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Abstract 

Soil nitrogen (N) is essential for plant growth, but in excess it can lead to environmental 

pollution via leaching and greenhouse gas emissions. A good understanding of soil N 

dynamics is therefore crucial for improving farm management. Field studies typically 

measure only some parts of the N cycle as temporal snapshots. Large uncertainties are 

involved when these observations are scaled up to farm system, regional or national scale 

and/or extrapolated to produce long-term estimates. Process-based models have the potential 

to simulate the entire N-cycle, thus enabling the integration of knowledge and improved 

estimates. However, such models contain a large number of processes that need to be 

parameterised and validated. 

 

Many models have been developed to simulate different aspects of the soil-N cycle. These 

models include different assumptions and simplifications, depending on the original purpose 

of the model. Comparing the behaviour of different models for the same dataset can be a 

useful way of determining which processes lead to significant differences in model output, 

and therefore where greater understanding of the underlying processes may lead to model 

improvement. 

 

Here we report on existing and planned comparisons between the NZ-DNDC, CenW, 

APSIM, and OVERSEER models.  

 

Introduction 

Soil N is essential for plant growth. However, in excess it can lead to environmental pollution 

via leaching, ammonia (NH3) volatilisation, and greenhouse gas emissions (particularly 

nitrous oxide, N2O). Nitrogen can occur in many chemical forms and there are a large 

number of interacting processes involved in its cycling through the environment. Figure 1 

illustrates the major processes involving N in grazed pasture systems: 
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Figure 1: N-cycling in grazed pasture system (dashed lines represent gaseous fluxes) 

 

Due to the large number of processes and different chemical forms of N, there are very few 

studies where all processes are measured simultaneously, especially under actual farming 

conditions. Process-based models that describe the many processes involved in N-cycling can 

be useful for determining the impacts of changes in farm management on various parts of the 

N-cycle. However, such models require a large number of parameters and need to be 

validated and parameterised over a range of processes in order to have confidence in their 

results. 

 

In this paper we describe three process-based models (APSIM, CenW, and NZ-DNDC) and 

the widely used nutrient balance model OVERSEER
®
, and the initial research into comparing 

the behaviour of these models with respect to the description of the N dynamics in New 

Zealand pasture soil.  

 

Model descriptions 

APSIM 

APSIM (Agricultural Production systems SIMulator) is a framework of biophysical modules 

that simulate physical, chemical, and biological processes in agricultural systems (Keating et 

al. 2003). The model simulates the water balance, the soil N and C cycling, including 

leaching and soil greenhouse gas fluxes, as well as plant growth. For the simulations of New 

Zealand pasture systems the SoilN and SurfaceOM modules (Probert et al. 1998) were used 

to describe the C-N cycle, SWIM2 (Verburg et al. 1996) for water and solutes transport, and 

the AgPasture module (Li et al. 2011) to simulate pasture development. The SOILWAT 

module of Probert et al. (1998) is sometimes used as an alternative soil and water transport 

model. 

 

CenW 

CenW is a process-based model (Kirschbaum 1999) that has been applied to forest 

(Kirschbaum & Watt, 2011) and pasture systems (M.U.F. Kirschbaum, unpublished) in New 

Zealand. It simulates plant growth and soil carbon and N dynamics, but the N cycling does 

not distinguish between different N compounds. 

 

NZ-DNDC 

The DNDC (DeNitrification DeComposition) model (Li et al. 1992) is a process-based model 

that simulates C and N biogeochemical cycles in agricultural systems. The model consists of 
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5 interacting sub-models simulating thermal-hydraulic processes, aerobic decomposition, 

nitrification/denitrification, fermentation and plant growth. It has been widely used 

internationally to simulate a range of different farm systems (Giltrap et al. 2010a). NZ-

DNDC is the New Zealand specific version of the DNDC model that has been modified for 

New Zealand’s grazed pasture systems (Saggar et al. 2007a).  

 

OVERSEER
®

 

OVERSEER
®

 is a farm nutrient budgeting model that is widely used in New Zealand 

(Wheeler et al. 2006; www.overseer.org.nz). While not process-based, OVERSEER
®

 has been 

calibrated for New Zealand’s farming systems and uses inputs that are easily accessible by 

farmers. The model considers the nutrient inputs (feed brought into the farm, fertiliser 

applications, and biological N fixation) and animal production (milk, meat, wool) to calculate 

the nutrient outputs (animal products, run-off, leaching, and greenhouse gas emissions). The 

nutrient budget calculated represents long-term average annual values, rather than year-to-

year variation. Version 6 of OVERSEER
®

 uses a relationship derived from APSIM 

simulations to determine the amount of nitrate leaching. 

 

Model validations 

Table 1 lists publications where models have been validated against field data for New 

Zealand pasture systems. 

 

Table 1: Model comparisons with measurements from New Zealand pastures 

Model Reference Outputs compared to 

field data 

Number of sites 

compared 

APSIM Li et al. (2011) Net herbage 

accumulation 

27 

 Snow et al. (2007) Soil water deficit, soil 

water content, 

drainage and run-off 

1 

 Cichota et al. (2010a) Drainage, NH4
+
 and 

NO3
-
 leaching 

1 

 Cichota et al. (2010b) NH4
+
 and NO3

-
 

leaching 

1 

CenW M.U.F. Kirschbaum 

(unpublished) 

  

NZ-DNDC Giltrap et al. (2011) N2O, WFPS 1 

 Giltrap et al. (2010b) N2O, soil NH4
+
, NO3

-
, 

WFPS 

1 

 Saggar et al. (2010) N2O 1 

 Saggar et al. (2007b) N2O, soil CH4, WFPS 1 

 Saggar et al. (2004) N2O, WFPS 2 

OVERSEER
®
 Parfitt et al. (2009) N and P leaching  2 

 Ledgard et al. (2006) N leaching 4 

 

Model Comparisons 

Validation with experimental data is an important part of the model development process. 

Models can also be compared with each other, although care needs to be taken to use 

equivalent input data. Comparing model simulations can be useful for understanding the 

relative importance of different processes in each model and how these differences interact. 
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In this paper we present the results of two model comparisons. In the first comparison, the 

APSIM and NZ-DNDC models were compared with field measurements of soil NO3
-
 and 

NH4
+
 for the top soil layer (0–75 mm), and N2O emissions from a urine patch applied to 

Horotiu soil in May. In the second comparison, SOC and SON dynamics were compared 

using CenW and NZ-DNDC for a hypothetical dairy-grazed farm in the Manawatu.  

 

APSIM and NZ-DNDC 

Data for soil NO3
-
 and NH4

+
 (averaged over the top 75 mm) and for N2O emissions were 

measured following animal urine application to Horotiu silt loam soil (Typic Orthic 

Allophanic Soil) located in the Waikato Region. This dairy farm had a stocking rate of about 

22 stock units ha
–1

 (about 3.15 cows ha
–1

) and was managed under a typical rotational grazing 

regime. Fresh animal urine was applied to the soil in May 2000 at a rate of 592 kg N/ha. The 

methodology and results are reported in more detail in de Klein et al. (2003).  

 

Soil parameters for each model were established based on site measurements. For NZ-

DNDC, the initial soil NO3
-
 and NH4

+
 at the surface were based on the control values for the 

first day of the trial, and initial soil moistures were also based on initial values at the start of 

each trial; APSIM simulations were pre-run for 6 months before the experimental start to 

obtain appropriate initial conditions. For both models the urine patch was simulated as an 

application of urea with the addition of 10mm water. 

 

NZ-DNDC and APSIM both use exponential functions to determine the soil properties at 

lower layers based on the surface properties. Detailed description of the setup in APSIM is 

given in Cichota et al. (2012). For these simulations, the APSIM model simulated the soil 

processes to a depth of 1000 mm. However, as NZ-DNDC simulates down to 500 mm, only 

the top 500 mm were considered when comparing the APSIM and NZ-DNDC model outputs. 

 

Giltrap et al. (2010b) found that when simulating emissions from urine patches, it was 

necessary to increase the ammonia volatilisation rate to simulate the soil NH4
+
 dynamics 

accurately. The enhanced rate of NH3 volatilisation was used for this simulation. 

 

Daily climate data for the simulations were downloaded from climate stations near the study 

sites. 

 

Figures 2(a)–(d) show the measured and modelled N2O emissions, water-filled pore space 

(WFPS), soil NH4
+
, and soil NO3

-
 respectively. 

  

(a)   (b)  
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(c)  (d)  

Figure 2: APSIM and NZ-DNDC model results compared with measured values following 

dairy urine application of 592 kg N/ha in May 2000 on Horotiu soil for (a) N2O emissions, 

(b) WFPS, (c) NH4
+
 , and (d) NO3

-
. Soil WFPS, NH4

+
 and NO3

-
 values are for the top 75 mm. 

Error bars show the maximum and minimum values of 4 replicates. 

 

Both models produced plausible estimates of the 0–75 mm WFPS, soil NH4
+
 and NO3

-
. The 

pattern of N2O emissions simulated by the two models differed both from each other and the 

measured pattern. However, the total N2O emissions over the period simulated by APSIM 

(5.31 kg N/ha) and NZ-DNDC (6.17 kg N/ha) were similar to the measured value (mean 4.93 

kg N/ha, range 3.90–6.38 kg N/ha). 

 

As APSIM and NZ-DNDC are both process-based models we can also compare the 

simulations of other N-transformation processes that were not directly measured (Figure 3). 

 

 

 
 

Figure 3: Allocation of N between various pools for the APSIM and DNDC models. Note: 

dSON is the change in the soil organic N and dSIN is the change in the soil inorganic N pool 

over the measurement period. 

 

Figure 3 shows some significant differences between the models’ simulations of the various 

N transformation processes. In particular, NZ-DNDC estimated a much higher rate of NH3 

volatilisation while APSIM showed slightly higher rates of leaching and plant uptake. While 

APSIM has previously been validated for plant growth and NO3
-
 leaching, neither APSIM 

nor NZ-DNDC has been validated against NH3 emission measurements. Although in this 

particular example the difference between the two models’ estimates of NH3 emissions did 

not result in a large difference in N2O emissions, this will not always be the case. This 

example also demonstrates that simply because the estimated N2O emissions are close to the 

measured values does not mean that all processes are being correctly simulated.   
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Similar experiments and comparisons have been performed for other soils and seasons. There 

were cases when both models either succeeded or failed to estimate N2O emissions within the 

range of the field measurements, and cases when one model performed well and the other 

poorly. These results will be published in a future paper. 

 

CenW and NZ-DNDC 

CenW and NZ-DNDC were compared by simulating a hypothetical New Zealand dairy farm 

over a 5-year period. The soil was assumed to be a Tokomaru silt loam and 5 years (1980–

1985) of climate data from the Manawatu were used. 

 

The management practices simulated were fertiliser applications and grazing events. In each 

model, fixed amounts of urea were applied on 5th Feb (32 kg N/ha) and 27th August (14 kg 

N/ha) each year. 

 

In NZ-DNDC, grazing events are pre-defined by a date, number of animals per hectare and 

the duration of the grazing event. CenW has a similar option, but it can also simulate grazing 

by having a grazing event triggered when pasture dry weight exceeds a predefined value (set 

to 2 t DW/ha = 1 t C/ha), and grazing continues until a lower limit of the pasture dry weight 

is reached (set to 1 t DW/ha = 0.5 t C/ha). This has the advantage that grazing frequency 

changes automatically with seasonal dry matter production rates and reflect inter-annual 

variations in feed production. To allow proper comparison between the models, we generated 

a set of grazing events over our 5-year simulation interval using CenW and then used these to 

set up grazing events in NZ-DNDC.  

 

CenW has an equilibrium-generating routine that enabled the generation of equilibrium 

conditions for all plant and soil pools under the given climate and management regime. Once 

these equilibrium conditions had been generated, CenW was run for a further 5 year-period to 

generate a sequence of grazing events. As there was no equivalent routine in NZ-DNDC the 

initial conditions were not in equilibrium. The first year of the simulation was therefore not 

considered in this analysis as the system was still changing significantly towards equilibrium 

conditions.  

 

 

 

(a)  
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(b)  

 

Figure 4: Comparison of daily change in (a) d SOC and (b) SON simulated by NZ-DNDC 

and CenW. Data are shown for 3
rd

 year of the 5-year simulation. 

 

 

Figure 4 shows the daily changes in (a) SOC and (b) SON for the 3
rd

 year of the 5-year 

simulation using CenW and NZ-DNDC. The large spikes correspond to manure deposits on 

grazing days. In both plots, it can be seen that CenW has a stronger seasonal variation in the 

daily change in SOC and SON than NZ-DNDC. This is due to the different temperature 

sensitivity of decomposition in the two models. CenW uses a temperature dependence based 

on Kirschbaum (2000), while NZ-DNDC uses a temperature dependence based on the work 

of Nyhan (1976). Figure 5 shows the change in the relative temperature sensitivity of 

decomposition of the two models. At soil temperatures above 5°C, decomposition is less 

sensitive to changes in temperature in NZ-DNDC than in CenW.  

 

 
 

 

Figure 5: Change in relative sensitivity of decomposition with temperature for CenW and 

NZ-DNDC models. 

 

 

Discussion and Conclusion 

 

Process-based models are a useful and necessary tool for upscaling from field measurements 

to regional and national scales. They are also useful for scenario analyses to assess the 

potential impacts of, for example, mitigation strategies, climate change, or land-use change. 

Process-based models may also be used to generate simplified models that still reflect the 
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important trends but require less input data and/or processing time. For example, thousands 

of APSIM simulations across different combinations of New Zealand soils and climates were 

used to generate a relationship between the proportion of N leached and the cumulative water 

drained (in terms of soil pore volume) that is used in OVERSEER
®

 version 6 (Wheeler et al. 

2011). However, such applications require that the models be well validated. 

   

The N-cycle contains many interacting processes. Most process-based models have been 

validated for some aspects of the N-cycle (e.g. NO3
-
 leaching, N2O emissions). However, no 

model has been validated for all processes in New Zealand grazed pasture systems. Similarly, 

there is a lack of comprehensive field data where all the forms of N have been measured or 

where all the various N loss pathways have been monitored. This is especially relevant for 

describing N2O losses because it represents a fairly small fraction of the total N cycle. To 

reduce the uncertainties of greenhouse gas estimates it is important to ensure that the main 

parts of the system are accurately described.  

 

Comparison of different process-based models on the same dataset can be useful for 

determining under which circumstances each model performs best. Even when experimental 

data are not available, model comparisons can indicate which processes behave similarly 

between models, and which are different. Such information can highlight critical knowledge 

gaps. In addition, sensitivity analyses can be used to find parameters and processes to which 

the model output is particularly sensitive and where improvements will have the biggest 

impacts on model performance.  

 

Acknowledgements 

This research was supported by Core funding for Crown research institutes from the Ministry 

of Business, Innovation and Employment’s Science and Innovation Group and the New 

Zealand Agricultural Greenhouse Gas Research Centre (NZAGRC). 

 

References 

Cichota R, Snow VO, Vogeler I, Wheeler DM, Shepherd MA (2012). Describing N leaching 

from urine patches deposited at different times of the year with a transfer function. Soil 

Research 50: 694-707 

Cichota R, Vogeler I, Snow V (2010a). Describing N leaching under urine patches in pastoral 

soils. 19
th

 World Congress of Soil Science, Brisbane, Australia. 

Cichota R, Vogeler I, Snow VO, Shepherd M (2010b). Modelling the effect of a nitrification 

inhibitor on N leaching from grazed pastures. Proceedings of the New Zealand Grasslands 

Association 72 43–47. 

de Klein CAM, Barton L, Sherlock RR, Li Z, Littlejohn RP (2003). Estimating a nitrous 

oxide emission factor for animal urine from some New Zealand pastoral soils. Australian 

Journal of Soil Research 41(3): 381–399. 

Giltrap DL, Saggar S, Singh J, Harvey M, McMillan A, Laubach J (2011). Field-scale 

verification of nitrous oxide emission reduction with DCD in dairy-grazed pasture using 

measurements and modelling. Soil Research 49(8): 696–702. 

Giltrap DL, Li C, Saggar S (2010). DNDC: A process-based model of greenhouse gas fluxes 

from agricultural soils. Agriculture, Ecosystems and Environment 136:292-300 



 

9 

Giltrap DL, Singh J, Saggar S, Zaman M (2010b). A preliminary study to model the effects of 

a nitrification inhibitor on nitrous oxide emissions from urine-amended pasture. 

Agriculture, Ecosystems & Environment 136: 310–317. 

Keating BA, Carberry PS, Hammer GL, Probert ME, Robertson MJ, Holzworth D, Huth NI, 

Hargreaves JNG, Meinke H, Hochman Z, McLean G, Verburg K, Snow V, Dimes JP, 

Silburn M, Wang E, Brown S, Bristow KL, Asseng S, Chapman S, McCown RL, 

Freebairn DM, Smith CJ (2003). An overview of APSIM, a model designed for farming 

systems simulation. European Journal of Agronomy 18(3–4): 267–288. 

Kirschbaum M (1999). CenW, a forest growth model with linked carbon, energy, nutrient and 

water cycles. Ecological Modelling 118: 17–59. 

Kirschbaum MUF (2000). Will changes in soil organic matter act as a positive or negative 

feedback on global warming? Biogeochemistry 48: 21–51. 

Kirschbaum MUF, Watt MS (2011). Use of a process-based model to describe spatial 

variation in Pinus radiata productivity in New Zealand. Forest Ecology and Management 

262: 1008–1019. 

Ledgard S, Sprosen M, Judge A, Lindsey S, Jensen R, Clark D, Luo J (2006). Nitrogen 

leaching as affected by dairy intensification and mitigation practices in the Resource 

Efficient Dairying (RED) trial. In: Currie LD & Hanly JA eds. Implementing sustainable 

nutrient management strategies in agriculture. Occasional Report No. 19. Palmerston 

North, New Zealand, Fertilizer and Lime Research Centre, Massey University. Pp. 263–

268. 

Li FY, Snow VO, Holzworth DP (2011). Modelling the seasonal and geographical pattern of 

pasture production in New Zealand. New Zealand Journal of Agricultural Research 54(4): 

331–352. 

Nyhan JW (1976). Influence of soil temperature and water tension on the decomposition rates 

of carbon-14 labelled herbage. Soil Science 121: 288–293. 

 Parfitt RL, MacKay AD, Ross DJ, Budding PJ (2009). Effects of soil fertility on leaching 

losses of N, P and C in hill country. New Zealand Journal of Agricultural Research 52(1): 

69–80.  

Probert ME, Dimes JP, Keating BA, Dalal RC, Strong WM (1998). APSIM’s water and 

nitrogen modules and simulation of the dynamics of water and nitrogen in fallow systems. 

Agricultural Systems 56: 1–28. 

 Saggar S, Andrew RM, Tate KR, Hedley CB, Rodda NJ, Townsend JA (2004). Modelling 

nitrous oxide emissions from dairy-grazed pastures. Nutrient Cycling in Agroecosystems 

68(3): 243–255. 

Saggar S, Harvey M, Singh J, Giltrap D, Pattey E, Bromley T, Martin R, Dow D, Moss R, 

McMillan A (2010). Chambers, micrometeorological measurements, and the New Zealand 

Denitrification-Decomposition model for nitrous oxide emission estimates from an 

irrigated dairy-grazed pasture. Journal of Integrative Environmental Sciences 7(S1): 61–

70. 

Saggar S, Giltrap DL, Li C, Tate KR (2007a). Modelling nitrous oxide emissions from grazed 

grasslands in New Zealand. Agriculture, Ecosystems & Environment 199: 205–216. 



 

10 

Saggar S, Hedley CB, Giltrap DL, Lambie SM (2007b) Measured and modelled estimates of 

nitrous oxide emission and methane consumption from a sheep-grazed pasture. 

Agriculture, Ecosystems & Environment 122: 357–365. 

Snow VO, Houlbrooke DJ, Huth NI (2007). Predicting soil water, tile drainage and runoff in 

a mole-tiled drained soil. New Zealand Journal of Agricultural Research 50: 13–24. 

Verburg K, Ross PJ, Bristow KL (1996). Swimv2.1 User Manual. Where, Australia, CSIRO 

– Division of Soils. 

Wheeler D, Cichota R, Snow V, Shepherd M (2011). A revised leaching model for 

OVERSEER® Nutrient Budgets. In: Currie LD, Christensen CL eds. Adding to the 

knowledge base for the nutrient manager. Occasional Report No. 24. Palmerston North, 

New Zealand, Fertilizer and Lime Research Centre, Massey University. 6 p. 

http://flrc.massey.ac.nz/publications.html. 

Wheeler DM, Ledgard SF, Monaghan RM, McDowell RW, de Klein CAM (2006). 

OVERSEER nutrient budget model - what it is, what it does. In: Currie LD & Hanly JA 

eds. Implementing sustainable nutrient management strategies in agriculture. Occasional 

Report No. 19. Palmerston North, New Zealand, Fertiliser and Lime Research Centre, 

Massey University. Pp. 231–236. 


