
IMPACT OF TIMBER HARVESTING O N  
NUTRIENT LOSSES I N  STREAM FLOW 

Abstract 

Timber harvesting involves four opwations which can serious- 
ly affect stream quality: (1 )  Road construction; ( 2 )  felling; 
( 3 )  skidding and yarding; and ( 4 )  site preparation prior to re- 
establishment. The degree to which water quality is altered 
depends on the vegetation type, climate, soils, geology, topo- 
graphy, and (mos t  importantly) the management of the har- 
vesting operations. This paper reviews eight studies in the 
United States which have investigated the effects of timber 
izarvesting on nutrient outputs in stream flow. These studies 
covzr a considerable range of soils, topography, vegetation, 
and climate. They support the premise that well planned and 
managed loggzng operations produce only small increases o f  
nutrient outputs in slyearn flow. Extreme nutrient losses, such 
as those reported in the Hubbard Brook study, should be 
viewed as the exception rather lhan the general rule. Planning 
and supervision of logging operations must be of a high stand- 
ard if forest lands are to maintain the production of both 
wood and high quality water. 

INTRODUCTION 

Forested catchments are highly valued for their role in the 
production of good quality water. This characteristic stems 
from the capacity of most undisturbed forest soiils to allow 
infiltration of rainfall at rates greater than the maximum in- 
tensities produced by nearly all storms. Impairment of water 
quality usually occurs when mineral sediment and organic 
debris are transported into stream courses, o r  when nutrients 
are leached out of the active moting zone. Timber harvesting 
involves four operations which can seriously affect stream 
quality: (1) Road construction; (2 )  felling; (3 )  skidding and 
yarding; and (4 )  site preparation prior to re-establishment. 

Many of the water quality problems associated with logging 
are related to the road construction which occurs blefore any 
major felling starts (Packer, 1967). Other problems stem from 
operation of equipment in stream bottoms, felling of trees 
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into water courses, the use of unsuitable extraction methods 
on steep topography, burning of slash, and delays in re- 
establishment. With proper location and design of access 
roads, the use of appropriate logging tlechniques, the main- 
tenance of buffer strips along streams, careful use of burning, 
and quick revegetation, timber can be harvested without signi- 
ficant impairment of water quality. 

In recent years considerable controversy has arisen over the 
effects of timber harvesting on water quality. Since many re- 
creational activities in New Zealand are associated with water, 
it is inevitable that many pieople are concerned about water 
quality. In addition, effective publicity by environmental 
grotupis such as the Friends of the Earth, the Royal Forest 
and Bird Proitection Soiciety, and the Native Forests Action 
Council has made headline topics ot proposed forestry develop- 
ment in the Beech Project area and the Kaimai-Mamaku 
State Forest Park. Thus timber harvesting and its effects on 
water quality have become political issues. 

A full discussion o)f fotrestry's impact om water quality would 
involve consideration of such issues as sediment, temperature, 
nutrients, and dissolved gases. Adequate cowrage of all of 
these topics woiuld require a very lengthy discussion. Con- 
sequently, this article deals only with the effect olf logging on 
nutrient lo~ss~els, a matter which has been the subject of much 
speculatioln and insufficient objectivity. 

Much of the research on the impact of timber harvesting 
ton nutrient losses in stream flow is quite recent and the re- 
sults are just now being publisheld. One of the earliest report- 
ed studies tolok place in the Hubbard Broiolk Experimental 
Forest of N~IW Hampshire. Unfortunately, the results of this 
very thotrough and systematic study have been greatly mis- 
interpreted. For instanwe, Searle (1975) in his popular ap- 
praisal of the Baech Project (Rush to Destruction) used the 
Hubbard Broiok case to1 suggest that cutting indigenlous forests 
on the West Coast of the South Island would prolduwe 20- to 
100-foild increases in nutrient outputs. Such speculations have 
been publicised to the extent that many people are convinced 
that logging operations auto~matically equate with ecologically 
damaging nutrient losses. This paper presents a current assess- 
ment of the effects of timber harvesting on nutrient outputs in 
stream flow. 

HUBBARD BROOK W2 

The Hubbard Brook ecosystem study is known for its 
lengthy and systematic ~examinatioa of nutrient cycling within 
a single catchment in the White Mountains of New Hamp- 
shire. It has been a point of contentioln between foresters and 
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conservation groups for a number of years. Failure to appre- 
ciate the objectives of the study has led to much misuse of 
the Hubbard Brook information. As Pierce et al. (1970) stated: 

The objectives of the study were to determine the effect of vegeta- 
tion removal on: (1) stream flow yields during summer low-flow 
periods; (2) the amount and timing of snow melt run-off; and (3) 
the fundamental chemical relationships of the ecolsystem and possi- 
ble eutrophication of stream water. This treatment was not intended 
to simulate a practical possibility for forest management.* 

A 15 ha stand of American beech, yellow birch, and sugar 
maple in catchment 2 of the Hubbard Brook Experimental 
Forest was clearfelled in late autumn 1965 after careful cali- 
bration, and all biomass was left in place. During the following 
three summers a wide-spectrum herbicide (bromacil) was ap- 
plieid to prevent any woody regeneration or herbaceous. 
growth. Colnsequently, the nutrient losses in stream flow in- 
creased markedly (Table 1). Nitrate nitrogen (NO3-N) con- 
centrations increased by a factor of 50 for the 3-year period 
after cutting. Maximum N G N  levels rose to 17.8 mg/l, con- 
siderably above the 10.0 mg/l safety limit set by the United 
States Public Health Service. While ammonium nitrogen (NHc 
N) levels showed no great change after clearfelling, signifi- 
cant alterations in outputs of potassium ( K )  and calcium (Ca) 
were noted. A study by Dominski (1972) indicated that the 
acid soils of the Hubbard Brook area aae naturally high in 
nitrogen (N)  with 6 150 kg/ha. About 5% of their total N con- 
tent is cycled annually through decomposition and reabsorp- 
tion. The elimination by herbicides of any vegetative regrowth 
thus freied large amounts of NO3-N for flushing into the ground 
water system and thence to the stream. In the 3 years after 
cutting, 9 %  of the soil nutrient capital was lost in stream flow. 

Results of other studies in forested catchments in New 
Hampshire, West Virginia, North Carolina, Minnesolta, O~egon, 
Washington, and Idaho have shown that the conclusions from 
the original Hubbard Brook study do not apply to conven- 
tional timber-harvesting operations that are properly man- 
aged. These studies are discussed below. 

GALE RIVER 

A further study by Pierce e t  al. (1972) examined nutrient 
losses in the White Mountains National Forest under normal 
clearfelling conditions. Seven sites were evaluated for one 
year. A nutrient budget was developed for the Gale River 
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I'ABLE 1: AVERAGE NUTRIENT OUTPUTS IN STREAM FLOW FROM FORESTED AND CLEARFELLED 
CATCHMENTS 

Nutrients (kg/ha/yr) 
Location Reference Catchment Year NO3-N NHa-N Ca K PO4-P Na Mg 

Hubbard Brook 
W2 

Gale River 

Hubbard Brook 
w 4  

Fernow Forest 

Marceil Forest 

Andrews Forest 

Pierce et al., 
1970 

Pierce et al., 
1972 

Hornbeck et al., 
1975 
Aubertin and 
Patric, 1974 
Verry, 1972 

Fredriksen, 1971 

Forested 
Cleared 
Cleared 
Forested 
A: Cleared 

(1st yr) 
B: Cleared 

(2nd yr) 
Forested 
Cleared-stripcut 
Forested 
Cleared 
Forested 
Cleared 
Forested 
Cleared 
Forested 
Cleared and 

Burned 
Forested 
Cleared and 

Burned 
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site since it had fewest co~mplicating factors. Three catch- 
ments (2 to 4 ha in size) were chosen to represent a control, 
first year clearfelled, and second year clearfelled. Slopes 
averaged 5" on all three catchments. Soils were predominant- 
ly sandy loams derived from glacial debris with deep mor 
humus layers. Annual precipitation in this regioln is about 
1200 mm, of which 30% occurs as snow. Increases in nutrient 
outputs were found to be one~third to one-half as large as at 
Hubbard Bmok W2 (Table 1). The maximum NOI-N concen- 
tration was about 6.4 mg/l. Considerable variation was evi- 
dent among the White Mountains sites. While the Gale River 
clearfelled catchment (first year) averaged 4.5 mg/l of NOI-N, 
the much ste~eper, similar-sized Greeley Brlook cutover averag- 
ed only 1.3 mg/l. Outputs of Ca were correspondingly lower at 
Gale River than at Hubbard Brook W2. 

HUBBARD BROOK W4 

Hornbeck et al. (1975) showed that strip-cutting in the 
White Mountains region could kelzp nutrient losses to a mini- 
mum, reducing peak NO3-N levels to 1.6 mgll. The 36 ha Hub- 
bard Brook W4, just west of Hubbard Bro~olk W2, was divided 
into 25 m wide strips and felled over a 3-year period. Variable- 
width riparian strips wizre left along the stream channels. 
The logging was done with rubber-tyred skidders. 

During the first two years after strip cutting, the NOJ-N out- 
put amounted to 21 kg/ha. This was cnly 12 kg/ha more than 
would have been lost by the catchment in the undisturbed 
state. The increased loss of NOI-N in stream flow created by 
the strip cutting amounted to only 0.02% of the total N con- 
tent ogf the forest soil and humus. A similar pattern was evi- 
dent in the Ca budget (Table l ) .  Changes of this size in the 
nutrient capital present no threat to continued productivity 
of the site or to the trophic status of freshwatler ecosystems. 

FERNOW FOREST 

Aubertin and Patric (1974) reported on the effects of clear- 
felling a 34 ha catchment in the Fernow Experimental Fo~est  
of West Virginia (Table 1). Precipitation in this reigon averag- 
es about 1470 mm/year. A stand of mixed o~aks, maples, yellow 
poplar, black cherry, and Amzrican beech was skidder logged 
in 1969 and 1970. Slopes range from 0 to 29" but average 12". 
The soils are mainly silt loams d~erived from shales, siltstones, 
and sandstones. Erosion was minimised by careful road plan- 
ning and constructi~o~n, grass seedling of skid tracks, and use 
of a 10 to 20 m wide stream buffer strip. Nutrient outputs 
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rose slightly after clearfelling. The NO,-N loss of 3 kg/ha, while 
five times that of the control, was not too different from that 
of the Hubbard Brook W2 control catchment and was tar be- 
low the loss of 103.9 kg/ha in the clearfelled catchment the 
first year. Mean monthly NO,-N concentrations at Fernow 
peaked at 1 mg/l a year after harvesting. The maximum re- 
corded NOrN level was 1.42 mg/l. Cation values fluctuated very 
slightly. Total phosphate (PO4-P) losses doubled for two years 
after cutting but had returned to normal by the third year. 

MARCELL FOREST 

A study of nutrient losses after clearfelling in the Marcell 
Experimental Forest of northern Minnesota was conducted 
by Verry (1972). He utilised two contiguous catchments of 
51 ha (control) and 33 ha (cut). The catchments occupy level- 
to-rolling bog-upland terrain typical of much of the glaciated 
Great Lakes region. Eighty percent of the 775 mm of precipi- 
tation falls as rain between April and November. The aspen- 
birch upland stands were felled over a two-year period. Mer- 
chantable trees were removed and all others left on the 
ground. Small increases in nutrient output (Table 1) were 
noted after cutting. However, these were due more to in- 
creased stream flow on the cut watershed than to an actual 
release of nutrients. Water yield increased 31% on the clear- 
ed catchment owing to a reduction in transpiration and evapo- 
ration losses. Average concentrations of chemical constituents 
of both catchments were similar before and after clearfelling. 
Losses of NO3-N from the cleared catchment were considerably 
lower than those from the Hubbard Brook W2 control. The 
lack of any nottable response to clearfelling was ascribed to 
a combination of (1) slower decay rates common in cool cli- 
mates, (2) rapid regeneration after cutting, (3) low con- 
tours conducive to infiltration s f  rainfall, and ( 4 )  high or- 
ganic matter contents in the bog areas. 

ANDREWS FOREST 

A catchment study was established in the H. J. Andrews 
Explerimental Forest of western Oregon to assess the impact 
of timber harvesting and burning on water yield, sediment 
outputs, and nutrient losses (Fredriksen, 1971; Fredriksen 
et al., 1975). This experiment involved old-growth Douglas fir 
stands in topography typical of many production forest areas 
on the western slopes of the Cascade Mountains. The control 
(66 ha) and clearfelled (96 ha) catchments lay between 430 
and 560 m elevation with mean slopes of 22 to 27". Mean an- 
nual precipitation is 2290 mm, consisting primarily of rainfall 
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during the winter months. Soils are mainly meidiuni-text~lred, 
developed from volcanic tuff and breccia parent materials. 
Skyline yarding equipment was used for log extraction. No 
roiads were built within the felled catchment, and no riparian 
strip was left along active stream channels. After logging, the 
amount of fine omrganic debris left on the site was reduced by 
burning. Revegetation o~f the burnt-off area by shrubs and 
herbaceoras plants was quite rapid, although some areas re- 
maine'd bare three years later. 

Nutrient outputs increased somewhat afaer cutting and 
were velry similar to those of the Marcell study despite differ- 
ences in topography. On the treated catchment, Ca, Mg, and 
NO3-N outputs were two to three times those o~f the control. 
Thz maximum NO3-N concentration after clearfelling was 
0.05 mg/l. Slash burning in 1967 had an additional impact on 
outputs of Ca, Mg, POr-P, and NO3-N. While Ca and Mg lo~sses 
declined to their pre-burn levels, N03-N continued tot rise in 
1968 with an output of 2.4 kg/ha, but was still less than the 
cleared but unburnt catchment at Fernoiw. Maximum NO,-N 
cancentration was 0.6 mg/l. Folr 1967 and 1968, NOrN out- 
puts in stream flow were 3.1 and 0.4 kg/ha for the cleared and 
control catchments, respectively. During the same perilold the 
losses olf nitrogen adsorbed on to sediment olr as suspended 
organic matter were 6.7 and 3.1 kg/ha, respectively. Although 
in the Andrews study golod management of the harvesting op- 
eratioln and quick revegetation of the site kept nutrient losses 
low, further reductions in outputs could have belen achieved 
by employing additional measures to reduce sediment move- 
ment and by avoiding slash burning where possible. 

ALSEA BASIN 

Brown et  al. (1973) studied the losses of NO,-N, PO,-P and 
K from Douglas fir and alder catchments in the Alsea Basin 
of western Oregon. The climate is similar tot Andrew Forest, 
but with slightly higher annual precipitation (2540 mm). The 
study invo~lved three catchments, (colntroll, 203 ha; patch cut, 
303 ha; and clearfelled, 71 ha) with mean slopes oif 16 to1 22". 
Soils within the basin have dievaloped from sandstone or sand- 
stoine alluvium. The catchments were molnitored foir two1 years 
prior ta and two years after logging. Rotads and landings were 
constructed in the clearfielleld and patch cut catchments a 
year before felling which started in March 1966 and conclud- 
ed in Novembler the same year. Logs were moved tot land- 
ings by high-lead cable systems. Slash in all of the clearfelled 
and part of the patch cut catchments was burned at the con- 
clusion of logging. 
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On the clearfelled catchment, N83-N losses increased from 
4 to 15 kg/ha/yr over 4 years with a maximum observed con- 
centration of 2.1 mg/l. During the same period the control 
catchment produced NO,-N outputs of 25 to 35 kg/ha/yr, with 
a peak concentration of 3.2 mg/l. Part of the increase in NOa- 
N outputs in the clearfelled catchment was most likely due to 
N fixation by dense alder regeneration. The alder was also 
responsible for the initial differences in N03-N outputs. That 
reported for the Alsea control is the highest for any undis- 
turbed catchment discussed, and exceeds all felled catchment 
outputs except Hubbard Brook and Gale River. The patch 
cut catchment showed no disclernible response tot logging and 
was similar to the control in terms of its NO>-N lolsses. Out- 
puts of PO4-P and I< showeld no response to logging. 

From this study it was concluded that clearfelling in the 
Oregon Coast Range followed by burning could cause tem- 
porary rises in nutrient outputs. However, these changes would 
not degrade water quality, nor would they significantly re- 
duce productivity of the site. 

PRIEST RIVER 

Snyder et al. (1975) evaluated changes in waner quality 
caused by clearfelling and subsequent burning. Three cutting 
units with mixed stands of Douglas fir, white pine, and larch 
in the Priest River Experimental Forest of northern Idaho 
were selecteid on the basis of variations in size, soil, and aspxt .  
The climate is semi-maritime with an average annual precipi- 
tation of 890 mm, falling mostly as snow. The 44 ha Benton 
Creek site is characteriseld by steep topography with a silt 
loiam soil derived from volcanic ash orve~rlying glacial till. The 
Ida Creek site is the smallest at 2.6 ha; it has level terrain and 
a silty clay loam soil derived from recent alluvium. The 26 ha 
Canyon Creek cutting unit occupie~s moderately steep terrain 
and has a mosaic of soils in the loam to silt-loam range. Buf- 
fer strips of 30 to 60 m were established along stream courses 
in all three cutting units. Jammer or rubber-tyred skidders 
were used for logging in summer 1970 and slash was burnt 
soon after. Watelr samples were taken above, at, and below the 
clearfelled areas (Table 2 ) .  

In most instances nutrient levels were somewhat higher 
adjacent to the cut areas, but were nearly back to base-line 
levels at the downstream sites. The level of NOa-N was high- 
est at the Benton Creek site (1.8 mg/l). The Canyon Cmek 
sites shoiwed no change in NOI-N levels as a result of clear- 
felling. The greatest fluctuations in nutrient levels occurred 
at the steeper Benton Creek cutting unit. This highlights the 
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MEAN NUTRIENT CONCENTRATIONS FOR THE PRIEST 
RIVER WATER QUALITY STUDY, 1970-72 

(Snyder ct al., 1975) 

Nutrients ( r n g l l )  
Cutting Uttit Sfafioit NO3-N Na IC Mg Ca 

Benton Creek Above 0.2 3.7 0.7 0.6 1 .S 
On 1.8 4.1 1 .O 4.8 3.2 
Below 0.2 3.6 0.7 0.7 1.6 

Ida Creek Above 0.1 4.6 0.9 1.4 0 S 
On 0.2 4.8 1.7 1.6 0.9 
Below 0.2 4.6 1 .O 2.3 2.2 

Canyon Creek Above 0.1 3.1 0.5 0.4 1 .O 
On 1 0.1 3.4 0.6 0.5 1.4 
On 2 0.1 4.0 0.8 1.1 2.3 
Below 0.1 3.2 0.5 0.5 1.2 

Precipitation - 0.1 I .1 0.8 0.1 0.4 

point that timber harvesting and slash burning can present 
a greater hazard to water quality in catchments with steep 
terrain, Clearfelling and burning at all thre~e Priest River sites 
had minimal impact on stream chemical composition. Elevat- 
ed nutrient levels adjacent to the cutting sites were quickly 
reduced downstream. 

CONCLUSIONS 

Harvesting of timber is an artificial disturbance of relative- 
ly stable conditions in a forest ecosystem. The disruptions 
caused by logging can seriously affect water quality in forest 
streams. The degree to which water quality is altered de- 
pends on the vegetation type, climate, soils, geology, topo- 
graphy, and, most importantly, the management of the har- 
vesting operations. Because of growing public concern over 
water quality, timber harvesting, especially clearfelling, has 
become the subject of much controversy. 

This pap-r has reviewed the impact of timber harvesting on 
nutrient outputs in stream flow. A number of major studies 
involving a considerable range of sites, vegetation, anrd climates 
in the United States were assessed. These studies support the 
premise that well planned and managed logging oplerations 
produce a relatively small increase of nutrilent outputs in 
stream flow. The well-known Hubbard Brook ecosystem study 
has often been used as an argument against clearfelling be- 
cause of the significant nutrient losses which occurred. That 
study should be viewed as an exception rather than the gene- 
ral rule since it was not a conventional logging operation. 
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Timber harvesting operations such as those discussed in the 
Fernow, Andnews, Marcell, and Priest Rivcr studies represent 
achievable rnanagemcnt objectives, not just scientific ideals. 
Results and recommendations from these studies are dcfinite- 
ly applicable to Nlew Zealand roilestry conditions. Two re- 
search projects are currently in progress in the Soluth Island, 
in Maimai State Folrest and Big Bush State Forest. Their ob- 
jeictive is to assess the impact oC logging on hydvologic pro- 
cesses in the bieelch fo~re~st ecosystem. Additional projects are 
being considlered for other parts or the country so that guide- 
lines specific to the New Zealand situation can be formulateld. 

General guidelines are available to fo'rcst managers to aid 
in developing and implerncnting practices which will protect 
soil and water rzisolurces (National Solil and Water Conserva- 
tion Organisation, 1976). Particular attention will have to be 
given in the future to such features as the establishment of 
riparian strips, the use olf cable logging systems, the timing 
and intensity 04 burns, and slas~h handling. As forestry develop- 
ment extends operations on to the stceper coluntry of Gisborne, 
Hawke's Bay, the King Country, Nelson, and Westland, morc 
intensive planning and supervision of logging operations by 
fo'rest management personnel will be necded. If foresters do 
not take steps tot ensure that water and solil protection pro- 
celdlures are implemented, the situation could arise where 
folrestry is handicapped by cxtrxnely prescriptive legislation. 
The United States is currently facing sucli a predicament. 
This is certainly an aspect of forest management where "an 
ounce of pmvention is wo'rth a pound of cure". 
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