
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



 

 

Accounting of nitrogen attenuation in agricultural 

catchments  

 

A thesis presented in partial fulfilment of the requirements for the degree of 

 

Doctor of Philosophy  

in 

 Earth Science 

 

at Massey University, Palmerston North,  

New Zealand 

 

 

Ahmed Elwan  

2018 

 



II 

 

  



III 

 

 

 

 

 

 

 

 

This thesis is dedicated to my late grandmother,  

my parents, my wife Emilie and my son Adam. 

Thank you for your encouragement, inspiration and unconditional love!  

  



IV 

 

  



V 

 

Abstract 

The transport and fate of the nitrate that leaches from the root zone of farms, via groundwaters, 

to receiving surface waters is poorly understood, particularly for New Zealand’s agricultural 

catchments. Monitoring nitrate concentrations in rivers clearly demonstrates that not all of the 

nitrate leached across the catchment enters the river. As nitrate moves from land to receiving 

waters there is potential for subsurface denitrification and hence the attenuation of the nitrate 

flux to receiving surface waters. A good understanding of the influence of catchment 

characteristics on the spatial variations of nitrate attenuation is essential for targeted and 

effective water quality outcomes across agricultural landscapes.  

This thesis analysed large datasets of geographical information (land use, soils and geology) 

and water quality records at 20 sites in two large agricultural catchments, the Tararua and 

Rangitikei, which are located in the lower parts of the North Island New Zealand. The results 

demonstrated that the influence of land use on river soluble inorganic nitrogen (SIN) 

concentrations in the Tararua catchment was outweighed by other catchment characteristics 

such as soil type and hydrological indices.  

A simple approach, that is not data-intensive, was developed and applied to quantify the 

capacity of a catchment to attenuate nitrogen. The nitrogen attenuation factor (AFN) is a key 

component of this approach. AFN is defined as the average annual land use nitrogen leaching 

losses minus the average annual river SIN river loads, divided by the average annual land use 

nitrogen leaching losses. AFN was determined for 5 and 15 sub-catchments in the Rangitikei 

and Tararua catchments, respectively, and was found to be highly spatially variable with values 

ranging from 0.14 to 0.94.   
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To assess the uncertainty associated with AFN, the uncertainty in the average annual river SIN 

loads was evaluated. Five load calculation methods (global mean GM, rating curve RC, ratio 

estimator RE, flow-stratified FS, and flow-weighted FW) and four sampling frequencies (2 

days, weekly, fortnightly, and monthly) were investigated to calculate average annual river 

loads at one of the long-term, representative water quality monitoring sites in the study 

catchment. The FS method using a monthly sampling frequency resulted in the lowest bias 

(0.9%) for average annual river SIN loads and therefore was used in the quantification of AFN 

across the study catchments.  

A robust uncertainty analysis of AFN showed two distinct groups of sub-catchments; sub-

catchments with higher (>0.7) and less uncertain nitrogen attenuation factors, and sub-

catchments with lower (<0.4) and more uncertain nitrogen attenuation factors. This supports 

the use and applicability of AFN as a sub-catchment descriptor of the capacity of a sub-

catchment to attenuate nitrogen. AFN was positively related to poorly drained soils and 

mudstones, and negatively related to well-drained soils and gravels in the study catchments.  

A novel but simple hydrogeologic-based model was developed to evaluate the potential to use 

soil and rock indices to predict average annual river SIN loads from different land uses in a 

catchment. Four different versions of the model (uniform nitrogen attenuation, variable 

nitrogen attenuation based on soil indices only; variable nitrogen attenuation based on rock 

indices only; and variable nitrogen attenuation based on both soil and rock indices) were 

developed. Accounting for the spatial distribution of the nitrogen attenuation capacities of both 

soils and rocks resulted in markedly better predictions of river SIN loads in the Tararua and 

Rangitikei sub-catchments. 

The novel findings of this thesis clearly suggest that effective and targeted measures to improve 

water quality at a catchment scale should account not only for land use but also for other 
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catchment characteristics, such as the subsurface nitrogen attenuation capacity. This new 

knowledge will be instrumental in the future development of the models and planning tools 

required to reduce the detrimental impacts of agriculture, by aligning spatially intensive land 

use practices with high nitrogen attenuation pathways in sensitive agricultural catchments.  
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