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M. Rain-On-Snow

The Rain-On-Snow guidance memao specifically explains the procedures to be followed
when applying the rain-on-snow rule (WAC 222-22-100(2)) and some of the science
behind peak flows and rain-on-snow events. Both the rain-on-snow rule guidance memo
and rule are incorporated into the Forest Practices Habitat Conservation Plan.
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WASHINGTON STATE DEPARTMENT OF

Natural Resources
kT BRIAN BOYLE

Commissioner of Public Lands

OLYMPIA, WA 98504
September 26, 1991

T0: REGIONAL MANAGERS

Jack Hulsey, Forest Practices Division Manage@o%’

Implementation of Rain-on-snow: WAC 222-16-046 (7)

The department has the responsibility to implement rules adopted by the Forest
Practices Board. The recent rule regarding rain-on-snow and clearcut size
directed the department to implement a new type of rule. This rule required.
the use of a new approach in the regulation of forest resources. The rule
obligates the department to take a broader lock at the landscape_and degavi- .
from the reliance on regulations that only apply to the circumstances of a
single application.

The department is committed to an "adaptive implementation® approach. 1 feel
that our implementation strategy is sound. However, due to the complexities
of the current rules that interact with existing harvest patterns and resource
conditions, there may be unintended consequences.

I firmly believe that we need to give this approach an operational test, learn
more by doing and make adjustments as necessary. With your cooperation,
implementation will be successful and consistent with the overall policy
objectives of RCW 76.09. ’

Beginniqg on October 1, 1991 the department will implement WAC 222-16-046 (7)
as outlined below. i "“JL)CE;)

RAIN ON SNOW: WAC 222-#6—046(H)
OVERVIEW

Using emergency rules, the Forest Practices Board directed the department to
"condition the size of clearcut-harvest applications in the significant rain-
on-snow zones". "Using "local evidence" to verify that peak flows “"have
resulted in material damage to public resources", the department has developed
conditioning strategies based on reducing but not eliminating the potential
for increased risk to public resources. Such an approach is seen as
consistent with the provisions of RCW 76.09.010.

-
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The approach is based on the understanding of how streamflows can be
increased' by timber harvest in the significant rain-on-snow zones. Operating
on the assumption that moving more water more frequently through a stream is
damaging, the size of clearcuts would be conditioned to reduce the risk to
public resources. Alternative harvest practices, such as strip cutting or
partial cutting, are permitted with restrictions. The restrictions are
designed to retain harvest options while moderating hydrologic impacts and
attendant risks to public resources. '

BASIC PRINCIPLES

Snow retention is modified by the nature of the forest canopy. Removal of the
forest’s canopy increases snow accumulation. The canopy also has a major
influence on the rate of snow melt which is strongly controlled by energy
movement into the snowpack. When the forest is immature or recently
harvested, wind and rain can more rapidly move energy into the snowpack,
substantially accelerating the rate of melt.

It is the combination of young forests (i.e. hydrolegically immature),
increased snow accumulation, and potential rapid rates of melt, that can
increase the severity of storm effects. Channels unaccustomed to elevated
storm intensities and frequencies can be degraded, producing material damage

to public resources.

The conditioning strategies are based.on the idea that there is not a
likelihood that damage may be associated with rain-on-snow events uniess
certain conditions exist. There must be a reasonable amount of the basin in
the significant rain-on-snow (ROS) zones and there must be enough of the basin
that is hydrologically immature (HI). Thus, there are relationships between
the proportion HI and proportion in the ROS zones and the potential increase
in water available for runoff. These relationships are used to define Risk
Classes ( A,B or C: see Attachments 1,2, or 3) ‘that set general limits on the
use of conditioning on an individual application.

Due to regional climatic differences within Washington, the department has
divided the state into three response zones. They are west of the Riparian
Management Zone line (“western" Washington), east Cascades and Okanogan
Highlands, and Pend Oreille and Blue Mountains. For each graph, two lines
were developed that define the 1imits of Risk Classes A, B or C. Basins below
the first line are in Risk Class A; basins between the two lines are in Risk
Class B; basins above the second line are in Risk Class C. Risk classes
directly relate to the likelihood of material damage to a public resource
which is associated with peak flows.. As such, the risk classes are used to
set general limits on conditioning clearcut size. Please refer to

CONDITIONING STRATEGIES.

! please see Appendix One, Technical Backaround, for an cxplanation of
the scientific rationale that underpins this regulatory approach.
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Before any conditions are applied to an application, all the following
circumstances must occur:

1.7 The application must be in a significant ROS zone.

2. There are preliminary indications of "local evidence of peak flows
which have resulted in material damage to public resources*.

3. There are significant amounts of hydrologic immaturity in the basin.

4. An Interdisciplinary Team (IDT) has reviewed the previous three
points and has provided recommendations to the department.

5. The department develops conditions that reflect the on-the-ground
facts and recommendations of the IDT.

The lower lines on Attachments One, Two and Three define where, under modeled
storm conditions, there can be an one-inch increase of water available for
runoff. This is in addition to whatever direct precipitation may have
occurred during the 24-hour storm event. (A1l caiculations are based on 24-
hour storm data.) The increment is due to the impact of accelerated melt of
an increased snowpack in hydrologically immature areas. “The net result is
that a 10-year storm now approximates a 50-year storm.

The line in the upper right corner of the graphs corresponds to a two-inch
increase of water available for runoff. This increment of water magnifies 10-
year storm into a 100-year storm. So the stream now "feels" as if there has
been a 100-year storm when precipitation onto hydrologically mature forested
areas approximate a 10-year storm.

The approach is based on Type 3 streams. These are small enough to
geographically focus attention on material damage to public resources ; they
are closest to the possible site(s) that may have influenced storm
intensities. Trying to assess impacis cn larger streams is much mere
difficult, particularly if the objective is to geographically isolate probable
areas of concern. The intent is to determine damage at the lower reaches of
Type 3 streams®. It is in the lower reaches of T-3 streams that the
contribution of ROS impacts can be most reasonably detected.

2 The routine focus will be on the lower reaches of T-3 streams.
However, based on the site-specific facts, upper reaches of T-3 can be
reviewed when appropriate. Likewise, for T-4 or T-5 streams where -
sediment/debris avalanches couid reach type 1,2, or 3 and have pronduced
material damage to public resources, WAC 222-16-046 (7) may be applied.
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Calculations of .HI will be.done on the portions of the T-3 basin that are in
the significant ROS zones (i.e., the peak rain-on-snow and the snow-dominated
precipitation zones). Please see Attachment Four. Unless site-specific
factors dictate otherwise, HI is assumed to end at 25 years<(total) age for
areas west of the RMZ line and 35 years (total) for all other locations. For
purposes of the calculation of HI, a pending or approved application should be
treated as if it was completed. -

CONDITIONING STRATEGIES

The conditioning strategies for ROS employ the concept that any given
applications are controlled by maximum’ permitted clearcut size, dependent on
the particular risk class. Subject to the site-specific conditions, such as
slope, aspect, nature of damage and age-class distribution, an application
could have clearcut harvest size reduced below the maximum.

OPERATIONS WITHIN RISK CLASS A

Routinely,:no-additional clearcut harvest restrictions for ROS would be
applied. Any ROS conditioning within Risk Class A would be on an
exception basis, and done after a review of the site-specific facts after
consultation with the Forest Practices Division. Existing rules and
BMP’s would guide routine conditioning.

OPERATIONS WITHIN RISK CLASS B

JIndividual clearcuts would be limited to 80 acres.#:Alternatives to
sclearcutting would be considered’. Multiple 80 acre operations are being
envisioned as being acceptable, dependent upon the facts within the sub-

basin. :

3 The maximum sizes or alternatives tc clearcuts will generally control
the conditioning actually applied. Exceptions to the conditioning strategies
will be approved on an individual basis after consultation with the Forest

Practices Division.

* Each application would be evaluated in the light of the sub-basin
"facts". Size could be reduced. Eventually, as applications accumulate, the
sub-basin could move into Risk Class C where more stringent conditioning would

be applied.

5 Strip-cutting up to 35% of the remaining acres of mature timber would
be considered as another type of maximum. -Partial-cutting up to 45% of the
remaining velume of the hydrologically mature timber would be considered as
another type of maximum. Clearcut harvest may be reduced velow either of
these maxima dependent upon sub-basin conditions.
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OPERATIONS WITHIN RISK CLASS C

Clearcutting within areas of Risk Class C would be substant1a1]y

“restricted. *Clearcut size is reduced to zero until there is a change in

the state of hydrologic maturity, i.e., the portion of older stands

increases to move the sub-basin into risk Class B or Risk Class A. e o

"‘Alternatives to clearcutting would be considered®. LomETELY Z;

H

INDICATORS OF MATERIAL DAMAGE TO PUBLIC RESOURCES

The method recommended by DNR for evaluating the existence of material damage
to stream channels is the “"Stream Channel Stability Evaluation Form" from USFS
Hydrologist Dale Pfankuck’s work in the 1970’s. The form arrays indicators of
upper bank, lower bank, and channel bottom condition across four condition
levels(Appendix 2). This is an 1nter1m channel evaluation method, and may be
augmented or changed later.

HOW THE RULE WILL BE APPLIED

No cond1t1on1ng under this rule should be applied until several steps have .~
occurred. As in other circumstances, compliance with all rules, part1cu1ar1y ’2 %
road maintenance and abandonment, should be reviewed. Subsequently, there are
five key events.

1. The application must be in a significant ROS zone

The department has mapped the five major precipitation zones
(Attachment Four). For the purposes of this rule, the snow dominated
and the rain on snow precipitation zones are considered significant.
Attachment One explains their derivation. The department’s
Geographical Information System (GIS) has the base data and maps can
be produced on an as needed basis. Additional information on storm
intensities and precipitation are also available on the GIS.

(:ji> Generaily, in western Washington, the significant rain 2 snow zones

starts near®1,600-1,800 feet and extends to approximately*4,000
elevation. These numbers are only for the purposes of illustration.
Please use the actual GIS data/maps are the numbers vary dependent on
regional climatic differences, aspect, and other factors.

Upon receipt of an application, the department will make an initial
determination that the proposed operation is in the significant rain

 Strip-cutting up to 20% of the remaining acres of mature timber would
be considered as another type of maximum. :Partial-cutting up to 30% of the
remaining volume of the mature timber wold be considered as another type of
maximum. Dependent upon the nature and exiznt of material damage to public
resources, these percentages could be reduced.
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on snow zone. This will be noted on the application. The
application is mailed for comment.

2. There are preliminary indications of "local evidence of peak flows
which have resulted in material damage .to public resources”

S EE FPA recipients are asked for a timely review. If there is no timely’
%esponse or the response is that there are no indications of damage,
- = hen the application will be processed as any other application. If
there are responses that there is "damage", the department will move

to step three”.

#3. There are significant amounts of hydrologic immaturity in the basin.

The department will ask the 1andowner to provide information
regarding stand age in a sub-basin’. - Age-class data is needed only
for that portion within the s1gn1f1cant rain on snow zones. Only
very broad stand age data is necessary. For west of the RMZ line,
acres of stands with (total) age 25 years or less is needed. Ffor

other locations, the age is 35 years or less.

@ “If the sub-basin is not totally under the ownership of the applicant,
-then the department will use photos or sources to determine the
extent of hydrological immaturity.

Depending on location, Attachment One, Two or Three is used to assess
Risk Class. Using the percent of the sub-basin that is in the snow
dominated and rain on snow precipitation zones and the percent of HI
within the these two zones, the graph is used to "calculate" Risk
Class. If the application is Risk Class A, the application would not
generally be subject to this rule; other rules, BMP’s or conditioning
for other purposes would still apply.

" FPA recipients will be asked for their responses within ten busiress .
days from the date of transmittal. WAC 222-20-020 imposes time limits that -
require a timely response since the the remaining steps are constrained by
this rule. Consideration of late responses will be on a case-by-case basis

only.

8 Assessment of "local evidence of peak flows which have resulted in
material damage to public resources" is a key step. Initially the department

will use the approach outlined in Appendix 2@s a guideline for DNR decisions.
Responding parties are encouraged to understgﬁd\ang\usg*ﬁfpend1x 2 as a basis
A g

for assertions of material damage. damge

9 Generaliy, the calculations and assessments will be on a Type 3 stream
map; also, see footnote 2. The water type maps will initially be the base
for determining T-3 sub-basins.
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If the proposed application is in Risk Class B or C, continue to step
4.

4. An Interdisciplinary Team (IDT) has reviewed the previous three
points and has provided recommendations to the department.

The department will convene an IDT to site-specifically assess the
facts. If the department agrees will the IDT’s assessment that the

(:j?) first three steps have been correctly taken, then the IDT will be
asked for conditioning recommendations. The following should be
considered during the IDT process:

nature and extent of peak flow damage

age-class patterns within the sub-basin

slope and channel stability factors

resources at risk

size and extent of previous harvests

limitations of alternative silvicultural systems

* % ok % o ¥

The previous considerations are not intended to be an exclusive
list. The department will consider any appropriate factors
during the development of the sub-basin, basin or site-specific
conditions. :

<Zj> 5. The department develops conditions that reflect the on-the-ground
facts and recommendations of the IDT.

The department conditions the application consistent with RCW 76.09.
The content of any conditions is the statutory responsibility of the
department.

attachments
appendices

c: Forest Practices Board
Art Stearns, Supervisor
Laura Eckert, Deputy Supervisor
Ted Price, Deputy Supervisor
Pat McElroy, Deputy Supervisor
Forest Practices Board Liaisons
Bill Jacobs, WFPA
Jim Anderson, NWIFC
David Bricklin, WEC
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Attachment A September 26, 1991

RAIN-ON—-SNOW:
WHAT IT IS, WHERE IT OCCURS, WHY WE ARE CONCERNED ABOUT IT,
AND WHAT IS5 TO BE DONE ABOUT IT

Introduction

Many individuals and organizations involved with forest
practices have become aware of the problem of rain-on-snow (R/S)
storms. Within the framework of Washington forestry regulations,
the issue is currently being addressed through an interim rule,
while the technical arm of the Timber/ Fish/Wildlife cooperators
designs methods of watershed analysis to deal with the long-term
and cumulative effects of forestry on peak flows and flooding
(among other things). Members of the public have also become
interested, because of concern over the use of public forests and
because the off-site effects of forest practices can extend into
populated areas.

Many people are currently trylng to design a technical and
policy structure to address various forest-hydrologic issues, in-
cluding that surrounding rain-on-snow events. The solutions will
involve an amalgamation of applied hydrology, silviculture, re-
mote sensing, computer modeling, geomorphology, etc. into a set
of procedural, technical, regulatory, and ameliorative strategies
that will be adjusted as we learn more (adaptive management) .

In this paper we explain the nature of rain-on-snow events;
examine the reasons that they are the subject of such attention
with respect to forest-practices planning and regulation; and de-
scribe the technical basis of the procedures designed to imple-
ment the interim rule.

R/S: Processes, Occurrence, and Geography

The term rain-on-snow is commonly applied to snowmelt that
occurs during cloudy weather, typically associated with winter
storms bringing warm winds and heavy rains. Such conditions also
affect the snowpack in between the storms, so in common usage R/S
involves both the snowmelt during an event and to the accumula-
tion that preceded it. Because the input to soils and streams
during R/S events consists of the storm precipitation plus the
release of water stored as snow, the intensity of water inputs
can exceed those expected on the basis of the storm’s recurrence
interval (if the water has time to pass through the snowpack).




In the Pacific Northwest, this phenomenon is responsible for many
(east side) to most (west side) of the greatest episodes of
flooding and landsliding. Thus, anxiety over R/S focuses on the
possibility of receiving more water than has been expected,
predicted, or designed for; the effects on rapid runoff and Slope
stability; and consequent injury and damage to resources and
property.

During rain-on-snow conditions, the major source of energy
for snowmelt is the wind-aided transfer of sensible and latent
heat to the snow surface.! Long-wave.radiation emitted by
trees, clouds, and other parts of the forest environment also
contributes to snowmelt during R/S conditions. Heat added to the
snowpack by the rain itself can be a major energy source, partic-
ularly when rainfall is heavy and air (thus rain) temperatures
are high. Short-wave radiation (sunlight) is a minor contributor
under R/S conditions, in which short winter daylight periods, low
sun angles, and cloudy weather restrict insolation; this is in
contrast to clear-weather snowmelt, in which sunlight is the
chief source of energy for melting. ’

In Washington, rain—-on-snow can cccur anywhere, from sea
level to the alpine zone. The location, timing, and frequency of
R/S events are ultimately controlled by the large-scale weather
patterns affecting the Pacific Ocean and western North America,
as modified by the terrain of the Pacific Northwest. Therefore,
the specific conditions causing such events, and hydrometeoro-—
logic behavior during them, vary somewhat in different kinds of
storms, in western versus eastern Washington, and with elevation.

Winter storms can hit Washington from September to June, but
are most frequent and intense from late November to early Febru-
ary. Many North Pacific cyclonic storms are associated with air
flow from the southwest; in some cases, strong flow from the
vicinity of Hawaii (the "pineapple express") causes warm, moist
air to approach the coastal and Cascade ranges almost péerpendicu-
larly, causing rapid air rise, cooling, and condensation. The
result is warm temperatures, strong winds, and heavy rains (oro-
graphically enhanced precipitation). If there is snow on the
ground (as is likely, at least in the mountains), these situa-
tions are ideal for melt, and produce the most significant R/S

events. But since most winter storms are accompanied by tempera-

! Sensible heat is the warmth that can be felt, as in a home’s forced-air
heating system; the latent heat of vaporization is relezsed when water vapor

condenses on the snow surface.
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tures above seasonal normals, lesser amounts of snowmelt can
occur even under moderate storm conditions.

The degree to which a particular storm causes rain-on-snow
at a particular place depends on:

1) the amount of rain delivered by the storm at the site;
2) the presence and state (depth, water content, permeabi-
lity, etc.) of snow on the ground; and
3) whether the freezing level rises above the site eleva-
tion for enough time that a significant amount of snow can
be melted.
Thus, R/S-event input is greatest when and where the combination
of rainfall, melt-inducing heat sources, and meltable snow is
most favorable. The effect is maximal under the storm track, on
the windward sides of mountains, where/when temperatures are
highest, and where the snowpack contains exactly as much water as
can be released during the event. It is reduced where rainfall
is less (i.e. away from the area of peak magnitude and intensity,
and on leeward slopes), temperatures are cooler (at higher eleva-
tions), and the snowpack is either too thin to yield much water
(lower elevations), or so thick that it inhibits the liquid water
(R+SM) from reaching the soil quickly (higher elevations).

Therefore, the occurrence of rain-on—snow is a probabilistic
phenomenon: it is the result of the interaction of many factors,
each of which varies geographically and in time.  However, be-
cause each of these factors has an average or most-probable con-
dition, we can make some general statements about the likelihood
and magnitude of R/S events.

Broadly speaking, the highest probability of rain-on-snow
occurrence is associated with winter storms, peaking in November
to February (thinner snowpacks are most vulnerable to melting
earlier in this period). Because there tends to be more rain and
more snow accumulation on the windward sides of mountains, the
west— to southwest-facing slopes of the Cascades and Olympics
generally experience the greatest R/S events. They are most
likely in a range of middle elevations, where rain and snow are
both common, and the freezing level fluctuates 1,000 ft or more
over a series of storms. Termed the transient snow zone, this
range of middle elevations is located at approximately 1,000-
4,000 ft in the central-western Cascades; it is higher to the
south and west, lower to the north and east. R/S events are
both more frequent and (apparently) more hydrologically signifi-
cant in this zone. Below it (rain-dominated zone), storms are
more likely to strike bare ground, so there is little or no snow-
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melt eontribution; higher (snow zone), storm precipitation typi-
cally falls as snow, and any liquid water is likely to be refroz-
en in a deep snowpack.

A somewhat different kind of rain-on-snow event occurs in
the spring, when late-winter cyclonic storms or summer-season
convective storms, combined with warmer temperatures and more
sunlight, can rapidly melt any surviving snowpack. This can be
an important process when snow persists at lower-than-normal
elevations, due to heavy winter snow and/or cool wet weather in
the spring; higher elevations (in the snow zone and the upper
transient snow zone) are typically affected by this type of R/S.
However it can be 51gn1f1cant, especially in certain regions:
although the Columbia Basin, Blue Mountains, and Okanogan High-
‘lands are less susceptible to winter storms, they are vulnerable
to springtime R/S events (as in the floods of May 1948).

Given this variability in the factors controlling R/S pro-
cesses, it should be clear that delineating a rain-on-snow zone
is not a trivial exercise. Since R/S can occur anywhere, the
problem becomes one of identifying the places where it is most
significant, in hydrologic or some other (damage ?; terms. This
begs the question of deqree of significance, in terms of the mag-
nitude (simple amounts), intensity (amount per unit time), or
proportional increases (relative to storm precipitation) of water
input due to snowmelt: how much is important ? and how do these

numbers vary regionally ?

Forest Practices and R/S
Despite the uncertainties, it can be understood that rain-

on-snow events are most consequential in and around mountainous
areas. This is where it rains the hardest, where there is likely
to be snow available for melting, and where the gravitational
gradient exists to allow the resultant runoff to cause mischief,
in the form of flooding and erosion. -

The mount.ains are also the home of most of Washlngton s
forest land, so R/S and forestry are linked if only because they
both take place in the same areas. Furthermore, forest practices
can influence elements of the environment that control hydrologic
processes related to snowmelt. To the extent that logging and
forest roads affect snow hydrology, they could also exacerbate
the rates and effects of rain-on-snow events. If so, the conse-
quences could be transmitted out to the mountain fringe, where
forests merge with agricultural, recreational, and (increasingly)
residential land uses, and where most water-related resources and
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facilities are located. The existence and magnitude of these
potential effects, and their control, form the crux of the forest
practices-R/S issue.

Concern about the effects of forest clearing on the rate of
water outflow from snowpacks (and thus water input to soil and
streams) during rain-on-snow conditions focus on:

1) the magnitude of change in outflow that can be caused
by clearcut logging;

2) the proportion of a basin that must be disturbed in
order to produce a significant effect on runoff;

3) the persistence of increased outflow from a clearcut
area, and the vegetation characteristics that control hydro-
logic recovery;

4) the possibility that changes in outflow can increase
the magnitude and/or frequency of peak flows downstream;

5) the ability of any such increases to produce signifi-
cant downstream flooding, channel changes, and damage to
stream habitat;

6) the possibility that increased water input to soils can
cause elevated rates of landsliding in clearcuts, or in-
creased chances of debris torrents in channels;

7) the potential for forest roads to significantly amplify
the damage due to R/S events, through more rapid flow rout-
ing, failure of drainage structures, or movement of fills.

Removal of forest vegetation, by harvesting (especially clear-
cutting) and road construction, can modify the rates of snow
accumulation and melt, and consequently the rate of water outflow
from snowpacks during R/S conditions. In any given event, a dif-
ference in outflow between forest and clearing may be due to
differences in either or both.

Imagine a series of snowfalls, each roughly equal to the
forest canopy’s capacity to intercept snow, occurring at near-
freezing temperatures. Most of the snow is caught by the canopy
and melts there; the meltwater falls to the ground, enters the
soil, and leaves the site. Under these conditions, a snowpack
accumulating under forest is very wet, but shallow and discontin-
uous. In contrast, snow falling in a clearing is not intercept-
ed, and so is less exposed to the heat sources so effective in
melting snow in the canopy. Thus, snowpacks in clearcut areas
(in middle elevations) are typically deeper and contain more
water than those in adjacent forest stands. The amount of water




in the snowpack? in clearcuts is commonly 2-3 times greater than
that in adjacent forest stands.

Thus, the -#mount of snowfall, weather conditions (over per-
iods of hours to weeks), and characteristics of the forest canopy
are all 1mpoztant in determining differences in snow accumulation
between forest and clearcut. Contrasts in accumulation are
greatest after a series of light snowfalls at or near freezing,
followed by temperatures slightly above freezing. There is
little difference following prolonged snowfall at temperatures

well below freezing. '
The seccnd basis for concern about effects of timber harvest

involves snowmelt. Because the major source of heat for melting
snow during R/S conditions is usually the wind-dependent transfer
of sensible and latent heat, any activity or situation that caus-
es increased near-surface wind speed and turbulence will likely
increase the rate of heat transfer to the snow, and consequently
the rate of snowmelt. Thus, the removal of trees allows more
rapid melting of snow in clearings.

In the Northwest there are a vast number of possmble scenar-
ios of snow accumulation and subsequent melt, determined by the
weather in the time preceding and during a storm, and by the
characteristics of a particular site. Thus, differences in re-
sponse between adjacent cleared and forested lands will also de-
pend on probabilistic elements. The extreme case entails large
differences between forests and clear-cuts in snow accumulation,
followed by a pineapple-express storm with heavy rainfall accom-
panied by strong winds and high air temperatures (50-60°F): snow-
packs in clear-cuts, deeper and extending to lower elevations,
melt to yield much extra water, while forests at equivalent elev-
ations receive little more than the storm precipitation. How-
ever, even the more frequent R/S scenario, with moderate amounts
of rain, lesser wind speeds, and temperatures up to about 45°,
can also melt snowpacks rapidly and produce differences in water
outfliow between forests and clearings.

If there is a difference, during a certain event or over a
period of years, between the amounts of water available for run-
off during R/$ from adjacent forested and clear-~cut areas, then
the issues enumerated above become pertinent. If the amount of
runoff expected from harvested areas (particular large units)
will be greater than it was before cutting, we need to be able to

? The snow-water equivalent (SWE), the depth of water that would result

if the snow melted completely.
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predict whether the increase will be large enough to cause signi-
ficant modifications of soil hydrology (increased pore-water
pressures leading to mass movement) or channel behavior (higher
or more frequent peak flows, acceleration of sediment transport,
habitat degradation). If any of these apply, we want to know how
much cutting will initiate significant effects, how great they
might be, what damage they might cause to resources and property
in and. around the forest, and how long such changes might last.
It should be clear from the preceding discussion that the

-answers to these questions are delicately contingent upon region-

al and local terrain, vegetation, and basin hydrology, and to the
sequence of weather conditions up to a particular time. We would
like to be able to identify the areas where hydrologic processes
during R/S events will be significantly altered by timber harvest
and roads, evaluate the nature and magnitude of effects, and de-
termine how the negative effects can be prevented or mitigated
(by planning, regulation, or engineering). At this point we are
just beginning to be able to generalize about these subjects.

Addressing Rain-on-Snow Issues

We are addressing the what, where, and how questions of
rain-on-snow through the T/F/W-CMER research program; some an-
swers will not be available for a couple of years yet. But the
existing body of research indicates that R/S is an important
hydrologic process in the forested lands of Washington; and we
surmise that some forest practices can cause significant changes
in these processes, leading to damage in some cases. Also, be-
cause most of the effects of forest operations on rain—-on-snow
processes take place downstream of and later in time than the
operations themselves, the interaction seems to be an example of
a cumulative effect of forest practices on the environment. As
such, the issue has become wrapped up in discussions of cumula-
tive effects, with all the scientific and political -uncertainties
incumbent thereon.

Nevertheless, based on the hydrologic information that now
exists and the environmental and property damage that seems to
have been caused by apparent increases in peak flows, the Forest
Practices Board, the Department of Natural Resources, and the
Timber/Fish/Wildlife cooperators have begun to manage and regu-
late forest harvest so as to reduce the potential deleterious
effects of large clearcuts on R/S processes.

Two interconnected approaches to the R/S issue are currently
being pursued. As a result of the Sustainable Forestry Round-
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tablerand subsequent discussions, a CMER task force and the DNR
were commissioned to develop methods for watershed screening and
analysis, which would include analysis of the potential for envi-
ronmental damage due to forestry-related increases in R/S fre-
quency or magnitude. These methods are being developed; on Aug-
ust 14, the Forest Practices Board passed an emergency rule (WAC
222-16-046) setting deadlines for development and implementation.

Interim R/S Rules

It is expected that the results of R/S research and water-
shed analysis (to be done on forested basins of the state, over a
period of several years) will be incorporated into the regulatory
framework as the results become available. In the meantime, the
Board passed a rule’® authorizing the DNR to begin regulating
clearcut size in places where R/S-related "material damage" seems
to have occurred. The technical tools for identifying "signifi-
‘cant R/S zones" are in place, and procedures for implementing the
rule have been developed over the past few weeks. Creating a map
delineating R/S zones has been problematic and time-consuming;
and writing rules and procedures required political and admini-
strative decisions to accept some scientific uncertainty in their
formulation, and a commitment of substantial staff time in their
execution. (Part of the problem was that drawing a map of signi-
ficant rain-on-snow zones presupposed an agreement on a defini-
tion of "significance", which doesn’t yet exist.) .

However, it is possible to create a map of precipitation
zones relevant to rain-on-snow processes, given a structure built
around model events. We have done so, based on a variety of
physical and biologic factors, encompassing available snow data,
elevation, aspect, vegetation, remote imagery, and predictive
models, to create proxies and indices of R/S probability. This
map, and the GIS-based modeling that it will be used for, consti-
tute the first steps in screening and analysis for R/S effects.

1. Precipitation Zones Map
Since there is no map that shows the magnitude and frequency

3 WAC 222-1€-046 WATERSHED ANALYSIS IMPLEMENTATION
(7) Effective September 3, 1991 the department shall condition the size of
clearcut harvest applications in the significant rain-on-snow zones
where the department determines local evidence of peak flows which have
resulted in material damage to public resources. Such conditioning
authority. shall expire upon completion of watershed analysis in a water-

resource inventory area or sub-basin.



of water inputs to be expected from rain-on-snow events, we have
attempted to create an index map based on what we know about the
process controls and effects in the various climatic zones. If
we assume that, averaged over many years, the seasonal storm
tracks that bring warm, wet cyclonic storms to the Northwest have
equal access to all parts of Washington*, then the main factors
controlling the occurrence and magnitude of a rain-on-snow event
in any particular place are:

a. climatic region: especially the differences between
windward and leeward sides of major mountain ranges, which
control seasonal climatic patterns;

b. elevation: controls temperature, thus the likelihood
and amount of snow on the ground, and affects Orographic en-
hancement of storm precipitation;

c. latitude: affects temperature, thus snow;

d. aspect: affects insolation and temperature (especially
in winter), thus melting of snow;

e. vegetation: the component species of forest communities
can reflect the climate of an area (tolerance or intolerance
to warmth/cold, wet/dry conditions, deep and/or long-lived
snowpack) ; the density of vegetation also partly controls
the amount of snow on the ground.

Since natural vegetation integrates the effects of all of these
controls, we tried to find or adapt floral indicators of the var-
ious zones of storm-water input; unfortunately, the information
is not complete or consistent for all of Washington. Thus the
designation of climatic zones was based on a combination of geo-
graphic (elevation, latitude, etc.), terrain, and vegetal indi-
cators, and our knowledge of the effects of storms in particular
areas. We have extrapolated from known to lesser-known regions.
Consistent with the modeling approach, we created the pre-
cipitation zones to represent the amount of snow likely to be on
the ground at the beginning of a storm. We assumed that a mid-
elevation zone would experience the greatest water input due to
R/S, because the amount of snow would be likely to be approx-
imately the amount that could be melted. Higher and lower eleva-
tion zones would bear diminished effects, but for opposite
reasons (no snow to melt, vs too cold to melt much). These con-
siderations suggested a three-~ or five-zone system. We chose to

‘ A reasonable assumption for western Washington; on the east side, and
particularly in northeast Washington, R/S events are less common. Model
values will be adjusted, where possible, to account for these differences.
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designate five zones, because it allows a finer calibration of
effects in the model; also, having a larger number of classes re-—
duces the importance of the dividing lines, and thus of the in-
herent uncertainties of those lines.

Thus, zones were defined based on the amount of snow that is
likely to be on the ground, relative to the amount that could
reasonably be melted during a model storm. We had to choose a
particular time of year for the model event: because major winter
storms are most common in November-February, and R/S seems to be
more likely earlier in this period, a model date in early Decem-
ber might have been best. However, snow-survey records were an
important source of snow-accumulation data, and very few surveys
are carried out in December; therefore, snow amounts for early
January were used.® The average® snow-water equivalents (SWE)
for the early January measurements at about 100 snow courses and
snow pillows were compiled; snow depths for the first week in
January at about 85 weather stations’ were converted into SWE by
multiplying by 0.15 (the ratio of snow-water to depth is general-
ly about 5-30%, depending on snow density, wetness, etc.). For
each region (western North Cascades, Blue Mountains, etc.), the
snow amounts were sorted by station elevation to derive a rough
indicator of the relationship between snow accumulation and
elevation. (Subregional differences in snow accumulation pat-
terns were also recognized.)

The amount of snow that can be melted in a day under a par-
ticular set of R/S conditions can be estimated from a simple
equation (developed by Corps of Engineers hydrologists):

SMyupe = T, [0.133 + 0.086 v, + 0.0126 P, ] + 0.23

for SM,,,, = 24-h snowmelt (cm)
T, = average air temperature (°C
v, = average wind speed (m/sec)
P, = 24-h precipitation (cm)

* We are assuming, at this stage, that most R/S storms occur in winter;
we have not attempted to model spring R/S events at this time.

¢ Based on measurements in 1961-1985, recorded in Washington Cooperative

Snow Survey summaries.

" Also for 1961-85, or whatever part of that period was available; from
National Weather Service reports on climatic data for Washington.
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Assuming that temperature and wind speed are uniform, snowmelt
becomes a function of precipitation. Using the 10-yr 24-hr pre-
cipitation isohyets, it was possible to estimate the regional
variation in snowmelt expected from an event of that frequency.
Because snowmelt is not very sensitive to precipitation amount,
the differences are not great; they vary from about 2.5 in. in
the Columbia Basin to about 3.5 in. in the Olympics.

The middle (or peak rain-on-snow) elevation bands were de-—
lineated as the areas where the average amount of snow (SWE) on
the ground approximated these ‘ideal’ snow amounts; the upper and
lower zones were defined by greater and lesser proportions, re-
spectively, of these amounts. After trying various combinations
of ratios for areas where the snow hydrology is relatively well
known, we decided on the following designations:

S. Highlands: >4-5 times ideal snow amount; high eleva-
tion, with little likelihood of significant water input to
the ground during storms (most precipitation as snow, and
liquid water probably refreezes in a deep snowpack); effects
of harvest on snow accumulation are minor;

4. Snow-dominated zone: from about 1.25-1.5x ideal snow
amount, up to 4x; melt occurs during R/S (esp. during early-
season storms), but effects can be moderated by the lag of
percolation through the snowpack;

3. Peak rain-on-snow zone: about 0.5-0.75x up to 1.25x
ideal SWE; middle elevations: shallow snowpacks are common
in winter, and big storms bring much rain, so likelihood and
effects of R/S are greatest; generally more snow accumula-
tion in clearings than in forest;

2. Rain-dominated zone: about 0.1-0.5x ideal SWE; areas at
lower elevations, where rain occasionally falls on small
amounts of snow;

1. Lowlands: <0.l1x ideal SWE; coastal, low-elevation, and
rain-shadow areas; rainfall intensities are lower, and
significant snow depths are rare.

‘Mapping of the precipitation zones was done by hand on mylar
overlays on 1:250,000-scale topographic maps. Because snow depth
is affected by many factors, the correlation between snow and
elevation is rough, and it was not possible to simply pick out
contour markers for the boundaries. Ranges of elevations were
chosen for each region, but allowance was made for the effects of
subregional climates, aspect, vegetational indicators of snow
depth, etc. Thus, a particular boundary would have been mapped
somewhat lower on the north side of a ridge or in a cooler valley
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(e.g. below a glacier), reflecting greater snow accumulations in
such places; the same boundary would be mapped higher on the
south side of the ridge, where interstorm sunshine could reduce
snow accumulation. Conditions at the weather stations and snow
courses were used as checks on the mapping, but in areas where
measurements are scarce, some interpolation had to be performed.
Attempts were made to make the mapping consistent within each
region, and among adjacent regions. '

The boundaries of the precipitation zones have been entered
in the DNR GIS, and are available from the PRIME computer (as
FRA>GENERAL>ROS).. Because of the small scale of the original
mapping and the imprecision of the digitizing process, some
errors have probably been introduced. It should not be expected
that GIS images can be projected to large scales to find knife-
edge zone boundaries, but they should be good enough to locate
harvest units tens of acres or greater in size.

Some apparent anomalies in the map should be explained.

1. Much of western Washington is mapped in the lowlands or
highlands zones. This does not mean that rain-on-snow does
not occur in those areas; it does, but on average with less
frequency and hydrologic significance than in the middle
three zones.

2. Much of central and eastern Washington is mapped in the
rain-dominated zone, despite the meager precipitation there;
this means only that the amounts of snow likely to be on the
ground are small, and storm-water inputs are composed domi-
nantly of the rain itself, without much contribution from
snowmelt. '

3. Much of northeastern Washington is mapped in the peak
R/S zone, despite the fact that such events are less common
in the NE than in western Washington. This is due to the
fact that much of that region is at elevations where the
' ijdeal’ amounts of snow are liable to be on the ground when
a model R/S event occurs; it does not reflect the lower
frequency of such R/S storms in that area, which must be
accounted for in other parts of the modeling and regulatory

procedures.

2. zones of Interest and Threshold Graphs

For the purposes of implementing the interim rule, it was
decided that the ’significant rain-on-snow zones’ would comprise
the peak rain-on-snow and the snow-dominated zones (hereafter
just ‘R/S zones’). Although snowmelt also occurs with some fre-
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quency in the rain-dominated zone (on the west side, at least),
the contribution to storm runoff from the lower zone is typically
less than that from the higher two zones. lowever, applications
for harvest on lands crossing the lower boundary of the R/S zones
should be considered as falling under the rule., (Due to the im-
precision of the mapping, areas at lower elevations might also be
considered, on an exception basis.)

once it has bheen established that a proposed clearcut is
within the R/S zones, it must be ascertained whether there has
been rclevant material damage to Lype 3 or betier waters down-
st.ream (see Attachment B). It so, it is necessary to determine
whether the cutting pattern in the basin is probably causing the
damage, by contributing increcased runoff due to augmented snow
accumulation and melt rates. In other words, it must be decided
whether a sufficient proportion of the basin is covered by vege-
tation that is likely to be acting hydrologically immature (HI).

The degree to which a basin is experiencing enhanced R/S-—
related water input is controlled by both the proportion of the
basin in the R/S zones, and the proportion of those zones covered
by HI vegetation. Ior example, a large basin having only a few
tens of acres in the significant zones is probably not going to
be feeling severe R/S effects due Lo forest practices, even if
they arc completely clearcut. Likewise, even if the basin is
completely in the zones of interest, there will be little effect
if little of it has becen cut. It is the basins where a major
proportion is in thce R/S zones, and a major portion of the zones
arec HI, that forestry-related R/S effects are most lJikely. Thus,
it is necessary to dcfine the basin of interest with respect to a
proposed harvest, dctermine how much of the basin is in signifi-
cant R/S zones, and cstimate the portion of those zones in HI
veget.ation,

We are intercsted in basins large enough that R/S-influenced
runoff effects arc likely to be notable, and to affect streams
having public-resource value. For these reasons it was decided
that the area calculations would be made for basins of type 3
streams. In practice, areas should be defined and measured® up-
stream of the point at which a type 3 stream flows into a type 1
or 2 stream. This means that harvest applications that are com-
pletely outside such basins (in basins of type 4 or 5 streams

* Basin boundaries should be delincated on a topographic map, and digi-
Ltized into a GIS coverage. The basin area can then be obtained f£rom the GIS
Altcrnately, area can be mcasured with a planimeter on the topographic map.
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that drain directly into type 1 or 2) are not automatically regu-
lated (they may be included by exception, though, where appropri-
ate); however, most of the landscape is covered. The proportion
of the basin within the R/S zones must also be measured.’®

Then, for all of the land in _the R/S zones in the defined
basin, it must be determined how much of the vegetation is hydro-

logically immature, i.e. that has low canopy closure (density)

and small tree heights. For implementation of the rule, age
classes are to be used as proxies!® for maturity: stand data,
air-photos, local knowledge, etc. should be used to estimate the
area in <25-yr (west) or <35-yr (east) ages.

Thus, three values will be measured: total basin area (a,),
area in the basin within the R/S zones (A,), and area in the R/S
zones that is in HI vegetation (A,,). Two ratios are calculated:

% basin in S and R/S precip zones = 100 * A_ /A,
% basin hydrologically immature = 100 * A, /A,,.

The degree to which the combination of HI vegetation in R/S-
susceptible areas can cause problems is estimated using the three
graphs showing conditioning scenarios. These graphs are based on
a simple model. For a basin, assume that when a storm starts the
R/S zones have an ideal amount of snow on the ground (i.e. about
the maximum amount meltable by a 10-yr 24-~hr storm) in areas with
HI vegetation, and little or no snow in adjacent forests.!' The
amount of extra snowmelt on hydrologically immature lands in R/S
zones is assumed to be about 3 in. in western Washington and the
upper eastern Cascades (west of the RMZ line), 2.75 in. in the
Blue Mountains and in the wettcr parts of northeast Washington
{roughly, east of the lower Kettle-Colville-upper Little Spokane
valleys), and 2.5 in. elsewhere.

The threshold lines on the graphs are based on the basin-
averaged effects of snowmelt-enhanced storm-water inputs. For
example, if half of a basin is in R/S zones, and half of that is

' In the GIS, the precipitation zones map can be combined with the basin
area to calculate this proportion.

¥ In watershed sc¢reening and analysis, Landsat images will be interpret-
ed to evaluate actual vegetation properties relevant to hydrologic maturity.

" This is almost a worst-case scenario, but it is rot uncommon; further-

more, it seems justified since we are considering areas where material damage
has already been established.
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HI, then 25% of the basin area is receiving 3 in. (west side) of
vegetation-influcnced $M in addition to rainfall, and the basin
as a whole seems to be receiving 0.75 in. of additional storm
water'?, Alternately, if the basin has 80% in R/S zones and 65%
of that in HI vegctation, the average input cnhancement is 1.56
in., Points represcnting thesc cases can be located on the
graphs. Note that a particular basin’s position along the x-axis
is set by the its area in the precipitation zones, and is un-
changecable; while its position along the y-axis can change in
time, depending on thce rate of harvest (moves up) or the regrowth
of HI vegetation (down). .

The threshold lines that divide the graphs into bands repre-
sent 1 in. and 2 in. of basin-avcraged, vegetation—influenced ‘
snowmelt enhancement.. In very general terms, an addition of 1-2
in, of water onto a 10~-yr 24-hr storm is enough to make it seem
to the basin like a 50- to 100-yr storm!’. We do not assume
that every such situation results in parallel flood peaks (i.e.,
not every 50-yr storm causcs a 50-yr flood). But we believe that
dumping more water into streams, more often, as a result of
large-scale changes in the forest can cause a general increase in
peak-flow magnitudes and frequencies; and we believe that this is
probably not a good outcome,

Thus, the basin in the first hypothetical case (described
above) plots in the A band, in which the R/S effects are consid-
ercd minor. The basin in the second case plots in the B band, in

which harvest-related R/S effects are probably becoming signifi-

cant, and further examination and conditioning are required.

3. Conditioning Strategies

Information on conditioning is contained in Hulsey’s meno
(Sept 26, 1991). 1In general, conditioning of harvest applica-
tions for reduction of R/S effeccls should attempt to:

1. reduce snow accumulation: arrange cutting units to
maximize canopy interception and melt of snow; orient strip
cuts to maximize interstorm solar melt; '

2. reduce wind-affected melt rates: arrange units to re-
duce wind speed at the ground during R/S storms.

12 Phis amount is calculated from
SM, ., = (% R/S 20nes/100] * [% HT/100) * 3 in
=~ 50/100 * 50/100 * 3 = 0.75

' The diffaercnces betwoen precipitation magnitudes of various frequen-
cies vary from onc place to another; thase numbers are gencralized,
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Unfortundtely, these two strategies could be in conflict on a
particular site. The tactics to be used in any particular case
will probably have to be based on site-specific conditions.

For strip cutting, some considerations of wind and the maxi-
mum unit proportions defined in the memo (footnotes 5 and 6) sug-
gest limits on the strip sizes. Evidence from a few field
studies indicates that strips any wider than one tree height (1H)
experience wind speeds similar to those in large clearings.

Thus, strips should be no greater than 1H in average width, and
oriented across the dominant direction of storm winds a2t that
site. For strips 1H wide, sceparation between strips should be at
least 2H wide in risk class B (so that acreage cut is <35%):; and
at least 4H wide in risk class C (so acreage cut is <20%) .

Watershed Screening for Hvydrologic Changes
Within a few months, we will be conducting screening of de-

signated basins (sub-WRIA scale) for slope instability, wildlife,
fisheries, and hydrologic changes. The precipitation zone maps
described above, along with other data layers and attributes,
will be used to model the changes in basin storm-water input
apparently due to past harvest.

Conclusions

We believe that rain-on-snow is an important process in the
forested lands of Washington; that runoff from snowpacks during
R/S events, particularly in (broadly defined) middle elevations,
can be increased by certain forest practices, notably clearcut
harvest; and that such changes can contribute to damage of re-
sources and property within and outside the forest. The interest
in and concern about the interaction of forest practices and R/S,
by state agencies, forest land-owners and operators, other T/F/W
cooperators, and the citizenry at large, are not misplaced.

- However, because R/S is a natural process, the incidence and
magnitude of which are controlled by many environmental factors
that vary in time and space, it is difficult to define precisely
when and how forest practices will cause or contribute to such
damage on a particular site.

The maps, graphs, and guidelines explained here are our
attempts to apply scientific knowledge and techniques to manage-
ment and regulatory gquestions. We acknowledge that they are
based on incomplete information, debatable assumptions, approxi-
mations, and model calculations; but we think that each piece is

reasonably valid.
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