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ABSTRACT: The objective of this paper is to provide a critical evaluation of the data available from existing 

studies concerning non-point source pollution (NPS). NPS pollution is complex and difficult to detect and manage 
when compared with point source pollution. To tackle its risk, it is vital to have precise simulations and estimations 

of NPS pollutants. Different modelling techniques applied to NPS pollution were reviewed and classified as either 

physically-based models or empirical. The physically-based models (White box models) can be used both for long-
term and daily time steps. They require initial model data as well as watershed morphological and physiographic, 

which makes them complex and not easy to use. Empirical models on the other hand are called black-box models or 

metric models and can be used for both long-term, daily time steps with minimal data requirement and requires less 
skill to operate. Although their results are easy to interpret, these types of models are only suitable within the 

boundary of a certain domain. The findings of this review will serve as a guide to water resource planners in 

identifying the type of NPS model they need to apply to a particular catchment for a particular problem. 
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Non-point source (NPS) pollution is peculiar to 

complex mechanisms and techniques that are random 

and sporadic in occurrence. They also possess 

uncertainty with regards to discharge in channels and 

amounts and variability in both temporal pollution 

loads, which results in difficulties in monitoring, 

simulation, treatment as well as control. To tackle the 

risk of NPS pollution, it is vital to have precise 

simulations and estimations of NPS (Abdulkareem et 

al., 2018a; Shen et al., 2012). In recent times, 

international attention has been given to NPS pollution 

as a potential problem in environmental water 

management. Land-use changes through agriculture 

and urbanization as well as climate change have been 

notoriously recognized as the major contributing 

sources of NPS pollution (Abdulkareem et al., 2018b; 

Ongley et al., 2010; Tang et al., 2005; Basnyat et al., 

2000). NPS pollution is often caused by runoff from 

rainfall, atmospheric deposition, seepage, drainage 

problems or hydrologic changes in a watershed (Tong 

et al., 2021). Climate change in particular affects the 

hydrological cycle by altering the physical and 

chemical processes, migration and transformation 

capacity of pollutants as well as the ability of water 

bodies to dilute pollutants resulting in deteriorating 

surface water quality (Feng et al., 2021). Therefore, 

the need to evaluate different modelling techniques 

applied to NPS pollution and likely changes in water 

quality in the future is important for informed planning 

and adaptive management.  

 

Sources of non-point source pollutants: The sources of 

NPS pollution are diverse unlike that from industrial 

and sewage treatment plants, which come from the 

same sources. Runoff from rainfall and melting snow 

carry along with them contaminants from different 

sources known as NPS pollutants. These pollutants 

range from natural to man-made pollutants which are 

usually deposited into water bodies by runoff water 

(EPA, 2017). To effectively manage an NPS pollutant, 
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such as nutrient loads from the agricultural system, Lai 

et al. (2011); Nikolaidis et al. (2006) opined that 

careful knowledge of the pollutant transport and 

delivery pathways in the watershed system is essential.  

 

NPS Pollution from agricultural runoff: NPS pollution 

from agricultural runoff is among the major causes of 

pollution found in water bodies. This type of pollution 

usually results from agrochemicals transferred during 

heavy rainfall events as well as via soil erosion 

(Ahmad et al., 2015). The occurrence of NPS pollution 

from agricultural runoff is a threat to water quality, 

aquatic animals and other uses associated with water 

resources. Some of the pollutants associated with NPS 

from agriculture include nutrients, pesticides, 

herbicides, disease pathogens, sediment, heavy metals 

etc. This has, therefore, become imperative for farmers 

who release runoff water from agriculture to act 

following water quality guidelines set by relevant 

authorities and to carry out best management practices 

that will control NPS pollution (Abdulkareem et al., 

2018a; O’Geen et al., 2010). 

 

Several studies on NPS pollution from agricultural 

runoff have been conducted around the world in recent 

years. Chang et al. (2017) used SWAT and a two 

dimensional and hydrodynamic model to monitor total 

N (TN) and total P (TP) at Yuqiao Reservoir, China. 

From their results, it was observed that Liu Xiangying 

and Wu Baihu were the main TN inlets. They were 

observed to be the major point of entry for TN and the 

mean TN concentration in the reservoir reach the 

highest level in September (3.74 mg/L). TP 

concentration in the eastern region of Yuqaio 

Reservoir was observed to exceed that in the west and 

the mean TP concentration was at its peak in August 

(1.56 mg/L). In another research carried out in Korea, 

SWAT was also used to examine NPS pollution 

changes of TN, TP and sediment for 30 years (2011-

2040) giving regard to uncertainties in climate change 

scenario data (Cho et al., 2016). The results showed 

that sediment and TP loads are more likely to be 

affected by the features of climate variables by 

presenting an increasing trend in most sub-basins. 

Uncertainty ranges from sediment and TP recorded 

higher loads during the wet season (June-September). 

 

De Girolamo et al. (2017) used a correlation 

coefficient to determine the contribution of human 

input of nitrogen (N) in agriculture dominated 

watersheds and to estimate the amount of nitrate 

estimated from the catchment to Celone River, Italy. 

They observed variations in nitrate concentrations in 

surface waters across the seasons. Furthermore, nitrate 

was estimated to be around 14 kg N ha−1 year−1 around 

the riverine areas and NPS inputs obtained through 

agricultural activities mainly fertilizers and animal 

manure are equivalent to 68.2 and 24 kg N ha−1 year−1, 

respectively. The Annualized Agricultural Non-Point 

Source Pollution (AnnAGNPS) model was used to 

simulate TN, TP and sediment in East-Central 

Mississippi, USA (Karki et al., 2017). The model 

effectively simulated runoff, sediment, and P but not 

N due to data scarcity in the study area. Assessment of 

on-farm water storage indicated 220,000 m3 of runoff 

was captured by the system from the monitored 

catchment, which can be utilized for irrigation. The 

model simulated that the on-farm water storage system 

was able to save up to 46 tons of sediment and 558 kg 

of P during the surveillance period. Hence, averting 

pollution of downstream areas with nutrients and 

sediment. 

  

Nitrate-N, P and sediments were simulated by 

Kollongei and Lorentz (2015) using The Agricultural 

Catchment Research Unit-Nitrates, Phosphorous and 

Sediments (ACRU-NPS) model in Mkabela 

catchment, South Africa. The research was carried out 

to develop and integrate algorithms for simulating 

crop growth and NPS pollution changes and to 

estimate nutrients and sediment for different land uses. 

The model was successfully utilized in simulating 

NPS pollutant load in the area. Results from the model 

indicated that the decrease in nutrient and sediment 

load was due to best management practices (BMPs) 

carried out by introducing buffer strips, wetland 

maintenance and flood control. In a different study, 

new methods for simulating potential loadings of 

manure and chemical fertilizers in water from different 

sources of land use types, animal production, 

fertilizers and other agricultural chemicals as well as 

combined sewage overflows were developed (He, et 

al., 2008). The study which was conducted in Saginaw 

Bay Basin, USA focused on TN, TP and Atrazine and 

utilized Distributed large basin runoff (DLBRM) 

model for the simulation. The simulated model results 

obtained will serve in the provision of information to 

researchers and decision-makers for the development 

of total maximum daily load programs for abating 

NPS pollution in the study area.  

 

NPS pollution from urban runoff: Rapid increase in 

urbanization has led to the geographical modification 

of most watersheds, thereby increasing pollutant load 

build-up due to an increase in impervious surfaces. An 

accurate description of such pollutants is necessary for 

land-use planners, environmental managers and 

policymakers alike (Chen et al., 2015). Li et al. (2016) 

used a long-term hydrologic impact assessment model 

(L-THIA) to evaluate the spatial and temporal 

variation of NPS pollutant loads as well as the 

relationship between NPS pollution and the level of 
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urbanization in Baoan District, Shenzhen, China. They 

were able to observe significant changes in NPS 

pollutant loads both spatially and temporally. While 

chemical oxygen demand (COD), total suspended 

solids (TSS), TN and TP loads were found to be 

influenced by the relationship between EMC, spatial 

distribution as well as the degree of changes in land 

use. 

 

The treatment and performance of infiltration trench 

based on stormwater runoff quality data collected from 

long-term measurements in the rainy seasons from 

June 2006 to September 2008 was assessed by 

Maniquiz et al. (2010) in Yong-in city, Korea. Results 

obtained demonstrated high treatment efficiencies for 

total suspended solids (89%); biochemical oxygen 

demand (BOD), COD, and dissolved organic carbon 

(89–93%); oil and grease (100%); cadmium, lead, and 

zinc (89–93%); TN (84%); and TP (82%). The 

monitored data can be used to enhance effective 

forecasting of NPS pollution effects on the 

environment and for the national development of 

BMPs for sustainable management of the studied 

watershed. 

 

Nazahiyah et al. (2007) used EMC to interpret the 

behaviour of pollutant loads regarding rainfall 

intensity and size as well as to estimate pollutant loads 

in an urban catchment (Skudai, Johor, Malaysia). The 

stormwater quality in the urban catchment was found 

to be highly polluted based on National Water Quality 

Standards for Malaysia and a variation was observed 

between storms with regards to EMC values of all 

parameters. In another research, the environmental 

effects of land use/cover (LULC) change due to 

urbanization, long-term runoff and NPS pollution was 

fully assessed in the Muskegon River watershed, 

Michigan, USA (Tang et al., 2005). Pollutants such as 

N, P, Cr, Cu, Ni, Pb, oil and greases were monitored 

during the research using Land Transformation Model 

(LTM). Results indicated that the watershed has the 

probability to be influenced by the impacts of runoff 

and some NPS pollutant loads. An increase in runoff 

volume was caused by urbanization, which is 

dependent on the rate of development, increase in 

nutrient losses due to runoff as well as loss of oil and 

grease and heavy metals during runoff. 

 

Effect of NPS pollution on LULC changes: Control 

measures for NPS pollution has been fully 

implemented in most watersheds in the past. However, 

the issue of water quality deterioration is still posing a 

challenge mainly due to the deposition of NPS 

pollutants into water bodies and LULC changes. NPS 

pollution being not from the same source is usually 

spatially deposited into water bodies by surface and 

subsurface runoff from rainfall events and by 

irrigation return flows. NPS pollution is a complex and 

difficult problem to detect, isolate and manage when 

compared with point source pollution (Dzikiewicz, 

2000; Lai et al., 2011; Ouyang et al., 2014). The major 

NPS pollutants that cause significant pollutant loading 

to water bodies and deteriorate their quality are 

suspended solids, N, P, fertilizers, pesticides, 

herbicides as well as other organic and inorganic 

materials. Watershed characteristics such as LULC 

change, soil, topography and rainfall intensity have 

been proven to affect the quantity and quality of NPS 

pollution (Abdulkareem et al., 2018a). 

 

NPS Pollution Modelling: For better planning and 

control of non-point source (NPS) pollutants, accurate 

predictions and estimations are required using NPS 

models. The use of models in NPS pollution control is 

regarded as the most essential and direct technique for 

quantifying spatial and temporal differences in NPS 

pollution and managing NPS pollutants. NPS models 

are used for the identification of origin and transport 

pathways, prediction of pollutant load as well as its 

effect on the environment. They are also used to assess 

different LULC planning and control strategies for 

NPS pollution (Zhang et al., 2010; Shen et al., 2012). 

Owing to the rapid increase in knowledge of the effect 

of NPS pollution is damaging water quality, several 

models were developed over the last three decades that 

predict the behaviour, migration and fate of NPS 

pollution. Such models are useful in evaluating the 

environmental effect of nutrients, sediments, heavy 

metals etc. on water bodies. These models vary in their 

complex nature to their simplicity, ranging from 

simple empirical to process-based that integrate 

complex physical, chemical, and biological 

approaches that govern NPS pollutant transport. 

Examples of NPS models include the export 

coefficient model (ECM), L-THIA, SWAT, Areal, and 

Nonpoint Source Watershed Environmental Response 

Simulation (ANSWERS). The characteristics of NPS 

pollution models are presented in Table 1. 

 

Physically Based and Process-based NPS Pollution 

Models: The use of physically-based, distributed, and 

empirical models is common in most developed 

countries. Although the use of such models is not 

common in most developing countries around the 

world. Examples of these models include L-THIA, 

SWAT, SWRRB (Simulator for Water Resources in 

Rural Basins), BASINS (Better Assessment Science 

Integrating Point and Non-point Sources), and 

AGNPS (Agricultural Non-Point Source Pollution). 
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Table 1: Summary characteristics of NPS pollution models 

Description/Criteria Physically-based model Empirical model 

Example  L-THIA, SWAT, SWRRB (Simulator for Water 

Resources in Rural Basins), BASINS (Better Assessment 

Science Integrating Point and Non-point Sources), 
AGNPS (Agricultural Non-Point Source Pollution).  

Numeric integration, Export coefficient 

model, Mean concentration method, 

Rainfall deduction method, Correlation 
method of water quality and quantity  

Component  White box model or mechanistic  Black box model or metric  

Temporal scale  Long term, daily steps.  Long term, daily steps.  

Process-driven  Spatial distribution is driven, by the assessment of 

parameters outlining physiographic features.  

Mathematical equations with values 

derived from time series.  

Data requirement  Initial model data required as well as watershed 

morphological and physiographic features  

Minimal data requirement  

Outputs  comprehensive and precise  Simple with less information  

Operational 
capability  

Often complex and not easy to use. Computational 
capability is high.  

Requires less skill to operate and the 
results are easy to interpret.  

Watershed 

representation  

Suitable for several conditions  Suitable within the boundary of a 

certain domain.  

(Adopted from Borah & Bera, 2003; Shen et al. 2012) 

 

Long-term Hydrologic Impact Assessment (L-THIA) 

model: The L-THIA model is broadly applied for the 

evaluation of the influence of LULC change on the 

environment. The model techniques are easy to use for 

the prediction of runoff and NPS pollution caused by 

LULC changes. It uses long-term rainfall data to give 

predictions of NPS pollution according to the LULC 

of the area. The rationale behind using long-term is 

that the model can emphasize changes in the 

environment thereby reducing statistical variance 

resulting from extreme rainfall events due to climate 

variability. The NRCS-CN methodology just like 

many other hydrological models is the core component 

of the L-THIA model. Runoff and NPS pollution 

prediction in the model is based on distributed CN 

approach (Harbor, 1994; Ma, 2004). Several studies 

from different parts of the world applied L-THIA for 

NPS pollution modelling. The L-THIA model was 

applied by Zhang et al. (2010) to produce an effective 

and actual NPS pollution model for local water 

resources in Qingdao Watershed, China. The NPS 

pollutants monitored during the study are nitrate-N, 

dissolved P, BOD and COD. The results showed that 

the developed model was found to be reliable in 

projecting an increase in pollution levels. Hence, it can 

be adopted for the provision of information on land use 

and environmental protection planning. Jang et al. 

(2013) carried out a study to improve the reliability of 

the L-THIA model by developing a genetic algorithm-

based automatic calibration module and to test the 

performance of the developed algorithm in estimating 

runoff and pollutant loads in the Paldang watershed, 

South Korea. The results showed that the web-based 

auto-calibration module integrated with L-THIA 2012 

could be utilized to reliably estimate surface runoff 

and NPS pollutions not only in the study area but also 

in the entire globe. They also found that the developed 

algorithm can be used to provide a tool for BMPs that 

can be adopted by decision-makers. The combined use 

of the export coefficient model (an empirical model) 

and L-THIA was utilized to evaluate the influence of 

a future increase in urbanization on runoff, TN, TP and 

total suspended particles in the Richland Creek 

watershed, USA (Choi, 2007). An increase in the 

direct runoff by 7% and total suspended particles by 

4% was projected by the model to occur by 2030 while 

a rapid increase in urbanization will result in low 

changes in TN and TP. Changes in the watershed were 

a result of the predicted increase in LULC change, 

precisely conversion of agricultural lands to industrial 

areas or low-intensity residential areas that will 

increase imperviousness which favours runoff and 

NPS pollution build-up. The results of the study 

indicated the influence of urbanization on water 

quality, hence providing possible solutions on how 

effective planning and control can be carried out on the 

rapid increase in urbanization for impact assessments 

in the watershed. In another research, the Spatio-

temporal changes of NPS pollutants were assessed in 

the Nansi Lake basin, China by Zhang et al. (2016). 

Results of the study showed that COD, TN and TP 

loads recorded loads of 260017.5, 111607.7 and 

6372.0 t with a greater percentage of the load 

(approximately 90%) obtained during the rainy season 

(June to September). The land use pattern in the study 

area is taken by about 80% cultivated land and 

construction land with their proportion exceeding 

98%. Furthermore, an increase in COD, TN and TP 

loads was observed from 2000-to 2010, which is the 

influencing factor governing water quality in the 

watershed. 

 

Empirical NPS Pollution Models: Empirical models 

are primarily produced for analyzing both water 

quantity and quality data in hydrology. The main aim 

of this technique is to carefully focus on the pollutant 

migration pathway by carefully calculating the amount 

produced from water quality at the delivery pathway 

(Shen et al., 2012). Empirical models built with large 

data capability can be suitable for watersheds with 
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reasonable background information and can be used 

for the prediction of NPS pollution at the local level 

with reliability. However, the use of these models 

should be done with caution, as they are only 

applicable to certain watersheds due to their limited 

utilization productivity. As the basin characteristics 

changes, the efficiency of model results is hindered. 

(Shen et al., 2012). 

 

Export coefficient model (ECM): The export 

coefficient model (ECM) is one of the most widely 

used empirical NPS pollution models due to its 

reliability and ease of use. The model uses the concept 

of pollutants load migrating from a watershed as the 

total of all losses from different sources such as LULC, 

agricultural fields, livestock etc. In addition, the model 

adopts a large time interval (monthly, seasonal or 

annual), which allows the use of temporal and spatial 

lumped data instead of measured data and agricultural 

data from census instead of field measured data. The 

ECM has been applied in several parts of the world for 

NPS pollution modelling e.g., Fleifle, et al. (2014), 

Salerno et al. (2014) Wang et al. (2015), Palviainen et 

al. (2016), Hou, et al. (2017), (Abdulkareem et al. 

(2018b) etc.  

 

Conclusions: Suspended solids, N, P, fertilizers, 

pesticides, herbicides as well as other organic and 

inorganic materials are observed to be the major NPS 

pollutants that cause significant pollutant loading to 

water bodies and deteriorate their quality. NPS models 

are classified as either physically-based models such 

as L-THIA, SWAT, etc. or the empirical models such 

as Numeric integration, Export coefficient model etc. 

The findings of this review will serve as a guide to 

water resource planners in identifying the type of NPS 

model they need to apply to a particular catchment for 

a particular problem. 
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