
Executive summary for FSP grant S094203 – Forest management to minimize impacts of forestry 
operations on streamwater quality – synthesis of the literature 

 
Project purpose and management implications: 
The purpose of the project was firstly to produce a comprehensive review of forestry effects on streamwater  
chemical quality for scientists working in this field, then secondly to produce guidelines for forest managers and 
practitioners in B.C. and elsewhere aimed at minimizing any adverse effects of different forest management 
activities (forest harvesting, forest fertilization, road construction, pesticide application, and prescribed burning 
and fire suppression) on streamwater chemical quality. Application of the guidelines would affect the way some 
forestry operations are conducted, but would minimize any adverse effects of the forestry operations on 
streamwater chemical quality. 
 
Project start date and length: 
The project started in April, 2007, and ran for 2 fiscal years, until March 31, 2009. 
 
Methodology: 
The project was conducted using a 2-step process. The first step involved a synthesis of all the relevant 
published literature, both peer-reviewed and otherwise, related to small streams and large watersheds. This was 
conducted by M. Feller, with help from several university students who assisted with the literature search and 
data analysis. This synthesis, with its scientific conclusions, was submitted for publication in to the 
Compendium of Forest Hydrology and Geomorphology in B.C, lead by FORREX as part of a chapter on 
forestry and water quality. This was then subjected to scientific peer review, which lead to some revisions. This 
scientific synthesis will soon be published. 
The second step has been to develop forest management guidelines based on the synthesis and based on a 
further review of relevant publications dealing with the topic, mainly from North America. These guidelines 
have also been peer reviewed and will soon be placed on a website and submitted for publication. 
 
Project scope and regional applicability: 
The results of the project would be applicable to the relevant forestry operations (forest harvesting, forest 
fertilization, road construction, pesticide application, and prescribed burning and fire suppression) throughout 
British Columbia, as the results were obtained from studies throughout B.C. and elsewhere in North America 
and other northern temperate forests, and the guidelines are based on general principles rather than small site- or 
area- specific findings. 
 
Interim conclusions: 
Mechanisms by which forest ecosystems influence freshwater chemistry are initially disrupted by forest 
harvesting, which alters chemical fluxes in variable ways, depending upon the chemical and the effects of 
harvesting on the factors controlling freshwater chemistry. These factors are – geological weathering, 
precipitation and climate, terrestrial biological processes, physical-chemical reactions in the soil, and physical, 
chemical, and biological processes within aquatic ecosystems – for dissolved solutes, and atmospheric pressure, 
water temperature and flow, dissolved ion content, aquatic plant respiration, chemical oxidation, organic matter 
decomposition, and presence of surface ice or sediment on the streambed for dissolved oxygen. Other important 
factors include the extent of the watershed impacted, the presence of buffer strips, the nature of the treatment 
given to a watershed following harvesting, soil fertility, soil buffering capacity, and the abundance of large 
water bodies in a watershed. Forest fire impacts on freshwater chemistry are controlled by similar factors with 
fire characteristics being another important factor. Relatively few studies have assessed the impacts of insects or 
tree pathogens on freshwater chemistry, but it is considered that these impacts will depend on similar factors to 
those influencing forest harvesting impacts. The impacts of chemicals applied to forests (fire retardants or 
suppressants, herbicides, fertilizers) depend on the – type of chemical used, quantity of chemical applied, 



method of application, weather at the time of application, weather following the application, season of 
application, soil characteristics, ability of the aquatic ecosystem to utilize the added chemicals, size of the 
impacted water body, and location of the application in relation to the water body. 
Despite this complexity, it can be concluded that –  
1. An increase in nitrification following many disturbances is one of the most important determinants of post-
disturbance freshwater chemistry. 
2. Northern hemisphere temperate deciduous hardwood forests are likely to exhibit greater chemical flux 
changes after forest harvesting than temperate coniferous forests;  
3. Deforestation with herbicides is likely to cause relatively greater chemical changes than deforestation without 
herbicides.  
4. Deforestation-caused changes in freshwater chemical loading are usually short lived, particularly for nitrogen 
– generally up to 7 years, but usually considerably less. Base cation changes may occur for more than 10 years, 
however. 
5. Deforestation resulting from forest fire, insects, or tree pathogens will have similar effects on freshwater 
chemistry as those resulting from forest harvesting. 
6. Forest harvesting may impair chemical water quality both for drinking (elevated Fe and Mn concentrations) 
and aquatic life (elevated Fe and lowered dissolved oxygen concentrations). 
7. Forest harvesting followed by prescribed burning has a greater impact on freshwater chemistry than does 
forest harvesting alone. 
8. Fertilizer applications to forests may impact freshwater chemistry substantially, impairing its quality for 
drinking (elevated NO3 concentrations if NO3-containing fertilizers are used). Fertilization with urea has not 
been shown to impair water quality. 
9. Fire retardant applications to forests may impact freshwater chemistry substantially, impairing its quality for 
aquatic life (elevated NH3 concentrations resulting from breakdown of NH4 in higher pH waters). 
10. Herbicide applications may cause substantial increases in freshwater chemical, particularly NO3, 
concentrations. 
11. Herbicide concentrations in surface waters have sometimes exceeded permissible levels, but high 
concentrations tend to be short lived and generally occur shortly after application.  
 
All guidelines to minimize the impacts of forestry operations on streamwater quality recognize riparian areas, or 
those areas adjacent to streams, as critical sensitive ones. It is these areas which should be given protection in 
order to protect streamwater quality. Guidelines have been proposed by different jurisdictions for a number of 
years, although most have emphasized physical water quality (sediment and turbidity). Most involve leaving 
undisturbed buffer strips adjacent to streams. Appropriate widths of such strips have varied, but tend to be 
greater to protect chemical, than to protect physical, streamwater quality. Soil type, slope, extent of the 
watershed disturbed, and nature of water flow pathways influence the minimum desirable buffer width, which 
may range from 10m to >50m. 
Guidelines for protecting streamwater chemical quality when aerial applications of fertilizers, herbicides, other 
pesticides, or fire retardants are used, involve applying appropriate (less toxic) chemicals under climatic 
conditions (wind speed and direction, post-application rainfall) which minimize chemical drift and flow into 
streams, as well as avoiding applications to sensitive riparian areas. 
Dissolved oxygen levels in streams can be maintained by avoiding increases in stream temperatures and organic 
matter levels, which again involves avoiding disturbance to riparian areas. 
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