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ABSTRACT 

 
Water quality in streams around the world continues to be degraded by a series of human 

activities that feed pollutants into the vulnerable stream ecosystem via surface and subsurface 

runoff. This continues to accelerate global biodiversity and habitat losses within the stream 

environments and across entire watersheds with net adverse effects on public health and the 

ability of communities and ecosystems to adapt or become resilient to the prevalent impacts 

of climate change. One commonly used approach for protecting stream water from pollution 

is the use of vegetated riparian buffer zones to mitigate pollutants in surface and subsurface 

runoff prior to runoff entry into the stream channel. The optimal success of this approach 

requires land and water resource managers to understand the mechanisms by which riparian 

buffer zones function and the full range of factors that influence the effectiveness of riparian 

buffer vegetation in abating stream water pollution. Despite this need, resource managers in 

different geographical locations around the world still struggle to understand the linkages 

between riparian vegetation and stream chemical quality. This literature review therefore 

sought to synthesize findings from various scientific articles on the ways in which the major 

attributes of riparian vegetation [type, age, width, restoration and shading effect] influence 

the effectiveness of riparian vegetation in protecting the chemical quality of water in streams. 

This was aimed at generating conclusions and perspectives that could improve academic 

knowledge and natural resource managers’ understanding of the intricate linkage between 

riparian vegetation and changes in water chemistry. The study finds that the factors of 

riparian vegetation type, age, width, restoration and shading effects require due consideration 

in the development of riparian buffer zone and stream water chemical quality management 

interventions. I find that these factors require a high degree of integration, triangulation and 

context-specificity to achieve the objectives of riparian management intervention. I further 

find that stream water quality decision-making processes need to combine riparian 

vegetation-based approaches with other measures for mitigating and containing the spillage 

of pollutants at the source. 

 

 

 

Key words: Water quality; streams; surface runoff; subsurface runoff; watersheds; climate 

change; riparian buffer; riparian vegetation type, riparian vegetation age, riparian vegetation 

width and riparian restoration; shading effect; chemical quality 
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1. INTRODUCTION 
 

1.1   Background 

 
The protection of stream water and improvement of the chemical quality of degraded stream 

waters for human and ecosystem health have become vital policy goals worldwide (Arthurton 

et al., 2007). Streams are important sources of water for a diversity of ecosystems in 

watersheds and for large human populations, both in urban and rural areas and across all 

regions of the world (JICA, 2007; Meyer et al., 2003). The ecosystem health regulation 

function of stream water lies in its vital role in moderating microclimate, distributing 

nutrients, providing habitat for organisms and influencing the distribution of organisms 

across watersheds (Harrison et al., 2010). The nutrient- and organism-cycling duties of 

stream waters are essential for the integrity of ecosystems, allowing them to thrive and 

provide humans with services and natural capital which are the very basis of human 

wellbeing. The total annual value of this natural capital on earth has been estimated to be 

more than US$ 33,792 Trillion (Costanza et al., 1997).  

 

Stream waters also act as vital conveyors of dissolved and particulate matter from the land to 

the sea, transferring suspended inorganic matter, dissolved major ions (Ca2+, Na2+, Mg2+, K+, 

HCO3-, SO4
2-, Cl-), dissolved nutrients (N and P), suspended and dissolved organic matter, 

gases (N2, CO2, O2) and trace metals in dissolved and suspended forms (Wetzel, 2001; Berner 

and Berner, 1987). In this way, stream waters significantly influence the integrity and health 

of marine ecosystems which are known to offer humans with a unique set of goods and 

services (Thurber et al., 2014; Beaumont and Tinch, 2004). These services include 

moderation of climate, processing of wastes and toxicants, provision of vital food, medicines 

and employment for significant numbers of people who directly and indirectly generate 

wealth and derive multitudes of jobs in industries such as fishing, aquaculture and tourism 

(Thurber et al., 2014; Beaumont and Tinch, 2004). 

 

By 2015, about 9% of the world’s population (equivalent to 663 million people, majority of 

whom resided in developing countries) still drank and used untreated water from open 

surface water sources including streams (WHO, 2015). Even across the developed world, 

there are many communities in cities (e.g Aurora and Colorado in the USA) that draw most 

of their water supplies from streams (Kenney et al., 2008). Approximately 117 million people 

in the USA, which is over one-third of the total U.S. population, derived some or all their 

drinking water from public drinking water systems that rely on streams (EPA, 2009). 

Additionally, stream waters across the globe recharge underground aquifers; harbour fish 

which is a source of food; are used by industries to process, wash, cool, dilute, and 

manufacture products; and are drawn by farmers for irrigating farm crops (MEA, 2005). 

Moreover, Palaniappan et al., (2010) emphasize that degradation of water quality of streams 

diminishes the ability of communities around the world to cope with and to adapt and become 

resilient to the impacts of climate change. 
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These facts demonstrate the substantial role played by stream waters in influencing the 

wellbeing and performance of socio-economic and ecological systems across the globe. 

However, to effectively fulfil their life-support functions, the chemical, physical 

and biological conditions of stream waters need to be within the parameter limits that are 

suitable and safe for biotic species including humans to use and meet their needs (UNEP-

GEMS, 2006). UNEP-GEMS (2008) recommend that these conditions are kept within the 

natural ranges to create and maintain viable, abundant and diverse communities of organisms 

and ensure adequate human health.  

 

Yet, unfortunately, the quality of stream waters around the world continues to deteriorate, 

mainly because of the pollution inflicted by human activities and the largely human-induced 

climate change (Jackson et al., 2001; Sala et al., 2000; Vörösmarty,2000; Green et al., 2000). 

The most prevalent cause of pollution of stream waters is toxic spills from agricultural, urban, 

industrial and recreational use of land around streams. These activities release agricultural 

runoff, domestic sewage, industrial effluents and atmospheric inputs from fossil fuel burning 

and bush fires into the open environment from which they ultimately enter streams (Ongley, 

1996; Walsh et al., 2001; Coles et al., 2012). Such releases load stream waters with chemicals 

and substances, majorly consisting of microbes, nutrients, heavy metals, organic chemicals, 

oil, sediments and energy in the form of heat, in concentrations that exceed the levels at 

which they would naturally occur in the streams (Corcoran et al., 2010; Coles et al., 2012). A 

substantial amount of evidence indicates that the pollutant-driven degradation of stream 

waters has been elevated by the alteration of the physical structure of streams, especially 

through the destruction and even removal of riparian buffer zones (Sabater et al., 2000). This 

renders streams prone to excessive inflows of unfiltered pollutant-loaded discharges from 

agricultural field runoff, domestic establishments, industries and urban areas among other 

sources (Sabater et al., 2000). 

 

Riparian buffer zones are effective in holding runoff water; increasing the amount of time it 

takes for runoff to reach streams and increasing opportunities for water filtration and 

purification (Arora et al., 1996; Lee et al., 2003). These zones help to mitigate pollutants and 

in most cases, significantly reduce their quantities before the runoff water joins stream waters 

(Mayer et al., 2007). For this reason, the protection and construction of riparian buffer has 

been widely recommended as a key and front-line strategy for protecting stream water from 

degradation (NRC, 2002).  

 

However, to be able to use this approach effectively, water resource managers and planners 

need to understand the ways in which riparian buffer zones influence the chemical quality of 

stream water. Whereas the role of riparian buffer zones on ground and surface water chemical 

quality is evident from many literature sources, there is still limited understanding on the 

nature, dynamics and extent of relationships that exists between the different riparian 

vegetation attributes and specific stream chemical components. This poses the risk of missing 

some of the opportunities that riparian buffer zones offer for protecting stream water from 

pollution.  
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1.2   Riparian buffer zones 
Riparian buffer zones are portions of land that contain thin lines of green vegetation, which is 

located adjacent to streams, is strongly influenced by the presence of water and may include 

flowers, shrubs, trees and native grasses (USDA Forest service, 2017). They are thus three-

dimensional zones between uplands and aquatic ecosystems that extend from the edge of 

water courses to the edge of uplands, thereby forming an interface between the land and a 

river or stream (Naiman et al., 2005; Malard et al., 2006). This three-dimensional nature of a 

riparian buffer zone is illustrated in Figure 1 below. 

 

 
 

Figure 1: Schematic overview of riparian buffer zone concept (Source: Personal 

drawing) 
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Riparian areas are found at all elevations and landforms and their characteristics differ 

depending on local physical conditions (water, soil, temperature) and location (valleys, 

canyons) (Pratt, 2014). They are broadly classified into three habitat types which include bare 

sediment surfaces, vegetated islands and riparian forests (Tockner et al., 2006). They have 

been demonstrated to be open and dynamic systems and are known to be linked 

longitudinally, laterally and vertically by hydrologic and geomorphic processes and 

vegetation succession (Gregory, 1991). These processes function as the primary ecosystem 

drivers which initiate, adjust, maintain or alter the diversity or riparian habitats (Arizpe et al., 

2008).  

 

1.3   The role of riparian buffer zones 
The vital role played by riparian buffer zones in maintaining the ecological integrity of 

streams and protecting their waters from degradation has generally been widely 

acknowledged (Ding et al., 2013). Buffer zones interact with and mediate directly between 

terrestrial and aquatic ecosystems to provide wide-ranging ecosystem services that include 

abating pollution of streams and controlling changes in the quality of water streams 

(Wiseman et al., 2014; Li et al., 2009). They accomplish the pollution abatement and water 

quality control function through primary vegetative production, streambank protection, 

stream sediment trapping, enhancement of water absorption and storage, ground water 

recharge and stream flow regulation (Dwire and Lowrence, 2006; Anbumozhi et al., 2005).  

 

Riparian buffer zones rely on above ground vegetative parts (stems, leaves, twigs) to prevent 

excessive sediment input from land uses that occur across watershed catchments and to 

reduce the exposure of soil on streambanks to soil erosion during windstorms and heavy 

precipitation. Their below-ground vegetative parts (roots) reduce sub-surface nutrient and 

sediment flows by filtering pollutants out of runoff waters before the waters enter streams, 

and as well enhance bank stability (Svejcar,1997; Mckergrow et al., 2006; Knoepp and 

Clinton,2009).   

 

Riparian vegetation accomplishes these roles through a diverse range of processes which 

include direct chemical uptake and indirect influences such as supply of organic matter to 

soils and channels, modification of water movement, control of water temperature and the 

intensity of light reaching the water surface and stream bed, and stabilization of soil (Knoepp 

and Clinton, 2009; Gyawali et al., 2013). Evidence has shown that the amounts of sediment, 

nutrients and other forms of pollutants contained in runoff reduced after passing through 

vegetated riparian buffer zones, before entering stream waters (Schoonover et al 2005). 

Mckergrow et al., (2006) and Mankin et al., (2007) for example identify decreasing trends in 

ground water NO3
-N, total phosphorus (TP) and NH3-N content, and consistent reductions in 

suspended solids and nutrients (filterable reactive phosphorus, total nitrogen) as contaminated 

ground water traverses across agricultural watersheds from grazing land through pasture 

edges, riparian buffer and stream edges. 
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Thus, vegetated riparian areas have for long been characterized as filters due to their ability to 

intercept sediments and nutrients and create an effective resistance that reduces the speed and 

transport capacity of overland flows. This increases the infiltration of nutrients, major ions, 

sediment and other pollutants into the soil and ultimately facilitating the removal of these 

pollutants from either surface and subsurface runoff or riparian groundwater as it flows from 

surrounding areas towards streams (Borin et al., 2005). The effectiveness of riparian 

vegetation in protecting the chemical quality of water in streams is however influenced by 

several factors. These include: the species composition of the vegetation, that is whether it is 

forest or herbaceous; its age; the width of riparian zone that is the area of buffer zone; its 

status with respect to damage and restoration; and the shading effect that the vegetation has 

on stream water (Ding et al., 2013). Figure 2 below illustrates the linkages between these 

factors and the functioning of riparian buffer zones and the ways in which they influence the 

function and performance of riparian buffer zones in protecting the chemical quality of water 

in streams. 
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1.4   Review objective 

This literature review sought to discuss findings from various scientific articles about a) the 

extent to which the factors of vegetation type, age, width, restoration and shading effect are 

considered to be key parameters in determining the functioning and performance of RBZs in 

protecting the chemical quality of water in streams; b) the ways in which these factors   

influence the effectiveness of riparian buffer zones in protecting the chemical quality of water 

in streams; and c) the implications that this poses for the planning of riparian buffer zone-

based approaches to stream water resource management.  

 

The conclusions and perspectives drawn from this literature review are intended to contribute 

to the improvement of the academic knowledge base and to aid land/water resource managers 

in improving their understanding of the full range of influences by which riparian vegetation 

affects water chemistry. This is hence ultimately aimed to help resource managers become 

more efficient in assessing and developing more effective prospects for water quality 

improvement. 
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2. MATERIALS AND METHODS 
 

2.1   Data collection method 
The articles used in this literature review report were sourced from reputable academic 

websites i.e. Web of Science® and Google scholarTM using specific search parameters 

including search words; inclusion and exclusion criteria. In both cases, the article search was 

subjected to the same inclusion and exclusion criteria to obtain a consistent and reliable 

information base. The selected articles had to fulfil important inclusion criteria for writing a 

quality literature review in environmental science. They had to be within the scope of 

environment science, relevant to aims and objectives, preferably published within the last 20 

years and published in reputable and recommended journals. Reviewed articles and all other 

articles that failed the inclusion test were automatically excluded from the final list of 

selected articles.  

 

In Google scholarTM, the following search words were input in the search portal resulting into 

a final output of 60 articles: 

 

‘impacts of riparian vegetation on stream chemistry’;  

‘impacts of riparian vegetation on stream water quality’;  

‘Linkages between riparian vegetation and stream chemistry’;  

‘Impacts of riparian forests on stream chemical quality’; 

‘impacts of riparian buffer restoration on chemical quality of water in streams’;  

‘factors that influence effectiveness of riparian vegetation in mitigating stream water 

pollution  

‘function of riparian buffer vegetation in stream water pollution control’;  

‘effectiveness of riparian vegetation in attenuating pollutants in surface and subsurface 

runoff’ 

‘impacts of riparian vegetation on stream chemistry’ 

 

In Web of ScienceTM, the following search words were input in the search portal to yield 

10,000 literature sources.  

 

‘impact’ OR ‘influence’ AND ‘riparian veget***’ OR ‘forest riparian’ OR ‘boreal forest 

riparian’ OR ‘herbaceous riparian vegetation’ OR ‘riparian vegetation age’ OR ‘riparian 

buffer vegetation width’ OR ‘riparian buffer restoration’ OR ‘riparian vegetation shading’ 

‘AND stream chem****’ OR ‘stream chemistry’ OR ‘stream nutrients’ OR ‘stream nutrient 

loading’ ‘AND water pollutant attenuation’ 

 

However, article selection was focused in scope by limiting the search to only publications in 

categories-environmental sciences and water resources; document type-articles; source title-

science of the total environment, publication language-English. This yielded 846 articles 

from which 29 articles were selected. 

 

The final list of articles (from Google Scholar and Web of Science) was read, analysed and 

findings categorised into thematic areas in line with the aims and objectives of this literature 

review. 
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3. INFLUENCE OF THE DIFFERENT ASPECTS OF 

RIPARIAN VEGETATION ON STREAM CHEMISTRY 

VARIABLES 

 

3.1   Influence of riparian vegetation species composition 
The direct and indirect influences of vegetation such as nutrient uptake, organic matter 

supply, infiltration of chemicals into soil, and soil stabilization are strongly related to 

structural and physiological characteristics of vegetation (Lyons et al., 2000). Thus, I find 

from a triangulation of studies such as those done by Tabacchi et al., (2000) and Udawatta et 

al., (2006) that the ways and processes through which riparian vegetation affects the 

hydrologic aspects and chemical quality of water in streams vary with vegetation type.  

 

I find that a commonly used approach to analysing the influence of different riparian 

vegetation types on hydrologic processes and chemical quality of water in streams is to 

classify the vegetation as forest and herbaceous vegetation. This is then followed by making a 

comparative analysis of the ways in which the respective vegetation types affect the different 

hydrologic processes and parameters that determine and influence the chemical quality of 

water in streams. Forest vegetation, in this case, is that which consists of woody plants such 

as trees and shrubs, while herbaceous vegetation consists of non-woody plants such as 

grasses. As shown in Figure 3, my findings indicate mixed results from the review of a range 

of such analyses, with some studies finding no significant difference and others finding 

strong differences regarding the influence of the two vegetation types on chemical quality of 

streams.  

 

 

Figure 3: Proportions of reviewed articles that found a difference Viz No difference in 

performance between forest and herbaceous riparian vegetation 
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As Figure 3 indicates, the smaller proportion of the reviewed articles generally finds no 

strong difference in the performance of forest and herbaceous riparian vegetation; while the 

larger proportion of the literature finds a significant difference in the way the two types of 

vegetation function and perform. I therefore infer that vegetation species composition is a key 

parameter to consider in making decisions on riparian buffer zone and water quality 

management approaches. Some of the research works that find no difference include those by 

Mayer et al., (2007), Smiley Jr et al., (2011), Syversen (2005) and Vought et al., (1994). 

These studies compared the performance of the vegetation types in controlling nutrient 

movement, controlling nutrient concentrations and retaining TN and suspended SS in head 

water streams respectively. A thematic look at these studies indicates that the similarity in the 

way forest and herbaceous riparian vegetation perform mainly occurs in relation to one 

critical function, that is, retention of major ions.   

The articles that indicate significant differences in the functioning and performance of forest 

and herbaceous vegetation generally point out that the major areas of difference are in 

relation to sediment trapping and retention, nutrient uptake, and stream bank protection as 

summarised in Figure 4. 

 

 

 

Figure 4: A summarised comparison of the performance of forest and herbaceous 

riparian vegetation in providing varied stream water protection functions 

As depicted in Figure 4, I find that herbaceous riparian vegetation is better in contexts in 

which stream water quality protection requires control of pollution through surface runoff 

filtration and sediment trapping. This would thus be applicable for the protection of streams 

that are prone to sedimentation and pollution with surface runoff- and sediment-borne 

pollutants.  
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A critical look at the research findings of Lowrance et al., (1995) and Hefting et al., (2006) 

shows that herbaceous riparian vegetation is more effective for the removal of phosphorus, 

microbes and pesticides. This set of pollutants are the major threat to streams due to their 

ability to bind on sediment and surface runoff and eventually gain access to the stream 

waters.  

 

Another scholar, Schmitt et al., (1999) finds that grassy riparian vegetation possesses higher 

runoff sediment reduction rates than forest riparian vegetation. Al-wadaey et al., (2012) links 

this substantial runoff sediment reduction rates to the high ability of this vegetation type to 

reduce the volume and velocity of runoff. This, the authors indicate, effectively reduces the 

amount of suspended solid material being transported towards streams and the rate at which 

such materials enter the streams. In a related scenario, evidence for the better performance of 

herbaceous riparian vegetation in lowering the exposure of soil on non-steep streambanks to 

erosion during windstorms and heavy precipitation was found out by Mckergrow et al., 

(2006) and Sovell et al., (2000) who demonstrated that stream mean turbidity was generally 

lower along grass-buffered sites than wooded sites in agricultural watersheds. This is 

corroborated with observations by Marquez et al., (1999) that herbaceous vegetation tends to 

possess a higher accumulation of soil organic matter (SOM). The authors demonstrate that 

SOM is a useful component in enhancing the ability of buffer zones to absorb or transform 

many potential pollutants and nutrients including phosphorus.  

 

I find that the better performance of herbaceous riparian vegetation in the aspects discussed is 

linked to its possession of a more densely-knit network of shoots and roots, and the closer 

proximity of these vegetation parts to the soil surface. These characteristics contrast those of 

forest riparian vegetation which tends to stand higher above the soil surface, grow deeper 

roots and possess limited understory growth (Knoepp and Clinton, 2009). I infer therefore 

that achieving optimal stream water quality protection would require management 

interventions to prioritise and maintain species of herbaceous riparian vegetation that grow 

denser, wider and lower shoot and root systems. I also find from more recent literature 

reports that woody litter possesses the ability to function and perform almost as well as 

herbaceous vegetation on the riparian soil surface in reducing sediment and chemical 

transport and reducing soil erosion (Uusi-Kämppä et al., 2000; Udawatta et al., 2002; 

McKergow et al., 2004, 2006; Dosskey et al., 2007). This means that, in contexts where 

herbaceous vegetation does not grow well, woody litter can be used as a substitute, if 

sufficient amounts of the litter can be accumulated.  

 

On the other hand, I find that forest riparian vegetation is more effective than herbaceous 

riparian vegetation in functions that are based on the removal of soluble forms of pollutants 

by plant uptake and stream bank erosion reduction. The better performance of this type of 

vegetation in these aspects is linked to its possession of larger, stronger, and deeper roots. I 

find, for example, from Knoepp and Clinton (2009) that forest riparian vegetation is more 

suitable than herbaceous riparian vegetation for the control of the nitrogen component of 

pollutants. These authors’ work provides a strong base for my findings since it is known that 

most nitrogen from agricultural land and other land uses is transported as nitrate in 

groundwater below the soil surface and its removal mainly occurs in zones where plant roots 

and bacteria can actively take it up from the groundwater (Tabacchi et al., 2000; Udawatta et 

al., 2006).  
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My views are further based on findings that indicate that soil porosity tends to be greater 

under trees than under grass and that forested buffer sites exhibit higher plant production 

compared to herbaceous buffer sites (Hefting et al., 2005). This means that forest vegetation 

facilitates more percolation of pollutants into underground water and more uptake of the 

pollutants from the underground water for assimilation in biomass growth.  

 

In relation to steep streambank erosion protection, I find from such works as that done by 

Docker and Hubble (2008), for example, that the larger, stronger, and deeper roots that 

woody plants possess increase bank shear strength to greater depths than herbaceous plants 

do. From Figure 4, I additionally find that forest riparian vegetation is more effective than 

herbaceous vegetation in contexts where the protection of chemical quality of water requires 

control of thermal and light regimes in ways that necessitate conditions that are cooler and of 

less illumination (Collier et al., 2001).  

 

Thus, generally, because herbaceous riparian vegetation has a shallower and denser root mat, 

it is more effective in slowing runoff and trapping sediments from the surface flow. On the 

other hand, forested buffer is better for nitrate removal from subsurface flows because trees 

have deeper root systems that can trap and uptake nutrients from groundwater, and can as 

well stabilize banks, and regulate the flow of groundwater to streams. However, I see from 

the integration of the surveyed literature that the different ways in which the two types of 

riparian vegetation function are effectively complementary. For example, while herbaceous 

vegetation can effectively trap sediment from overland flow and prevent it from reaching 

streams, woody plants can complement that function by providing deeper roots to take up 

nutrients from subsurface water and stabilizing such banks from mass failure (Lyons et al., 

2000). Proof of this is provided by works done by Bharati et al., (2002) and Mankin et al. 

(2007) and Jontos (2004) who all find removal efficiencies for sediment and nutrients to be 

much higher from combined grass and woody buffers than from either grass or woody buffers 

alone. Additionally, works such as that done by Mckergrow et al. (2006) indicate 

complementarity in the way the two types of riparian vegetation function to protect the 

chemical quality of water in streams across seasonal differences. 

 

When aggregated therefore, the literature unanimously implies that structurally diverse 

riparian buffers, that is, those that contain a mix of trees, shrubs and grasses, are much more 

effective at capturing a wide range of pollutants than a riparian buffer that is solely trees or 

grass. Overall, I believe that these findings indicate that when using vegetation type as a key 

parameter in designing riparian buffer zone management and stream water quality protection 

interventions, it is important to consider the type of pollutants and purpose for which an 

intervention is developed, and the character of the biophysical environment around the target 

stream. 

 

3.2    Influence of the age of riparian vegetation 
Table 1 and Figure 5 below summarise findings in support of the general agreement among 

the reviewed articles that the age of riparian vegetation is one of the major factors that 

determine the effectiveness of riparian buffers for pollutant reduction. 

 

 

 

 

18 



    

 
  

Table 1: Summary of the key ways in which the age of riparian vegetation influences the 

functioning and effectiveness of RBZs in mitigating stream water pollution 

Main influences identified 
Examples of the major literature 

on the influences  

Nutrient attenuation  

 

 

 

 

Regulation of saturated dissolved oxygen 

 

Determining soil porosity;  

Kelly et al, 2007 ; Orzetti et al, 

2010 ; Browning et al, 2008; Boggs 

and Weaver, 1994 

 

 

Schultz et al, 2004 ;  

 

Dosskey et al, 2007 

 

 

 

 
 

Figure 5: Summary of findings on the reviewed articles’ rating of the performance of 

young and old riparian vegetation with respect to the aspects through which vegetation 

age influences the stream water protection function of RBZs   

 

The surveyed literature indicates to a large extent that the age of riparian vegetation is an 

important parameter which should be factored in riparian buffer zone and stream water 

quality management decision-making processes and activities. As Table 1 presents, the 

reviewed literature generally finds that the age of riparian vegetation in influences aspects of 

nutrient attenuation, saturated dissolved oxygen and soil porosity.  
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I therefore infer that the factor of vegetation age is especially important when the design of 

stream water quality management interventions requires: mitigation of pollutants through 

plant uptake; the use or control of shading effect; and enhancement of soil porosity. These 

findings therefore imply that the factor of vegetation age particularly applies in contexts that 

involve the regulation of the chemical quality of water through the control of the rates of 

pollutant percolation into underground water and uptake by plants and aquatic organisms 

(Dosskey et al, 2007; Kohler et al, 2000). 

 

My findings indicate that the parameter of vegetation age is of importance for decision 

making when the objective is to manage stream water quality by controlling the magnitude of 

nutrient uptake processes in buffer zones. In this respect, as Figure 5 shows, I find that young 

vegetation, that is, vegetation at its growth stages to be rated as performing better than 

matured riparian vegetation. Examples of the reviewed literature which provide the basis for 

my inference include works done by Kelly et al., (2007) and Orzetti et al., (2010) which show 

higher improvement in stream water quality as the age of the vegetation in associated buffer 

zones increases. These works particularly record the greatest effectiveness in pollutant 

reduction as occurring during the growing stages of the vegetation. Kelly et al., (2007) prove 

this fact when they find that plant leaf, stem and root tissues rapidly add biomass during the 

stages of high and vigorous growth, and that this process creates a corresponding increase in 

the need for nutrients to sustain the biomass demands.  

 

Browning (2010) correlatively indicates a fall in the rate of nutrient attenuation in buffer 

zones as riparian vegetation matures. Browning (2010) proves a converse set of events in 

which leaf, stem and root biomass growth slows as the vegetation tends towards maturity. 

Boggs and Weaver (1994) find that the net nutrient demand for assimilation into live 

vegetation may reach zero and even decline as the vegetation ages beyond maturity.  

 

An example of the reviewed works that underpin the importance of vegetation age in 

influencing the performance of riparian vegetation in controlling changes in saturated 

dissolved oxygen is the work done by Schultz et al., (2004). They find mature riparian 

vegetation to be better than younger vegetation due to its ability to create more shading 

effect. Dosskey et al., (2007) on the other hand point out that riparian vegetation promotes 

soil porosity. According to them, soil porosity is a function of age of riparian vegetation and 

it tends to be higher in buffer zones that contain mature vegetation. I therefore infer from the 

set of these research findings that mature riparian vegetation should be considered in contexts 

where the objective is to achieve more saturated dissolved oxygen and more percolation of 

pollutants into the soil. Younger vegetation should thus be the preferred choice where the 

objectives are the reverse.    

 

Overall, I believe that these findings imply that the age of given riparian vegetation 

determines the stage at which the respective vegetation would perform optimally in 

controlling the pollutant load in stream water. The factor of vegetation age is thus important 

in guiding riparian vegetation and buffer zone management practice. We infer that the 

parameter of vegetation age can thus be used in determining the kind of approach to adopt in 

managing a given riparian buffer zone and mitigating the degradation of a stream. 
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3.3    The influence of the width/area of riparian vegetation 
Findings related to the importance of width/area covered by riparian vegetation in influencing 

the function and performance of riparian buffer zones are summarised in Table 2. 

 

Table 2: summary of the key findings on the influence of width/area of riparian 

vegetation 

 

Main findings Examples of reviewed articles 

Efficiency of riparian vegetation in mitigating 

pollution of stream water increases with width  

 

There are limits to the extent to which increased 

width increases the efficiency of riparian vegetation 

in retaining pollutants 

 

 Factors such as objectives of protection, the 

physical makeup of the streams surroundings and 

individual pollutants to which streams are prone 

important in determining the optimum vegetation 

width requirements 

Schoonover et al. 2005 ; Lee et al. 

2003 

 

 

Peterjohn and Corell (1984) 

 

 

 

 

Jontos 2004; Wenger, 1999; 

Fischer and Fischenich, 2000; 

Broadmeadow and Nisbet, 2004 

 

I find that the surveyed literature acknowledges to a large extent that the parameter of the 

width or area of buffer zone covered by riparian vegetation is a factor that warrants 

consideration in the design of measures for managing the performance of the riparian 

vegetation in protecting stream waters from pollutant loading. The literature presents 

unanimous support for the conclusion that the efficiency with which buffer zones filter out 

pollutants from both surface and subsurface runoff increases with width of the vegetation. 

The study done by Schoonover et al., (2005) for example finds a 5-m wide buffer zone to 

possess a remarkably lower retention efficiency for total P (7.4%), suspended solids (1.9%), 

and total nitrogen (4.8%) compared to a 10-m wide buffer zone. These findings have been 

found to generally apply for all riparian vegetation types and irrespective of other parameters 

related to the character of buffer zones and the riparian vegetation they contain (Lee et al., 

2003). I therefore deduce from these findings that the factor of riparian vegetation width 

should be one of the key parameters considered in design of any buffer zone and stream water 

quality management intervention. 

 

To explain my view of the importance of vegetation width in this respect, I base such works 

as that done by Schoonover et al. (2005). These authors find that wider riparian buffer 

vegetation increases the distance covered by the pollutant-laden runoff before it enters 

streams. This, they point out, creates more contact space between subsurface and surface 

runoff with vegetation. They also point out that wider buffers provide more space for longer-

term storage of sediment and other matter, and the pollutants they contain. The overall effect 

is that the contact created progressively reduces the volume and velocity of runoff along the 

width of the buffer while storage creates more residence time for runoff in the buffer. 

Together, these two influences have the effect of increasing sediment settlement and pollutant 

infiltration into the soil horizon from where the pollutants can be removed by the vegetation 

before runoff.  
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The implications that we derive from these facts is that in instances where it is not possible to 

achieve wide area of riparian vegetation coverage, water quality management interventions 

should explore and include mechanisms for compensating for vegetation width. This should 

include measures and or infrastructure for controlling the volumes and speed of runoff 

traversing the available buffer zone and thereby optimise residence time for runoff in the 

available strip of buffer. 

 

Additionally, as Peterjohn and Corell (1984) find, the increase in riparian vegetation pollutant 

attenuation efficiency with increase in its width or area is not infinite. This, to me, means that 

there is a limitation to the degree to which wider riparian vegetation width creates more 

efficiency, and that beyond such limits, more vegetation width ceases to be useful and 

rational. The implication of this, as Wenger (1999) evidences, is that to achieve the optimum 

performance of a given riparian buffer vegetation, resource managers should challenge 

themselves to find the most efficient width. For this purpose, the guiding principles are 

offered by Jontos (2004), and Wenger (1999), Fischer and Fischenich (2000) and 

Broadmeadow and Nisbet (2004). Respectively, these authors find it useful for resource 

managers to consider the objectives of the resource management intervention, that is, whether 

the aim is erosion control, water quality or habitat protection; and the individual pollutants 

from which a given stream is to be protected. For the protection of water quality, Wenger and 

Fowler (2000) for example recommend that riparian buffers should generally be 30 feet 

(approx. 9 m) or more. However, the recommendations I find have varied greatly in relation 

to individual pollutants. For example, the recommendations vary from 49 feet (approx. 15m) 

for phosphorus removal from surface runoff and from 49 feet to 328 feet (approx. 100 m) for 

removal of pesticides, to unproven widths for nitrogen and bio-contaminants, such as faecal 

coliform (Wenger, 1999; Fischer and Fischenich, 2000; Broadmeadow and Nisbet, 2004). We 

find however that as depicted in Figure 6, the most recommended widths fall with the range 

of 5 to 30 meters.  

 

 

 
 

Figure 6: Proportions of reviewed articles in relation to recommended width of 

vegetated riparian buffer zones 
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Besides the resource management objectives and pollutant types, Wenger (1999) and Jontos 

(2004) highlight the need to put other factors into consideration when determining optimum 

vegetation width for a riparian buffer zone. These authors pointed out these factors as slope, 

soil type, and vegetation mix in the buffer zone. They point to a general agreement among 

many researchers that suggests that for low to moderate slopes, most filtering occurs within 

the first 10 m; while greater widths are necessary for steeper slopes, buffers comprised of 

mainly shrubs and trees, where soils have low permeability, and where NPS loads are 

particularly high. On top of these factors, Broadmeadow and Nisbet (2004) add the state of 

disturbance of the riparian buffer zone as one other aspect that needs to be put into 

consideration when determining optimum vegetation width for a buffer zone. They suggest 

that natural undisturbed buffers require less vegetation area than modified or otherwise 

disturbed buffer zones which would require more vegetation width to perform well in 

attenuating pollutants. 

 

The summation of what I deduce from these findings is that deploying the parameter of 

riparian vegetation width in guiding the design of stream water quality protection 

interventions requires resource managers to identify the exact target pollutants and conduct 

assessments to determine the appropriate width of vegetation required for to optimally control 

the target pollutant. I also deduce that to effectively use the parameter of vegetated buffer 

width in guiding stream water protection endeavours, resource managers need to consider and 

ascertain the extent of the integrity of the given buffer zone and to achieve optimal outcomes, 

resource managers would need to combine the aspects of effective vegetation width and high 

buffer zone integrity.   

 

3.4    The influence of riparian vegetation restoration effect 
The findings on the influence of riparian vegetation restoration effect on the function and 

effectiveness of riparian buffer zones in mitigating the degradation of stream water quality 

are summarised in Figure 7. 

 

 

Figure 7: Proportion of reviewed articles with respect to the significance  

                of restoration effect on the function and performance of RBZs 
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As Figure 7 indicates, I find that the extent to which vegetation restoration effect is important 

in influencing the function and performance of riparian buffer zones in protecting stream 

water quality is large. I use the findings depicted in Figure 7 to infer a high level of 

confidence and trust in the effectiveness of vegetation-restoration in bolstering the stream-

protection role of buffer zones. Riparian vegetation restoration effect is thus a factor that 

warrants consideration in the decision and design of riparian buffer zone and stream water 

quality management interventions and processes. Based on such works as that done by 

Richardson et al (2007), I find the underpinning reason for the necessity of vegetation 

restoration as being the high level of degradation that riparian zones have faced throughout 

much of the world. We relatedly find from such works as that done by Merritt and Cooper 

(2000) that riparian vegetation-restoration is more popular and common than approaches to 

stream water quality management that base on the restoration of hydrologic processes and 

geomorphic features.  

 

Among the studies that have given a strong basis to my views on the importance of 

vegetation restoration effect are works such as that done by Stromberg (1993). Stromberg 

finds riparian buffer zones in which vegetation is re-established to yield much more 

significant reductions in pollutant loads of surface and subsurface runoff than buffer zones 

that remain bare after their vegetation is removed through modification or other form of 

interference. Other examples of works which reinforce such findings are studies like those 

done by Sweeney et al. (2004), Clausen et al. (2000), Li et al. (2009) and Weighelhofer et al 

(2012). Sweeny et al. identify higher uptake rates per unit length of ammonium, nitrogen 

phosphates and phosphorus in re-vegetated buffers than in buffers from which vegetation is 

removed. Similarly, Clausen et al.,2000 Li et., (2009) al and Weighelhofer et al., (2012) 

severally assess the impact of vegetation restoration on the surface and subsurface runoff 

content of a wide range of elements and major ions including total kjeldahl nitrogen (TKN), 

NO3-N, NH3-N, TP, TSS, NO3-N, SO4
2-, and Na+ K+, N, Cl-, SO4

2-, Ca2+ and Mg2+. The 

results of these works unanimously record much more significant decreases in concentrations 

of these elements and major ions as heavily pollutant-loaded surface and subsurface runoff 

flows from agricultural watersheds through riparian buffer zones in which vegetation is 

restored than when the runoff flows through buffer zones in which the vegetation is not 

restored.     

 

Among the few exceptions to the general agreement on the positive effect of vegetation 

restoration on the function and performance of riparian buffer zones in protecting stream 

water are works done by Leeds-Harrison et al. (1999) and Sutton et al. (2010). These studies 

do not find nutrient concentration reduction across the respective restored buffer zones they 

focused on. What I find upon deeper examination however is that the said riparian vegetation 

restoration activities occurred alongside or within activities that artificially implanted alien 

infrastructure such as tile drains.   

 

My overall inference from all the findings therefore is that riparian management interventions 

should prioritise maintenance and protection of riparian vegetation, and restoration of 

vegetation in buffer zones from which vegetation has been disturbed or removed. Provisions 

and plans for vegetation restoration should be embedded in all riparian buffer zone 

management programmes to cater for vegetation loss and damage eventualities.  
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I deduce that in using the parameter of vegetation restoration to inform interventions for 

protecting the chemical quality of stream water, there is need to consider the level to which 

the natural or normal state of the riparian buffer zone has been disturbed and the extent to 

which restoration effort can bring the buffer zone to normal or near normal or create 

conditions that mimic the natural state of the buffer zone. I deduce that restoration efforts 

should rely less on the use or introduction of artificial and alien components into buffer zones 

that are being restored.      

 

3.5    The influence of riparian vegetation shading effect 
Findings on the importance of riparian vegetation shading effect to the role of riparian buffer 

zones in protecting the chemical quality of stream water are summarised in Table 3 and 

Figure 8 below. 

 

Table 3: Summary of findings on the influences through which riparian vegetation 

shading effect affects the function and performance of riparian buffer zones in 

protecting the chemical quality of stream water 

 

 
 

Figure 8: Proportions of articles that found that riparian vegetation shading effect is an 

important factor in stream chemistry  
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Primary influences 

identified 

Example 

Articles 

Secondary influences Example Articles 

Regulation of water 

temperature and  

 

 

 

Regulation of the 

intensity of incident 

light 

Collier et al., 

2001; Poole and 

Berman, 2001 

 

Rayne et al, 

2008; Sabater et 

al, 2000; 

Heartsill-scalley 

and Aide, 2003 

Control of oxygen 

content of the water 

(dissolved oxygen and 

chemical oxygen 

demand) 

 

Regulation of growth 

rates, sizes and 

populations of algal and 

other aquatic organisms 

Kohler et al, 2000; 

Ensign and Mallin, 

2001; Boothroyd et al, 

2004 

 

Fritz et al, 2004; 

Sabater et al, 2000; 

Ghermandi et al, 2008 



    

 
  

Table 3 highlights the influences for which vegetation shading is majorly considered to be 

significant, and examples of the articles that support these findings. My findings generally 

indicate that shading of the water column by riparian vegetation is an important factor in 

influencing the stream water quality protection role of riparian buffers. However, I find its 

scope and means of influence to be narrow and majorly indirect as most of the reviewed 

literature focuses the significance of shading only on the regulation of water temperature and 

intensity of incident light. Thus, for example, works done by Collier et al., (2001) and Poole 

and Berman (2001) show the indirectness of the influence of vegetation shading effect on the 

performance of buffer zones in protecting streams from pollution as being through regulating 

most bio-chemical processes and physical characteristics of water bodies. Shading effect, the 

authors indicate, accomplishes this by affecting the oxygen content of water and thereby 

impacting on multiples of other chemical components and ecosystem processes across 

watersheds. 

 

To support these findings, I use the example of the work undertaken by Rayne et al. (2008). 

Rayne et al. (2008) identify a systematic downstream decrease in stream weekly average 

maximum temperature (Tmax, 7-day average) in stream locations bordered by riparian vegetation 

across all sampling sites along the Nicola River watershed in British Columbia in each of the 

3 years of study. They find a converse trend when riparian shade is reduced due to riparian 

forest harvesting. The authors find that this creates an increase in the maximum stream 

temperature by about 1-2oC compared to areas of streams that are shaded by non-harvested 

riparian forest. In other examples, Sabater et al. (2000) and Heartsill-scalley and Aide (2003) 

record similar temperature changes for parts of streams where riparian vegetation is disturbed 

and those in which it is intact. These studies also indicate that light intensity is lower in 

stream locations where vegetation shades stream waters than in the parts of streams where 

there is no vegetation shade.   

 

My findings on the impact that the temperature regulation effects riparian vegetation is based 

on a number studies such as that done by Kohler et al. (2000) who demonstrate a direct 

relationship between temperature changes and the oxygen content (dissolved oxygen and 

chemical oxygen demand) of stream water. I find from this study, along with work done by 

Ensign and Mallin (2001) that the reduction in water temperature caused by shading creates 

an increase in the saturation concentration of dissolved oxygen, which in turn supports the 

growth and development rates of many aquatic organisms. This, as Boothroyd et al. (2004) 

demonstrate, is the point at which the relationship between riparian vegetation effect and 

stream water quality manifests, since the increase in the size and number of aquatic 

organisms in streams yields a proportional increase in the capacity of streams to assimilate 

organic wastes. On the other hand, my findings on the impacts of light intensity regulation 

effects of riparian vegetation are based on evidence from studies such as that done by Fritz et 

al., (2004) and Boothroyd et al. (2004). These studies demonstrate that alongside factors such 

as nutrient availability, hydraulic mixing and scouring, and grazing by invertebrates and fish, 

the amount of light that penetrates the water column and reaches the stream bed controls the 

growth of algae and macrophytes. Hence, I deduce that stream shading effect is an effective 

tool for context in which the management of stream water quality that requires or hinges on 

the control of algal growth and eutrophication.  
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To expound on my view of the narrowness of the scope of the role of riparian vegetation 

shading effect in influencing stream water quality, I note that, as Sabater et al. (2000) and 

Ghermandi et al. (2008) evidence, riparian vegetation shading has a limited effect on 

pollutant attenuation for nitrates, ammonium nitrogen, and phosphates among other 

pollutants. It is also notable that from these studies that riparian vegetation shading effect can 

be thought of as mainly being a useful strategy for improving water quality conditions in 

small and moderate-size watercourses.  

 

Hence, a summation of what I derive from these findings is that the aspect of riparian 

vegetation shading effect can only be used as an indirect approach in the design of stream 

water chemical quality protection interventions. I infer that in using this parameter to guide 

stream water chemical quality protection and improvement, there is need to take into 

consideration the composition and quantity of aquatic organism populations and the growth 

and development patterns of respective species of aquatic organisms. This is because I 

perceive that stream water quality management approaches that rely on the shading effect of 

riparian vegetation need to be deployed alongside measures to protect and promote the 

growth and development of aquatic organisms.  
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4.  CONCLUSIONS AND PERSPECTIVES 
 

The ways in which the factors of riparian vegetation type, age, width, and vegetation 

restoration and shading effects can be used to guide the design of riparian buffer zone and 

stream water chemical quality management require application of a high degree of context 

specificity. Stream water resource managers need to clearly define the objectives of 

interventions and carry out assessments to be able to develop well targeted interventions that 

are suitable for mitigating the specific pollutants to which a given stream is vulnerable, and 

for the bio-geophysical characteristics of the given stream and its surroundings.         

 

To be very effective in influencing decisions over efficient management approaches for 

protecting and improving stream water chemical quality by means of riparian buffer zones, 

decision-making processes need to integrate and triangulate considerations related to the 

factors of riparian vegetation type, age, width, and restoration and shading effects. Stream 

water quality decision-making processes also need to combine riparian vegetation-based 

approaches with other measures that aim at containing and preventing or reducing spillage of 

pollutants at source since the extent of the effectiveness of riparian vegetation in protecting 

and improving stream water chemical quality has limitations which arise from the fact that 

the effectiveness with which riparian vegetation mitigates pollutants is not equal for all 

pollutants and bio-geophysical contexts. 

 

Resource management approaches aimed at achieving optimum efficiency of riparian buffer 

zones in protecting the quality of stream water should be those that aim to: a) maintain mixed 

woody and herbaceous riparian vegetation, while taking care not to allow the forest 

vegetation to grow so dense that it suppresses the herbaceous vegetation; b) maintain 

vegetation succession regimes which ensure constant presence of vegetation exhibiting stages 

of vigorous growth; c) take into consideration soil type, slope, land use and state of 

pristineness, integrity or disturbance of the given buffer zone in achieving efficient widths of 

vegetated buffers; d) restore vegetation in degraded buffer zones from which vegetation has 

been lost; and e) provide sufficient canopy in for shading in contexts in which ecosystem 

management interventions require more dissolved oxygen in stream waters and prevention of 

excessive algal growth in streams. Water resource management approaches should also take 

consideration of individual pollutants or pollutant types in designing interventions that use of 

riparian vegetation for protecting the quality of water in streams. 
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