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Chapter 4

Water Quantity
Kevin Bladon and Jeff Behan

4.1. Introduction

Relationships between forest cover and type, forest management, and the 
quantity and timing of water produced by forested watersheds have been 
studied for at least 100 years (e.g., Bates and Henry 1928; Griffin 1918). 

Motivations for such research have included interest in how active management 
affects the ways that forested catchments capture, hold and deliver water to 
community water systems (Neary 2000). To provide a safe and secure water 
supply to communities, water providers are concerned about maintaining access 
to a consistent supply of raw water, but also in how episodic high flows and 
seasonal low flows respond to land use changes in their source watersheds.
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In this chapter, we will discuss how active forest management affects water delivery in 
terms of annual yield of water; peak flows and flooding; low flows; and the timing of 
water runoff from forested watersheds.

4.2. Overview of literature reviewed
Many studies of the effects of active forest management on the quantity and timing of 
water delivered from forested watersheds were conducted when forest practices were 
different than they are today. How relevant is this older research to current practices? 
The effects of industrial forestry on sediment production and water quality have received 
more attention and been the focus of more significant changes in forest practices than 
have effects on water quantity and timing. For example, management practices for 
riparian areas — such as stipulations for leaving forested buffers along waterways — were 
modified in the 1970s and 1990s. Rules for forest road location, construction and use 
have also been revised several times, primarily focused on reducing sediment impacts.

Studies have repeatedly shown that changes in water delivery resulting from forest 
management are driven primarily by the percentage area of the watershed that was 
recently harvested. In Oregon, this variable was addressed in Senate Bill 1125 in 1991, 
and resulting changes to the Oregon Forest Practices Act in 1992 limited clearcuts on 
non-federal forestland to 120 acres. Adjacent areas in the same ownership cannot be 
clear-cut until new trees on the original harvest are at least 4 feet tall or four years old 
and the stand is “free-to-grow.” Under these rules, an entire subwatershed can still 
be logged within a decade. Forest rules that affect the amount and timing of water 
produced have changed relatively little, especially in comparison to practices targeted 
toward sediment production. This suggests that older studies on linkages between 
forestry and water production still have some relevance under current practices.

This review is focused on research conducted since 2000 in the Pacific Northwest, 
including studies from Northern California to southwestern British Columbia. But 
research on relevant subtopics is often limited, so evidence is also drawn from older 
studies, synthesis papers and research from outside this geographic area.

4.2.1. Forest management and annual water yields

The hydrologic response to forest management activities (e.g., road construction, 
harvesting, post-harvest site preparation and silvicultural treatments) can be highly 
variable among watersheds due to catchment differences in forest type, soils, geology, 
topography, climate, hydrological regimes (e.g., rain-dominated, snow-dominated), 
and management approach (Stednick 2008). Forest management activities can affect 
hydrologic processes in several ways, including (a) decreased evapotranspiration, (b) 
decreased precipitation interception, and (c) increased snowpack accumulation due to 
decreased snow sublimation in the seasonal or transient snow zone (Jassal et al. 2009; 
Varhola et al. 2010; Hubbart et al. 2015; Winkler et al. 2015). These effects often lead to 
increased soil water content in the first few post-harvest years, especially during summer 
and early fall due to decreased transpiration (Harrington et al. 2013; Du et al. 2016). 
As a result, the deficit in soil water content necessary to exceed the soil field capacity 
to generate runoff is often reduced. In other words, less precipitation may be needed 
to produce hillslope runoff and streamflow. Thus, forest management practices often 
lead to increases in annual water yields and influence flow regimes for some time after 
harvest (Stednick 1996; Bowling et al. 2000; Brown et al. 2005).

In a recent forest hydrology textbook, Stednick and Troendle (2016) summarized 
concepts regarding relationships between annual water yield and forest management 
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gleaned from several decades of paired catchment studies. They noted that increases 
in water yields after harvest are often not detectable unless the catchment (1) receives 
annual precipitation greater than about 450–500 milimeters and (2) has had at least 
20% of the catchment area harvested. In areas that receive less precipitation, a decrease 
in forest cover will usually increase soil evaporation and transpiration by residual 
vegetation, rather than increasing net water yield from the basin. In rain-dominated 
areas, increased water yields after harvest are most prominent during late fall and winter 
when the soil moisture deficit from the drier summer months is being recharged. In the 
snow zone, increases usually peak during the late spring to early summer when melting 
snow recharges the soil moisture. South-facing slopes in the northern hemisphere 
generally have less dense vegetation and receive more solar energy than north-facing 
slopes. As a result, water yield increases are usually reduced on south-facing slopes. 
Compared to clearcuts, forest stands subject to partial cuts usually have less response to 
harvesting since increased water is used by the remaining vegetation.

Changes in annual water yield following timber harvest depend on the post-harvest 
climate and antecedent moisture conditions. Water yield response to a given 
precipitation event reflects soil moisture conditions just prior to the event. Precipitation 
on wetter soils generally results in greater water yield than will be generated from the 
same event falling on drier soils, and soils are typically wetter on logged watersheds. 
In drier forests, or during drier seasons, the difference in antecedent moisture content 
between forested and harvested catchments might be minimal as will be water yield 
responses. In wetter forests, differences in soil moisture conditions between forested 
and harvested catchments prior to a given precipitation event are usually greater, as 
are differences in water yield that occur in response. Water yield and changes in yield 
following timber harvest generally increase with increasing precipitation, especially 
when differences in antecedent soil moisture exist. Where rainfall is high, or when 
evapotranspiration is low (winter), differences in antecedent conditions for soil 
moisture between forested and harvested catchments may be attenuated, as will be the 
difference in water yield response. (Stednick and Troendle 2016.) It should be noted that 
considerable variability and some exceptions to most of these generalizations can be 
found in the literature.

Due to the importance of water yields for downstream water supply, aquatic ecosystem 
health and forest health, there have been several reviews synthesizing literature 
regarding the effects of forest management activities on annual water yields (Stednick 
1996; Brown et al. 2005; Moore and Wondzell 2005). Moore and Wondzell (2005)
focused on the rain-dominated regions of the Pacific Northwest and found that for each 
percentage of the catchment harvested by clear-cut and patch-cut harvesting, water 
yields increased up to 6 millimeters. They also showed that selective harvesting increased 
water yields up to 3 millimeters for each percentage of the catchment harvested. Those 
findings were similar to an older review by Bosch and Hewlett (1982), who found about 
a 40-millimeter increase in annual water yield per 10% reduction in forest cover after 
reviewing 94 experimental watersheds. Moore and Wondzell (2005) also showed that 
increases in water yield were more muted after forest harvesting in snow-dominated 
catchments, ranging from about 0.25 to 3 millimeters per percentage of catchment 
harvested. However, most studies reviewed have concluded that annual streamflow 
changes are generally not detectable until at least 15–20% of a catchment is harvested 
(Stednick 1996; Brown et al. 2005; Moore and Wondzell 2005). The majority of past 
reviews have also shown that increased annual water yields can persist for about 10–20 
years, with the largest increases occurring during the wet period of the year; autumn and 
winter in rain-dominated regions. (Harr 1983; Keppeler and Ziemer 1990). Moore and 
Wondzell (2005) provide an important summary of research results regarding the effects 
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of forest harvesting on annual water yields at the headwater scale (mean catchment area 
0.62 square kilometers; range: 0.10–3.04 square kilometers) in the Pacific Northwest, 
which are relevant to many smaller water providers in Oregon. However, these findings 
may have less relevance for water providers with larger, basin-scale drinking water 
sources.

The majority of recent studies have also focused on contemporary forest harvesting 
effects on annual yield at the headwater catchment scale. For example, Zegre et al. 
(2010) assessed contemporary forest harvesting, based on the Oregon Forest Practices 
Act, in catchments ranging in area from 0.23 to 1.56 square kilometers. These results 
from the Hinkle Creek Paired Watershed Study (2004–2008) on the foothills of the 
west slope of the southern Oregon Cascades Mountains illustrated that about 9% of 
the post-harvest median model innovations (i.e., random noise component of the time 
series model) exceeded the 95% prediction intervals (Zegre et al. 2010). Statistically, 
this indicated that daily streamflow increased following harvesting, by as much as 31 
millimeters for each model. Similar to previous studies, they also found the greatest 
seasonal increases occurred during winter (485 millimeters), followed by spring (146 
millimeters), fall (114 millimeters), and summer (100 millimeters) (Zegre et al. 2010).

Winkler et al. (2017) investigated streamflow response to forest harvesting of two small 
(4.5 and 4.9 square kilometers), snow-dominated catchments on the Okanagan Plateau 
of British Columbia and found only a 5% increase in annual water yield after clearcutting 
of 47% of the logged watershed. However, they identified dramatic changes in the timing 
and magnitude of April-June streamflow. During spring runoff (April and May) average 
water yield increased by about 19–29% during the first seven years after harvesting. 
Winkler et al. (2017) indicated that such changes in runoff timing could increase the risk 
of channel destabilization during the snowmelt season, and water shortages early in the 
irrigation season.

Du et al. (2016) also illustrated an effect on water yield following contemporary forest 
harvesting of a 28-square-kilometer subcatchment in the Mica Creek Experimental 
Watershed in northern Idaho. However, in their study they parameterized a model 
(DHSVM) with 10 years (1998–2007) of data and ran a series of virtual experiments to 
assess various spatial and temporal patterns of forest canopy removal. Model simulations 
predicted increases in annual water yields of (a) 33% for gradual patch-cutting of 10% of 
the catchment area every six years, (b) 37% for the 50% forest removal scenario, and (c) 
79% for the 100% clear-cut scenario (Du et al. 2016). Interestingly, model simulations 
also indicated the importance of the spatial location of the harvest within a catchment 
as annual water yields were about 4% greater if the upper half of the catchment was 
harvested rather than the lower half of the catchment (Du et al. 2016).

Abdelnour et al. (2011) applied the Visualizing Ecosystems for Land Management 
Assessments (VELMA) model to elucidate how hillslope and catchment-scale processes 
control stream discharge in the H.J. Andrews Experimental Forest. This work showed that 
streamflow response was strongly sensitive to harvest distance from the stream channel. 
Specifically, they found that a 20% clear-cut area near the catchment divide (average 
distance of 152 meters to the nearest stream channel) resulted in an average annual 
streamflow increase of 53 millimeters (4%). In contrast, a 20% clear-cut in the lowlands 
(average distance of 53 meters to the nearest stream channel) resulted in an average 
annual streamflow increase of 92 millimeters (8%).

These studies did not investigate the effects of forest harvesting at the larger basin 
scale, which would be relevant to larger community drinking water suppliers. Specifically, 
approximately 95 Oregon communities (about 47.5% of state population) have a 
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surface water supply originating in a forested watershed > 10 square kilometers, with 
a state average of about 426.4 square kilometers and median area of 86.6 square 
kilometers (Oregon Department of Environmental Quality 2018). Thus, while not directly 
representative of the PNW, a recent study by Zhang et al. (2017) provides insights into 
the potential effects of forest harvesting on annual water yields at the large watershed 
scale. Zhang et al. (2017) studied the effects of forest harvesting in 6 snow-dominated 
watersheds in British Columbia, Canada ranging from 539–3,185 square kilometers. They 
showed an increase in mean annual yields of 21–60 millimeters in those large basins with 
a cumulative equivalent clear-cut area greater than 30%. Not surprisingly, the largest 
changes in mean annual water yields were observed in wetter years. Overall, the results 
were inconsistent with no changes in water yields after substantial forest harvesting 
activity contrasted with significant changes in mean annual water yields with relatively 
small areas of forest harvesting activity (Zhang et al. 2017).

In summary, existing research is fairly consistent in showing that clear-cut harvests can 
result in increases in annual streamflow, especially at smaller spatial scales that are 
most studied. These increases are typically highest just after harvest and then decline 
over the following decade or two as vegetation regrows. However, attempting to 
quantify harvesting effects on streamflow is time consuming and expensive, requiring 
long-term commitments from both researchers and landowners (Stednick and Troendle 
2016). Study results vary considerably and are based primarily on research streams 
from a relatively small number of paired watershed study sites. Existing studies across 
the Pacific Northwest do not adequately reflect the broad range of climate, geology, 
topography and vegetation, which drive highly variable hydrologic processes in the 
region. As such, there are still substantial information gaps, especially at the larger basin 
scale, most relevant to larger water providers. Given the substantial uncertainty around 
reliable water supplies in the PNW in coming decades, it is critical to resolve some of 
this uncertainty through additional empirical and modeling research (Mateus et al. 2015; 
Vano et al. 2015).

4.2.2. Forest management and peak flows

Peak flows and floods have the potential to produce extensive and costly damage to 
the structure and function of headwater catchments and downstream infrastructure 
(Downton et al. 2005; Ashley and Ashley 2008; Tullos 2018). Historically, the PNW has 
experienced peak flows in the upper 90th and 99th percentile of the contiguous U.S. 
(O’Connor and Costa 2004). The majority of these large flood events have occurred 
during winter rain-on-snow events; however, further work is still needed to understand 
the relationship between rain-on-snow events and floods (McCabe et al. 2007; Jennings 
and Jones 2015). Regardless, recent research has projected that peak flow magnitudes 
may increase up to 30–40% in some higher elevation areas of the PNW, including the 
Cascade Mountains, Olympic Mountains, and Blue Mountains, due to the effects of 
warmer temperatures on snowpack dynamics (Safeeq et al. 2015).

Given the concerns about naturally occurring high-flow events, the effects of forest 
management activities on the occurrence and magnitude of peak flows and floods 
remains a contentious issue, which has led to repeated calls for the forest hydrology 
community to address (DeWalle 2003; Calder et al. 2007; Alila et al. 2009). The 
magnitude and occurrence of high-flow events may be influenced by many factors: (a) 
rapidly changing forest harvesting treatment types; (b) percent of catchment harvested; 
(c) road location and construction approaches; (d) site preparation; (e) slope stability; 
(f) vegetation species; (g)  forest regrowth rates; and, the differential responses to 
precipitation across hydrologic zones (i.e., rain-, transient-snow, and snow-dominated) 
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(Jones and Grant 1996; Grant et al. 2008; Kuraś et al. 2012). As a result of the complex 
interactions between the many influential factors and the infrequent observations of 
high-flow events, accurate prediction and assessment of the effects of forest harvesting 
on peak flows remains a challenge (DeWalle 2003). Knowledge has accumulated and 
certain trends have been noted, but information gaps remain in the scientific community 
about the relationship between forest practices and peak flows.

Despite this uncertainty, regulatory agencies and land managers remain tasked with 
developing strategies to manage forests in ways that mitigate or avoid changes in peak 
flows. In the face of major revisions to regional-scale forest plans in the PNW, this 
provided the impetus for the most recent comprehensive review by Grant et al. (2008). 
The objective of that synthesis document was to provide guidance to forest managers 
and regulators for evaluating the potential risks of elevated peak flows associated 
with forest management. In their review, Grant et al. (2008) considered factors such 
as different forest harvesting treatment, presence of roads and catchment drainage 
efficiency.

Grant et al. (2008) found that increases in peak flows were generally smaller when a 
lower percentage of the catchment was harvested. The largest increases in peak flows 
associated with forest harvesting occurred in catchments that were clear-cut (i.e., 100% 
harvested). With decreasing harvesting intensity, increases in peak flows were highly 
variable, ranging from 0 to 40% in the rain zone and transient snow zone, and from 0 to 
50% in the snow zone. Unfortunately, there was insufficient research available to assess 
how this variability in peak flow response may be related to different forest harvesting 
approaches.

Additionally, Grant et al. (2008) found that forest management activities had less of an 
effect on the larger, less-frequent peak flow events. While peak flows increased about 
90% in harvested catchments over reference catchments during small storm events 
(recurrence interval less than one year), this effect tended to diminish as an approximate 
exponential function. This trend of an exponential decrease in peak flow with increasing 
storm magnitude was considered to be consistent from the site (< 10 square kilometers) 
to large basin scale (> 10 square kilometers to < 500 square kilometers).

Grant et al. (2008) also found that watersheds in the transient snow zone were more 
sensitive to the effects of forest harvesting on peak flows compared to watersheds in 
rain-dominated zones of the PNW. However, the transient snow zone was the hydrologic 
zone most studied historically. There was not enough research or data (i.e., a lack of 
modeling or field studies with > 50 % catchment harvested) to make interpretations 
about the effects of forest harvesting on peak flows in the snow zone.

Importantly for the current review, there were only a couple studies in the PNW 
investigating the effects of forest harvesting on peak flows at the larger basin scale 
(Jones and Grant 1996; Thomas and Megahan 1998), which would be most relevant to 
community drinking water supplies. As such, the results from the Grant et al. (2008) 
review may only be directly relevant to about 23 Oregon communities (about 3.7% of 
the state population), which rely on surface water from forested watersheds with an area 
< 10 square kilometers. For comparison, approximately 95 Oregon communities (about 
47.5% of state population) have a surface water supply that originates in a forested 
watershed > 10 square kilometers, with a state average of about 426.4 square kilometers 
and median area of 86.6 square kilometers (Oregon Department of Environmental 
Quality 2018).

The lack of research at the larger basin scale creates uncertainty about how to interpret 
research results from the small catchment scale. Despite this, Grant et al. (2008) 
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suggest that elevated peak flows in headwater catchments due to forest management 
activities are most likely to diminish with increasing basin size. The principal theories 
supporting the idea that peak flows diminish at the downstream basin scale, include: (a) 
floodplain storage, (b) transmission losses into the alluvial material of the streambed, 
(c) channel resistance, (d) low likelihood of sub-catchment peak flow synchrony, and (e) 
the proportion of basin area disturbed generally decreases with increasing basin size 
(Archer 1989; Shaman et al. 2004; Calder and Aylward 2006). However, the role of 
these different factors at attenuating peak flow magnitude at the basin scale is likely to 
differ depending on specific catchment characteristics, including  valley width, channel 
morphology and complexity, stream slope, hydraulic roughness (e.g. large woody debris), 
amount of wetlands, and precipitation event characteristics (Woltemade and Potter 
1994). As such, additional research on the scaling of peak flows from small headwater 
catchments to larger river basins is needed to resolve this issue.

Another consideration is that all 21 of the paired catchment studies reviewed by Grant 
et al. (2008) investigated effects from forest harvesting that occurred from the 1950’s to 
the 1990’s. Forest harvesting and best management practices have continued to evolve 
in the 21st century (Cristan et al. 2016), but there is insufficient research to determine 
if, or the degree to which, current forest practices may have modified the effects of 
harvesting on peak flows, compared to past practices. For this review we have searched 
the literature for research not included in previous reviews and relevant to the PNW. 
Unfortunately, there have been few studies investigating the effects of contemporary 
practices on peak flows, especially at the large basin scale.

Jones and Perkins (2010) analyzed more than 1,000 peak-flow events that occurred in 
the western Cascades of Oregon from 1953 to 2006. Their study sites included data 
from six small catchments (0.09–1 square kilometers) and six large basins (60–600 
square kilometers) covering the transient snow and permanent snow zones. Their 
findings were mostly consistent with previous research, illustrating that forest harvesting 
generally had the greatest effect on the smaller, more frequent (less than one-year return 
interval) peak-flow events. However, they did observe an increase (about 10%–20%) 
in the magnitude of large peak flows (more than one-year return interval) during rain-
on-snow events in the transient and seasonal snow zones. While this is consistent with 
previous research showing that the largest peak-flow events were associated with rain-
on-snow events, their observation of the potential synchronization of peak flows in the 
small catchment scale illustrates the potential for large floods at the large basin scale 
associated with forest harvesting (Jones and Perkins 2010). The Jones and Perkins (2010) 
study represents a new analysis of data not included in a previous review of peak-flow 
effects; however, the study still relies on data from catchments harvested in the 1960’s 
and 1970’s.

Similarly, Du et al. (2016) used 10 years (1998–2007) of data from the upper sub-
catchment (28 square kilometers) of the snow-dominated Mica Creek Experimental 
Watershed in northern Idaho to parameterize the Distributed Hydrology Soil-Vegetation 
Model (DHSVM). They used the model with this data to simulate clear-cut harvesting 
of the entire watershed, which predicted about a 68% increase in peak flows (fifth 
percentile flows). They also ran scenarios with 50% vegetation removal and a gradual 
patch-cut of about 10% of the catchment. These two scenarios also predicted increases 
in peak flows of about 19% and 16%, respectively. Interestingly, the modeling exercise 
by Du et al. (2016) also indicated that forest harvesting away from the outlet or stream 
channel could produce larger peak flows during snowmelt. They attributed this result to 
a synchronicity of melt between the high and low elevations, which is consistent with 
historical research in snow-dominated catchments (Troendle and King 1985). Specifically, 
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the modeling scenarios suggested that harvesting of the upper portion (higher elevation) 
of the catchment would increase peak flows about 9 % more than scenarios where forest 
harvesting occurred on the lower portion (lower elevation) of the catchment (Du et al. 
2016).

Green and Alila (2012) argued forcefully for a “paradigm shift” from generally accepted 
methods of comparing floods by equal meteorology or storm input (chronological 
pairing) to a flood frequency distribution framework (frequency pairing). They 
maintained that chronological pairing approaches in paired watersheds have yielded 
inaccurate results that underestimate forestry effects on large flood frequency. Green 
and Alila (2012) and related work (Kuraś et al. 2012; Schnorbus and Alila 2013) in a low 
elevation, snow-dominated system in British Columbia found that forest harvesting 
may substantially increase the frequency of the largest floods. These studies have been 
contentious within the forest hydrology community, but nonetheless may have relevance 
for understanding the effects of forest harvesting on peaks flows in the seasonal or 
permanent snow zones in the PNW and are discussed in more detail below.

Kuraś et al. (2012) used data from a harvested catchment in Penticton, British Columbia 
to evaluate three modeling scenarios of increasing area harvested (20%, 30%, and 
50% clear-cut). The study catchment (241 Creek) was small (4.74 square kilometers), 
high elevation (1600–2025 meters), and snow-dominated with mature lodgepole pine 
(Pinus contorta Dougl.) and small amounts of Engelmann spruce (Picea engelmannii Parry) 
and subalpine fir (Abies lasiocarpa [Hook.] Nutt). The model results predicted greater 
effects with increasing catchment area harvested, with an increase of about 9–25% 
for peak flows with recurrence intervals of 10–100 years after 50% of the catchment 
was harvested (Kuraś et al. 2012). Key findings from the model simulations by Kuraś 
et al. (2012) were (a) an increase in peak flows of all sizes after forest harvesting; 
and, (b) a greater effect on the larger, less frequent peak flows relative to the smaller, 
more frequent peak flows. These findings are counter to the majority of current forest 
hydrology literature (Beschta et al. 2000; Troendle et al. 2001; Moore and Wondzell 
2005; Birkinshaw et al. 2011).

Similarly, Schnorbus and Alila (2013) used data from the small (4.7 square kilometers), 
reference catchment (240 Creek) from the same study to model the effects of 11 
hypothetical forest harvesting scenarios on peak flows. Again, the model suggested 
that annual peak-flow magnitude would increase with increasing area harvested, with a 
threshold of about 20%–30% of catchment area harvested to produce a demonstrable 
effect on peak flows. Additionally, the model projections from Schnorbus and Alila 
(2013) were also counter to the majority of past paired-catchment research, indicating 
a “relative increase in peak annual discharge occurs consistently across the full range of 
return periods.” Schnorbus and Alila (2013) also showed increases in peak flows if forest 
harvesting occurred in the lower elevation bands of the catchment, which they attributed 
to greater channel drainage density and increased runoff efficiency at the lower 
elevations. This important finding of catchment physiographical control over the peak 
flow response to forest harvesting likely requires additional research in other regions.

More recently, Yu and Alila (2019) adapted the frequency pairing approach to account for 
“nonstationarities” contained in peak flows that are caused by continuous harvesting and 
forest growth. Their nonstationary frequency pairing method for evaluating harvesting 
effects allowed the parameters of peak flow frequency distributions to change in time 
using physically based covariates. The method was demonstrated in the 37 square 
kilometers Camp Creek (harvested) and 41 square kilometers Greata Creek (reference) 
watersheds in the same Okanagan Valley, British Columbia study area utilized by Green 
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and Alila (2012). Yu and Alila (2019) found that both small (return periods less than 10 
years) and large (return periods greater than 10 years) peak flows are highly sensitive to 
harvesting in the midelevation, south-exposed slopes of this snow-zone watershed. They 
contend that their nonstationary frequency pairing method is advantageous because it: 
(a) bypasses the need for the calibration equation traditionally used in paired watershed 
studies, and thus some associated sources of uncertainty; (b) enables use of longer 
peak flow records by explicitly accounting for physical causes of the nonstationarities, 
and thus more explicit inferences about effects of harvesting on the larger peak flows; 
and, (c) allows estimation of harvesting effects on peak flows at different points during 
the disturbance history of a watershed, thus providing a direct evaluation of hydrologic 
recovery.

Alila and his colleagues (Alila et al. 2009; Green and Alila 2012; Kuraś et al. 2012; 
Schnorbus and Alila 2013) acknowledge that their results run counter to prevailing 
wisdom in hydrological science (i.e., that the effect of forest harvesting must always 
decrease with an increase in flood event size). These authors attribute the effects they 
found to increased net radiation associated with conversion from longwave-dominated 
(infrared) snowmelt beneath the canopy to shortwave-dominated (visible and ultraviolet 
light) snowmelt in harvested areas, amplified or mitigated by basin characteristics such 
as aspect distribution, elevation range, 
slope gradient, amount of alpine area, 
canopy closure and drainage density. Their 
work spurred disagreement regarding the 
use of chronological pairing and frequency 
pairing approaches (Alila and Green 2014a; 
Alila and Green 2014b; Bathhurst 2014; 
Birkinshaw 2014) echoing similar debates 
over methods and statistical approaches 
among Jones and Grant (1996), Thomas and 
Megahan (1998) and Beschta et al. (2000).

A persistent challenge that contributes to 
these disagreements is that as peak-flow 
size increases, frequency of occurrence 
decreases, so the number of observations 
and resulting statistical power regarding the 
largest events are usually limited. In these 
situations, trends detected and conclusions 
made can vary substantially depending on 
methodological and statistical approaches 
used, even with the same underlying data. 
While much of the current literature agrees 
with historical studies that forest harvesting 
can increase the magnitude of peak flows 
(Figure 4.1), the majority of research has 
remained focused on small catchments 
(less than 10 square kilometers) (Perry et al. 
2016). Additionally, existing studies across 
the Pacific Northwest do not adequately 
reflect the broad range of climate, geology, 
topography and vegetation, which drive 
highly variable hydrologic processes in the 

Figure 4.1. A summary of literature findings on 
the relationship between percent catchment 
harvested and percent change in peak flows in 
the (a) rain-dominated zone, (b) transient snow 
zone, and (c) snow-dominated zones of the 
Pacific Northwest. Symbol shapes and colors 
indicate the type of harvesting scenario. Figure 
modified from Grant et al. (2008) to include 
additional studies since that publication.
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method for evaluating harvesting effects allowed the parameters of peak flow frequency distributions to 
change in time using physically based covariates. The method was demonstrated in the 37 km2 Camp 
Creek (harvested) and 41 km2 Greata Creek (reference) watersheds in the same Okanagan Valley, BC, 
Canada study area as that utilized by Green and Alila (2012). Yu and Alila (2019) found that both small 
(return periods < 10 years) and large (return periods > 10 years) peak flows are highly sensitive to 
harvesting in the mid-elevation south-exposed slopes of this snow-zone watershed. They purport that 
their nonstationary FP method is advantageous because it: (a) bypasses the need for the calibration 
equation traditionally used in paired watershed studies, and thus some associated sources of 
uncertainty; (b) enables use of longer peak flow records by explicitly accounting for physical causes of 
the nonstationarities, and thus more explicit inferences about effects of harvesting on the larger peak 
flows; and (c) allows estimation of harvesting effects on peak flows at different points during the 
disturbance history of a watershed, thus providing a direct evaluation of hydrologic recovery. 

Alila and his colleagues (Alila et al. 2009; Green and 
Alila 2012; Kuraś et al. 2012; Schnorbus and Alila 
2013) acknowledge that their results run counter to 
prevailing wisdom in hydrological science – i.e., that 
the effect of forest harvesting must always decrease 
with an increase in flood event size. These authors 
attribute the effects they found to increased net 
radiation associated with conversion from longwave-
dominated (infrared) snowmelt beneath the canopy 
to shortwave-dominated (visible and ultraviolet light) 
snowmelt in harvested areas, amplified or mitigated 
by basin characteristics such as aspect distribution, 
elevation range, slope gradient, amount of alpine 
area, canopy closure, and drainage density. Their 
work spurred disagreement regarding the use of CP 
and FP approaches (Alila and Green 2014a; Alila and 
Green 2014b; Bathhurst 2014; Birkinshaw 2014) 
echoing similar debates over methods and statistical 
approaches among Jones and Grant (1996), Thomas 
and Megahan (1998) and Beschta et al. (2000). A 
persistent challenge that contributes to these 
disagreements is that as peak flow size increases, 
frequency of occurrence decreases, so the number of 
observations and resulting statistical power regarding 
the largest events are usually very limited. In these 
situations, trends detected and conclusions made can 
vary substantially depending on methodological and 
statistical approaches used, even with the same 
underlying data. While much of the current literature 
agrees with historical studies that forest harvesting 
can increase the magnitude of peak flows (Figure 
4.1), the majority of research has remained focused 
on small catchments (< 10 km2) (Perry et al. 2016). 

 
Figure 4.1. A summary of literature findings on the 
relationship between percent catchment harvested and 
percent change in peak flows in the (a) rain-dominated 
zone, (b) transient snow zone, and (c) snow-dominated 
zones of the Pacific Northwest. Symbol shapes and colors 
indicate the type of harvesting scenario. Figure modified 
from Grant et al. (2008) to include all additional studies 
since that publication. 
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region. Moreover, assessing the cumulative effects of legacy impacts from historical 
forest management activities along with recent or proposed harvesting activities remains 
a challenge (Perry et al. 2016). Observations have continued to be variable, leading to 
vigorous debate focused on the analytical approach to quantitatively assessing relatively 
rare events with few observations (Alila et al. 2009; Lewis et al. 2010). As such, there 
remain gaps in our understanding of whether forest management activities influence 
peak flows at a scale relevant to larger downstream drinking water utilities.

Theoretical arguments have been made that peak flows in forested headwaters are 
unlikely to appear as integrated effects at larger basin scales (Grant et al. 2008; Perry 
et al. 2016). However, this is not certain as there have been observations in interior 
British Columbia of peak-flow effects from forest harvesting at the large watershed scale 
(Lin and Wei 2008; Zhang and Wei 2014). Uncertainties around predicted peak-flow 
responses to forest harvesting are not likely to be definitively resolved without longer-
term research that captures data on these relatively infrequent events in a broader range 
of managed forests and at larger basin scales.

4.2.3. Forest management and low flows

Low flows, which generally occur in late summer or early autumn, are increasingly of 
interest in the Pacific Northwest due to a greater occurrence of dry years (Mantua et al. 
2010; Arismendi et al. 2013; Luce et al. 2014). Recent evidence suggests declining low 
flows and a lengthening in duration of the annual low-flow period (Luce and Holden 
2009; Leppi et al. 2012). Similar to the preceding subsections, most research on low 
flows has occurred at the small, headwater catchment scale, and primarily focused on 
concerns about summer stream temperature and aquatic habitat (Harr and Krygier 1972; 
Keppeler and Ziemer 1990; Stednick 2008). Research has not yet encompassed a broad 
range of geology, soils, topography, climate or land uses, which all exert controls on low 
flows (Johnson 1998; Tague and Grant 2004). Much of the research comes from studies 
investigating older forest practices, (Rothacher 1970; Harr et al. 1979; Bowling et al. 
2000). There remain knowledge gaps around the effects of forest management activities 
on low flows, especially at large basin scales.

Regardless, there is general agreement in the literature that in small catchments, forest 
harvesting results in increased low flows in the first 5–20 years after harvesting, but can 
shift to low flow deficits in the longer term (Moore and Wondzell 2005; Surfleet and 
Skaugset 2013). This is the case for both rain- and snow-dominated regimes in the Pacific 
Northwest, where low flows have been shown to increase initially after forest harvesting 
as a result of decreased interception and evapotranspiration leading to increased soil 
moisture (Figure 4.2) (Rothacher 1965; Harr et al. 1982; Keppeler and Ziemer 1990; 
Bowling et al. 2000).

In a recent literature review on the potential effects of forest practices on streamflow 
in the Chehalis River Basin (6,993 square kilometers), Perry et al. (2016) concluded that 
low flows in that region may increase for about 5–10 years after harvest. However they 
also found a broad range of low-flow changes, from insignificant to more than 140% 
increase, with evidence of low-flow deficits over time as sites revegetated (Ingwersen 
1985; Fowler et al. 1987; Adams et al. 1991; Pike and Scherer 2003; Salemi et al. 2012). 
This latter finding was related to higher rates of transpiration from young, vigorous 
forests compared to older, mature forests (Moore et al. 2004; Moore et al. 2011). Perry 
et al. (2016) provide insights into the potential range of effects of forest harvesting on 
low flows, while noting that the results from the literature reviewed were basin-specific. 
Additionally, they note the lack of large-scale paired basin studies, principally attributed 
to the difficult challenge of establishing a true reference given that most large basins 
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have experienced or will experience some forest harvesting activity (Perry et al. 2016). 
Some inferences can be made on the basis of smaller-scale studies, but there is a paucity 
of direct evidence regarding the eff ects of forest management activities on low fl ows at 
the large basin scale.

In the western Cascades of southern Oregon, Surfl eet and Skaugset (2013) also observed 
an increase in summer (August) low fl ows of about 45% (1.9 millimeters per year) for 
three years after harvesting of about 13% of a 10.8 square kilometers catchment. More 
specifi cally, summer low fl ows increased by 106% (4.5 millimeters) in the fi rst summer 
and 47% (2.0 millimeters) during the second summer. However, the eff ects of forest 
harvesting on summer low fl ows were not distinguishable fi ve years after harvesting in 
all catchments except for the one with the greatest proportion of area harvested. Given 
the short duration and small spatial scale of the study, it is uncertain whether low-fl ow 
defi cits occurred in these catchments later as the forest revegetated or whether eff ects 
were observable at a larger, basin scale. Regardless, results from this study are consistent 
with historical research in the same region of southwest Oregon, which showed a 44% 
increase in summer low fl ows (Harr et al. 1979). The results are also consistent with 
model simulations using data from Watershed 10 (WS10) of the H.J. Andrews, which 
illustrated that the largest relative increases in streamfl ow after harvesting occurred 
during the summer low fl ow period (Abdelnour et al. 2011).

Over the past 20 years, an increasing amount of research has focused on how 
regenerating forests aff ect summer low fl ows for a longer period after harvest (i.e., 
several decades) when the new stand is fully re-established and growing quickly. Moore 
et al. (2004) showed that younger, vigorous stands use more water than adjacent older 
stands, which they attributed primarily to tree age and, to a lesser degree, diff erences 
in sapwood basal area and fi nally species composition. In three small watersheds in 
southern interior British Columbia, Gronsdahl et al. (2019) found that summer fl ows 
were reduced starting about 20 years after the onset of forest harvesting, which they 
surmised was a result of regenerating forests transpiring more water than the mature 
forests they replaced.

In a rigorous analysis of 60 years of daily streamfl ow data from eight paired watersheds 
in the seasonal snow zone of the Pacifi c Northwest, Perry and Jones (2017) showed that 
summer low fl ows were lower in young, vigorously growing stands compared to older 

Figure 4.2. Hydrologic processes aff ected by forest harvesting relative to forested sites in (a) 
snow-dominated regimes and (b) rain-dominated regimes. Arrow widths denote the relative fl uxes 
of water in each process in harvested compared to unharvested sites. From Perry et al. (2016).

12

Figure 3. Hydrologic processes with snow (A) and without (B), with disparate dynamics between forest 
and open. Larger arrows denote larger fluxes of water.

Snow. Due to their small total area, the hydrologic effects of forestry on the snow-dominated headwaters 
are not likely to have significant impacts downstream; however, they may be important locally, as small 
headwater streams can provide fish habitat, if the reaches are accessible to fish populations.  Processes 
controlling forest hydrology in these areas are shown in Figure 3A.

The dynamics that control snow accumulation and melt in the forest versus open in the maritime climate 
of the Chehalis River Basin are interception, wind, solar radiation, and longwave radiation.  Overall, 
forest canopy interception reduces snow accumulation in forests (Anderson & Gleason 1960; Varhola, 
Coops, Bater, et al. 2010; Varhola, Coops, Weiler, et al. 2010), as intercepted snow is mostly lost to 
meltwater drip (Storck et al. 2002; Storck & Bolton 1999).  Winds can both decrease accumulation
through redistribution (Broxton et al. 2015; Dickerson-Lange et al. n.d.) and increase melt rate by 
increasing sensible and latent heat transfer in the open (Berris & Harr 1987; Lundquist et al. 2013).  Open 
areas receive greater direct solar radiation than forests, leading to generally greater melt rates in the open 
than the forest (Anderson & Gleason 1960; Varhola, Coops, Bater, et al. 2010; Varhola, Coops, Weiler, et 
al. 2010), although increased longwave radiation in the forest can lead to greater mid-winter melt rates 
under the forest canopy (Lundquist et al. 2013). In addition to these dynamics, harvesting leads to 
decreased evapotranspiration, increasing subsurface flow and interception of such by roads, which then 
route flow to streams more quickly (Megahan 1983).  The manner in which these three factors interact 
and control accumulation and melt depends on topography, geology, forest characteristics and climate 
(Varhola, Coops, Weiler, et al. 2010), with climate effects (e.g., average winter temperature and 
precipitation) dominating (Lundquist et al. 2013). 

(a) (b)
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adjacent stands. In particular, they showed that about 15 years after forest harvesting 
and establishment of Douglas-fir plantations, summer streamflows were in a deficit, 
which persisted and intensified for about 50 years (Perry and Jones 2017). The average 
daily streamflow during the summer (July through September) was about 50% lower in 
catchments with 34- to 43-year-old plantations compared to reference catchments with 
150- to 500-year-old forests. This persistent decline in summer low flows was attributed 
to greater sapwood area, sapflow per unit sapwood area, leaf area in the upper canopy, 
and less stomatal control to limit transpiration in the young plantation compared to the 
mature forest (Perry and Jones 2017). While this study provided a much longer time 
series than previous observations, the potential for longer-term reductions in low flows 
due to vigorous regrowth following forest harvesting were noted previously in these 
PNW catchments (Hicks et al. 1991; Jones and Post 2004).

Segura et al. (2020) compared responses of daily streamflow in (a) harvested mature/
old forest in 1966, (b) 43- to 53- and 48- to 58-year-old industrial plantation forests in 
2006–2009, and (c) these same plantation forests in 2010 and 2014, after harvesting using 
contemporary forest practices, including retention of a riparian buffer. The work was part of 
the long-term Alsea Watershed Study in the Oregon Coast Range (Stednick 2008). Segura 
et al. (2020) found that daily streamflow from a 40- to 53-year-old Douglas-fir plantation 
was 25% lower on average, and 50% lower during summer, relative to the mature/old 
forest, and that these deficits lasted at least six months of each year. Contemporary forest 
practices (retaining riparian buffer strips in clear-cuts) had a minimal effect on streamflow 
deficits. Two years after logging in 2014, summer streamflow deficits were similar to those 
prior to harvest (under 40- to 53-year-old plantations). 

Consistent with Perry and Jones (2017) and Gronsdahl et al. (2019), Segura et al. (2020) 
attributed persistent streamflow deficits after logging to high evapotranspiration 
from rapidly regenerating vegetation, including planted commercial timber species. 
The authors note that their findings for summer streamflow deficits in young stands 
in the Oregon Coast Range were similar in magnitude to those detected in Douglas-fir 
plantations in the western Cascades (Perry and Jones 2017; Jones and Post 2004). This 
indicates that plantations of similar age have similar evapotranspiration rates relative to 
mature and old-growth forest reference stands in all of these locations. Overall, Segura 
et al. (2020) found that 40- to 50-year rotations of Douglas-fir plantations can produce 
persistent, large summer low-flow deficits, and that clear-cutting with retention of 
riparian buffers increased daily streamflow slightly but flows did not return to conditions 
when the old/mature forests were intact. The authors suggest that additional work is 
needed to investigate how intensively managed forests and expected warmer, drier 
conditions in the future may influence summer low flows.

Considerable knowledge has accumulated, but understanding of the magnitude, 
duration, physical processes and downstream consequences associated with the short-
term increases in low flows or longer-term decreases in low flows after forest harvesting 
remains incomplete. Additional research is necessary to examine both the upstream 
and downstream effects of forest management activities on low flows in a wider range 
of areas. Similar to the other subsections in this chapter, comparative studies, process 
studies and modeling are all necessary to fully understand the spatial and temporal 
impacts. Given current projections for climate and its potential impacts on low flows 
(Hamlet 2011; Arismendi et al. 2013; Tohver et al. 2014), it is increasingly imperative to 
maintain current longer-term watershed studies and revive historical studies to capture 
data from a range of climates, geologies, soils, topographies, forest types and forest 
ownerships. Doing so will facilitate effective management of the water supply from 
forests during periods of low flow, which generally coincide with the period of greatest 
demand by communities. 
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4.2.4. Timing of water delivery

Much of the Pacific Northwest is reliant on a community water supply originating as 
mountain snow. This includes many community water systems in Oregon, although 
mostly not in the Coast Range. The melting of the seasonal snowpack in snow-dominated 
catchments, combined with the onset of spring and early summer rains, generates 
the rising limb and peak in the annual hydrograph (Kormos et al. 2016). As such, 
observations and projections of a declining annual snowpack — along with a shift toward 
earlier spring snowmelt and provision of downstream water supply — have generated 
considerable concerns (Cayan et al. 2001; Mote 2003; Stewart et al. 2005; Mote et al. 
2008; Abatzoglou et al. 2014). Shifts in snowmelt timing violate the critical stationarity 
assumption for statistical water supply forecast models, producing concomitant 
challenges for downstream water supply managers (Milly et al. 2008; Barnhart et al. 
2016).

Research has clearly shown the important role of forests in the PNW in influencing snow 
accumulation, ablation and the timing of snowmelt (Marks et al. 1998; Storck et al. 2002; 
Molotch et al. 2009; Lawler and Link 2011; Gleason et al. 2013). However, predicting 
the effect of forest cover and the effects of forest harvesting on the timing of snowmelt 
and resulting streamflow remains complex. This is because the influence of the forest on 
snowmelt timing is modified by a broad range of factors, including climate, topography 
and specific forest characteristics (Lundquist et al. 2005; Varhola et al. 2010; Lundquist 
et al. 2013; Martin et al. 2013; Harpold and Molotch 2015). As such, predicting the net 
effect of forest management activities on forest cover and snowmelt timing requires 
integrating multiple forest–snow processes, which all vary in space and time (Dickerson-
Lange et al. 2017). Thus, there is considerable variability and associated uncertainty in 
the literature regarding the effects of forest harvesting on the timing of streamflow, 
especially at a large basin scales.

In a recent study, Dickerson-Lange et al. (2017) used observational data to compare 
snowmelt timing between forested and open areas across 14 sites in the western slopes 
and crest of the Cascade Range in Washington, Oregon and central and northern Idaho. 
Overall, they found that forest modification by forest harvesting was a dominant factor 
influencing the timing of snow disappearance. In particular, at 12 of 14 open, harvested 
sites, melting of the snowpack was either synchronous in timing or persisted for a longer 
period of time (up to 13 weeks longer) relative to forested sites (Dickerson-Lange et al. 
2017). This effect was most noticeable in warmer, maritime climates of the PNW and 
was related to greater canopy interception storage capacity, greater snow interception 
efficiency, and lower wind unloading of snow from the canopy due to greater snow 
cohesion (Kobayashi 1987; Andreadis et al. 2009; Friesen et al. 2015). However, snow 
disappearance occurred about two to five weeks earlier at two open sites compared to 
forested sites, which was attributed to comparatively high wind speeds (hourly average 
wind speeds 8 and 17 meters per second). The wind effects at those sites was believed 
to have produced similar snow deposition in the open and the forest sites, but higher 
ablation rates in the open sites (Dickerson-Lange et al. 2017).

In small, snow-dominated catchments in the Okanagan Plateau of British Columbia, 
Winkler et al. (2017) also noted a shift in timing of snowmelt associated with forest 
harvesting activity. They observed an advancement in the date of peak water yield by up 
to one week in harvested locations with an associated increase in monthly water yields 
on the rising limb of the snowmelt hydrograph (April and May) along with a decrease on 
the falling limb (June and July) (Winkler et al. 2017). In this case, the shift in timing of 
snowmelt and associated streamflow was attributed to synchronization of snowmelt in 
the high elevation clear-cut areas (south-facing) with snowmelt from the lower elevation, 
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Figure 4.3. Post-harvest timing of peak flows following rain and rain-on-snow 
events from paired catchment studies in the (a) transient snow zone, (b) transient 
to seasonal snow zone, and (c) the seasonal snow zone in the H.J. Andrews 
Experimental Forest, OR (Jones and Perkins 2010).

Figure 9. Effect of event size at the large basin, event type (rain versus rain‐on‐snow), and forest har-
vest on timing of peak discharges from three small control basins spanning the transient, transient to sea-
sonal, and seasonal snow zones in the Andrews Forest, Cascade Range, western Oregon (H8). (a) WS 9
and WS 10, 9 and 10 ha basins in the transient snow zone. (b) WS 2 and WS 1, 60 and 101 ha basins in
the transient to seasonal snow zone. (c) WS 8 and WS 6, 21 and 15 ha basins in the seasonal snow zone.
Plots show the time difference of matched peak discharges between the control basins (gray triangles and
squares) and treated basins (solid and open circles) and Lookout Creek. Solid horizontal line (at zero)
represents synchronous timing at small basins and Lookout Creek. Vertical dashed line is the 1 year event
at Lookout Creek.

JONES AND PERKINS: EXTREME FLOOD SENSITIVITY TO SNOW AND FOREST HARVEST W12512W12512
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unharvested forest. Similarly, Zhang et al. (2016) observed an advancement in timing 
of annual peak flows of approximately nine days at the large watershed scale after 
forest harvesting in two snow-dominated watersheds of British Columbia. This study 
was not focused on timing of availability, so results are limited. Additionally, this study 
occurred in the interior of British Columbia, a drier environment than much of western 
Oregon, but provides some indication that effects of forest harvesting on timing may be 
measureable at the large, basin scale.

Alternatively, in their study of the effects of forest harvesting on peak flows in the 
western Cascades of Oregon, Jones and Perkins (2010) found some evidence of shifts in 
the timing of peak flows in small catchments, but the timing of large peak flow events in 
large catchments remained largely unaffected (Figure 4.3). Even at the small catchment 
scale, the effects of forest harvesting on the timing of peak flows weren’t consistent. For 
example, peak flows occurred about 3–10 hours earlier in harvested catchments in the 
transient snow zone, but 6–12 hours later in the harvested catchment in the seasonal 
snow zone (Jones and Perkins 2010).

Shifts in the timing of annual water yields have the potential to produce serious water 
supply management impacts, especially in community watersheds with limited reservoir 
storage capacity (Winkler et al. 2017). In communities without reservoirs, shifts to 
earlier timing of water supply may increasingly disconnect the timing of supply with the 
timing of greatest demand. Comparatively, in communities reliant on reservoirs, shifts 
in the timing of availability of streamflow to earlier periods of the year could potentially 
influence water purveyors to release water in excess of reservoir storage capacity, which 
would increase the risk of water shortages later in the year when demand is greatest 
(Winkler et al. 2017). Given the important linkage between forests and the timing of 
spring and summer streamflow (Whitaker et al. 2002; Lundquist et al. 2005; Lyon et al. 
2008), it is critical to improve understanding and predictions of when and where forests 
will accelerate or delay snowmelt and streamflow timing, especially at the large basin 
scale (Rutter et al. 2009; Lundquist et al. 2013).

4.3. Conclusions
Relationships between forest cover and type, forest management, and the quantity and 
timing of water produced by forested watersheds have been studied for at least 100 
years. Understanding of these relationships has been enhanced by research, especially 
long-term, paired watershed studies. We reviewed evidence regarding changes in (a) 
annual flow, (b) changes in peak flows and flooding, (c) changes in low (base) flows, and 
(d) changes in the timing of water delivery.

Throughout this chapter, we have noted potential sources of uncertainty in trying to 
extrapolate from results in the literature regarding forestry effects on these variables to 
effects on drinking water supplies. Key findings are derived mostly from studies in the 
upper parts of smaller, headwater catchments, and from a relatively limited number of 
geographic locations where long-term, paired watershed studies have been maintained. 
Even where consistent trends are noted across multiple studies, there is often 
considerable variability in results, with some studies finding large effects and others none 
at all. This suggests that effects may often be specific to the combination of conditions 
at a particular location. Studies we found focus on streamflow responses from headwater 
catchments, rather than at downstream drinking water intakes. Rigorous analysis of 
hydrologic responses to forest management is complex, time consuming and expensive, 
especially at larger scales and longer timeframes. Effects that have been quantified at 
smaller scales may potentially “scale up” to larger watershed scales, but these larger 
scale effects are rarely studied and thus remain generally speculative. Lastly, conditions 
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in many watersheds reflect the cumulative effects of actions conducted over the span of 
many decades of evolving forest management practices. In light of this complexity and 
the variability of climatic, physical and ecological factors in play, the uncertainty that 
remains in our understanding of the effects of active management on forest hydrology in 
particular locations should not surprise us.

These caveats noted, a substantial body of evidence has nevertheless accumulated 
from an increasingly diverse array of research perspectives and methodologies. There 
will always be local exceptions and multiple contributing factors to any generalized 
conclusion, but we have some confidence that percent area of the watershed harvested 
is often the predominant factor affecting changes in annual flow volumes. There is 
general agreement that in many cases, timber harvesting temporarily increases annual 
water production, especially in the first few years after harvest, with these increases 
declining in following years, as vegetation, including planted commercial timber species, 
establishes and starts growing vigorously. By volume, these changes often peak in the fall 
and early winter. By percentage, the largest changes often occur in late summer.

Peak flows and floods have implications for community water suppliers in terms of 
increased sediment transport, turbidity and mobilization of pollutants, as well as 
potential damage to water treatment infrastructure. The generally accepted scientific 
understanding regarding increases in peak flows attributable to forest management 
and harvesting has been that these effects are most prominent for smaller, more 
frequent peak-flow events, and tend to decline as peak-flow size and basin size increase. 
However, since the mid-2000s, the study designs and analysis methods used in much 
of the research upon which these conclusions are based have been vigorously debated. 
Several studies using alternative methods in snow-dominated watersheds in British 
Columbia have found the opposite (i.e., that the frequency of peak flows of all sizes 
tend to increase after forest harvest and that these effects are most prominent for 
larger peak flows). Over time, snowpack changes related to climate warming are likely to 
result in large increases in peak-flow magnitudes in areas such as the Cascades and Blue 
Mountains. Predicted drivers for such a shift include greater frequency and magnitude of 
extreme precipitation events, and a growing proportion of winter precipitation falling as 
rain instead of snow. These forecasts suggest that any effects that forestry activities have 
on peak flows may intertwine with climate in increasingly complex ways. If, as expected, 
the frequency and magnitude of floods in Oregon increase under climate change, public 
and agency interest in mitigating anthropogenic factors that contribute to peak flows 
may intensify.

Seasonal low flows are of particular interest to water suppliers, because they generally 
coincide in late summer with the period of greatest demand for drinking and irrigation 
water. For at least two reasons, we may expect that relationships between active 
forest management and summer low flows in Oregon may be increasingly important to 
drinking water providers. First, while there are uncertainties regarding local and regional 
implications of climate change over time, there is also evidence that along with rising 
temperatures, dry years are increasing, low flows are declining and the annual low-flow 
period is lengthening in duration. Secondly, recent research indicates that, in both the 
Oregon Coast Range and Cascades, stands of conifers established after clear-cut harvests 
can, once they are 15–20 years old and growing quickly, significantly and persistently 
reduce summer low flows in comparison to the older stands they replaced. Many 
watersheds in these regions contain substantial amounts of timberland in this young 
plantation forest condition. In watersheds that serve as sources for smaller community 
water suppliers in Oregon and also support significant amounts of industrial forestry, 
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climate trends and forest management may converge to further exacerbate challenges of 
supplying water during the critical late summer low-flow period.

The weight of available evidence indicates that forest management can affect the volume 
and timing of water delivered from managed watersheds and, by extension, community 
water systems that are hydrologically connected downstream. The limitations on existing 
knowledge described above are such that variability in local conditions can make it 
difficult to specify these effects for a particular water system. However, linkages between 
drinking water supplies and forest management (e.g., harvesting a significant percentage 
of the watershed) can be more readily established in smaller systems that are closer to 
the source watershed than in larger systems that are further away, with more intervening 
land uses.

Despite knowledge gaps, we understand enough to foresee that forest management 
activities in source watersheds will continue to be relevant considerations for water 
providers, and that effects may be predicted or specified with some degree of confidence 
in some smaller watersheds. Finally, climate change and associated shifts in snowpack 
levels and timing, and in the frequency and severity of extreme weather events, will 
further complicate an already complex set of factors that influence the amount and 
timing of raw water provided in actively managed drinking water source watersheds.
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