained-to-equilibrium soil water contents are required. 
Crop data include effective rooting depth, leaf area index as 
a function of growth stage, and planting and harvesting 
dates. Sub-irrigation and subsurface drainage system input 
parameters consist of drain depth, spacing, diameter, outlet 
weir height, and depth to impermeable layer. 

Nutrient parameters in the ADAPT model include ferti-
lizer and manure application date, amount, method, crop 
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name, leguminous or not, potential yield, dry matter ratio, 
C:N ratio, and nitrogen concentration in rainfall. Initial 
conditions are defined by parameters such as crop residue 
on the soil surface, base saturation, pH, calcium carbonate 
content, and various nitrogen and phosphorus concentra-
tions in each soil horizon. Pesticide parameters include ap-
plication date, amount, method, water solubility, foliar and 
soil half-lives, and the adsorption constant. 

Output of the ADAPT model consists of daily, monthly, 
and annual estimates of surface runoff, subsurface drainage, 
monthly rainfall, evapotranspiration, deep seepage, water 
table depth, and sub-irrigation volume. Nutrient output in-
cludes concentration and mass in surface runoff, sediment, 
subsurface drainage, and deep seepage. ADAPT also pro-
vides nutrient concentrations in the soil layers and masses 
taken up by plants. Pesticide output includes concentration 
and mass in surface runoff, sediment, subsurface drainage, 
and deep seepage. ADAPT also provides pesticide concen-
trations in each horizon and pesticide masses decomposed 
and taken up by plants. 

ADAPT CALIBRATION AND VALIDATION 
Ideal calibration and validation of the ADAPT model 

should begin with the hydrology component. If the model is 
predicting the water budget well, it is more likely that the 
erosion, nutrient, and pesticide components will follow the 
trend. However, further calibration may be required to ob-
tain more accurate predictions of nitrate-N, phosphorus, 
and pesticide losses. For an agricultural system with sub-
surface drainage, the most important aspect is to make sure 
that the model is partitioning the flow between surface run-
off and subsurface drainage. Subsurface drainage is the ma-
jor carrier of nitrate-N from agricultural systems to streams 
and rivers. Therefore, errors in partitioning of the flow will 
affect prediction of nutrient and pesticide losses, and errors 
in surface runoff will affect prediction of soil erosion loss-
es. The calibration parameter values used in the simulation 
should be reasonable and supported by the literature. Fur-
ther, model calibration parameters can be determined by 
sensitivity analysis. Model parameters are calibrated manu-
ally by comparing predictions against measured data for the 
calibration period only (Mulla and Addiscott, 1999), and 
the performance is determined using graphical and statisti-
cal performance measures. Once the calibration is complet-
ed, the predictions for the validation period should be com-
pared against measured data for deriving performance 
statistics. 

For the ADAPT model, it is recommended that simula-
tions for calibration and validation be done simultaneously 
in order to measure the model performance effectively. The 
two most commonly reported methods for selecting calibra-
tion and validation periods are to: (1) divide the simulation 
period into two equal parts and use one part for calibration 
and the other for validation, or (2) use alternate years of 
simulation as the calibration and validation periods. It is 
important for ADAPT users to know that each of these 
methods can give different model performance statistics 
depending on the years selected for calibration and valida-

tion. Irrespective of the method used for establishing the 
calibration and validation periods, the rationale for choos-
ing a particular method should be given. It is also necessary 
to allow a model spin-up period at the beginning of the 
simulation period to initialize the model and allow soil 
pools to reach a quasi-state of equilibrium. 

There are no absolute criteria in the literature for judging 
the performance of ADAPT or any other model. Numerous 
graphical and statistical model calibration and validation 
performance measures have been used with respect to 
ADAPT applications. Davis et al. (2000) compared ob-
served and predicted means and their standard deviations, 
coefficient of determination, slope and intercept of a least 
square regression between predicted and observed values, 
root mean square error (RMSE), and index of agreement 
(Willmott, 1981) to assess the level of agreement between 
predicted and observed values. Other model performance 
statistics that can be used are presented in detail by Moriasi 
et al. (2007). Graphical measures include time series 
(Gowda et al., 2007) and 1:1 graphs (Davis et al., 2000). 
Different modelers use different criteria depending on the 
application, availability of measured data, and data quality.  

CALIBRATION PARAMETERS 
Prediction of total flow (surface runoff and subsurface 

drainage) by the ADAPT model is very sensitive to hydrol-
ogy input parameters, such as NRCS curve number, hy-
draulic conductivity, depth of the impeding layer, and hy-
draulic conductivity of the impeding layer. Total flow and 
partitioning of the flow between surface runoff and subsur-
face drainage during the winter and spring periods are sen-
sitive to cutoff average daily temperature (TCUT), which is 
required for triggering infiltration. Evapotranspiration is 
one of the important parameter in the water budget that af-
fects the water available for runoff and subsurface drainage. 
It is sensitive to leaf area index (LAI) and effective rooting 
depth (RD). In the absence of observed data on surface 
runoff and subsurface drainage, model predictions should 
be compared with values available in the literature for simi-
lar agricultural systems. A sensitivity analysis by Chung et 
al. (1992) showed that surface runoff estimates are sensi-
tive to changes in the curve number, and subsurface drain-
age estimates are sensitive to deep seepage predictions 
(Chung et al., 1992; Desmond et al., 1996). 

Prediction of soil erosion losses with ADAPT are highly 
sensitive to the field size (DAOVR), average slope 
(AVGSLP), slope length of the overland flow profile 
(SLNGTH), soil erodibility factor (KSOIL), and soil loss 
ratio (CFACT) parameters (Gowda et al., 1999a). In the nu-
trient component, total nitrogen and phosphorus, nitrate-N 
and labile-N concentrations, and potentially mineralizable 
nitrogen in each soil horizon are important parameters in 
predicting nitrate-N and phosphorus losses. In the absence 
of measured data, users can start the calibration of these pa-
rameters with values reported in the literature. Nutrient 
losses increase with increase in nitrate-N and labile-P con-
centrations in the soil horizons. Losses of N by denitrifica-
tion are expected to be significant during high water table 
and low soil temperature conditions. Any errors in the pre-
diction of denitrification require calibration of hydrology 
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parameters, such as the hydraulic conductivity of each soil 
horizon, depth of the impeding layer and its hydraulic con-
ductivity, and frost depth related parameters. As expected, 
prediction of pesticide losses is sensitive to pesticide prop-
erties, such as soil half-life (SOLLIF) and partitioning coef-
ficient (KOC). 

CASE STUDY 
OBJECTIVE AND STUDY AREA 

The main objective of this case study is to demonstrate 
how ADAPT can be calibrated and validated for subsurface 
drainage and associated nitrate-N losses in a typical Upper 
Midwest U.S. row crop agricultural system with continuous 
corn under conventional tillage. Although calibration and 
validation of ADAPT for pesticide and P losses are not pre-
sented in this case study, they follow similar calibration 
procedures. Calibration and validation of ADAPT was done 
using flow and nitrate-N measurements made in three ex-
perimental plots for the period 1983-1996. These field 
measurements were part of a subsurface drainage study 
(Randall et al., 1997; Randall and Iragavarapu, 1995; 
Buhler et al., 1993) at the University of Minnesota’s South-
ern Experiment Station near Waseca, Minnesota. The size 
of the each plot was 13.5 m × 15.0 m on poorly drained 
Webster clay loam soil. These plots were designed to simu-
late a subsurface drain spacing of 27 m. Subsurface drains 
were installed at a depth of 1.2 m with a slope of 0.1%. The 
diameter of the subsurface drain was 100 mm. Since 1982, 
these plots were planted with continuous corn under mold-
board plow tillage. Nitrogen fertilizer was broadcast in the 
spring before planting at an annual rate of 202 kg N ha-1 
from 1983 to 1993, 154 kg N ha-1 in 1994, 204 kg N ha-1 in 
1995, and 149 kg N ha-1 in 1996. Subsurface drain flows 
were measured daily, and water samples from the subsur-
face drain outlet were taken every Monday, Wednesday, 
and Friday for quantifying nitrate-N in subsurface drainage. 

MEASURED DATA 
Weather data, including daily values of precipitation, 

average air temperature, solar radiation, wind speed, and 
average relative humidity recorded at a weather station lo-
cated about 0.5 km from the experimental plots, were used 
in the simulation. Tables 1 and 2 present soil properties and 
subsurface drainage system calibration parameters for the 
hydrology and nitrate-N components. These parameters 
were held constant for all simulations unless otherwise stat-
ed. Soil properties such as depth of each horizon, particle 
size distribution, and organic matter content reported by 
Cully (1986) were used in the simulations. The moisture re-
tention curve for each soil horizon was estimated using the 

DMSOIL program (NRCS, 1994). The NRCS runoff curve 
number was estimated for the hydrologic group rating of 
the Webster soil (B/D rating, poor drainage improved by 
tiling) under a straight row cropping system. The values of 
hydraulic conductivity and depth to impermeable layer 
were determined by calibration, since no experimental 
measurements of these parameters were available. The ini-
tial N content of the soil was obtained from Randall (1983). 

CALIBRATION AND VALIDATION PROCEDURE 
Although ADAPT is a daily time step model, model 

outputs can be obtained at daily, monthly, or annual time 
steps. Because of the lack of complete daily nitrate-N da-
tasets, monthly nitrate-N values were estimated and used in 
the model calibration and validation. Therefore, in this case 
study, calibration and validation of the ADAPT model con-
sisted of predicting and comparing monthly subsurface 
drainage and associated nitrate-N losses with measured da-
ta between April and August. For calibration, measured da-
ta for the years 1983, 1985, 1987, 1989, 1991, 1993, and 
1995 were used. The selection of odd years for calibration 
was made in order to improve model performance across a 
wide range of climatic conditions. For example, the years 
1989 and 1993 were the driest and wettest years, respec-
tively, in the last 40 years. If we had simply used the first 
seven years for model calibration, the model would have 
been biased toward the driest year. If we had used the last 
six years for calibration, it would have been biased toward 
the wettest year. 

In this study, ADAPT was calibrated by varying the hy-
draulic conductivity, rooting depth, leaf area index, drain-
age coefficient, and soil moisture retention curves to 
achieve the closest agreement between observed and pre-
dicted values of monthly subsurface drainage and nitrate-N 
losses. Five statistical procedures were used to assess the 
level of agreement between the predicted and observed val-
ues, including: (1) observed and predicted means and their 
standard deviations, (2) coefficient of determination (r2), 
(3) slope and intercept of a least square regression between 
the predicted and observed values, (4) root mean square er-
ror (RMSE), and (5) index of agreement (d) (Willmott, 
1981; Moriasi et al., 2007). For perfect model performance, 

Table 1. Values used for representative depth profile of soil and sub-
surface drainage systems in the study plot. 
Input Variable Unit Value 
NRCS curve number (AMC II) - 78 
Evaporation constant mm d-0.5 4.0 
Effective rooting depth cm 115 
Surface sealing threshold cm 4.4 
Surface storage depth cm 2.5 
Depth to impermeable layer m 4.57 
Drain spacing m 27 
Depth of tile drain m 1.2 

Table 2. Values for layer-specific soil input variables.[a] 

Horizon 
Thickness 

(cm) 
Porosity 

(cm3 cm-3) 
BR15 

(cm3 cm-3) 
OM 
(%) 

Clay 
(%) 

Silt 
(%) 

Vert. K 
(cm h-1) 

Horiz. K 
(cm h-1) 

Initial N 
(Mg kg-1) 

1 31 0.45 0.23 6.1 33 38 4.8 4.8 6.7 
2 31 0.41 0.21 2.1 31 33 4.8 4.8 6.4 
3 31 0.39 0.19 1.0 30 31 4.8 4.8 5.5 
4 87 0.39 0.19 1.0 29 32 4.8 4.8 4.6 

[a] BR15 = moisture content at wilting point, OM = organic matter, Vert. K = vertical saturated hydraulic conductivity, and Horiz. K = horizontal 
hydraulic conductivity. Values for saturated hydraulic conductivity were obtained by model calibration. 



55(4): 1345-1352  1349 

the RMSE should be zero, and the index of agreement 
should be one. Efforts were made to minimize the RMSE to 
zero and index of agreement close to one. In practice, mod-
el performance is never perfect, and RMSE values below 
75% or an index of agreement greater than 0.75 indicate 
satisfactory model performance (Moriasi et al., 2007). In 
addition, simulated water and nitrogen budgets were com-
pared with available measured data to evaluate ADAPT’s 
ability to predict individual components of the budgets. 
This was done by calculating the average annual water and 
nitrogen budgets for the period 1983-1996 and comparing 
them with available field measurements and data reported 
in the literature. 

CALIBRATION AND VALIDATION RESULTS 
Table 3 shows good agreement between the monthly 

predicted and observed subsurface drainage and associated 
nitrate-N losses during the calibration and validation peri-
ods (Moriasi et al., 2007). During calibration, we attempted 
to minimize the RMSE and obtain d values close to one 
(table 4). Figure 1 illustrates the 1:1 relationship between 
predicted and measured monthly subsurface drainage for 
the calibration years. The ideal values for slope and inter-
cept are one and zero. The closer the slope is to one, the 

better the model performance. Values below the 1:1 line in-
dicate model underprediction, while values above the 1:1 
line indicate overprediction. The results show that the mod-
el underpredicted subsurface drainage for wet months. This 
is primarily due to the difficulty in predicting the timing 
and magnitude of subsurface drainage during spring snow-
melt runoff. Consequently, the standard deviation of meas-
ured data (6.1 cm) was 40.8% higher than that of predicted 
drainage, although the predicted mean monthly and total 
drainage flows were in very close agreement with the 
measured data. A statistical evaluation of the measured and 
observed data gave an r2 of 0.90, with a slope and intercept 
of 0.67 and 1.50 cm, respectively. The d value was about 
0.89, and the RMSE was only 1.5% of the measured mean 
monthly subsurface drainage (table 4). From these statisti-
cal results, we can conclude that the ADAPT model per-
formed reasonably well in predicting subsurface drainage 
during the non-snowmelt period. 

Figure 2 shows the 1:1 relationship between predicted 
and measured monthly nitrate-N losses for calibration 
years. As in the case of drainage, predicted mean monthly 
nitrate-N losses were in close agreement with the observed 
data. However, the standard deviation of the measured data 
(11.2 kg ha-1) was 71.9% higher than that of the predicted 
nitrate-N losses. Errors in the prediction of nitrate-N losses 
were due to a gross prediction error in just one month (May 
1991), when a heavy rainstorm flushed residual soil nitrate-
N, which had accumulated in several previous years of 

 
Table 3. Comparison of predicted and observed cumulative, mean, 
and standard deviation values for subsurface drainage and nitrate-N 
losses in subsurface drainage during April-August in calibration and
validation years. 

Statistic 

Calibration Period 

 

Validation Period 

Subsurface 
Drainage 

(cm) 

Nitrate-N in 
Subsurface 
Drainage 
(kg h-1) 

Subsurface 
Drainage 

(cm) 

Nitrate-N in 
Subsurface 
Drainage 
(kg h-1) 

Cumulative      
 Observed 159.8 240.5  129.9 228.9 
 Predicted 159.9 234.3  141.4 214.0 
Monthly mean     
 Observed 4.6 6.9  3.7 6.5 
 Predicted 4.6 6.7  4.0 6.1 
Standard deviation     
 Observed 6.1 11.2  4.3 9.5 
 Predicted 4.3 6.5  3.8 5.7 

 
Table 4. Model performance statistics for predicted versus observed 
nitrate losses in subsurface drainage during April-August in calibra-
tion and validation years. 

Statistic 

Calibration Period 

 

Validation Period 

Subsurface 
Drainage 

(cm) 

Nitrate-N in 
Subsurface 
Drainage 
(kg h-1) 

Subsurface 
Drainage 

(cm) 

Nitrate-N in 
Subsurface 
Drainage 
(kg h-1) 

RMSE 1.50 2.73  1.79 3.02 
R2 0.90 0.71  0.70 0.47 

Slope 0.67 0.49  0.74 0.41 
Intercept 1.50 3.31  1.30 3.45 

d 0.89 0.74  0.83 0.60 

Figure 1. Comparison of predicted versus observed subsurface tile
drainage for the calibration years. 

Figure 2. Comparison of predicted versus observed nitrate-N losses 
through subsurface tile drainage for the calibration years. 
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drought, out of the profile. Statistical comparison of pre-
dicted and observed monthly nitrate-N losses gave an r2 of 
0.71, with a slope and intercept of 0.49 and 3.3 kg ha-1. The 
d value was about 0.74, and the RMSE was only 2.7% of 
the measured mean monthly nitrate-N loss (table 4). Thus, 
except during heavy spring storms in a year following 
drought, the predictions of nitrate-N losses in the drainage 
were satisfactory. 

Figure 3 shows a 1:1 relationship between predicted and 
measured monthly subsurface drainage for the validation 
years. These results show a trend similar to that observed 
for the calibration years. However, the model overpredicted 
the total subsurface drainage by 8.8%. The standard devia-
tion of the measured data (4.3 cm) was only 13.6% higher 
than that of the predicted subsurface drainage, compared 
with 40.8% for the calibration period. The RMSE was only 
1.8% of the measured mean subsurface drainage for the 
validation period (table 4), which is slightly higher than 
that of the calibration period. Comparison of predicted and 

measured monthly subsurface drainage gave an r2 of 0.7, 
with a slope and intercept of 0.74 and 1.3 cm, respectively. 
The d value was about 0.74. Differences in the statistical 
results between the calibration and validation years are 
partly due to very large rainfall events that occurred in the 
wettest years of 1991 and 1993. 

Figure 4 shows a 1:1 relationship between predicted and 
measured monthly nitrate-N losses for the validation peri-
od. ADAPT underpredicted nitrate-N losses by 7.0%, com-
pared with 2.7% for calibration years. This underprediction 
was primarily due to flushing of large quantities of residual 
soil nitrate-N out of the profile during three storms in 1990 
that followed two years of severe drought. The model could 
not account for the enhanced mineralization of organic mat-
ter in wet years following severe drought. The standard de-
viation in measured monthly nitrate-N losses (9.5 kg ha-1) 
was 67.8% higher than that for the predicted monthly ni-
trate-N losses (5.7 kg ha-1). Consequently, the d value was 
about 0.6, with an RMSE of 3.0% of the measured mean 
monthly nitrate-N loss (table 4). A comparison of predicted 
and measured monthly nitrate-N losses gave an r2 of 0.47, 
with a slope and intercept of 0.41 and 3.5 kg ha-1, respec-
tively. 

Tables 5 and 6 present comparisons of the measured and 
predicted average annual water and nitrogen budgets, re-
spectively, for the study period (1983-1996). The predicted 
annual subsurface drainage was about 32.9% of the total 
precipitation that occurred during that period, which closely 
matched the measured value of 32.8%. The predicted ET 
was 58.4% of the total precipitation and is comparable with 
measured values (64.1% in 1992 and 72.0% in 1992) on a 
fine-textured subsurface-drained soil cropped with corn in 
central Iowa (Moorman et al., 1999). Measured ET values 

Figure 3. Comparison of predicted versus observed subsurface tile
drainage for the validation years. 

 

Figure 4. Comparison of predicted versus observed nitrate-N losses 
through subsurface tile drainage for the validation years. 

Table 5. Predicted and observed components of water balance: Annual 
averages for the period 1983-1996. 

 

Model Predictions 

 

Field Observations 
Depth 
(cm) 

% of 
Precipitation 

Depth 
(cm) 

% of 
Precipitation 

Precipitation 90.7 100.0  90.7  
Evapotranspiration 53.0 58.4  -  
Tile drainage 29.8 32.9  29.7 32.8 
Runoff 2.9 3.2  -  
Deep seepage 4.5 5.0  -  

 
Table 6. Predicted and observed components of the nitrogen budget: 
Annual averages for the period 1983-1996. 

 

Model Predictions 

 

Field Observations 
Nitrogen 
(kg ha-1) 

% of N 
Applied 

Nitrogen
(kg ha-1) 

% of N 
Applied 

N inputs      
 Fertilization 194.9   194.4  
 Mineralization 69.8   -  
 Rainfall 10.9   -  
 Nitrogen fixed 0.00   -  
 Total N input 275.6     
N losses      
 Total plant uptake 174.4 89.48  143.0 73.36 
 Subsurface drainage 44.6 22.87  41.0 21.03 
 Denitrification 13.3 6.82  -  
 Sediment 1.2 0.64  -  
 Runoff 0.8 0.43  -  
 Deep seepage 6.1 3.10  -  
 Ammonia volatilized 0.0 0.00  -  
 Total N losses 240.4     
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were not available for our study site. This comparison indi-
cates that the model partitioned water reasonably well. The 
predicted annual average nitrate-N loss through subsurface 
drains (44.6 kg ha-1) was about 22.9% of the applied N and 
about 8.7% higher than the measured nitrate-N losses 
(41.0 kg ha-1). This error might be due to underprediction 
of nitrate-N loss by denitrification. The predicted nitrate-N 
loss by denitrification was about 6.8% of the total N ap-
plied, which is less than the estimated values (10% to 25%) 
reported by Meisinger and Randall (1991). Plant N uptake 
predicted by the model was about 15% greater than meas-
ured plant N uptake. If predictions of plant N uptake were 
improved, this would most likely result in more soil N and 
increases in denitrification and nitrate-N losses. More in-
formation on this case study is presented by Davis et al. 
(2000). 

DISCUSSION 
The strengths of the ADAPT model include: (1) its abil-

ity to predict both hydrology and water quality compo-
nents; (2) as a field-scale model, there are measured data 
for calibrating and validating most of the simulated compo-
nents; and (3) ADAPT has been calibrated and successfully 
applied in numerous studies throughout the Midwest U.S., 
where subsurface drainage systems are common. These 
studies have indicated that the performance of ADAPT is 
comparable to that of other widely used models, such as 
SWAT and DRAINMOD. At present, ADAPT is the only 
hydrologic model that is well calibrated for estimating wa-
ter quantity and quality for subsurface drainage systems. 
Although the model is designed for plot or field scale ap-
plications, it has been used at the watershed level using the 
concept of hydrologic response units (Gowda et al., 2007). 
The source code for this model is available to modelers in-
terested in enhancing the capability of the model. However, 
it is a DOS-based model with a text editor for creating in-
put files. It is somewhat difficult to identify errors in the 
format of the input, and user support for the model is lim-
ited. 

FUTURE DEVELOPMENTS 
There are no new developments planned in the near fu-

ture. However, a user-friendly interface for creating model 
inputs from GIS datasets would reduce formatting errors in 
the input files. 
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