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ABSTRACT 

The Forest Practices Rules and Regulations contain Best Management Practices (BMP) which 
include requirements for Riparian Management Zones (RMZ) on certain water types affected 
by timber harvest activities. The purpose of this study was to test the effectiveness of the 
BMPs (i.e., RMZs) at achieving water quality standards for temperature. 

Recording thermographs were deployed upstream and downstream of thirteen RMZs 
statewide during the summer of 1990 to monitor stream temperature response to timber 
harvests. Streams and riparian zones were characterized to evaluate factors influencing the 
observed temperature conditions. 

Maximum observed water temperatures ranged from 12.8°C to 19.9°C. Maximum water 
temperature change between upstream and downstream monitoring sites ranged from O.3°C 
to 5.2"C. Definitive determinations of whether applicable water quality criteria were met or 
exceeded were not possible for many of the study sites due to uncertainties related to 
thetmograph accuracy and/or representativeness of the monitoring period. Water 
temperature criteria were met or judged likely to be met at three of the thirteen study sites. 
These RMZs were considered effective. Temperature conditions at five of the thirteen study 
sites exceeded applicable criteria for maximum allowable temperature, with conditions at an 
additional three sites possibly exceeding criteria. The BMP was considered ineffective at six 
of the sites where maximum temperature criteria were exceeded or possibly exceeded. At 
two of the five sites where maximum allowable temperature criteria were exceeded, the 
exceedances were attributed to factors other than timber harvesting at the study site, and the 
BMP was considered effective. Possible exceedance of the criteria for allowable temperature 
change due to timber harvesting was indicated by the monitoring results at two of 13 sites. 
At one additional site, exceedance of the temperature change criteria was suspected based on 
spot field checks. 

The primary factors influencing BMP effectiveness appear to be site elevation, post-harvest 
shade levels, groundwater flux within the reach, and stream morphology. Stream 
modification by beavers was a significant factor influencing the effectiveness of RMZs at 
some sites. The proposed new TFW method for identifying temperature sensitive streams 
takes the most important factors into account, and is expected to correctly identify streams 
where enhanced RMZs are needed in a majority of cases. To optimize the effectiveness of 
RMZs, procedures to identify and address site specific anomalies which result in temperature 
sensitivities that would not be identified by the new TFW stream temperature screen and/or 
model should be incorporated into the BMPs. 
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MErRIC TO ENGLISH CONVERSION FACTORS 

Multiply 
Metric Units 

Meters (m) 

Kilometers (Ian) 

Hectares (ha) 

Liters/second (LIs) 

By 

3.28 

0.621 

2.471 

0.0353 

Degrees Celsius to Degrees Fahrenheit: OF = (°C)(1.8)+32 

v 

To Obtain 
English Units 

Feet 

Miles 

Acres 

Cubic feet! second (cfs) 
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INTRODUCTION 

The potential effects of timber harvest on stream temperature were identified as a major 
concern to be addressed by the TimberlFishlWildlife (TFW) Water Quality Steering 
Committee of the Cooperative Monitoring, Evaluation, and Research Committee (CMER). 
Within the Washington Forest Practices Rules and Regulations (Chapter 222-30 WAC), the 
riparian management zone (RMZ) rules were established as Best Management Practices 
(BMPs) to protect larger, fish-bearing, type 1-3 streams (generally 3rd order or greater) from 
adverse temperature increases. Riparian management zones are essentially streamside buffers 
left as a part of timber harvesting practices on state and private land in Washington. The 
Forest Practice Rules define an RMZas "a specified area alongside Type 1, 2, and 3 Waters 
where specific measures are taken to protect water quality and fish and wildlife habitat. " 

The RMZ rules specify standard prescriptions for buffer strip widths and leave tree 
requirements along streams. RMZs are intended to provide adequate shading to maintain 
suitable water temperatures, as well as provide wildlife and fish habitat and protect the 
physical integrity of the streams. The rules require alternative harvest plans which retain 
greater amounts of shading where streams are found to be temperature sensitive according to 
a method acceptable to the Department of Natural Resources. Where it is demonstrated that 
significant adverse water temperature impacts from proposed harvests are expected following 
the standard RMZ prescriptions, the rules require that 50% to 75% of the pre-harvest shade 
be retained. A copy of the RMZ rules evaluated is included in Appendix A. 

The Temperature Work Group (TWG) of CMER undertook a study to characterize stream 
temperature regimes in Washington and develop a method to be used in applying the 
temperature sensitivity prOvisions of the Forest Practice Rules (Sullivan, et. al. 1990). 
During the summer of 1988, stream temperature data was collected from 92 sites throughout 
the state for an analysis of stream temperature regimes. More comprehensive data was 
collected at 33 of the sites to evaluate the predictive capabilities of existing reach and basin 
temperature models. Study sites included type 1-3 streams located in all forested ecoregions 
of the state representing a variety of riparian shading conditions ranging from mature conifer 
forest to sites completely devoid of shade. With the exception of one site, this study did not 
use data from areas where timber harvesting had been conducted in accordance with current 
RMZ rules because field studies were conducted before these rules were implemented. 

This extensive data collection and analysis effort culminated in the development of a method 
for use by forest managers and regulatory agencies for" predicting temperature sensitivity and 
designing RMZs. The method provides a means of identifying sites which require greater 
temperature protection than standard RMZ prescriptions provide. Tools developed for the 
method include a temperature screen and a computer model. The screen is a nomograph " 
used for placing the stream of interest into one of three temperature categories based on site 
elevation and the amount of stream shading. The model incorporates additional site 
information to predict expected stream temperature based on existing and proposed shade 
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levels. As of this writing, the method developed by the TWG is undergoing field 
implementation and sensitivity testing, and the Forest Practice Rules are being revised to 
incorporate use of the new method. 

Although the aforementioned temperature study did include a preliminary evaluation of the 
effectiveness of the RMZ rules based on empirical relationships, it was not specifically 
designed to test BMP effeCtiveness. The main focus of the present study is to determine, 
through field monitoring, the effectiveness of the RMZ rules when applied in actual forest 
management situations. The test of BMP (i.e., RMZ) effectiveness is their ability to meet 
state water quality standards for stream temperature. 

The water quality standards for surface waters in the State of Washington (Chapter 173-201 
WAC) establish the beneficial uses of waters and incorporate specific numeric and narrative 
criteria for parameters such as water temperature. These criteria are intended to define the 
level of protection necessary to fully support the beneficial uses. The water quality standards 
regulation includes two types of temperature criteria applicable to forest streams: 1) an 
absolute maximum temperature not to be exceeded, and 2) a maximum allowable incremental 
increase in temperature that may be caused by nonpoint source activities (i.e. forest 
practices). The standards provide for different classifications of surface waters depending on 
water quality potential and beneficial uses to be protected. Streams subject to the RMZ 
provisions of the Forest Practices Rules are either Class A or AA. (The actual classification 
is based on the provisions found in CH 173-201-070 and OSO WAC, and is generally 
determined by whether the waterbody is within the drainage basin of a lake or a stream 
which has been specifically designated Class AA.) Both Class A and AA streams are 
designated for the protection of all aquatic life uses, including saimonid spawning, rearing, 
and migration. 

Water quality criteria for temperature that apply to streams affected by forest management 
activities are described below. For Class AA streams, the maximum allowable temperature 
is 16.3·C, except where exceeded by natural conditions. Incremental temperature increases 
caused by any nonpoint source activity (such as timber harvesting) may not exceed 2.S·C. 
Where natural conditions exceed 16.0·C, increases due to human activities are limited to 
0.3·C. (In other words, the allowable incremental increase ranges from 0.3 to 2.S·C 
depending on natural background conditions.) For Class A streams, the maximum allowable 
temperature is lS.3 ·C, except where exceeded by natural conditions. Incremental increases 
due to nonpoint source activities may not exceed 2.S·C, except that where natural conditions 
exceed IS.0·C increases caused by human activity may not exceed 0.3·C. In order for the 
BMPs to be considered effective, both the criteria for maximum temperature and incremental 
increase in temperature must be met. 
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Study Objectives 

The objectives of the study were: 

1) Determine the effectiveness of the BMPs (i.e. the RMZ rules) at maintaining water 
temperatures at levels which meet the criteria for maximum allowable temperature 
established in state water quality standards. 

2) Determine the effectiveness of the BMPs at meeting water quality criteria pertaining to 
incremental increases in temperature. 

3) Evaluate the influence of various stream and riparian zone characteristics on BMP 
effectiveness. 

This study of BMP effectiveness did not evaluate temperature conditions in smaller, 
type 4 and 5 waters (generally first or second order streams) affected by timber harvesting 
activities. However, the water quality standards and criteria discussed in the previous section 
apply to all surface waters of the state, including streams that do not bear fish. The criteria 
are intended to protect all aquatic life in streams. In many cases, the smaller type 5 streams 
do not have surface flow during the summer, so criteria would apply when they are flowing. 
This study therefore, should be viewed as a limited evaluation of evaluating BMP 
effectiveness, as it addresses only those fish-bearing streams covered by the RMZ rules. 

METHODS 

The overall approach to achieving the study objectives was to evaluate stream temperature 
conditions within representative RMZs that had been designed in compliance with post-TFW 
Forest Practice Rules for timber harvesting. An upstream/downstream monitoring approach 
was used. Each RMZ studied serves as an example of BMP implementation. Results from 
study RMZs are evaluated individually as a series of case studies to determine BMP 
effectiveness and collectively to evaluate factors contributing to effectiveness or 
ineffectiveness of the BMPs. 

Site Selection Criteria 

Representative study sites were selected using a Department of Wildlife database on RMZ 
characteristics (Carlson, 1991). The Department of Wildlife database contains information 
on riparian zone and stream channel characteristics collected during field surveys. Criteria 
for candidate study sites included: representative examples of both east side and west side 
RMZ prescriptions, examples of both 1 and 2 sided RMZs, units harvested in accordance 
with RMZ rules (as given in Washington Forest Practices Rules and Regulations, 
November 1, 1988), road access within a reasonable distance of monitoring sites, and where 
possible, RMZ lengths of at least 600 meters. RMZs representing a wide range of elevation 
and canopy cover were selected. RMZs along water type 2 and 3 streams were generally 
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used, since larger streams are less influenced by riparian shading (Sullivan, et.al. 1990). An 
exception was the South Fork of Deep Creek which is a type 1 stream. 

Streams with relatively mature riparian canopy cover (i.e. second growth timber stands) 
upstream from the study RMZ were given preference, since these areas would more closely 
represent natural background conditions. RMZs along stream reaches without tributaries 
were chosen because it was desirable to have minimal change in flow within the study reach. 
After an initial screening using the Department of Wildlife database, reconnaissance visits 
were made to prospective study sites to verify their suitability. Since units were approved 
for harvest under RMZ rules, it was assumed that the BMP was properly adhered to unless 
obvious discrepancies were noted during field reconnaissance. Sites which did not appear to 
be in compliance with RMZ rules were excluded from monitoring. 

Water type, as defined in the Forest Practices Rules and Regulations, is one of the 
determinants of RMZ requirements. In general, water type is inversely related to stream 
order. For the study sites, this was taken from the Department of Natural Resources water 
type maps attached to the Forest Practice Applications. The water quality standards . 
classification of monitored streams was determined by examining the drainage network in 
relation to the criteria for surface water classifications given in CH 173-201-070 and 
080 WAC. 

Field Methods 

Temperature 

Temperature data was collected using Unidata<ll data loggers and temperature probes 
(thermistors). For consistency, individual data loggers and two-thermistor probe sets were 
paired throughout the study. Each data logger and probe set combination is referred to as a 
thermograph. 

Thermographs were calibrated prior to initial deployment, and again at the conclusion of the 
study, in order to document instrument bias and performance at representative temperatures. 
At the completion of monitoring, the raw data was adjusted for instrument bias based on the 
before- and after-calibration results. A certified reference thermometer (ERTC()<II Instrument 
number 1326) was used for calibration. As a field check on the instruments, air and water 
temperatures were taken using a hand held thermometer at all thermograph sites at the time 
of deployment and retrieval. 

Each thermograph had two thermistors, one sensing air temperature and the other water 
temperature. Thermographs were programmed to record maximum, minimum, and average 
air and water temperature on an hourly basis, based on thermistor readings which were 
scanned every five secOnds. The thermistors equilibrate very rapidly to changing 
temperatures, and have a maximum response time of less than one minute for a 54°C 
temperature change, according to the manufacturer (Barney, 1992). Thermographs were 
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deployed concurrently just upstream of the RMZ boundary to monitor background 
conditions, and in the downstream portion of the RMZ to record the temperature response of 
the study reach. 

Both the air and water temperature probes were positioned so as to be shaded from direct 
sunlight. The air temperature probes were placed approximately one meter above the ground 
near (but not directly over) the stream channel. The water temperature probes were placed 
in a representative stream cross-section, generally within the main current (thalweg), 
avoiding back-eddies and backwater areas. The upstream and downstream water temperature 
probes were placed at similar depths and channel conditions. Water temperature probes were 
placed deep enough to minimize the influence of streamflow fluctuations. Total water depth 
at the location of the probe and depth to the thermistor were recorded at the time of 
installation and removal of the thermograph. 

Thermographs were generally left in place for two weeks at each study site. Deployment of. 
thermographs began during the third week of July 1990 and continued through late 
September, 1990. !twas preferable to conduct monitOring during the mid-July to mid­
August period when the highest air temperatures generally occur. However, limitations on 
equipment and personnel did not allow monitoring of a sufficient number of sites during this 
period, and deployment of thermographs continued with the hope that late season high 
temperatures would be representative of critical summer conditions. For sites monitored 
after August 15, daily temperature data from representative National Oceanic and 
Atmospheric Administration (NOAA) weather stations were used to evaluate the extent to 
which the monitored period represented the summer high temperatures. 

Discharge 

Stream discharge was estimated at both upstream and downstream thermograph sites, either 
at the time of thermograph deployment or retrieval. In some cases, discharge readings were 
taken at both times. Current velocity measurements were obtained using a Marsh-McBirney* 
flow meter at multiple points at each cross-section. Upstream and downstream measurements 
were taken on the same day, as close in time as practicable, and were compared to provide a 
rough estimate of streamflow gain or loss over the monitored reach. At one of the study 
sites, discharge readings were not taken, but a rough (order of magnitude) visual estimate 
was made in order to facilitate comparison. At another site, a discharge measurement was 
obtained at the downstream site only. 

RMZ Length 

RMZ length is the distance from the upstream boundary of the harvest unit to the 
downstream thermograph site. In most cases, these distances were measured along the 
stream course using a string box or measuring tape. In the case of Tokul Creek and 
Tributary to Pioneer Creek, the distance was ·estimated from aerial photography and 
topographic maps using a map wheel. 
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Riparian Shade Leyel 

The level of shade provided by the riparian canopy over a stream is a primary factor 
influencing stream temperature (Sullivan, et ai. 1990). A spherical densiometer was used to 
determine the percentage shade above the stream channel at the upstream and downstream 
thermograph sites. Densiometer readings were taken in four directions (facing downstream, 
right bank, upstream, and left bank) and then averaged. 

Average riparian shading for the monitored RMZ reach was determined by taking the mean 
of the Department of Wildlife measurements taken within the monitored reach plus the 
measurement made at the downstream study site. The Department of Wildlife measurements 
were made by the same densiometer method at 76-meter intervals along the stream course. 
The Department of Wildlife shade measurements were made during the summer of 1989 for 
our west side sites, and during the summer of 1990 for our east side study sites. Average 
riparian shading was not determined for an extended reach above the RMZ; only the shade at 
the upstream thermograph site was measured. 

Other Characteristics of Study Sites 

In addition to data collected in the field, available information on other site characteristics 
was obtained. The influence of various site factors was considered in evaluating BMP 
effectiveness. These factors are discussed site by site in the case summaries presented in the 
following section. In the discussion section, site characteristics are evaluated by grouping 
the sites into categories of effectiveness and comparing site attributes within and between the 
categories. A principle components analysis was used to further explore the relationships 
between site characteristics, temperature parameters, and BMP effectiveness. Simple linear 
regression was also used to examine correlations between temperature parameters and site 
characteristics. 

Stream Gradient 

The gradient (in percent) for each stream reach between the upstream and downstream 
thermograph sites was estimated using elevations obtained from USGS topographic maps. 

Distance from Divide 

This is the distance from the upstream RMZ boundary, measured along the main stream 
channel, to the watershed divide. In the headwater portion of the watershed, the tributary 
with the greatest distance to divide is measured. Distance from divide was estimated from 
USGS topographic maps using a map wheel. 
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Elevation 

Elevation is determined at the RMZ midpoint and at the upstream and downstream 
monitoring sites, as interpreted from USGS topographic maps. 

Stream Depth 

Average bankfull depth is the mean of the Department of Wildlife stream depth 
measurements made within the monitored reach, at intervals of 76 meters along the stream 
course. These measurements were taken from the plane of the ordinary high water mark 
(Washington State Department of Wildlife, 1990). In addition to average bankfull depth, 
actual water depth was measured at the thermistor location (generally in the thalweg) at the 
time of thermograph deployment and retrieval. 

Average Bankfull Stream Width 

Average bankfull width is the mean of the Department of Wildlife measurements of stream 
width made within the monitored reach, as measured between ordinary high water marks at 
intervals of 76 meters along the stream course. 

Stream Azimuth 

Stream azimuth was determined using USGS topographic maps. It is the true azimuth of the 
generalized stream course, taken along a line drawn between the upstream and downstream 
monitoring sites. 

RMZWidth 

RMZ width is the mean width within the study reach. For two-sided RMZs, it is the mean 
width per side of the stream. This was determined from the Department of Wildlife database 
by taking the average of RMZ width measurements made at 76-meter intervals. The average 
width of the entire RMZ may be different from the average width within the study reach. 
RMZ width measurements made by the Department of Wildlife essentially represent the 
width of the leave tree perimeter, delimited by the ordinary high water mark and the 
apparent edge of the clearcut or partial cut harvest unit. This may differ from width of the 
regulatory RMZ, which has certain restrictions on equipment use, timber felling, etc., and 
which mayor may not contain leave trees. 

Tree Count Infounation 

The Department of Wildlife database was used to obtain an estimate of the average number 
of standing trees ~ 10 centimeters diameter at breast height (DBH) per hectare within the 
study RMZs. The relative proportion of conifer and deciduous species was determined. The 
database was also used to estimate the average total number of trees per hectare. This is 
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reported as average total stems per hectare, and includes all tree species that are at least 
1.4 meters in height, regardless of diameter. All tree data was extrapolated from macro­
plots surveyed by the Department of Wildlife at 76-meter intervals along the stream course. 

The database was also used to evaluate whether any trees were harvested within the RMZ, 
based on the presence of recent (less than five years old) stumps within the sample plots. 
For the purposes of this assessment, harvesting within the RMZ refers to removal of 
merchantable size trees from within the apparent leave tree perimeter. This perimeter marks 
the apparent boundary between the RMZ (as delimited in Department of Wildlife surveys) 
and the adjacent clearcut or partia1 cut harvest unit. Our determination of whether harvesting 
occurred within the RMZ. does not necessarily indicate whether trees were harvested within 
the regulatory RMZ. In fact, all or most trees could be felled within a portion of an RMZ 
beyond the leave tree perimeter as long as certain restrictions on equipment use, etc. were 
adhered to. The Department of Wildlife survey does not allow for a definitive determination 
of harvesting within the RMZ except in cases where a substantial amount of harvesting 
occurred. Observations made during site visits were used in conjunction with the database to 
draw general conclusions about whether there was harvesting within the RMZ. 

Determination of BMP Effectiveness 

The case summaries presented in the following section include a determination of whether 
water quality criteria were exceeded, which is the primary test of whether or not the RMZ is 
effective at achieving water quality standards. This determination is based on evaluation of 
the monitoring results in consideration of: 1) the accuracy of the monitoring instruments, and 
2) whether or not the monitored period is representative of critical water temperature regimes 
(i.e. conditions associated with maximum water temperature increases). 

Instrument Accuracy 

Regarding the first consideration, the thermographs used are considered accurate to within 
±0.5°e for the purposes of this study. This is based on the manufacturer's accuracy and 
resolution specifications (Unidata Australia, 1990) and field experience with the equipment. 

Reoresentativeness of Monitoring Period 

To determine whether the monitored period is representative of critical temperature regimes, 
air temperature records from representative NOAA weather stations were examined for those 
sites not monitored between July 15 and August 15. Stations were chosen in consideration of 
overall proximity to the study site, elevation, and climate region. The highest two-day mean 
of daily maximum air temperatures that occurred during the dates the stream in question was 
monitored was compared to the highest two-day mean that occurred at the same weather 
station during the July 15 to August 15 period for 1990. If the highest two-day mean 
occurring during the monitoring period is greater than 3°e below the highest two-day 
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mean for July IS-August 15, 1990, then the monitored period is not considered 
representative of critical temperature regimes. 

Another important consideration in evaluating late season monitoring results is the solar angle 
(i.e. degrees above the horizon) relative to that which occurs in mid-summer. This was 
evaluated using a solar ephemeris (Currier, 1980) to determine the approximate deviation 
from the mid-summer, mid-day solar angle for certain late season sites. The midday solar 
angle has been related to average net solar radiation (in terms of heat flux) by Brown (1970). 
Net solar radiation influences the potential magnitude of stream heating. 

Maximum Equilibrium Temperature 

The determination that monitoring results are not representative of critical temperature 
conditions is equivalent to saying that the stream reach did not reach maximum equilibrium 
temperature during the monitoring period. The concept of maximum equilibrium 
temperature refers to the maximum annual temperature that would occur given the site 
conditions unique to a particular thermal reach, and is explained in Sullivan el aI. (1990). 
When the maximum equilibrium temperature is reached, increased heat inputs to the stream 
are balanced with heat loss through evaporation and other processes. Once this point is 
reached, stream temperature would not be expected to increase further even though higher air 
temperatures may occur. Thus, it is possible to monitor critical stream temperature 
conditions at times when air temperatures are below the annual maximum. 

The maximum equilibrium temperature of a particular stream may be determined by 
examining plots of summertime air and water temperature to identify the water temperature 
"ceiling" that is not exceeded with fluctuations in maximum daily air temperature. While 
equilibrium conditions are apparent on some of our late season thermograph plots, we believe 
that the equilibrium could be shifted higher during midsummer due to higher solar angles and 
substantially higher air temperatures. Therefore, we chose to use the conservative 
assumption that critical conditions were not reached if air temperatures were more than 3°C 
below the annual maximum for sites monitored after August 15. It is possible that some of 
the streams we indicate were not monitored during critical conditions may in fact have 
reached their maximum equilibrium temperature. However, since we have no data on 
midsummer water temperatures in these streams, we cannot be certain that apparent 
equilibrium temperatures we observed correspond to the maximum equilibrium temperatures. 

Levels of Certainty 

In some cases our data clearly indicate that temperature criterion were exceeded. These are 
cases where criteria are exceeded by > O.soC (the accuracy of the thermographs). In other 
cases, it is clear that certain criteria are met, such as where the RMZ or another factor such 
as groundwater inflow appears to have a cooling effect on the stream relative to upstream 
conditions. 
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However, due to the two considerations discussed above, a definitive determination of 
whether or not a water quality criterion has been exceeded is not possible for many of our 
study sites. Sites where a definitive determination is not possible due to uncertainties 
regarding instrument performance were judged to represent a "possible" exceedance for the 
purposes of this assessment. These include sites where the observed water temperatures 
were within ±O.5°C of the applicable criteria, or within 1.0°C where the monitoring period 
was not representative of critical temperature regimes. We consider the BMP to be 
ineffective when such possible exceedances can be attributed to forest practices. 

Other sites were judged as "unlikely" to exceed criteria because, although the monitoring 
period was not representative of critical temperatures regimes, certain site factors lead to the 
expectation that criteria would be met even under critical conditions. Based on a review of 
temperature graphs presented in the data appendix to Sullivan et al. (1990), we would not 
expect a maximum temperature difference of more than 4 to 6°C between late July and late 
September in streams with at least a moderate amount of shading. We consider the BMP to 
be effective in cases where exceedances are "unlikely·. And finally, there are sites where, 
due to the time of monitoring and the marginal nature of the results, no conclusions can be 
made regarding water quality standards compliance. 

An additional consideration when evaluating compliance with the criteria for allowable 
incremental temperature change due to non point source activities is the concept of natural 
background temperature. In a sense, this represents what the forest manager designing the 
RMZ has as a baseline from which to measure performance of the RMZ. Ideally, the 
baseline from which to measure the incremental change associated with timber harvesting 
would be the temperature conditions that existed within the RMZ reach before harvesting. 
An alternative to using a before/after study design, which would require at least two 
summers of monitoring, is to use the upstream/downstream approach employed in this study. 
With the upstream/downstream approach, we assume that the upstream monitoring site can 
serve as a baseline against which the stream's response to the RMZ can be evaluated. We 
believe this assumption is valid so long as the two sites are in close proximity to each other 
and the upstream and downstream reaches are similar in terms of stream morphology, 
hydrology, and pre-harvest riparian vegetation. 

In this study, the upstream and downstream sites were in close proximity to each other, such 
that any differences in elevation, stream orientation, etc., are minor and would not affect 
stream temperature regimes. In most cases, we believe that stream and riparian 
characteristics of the upstream reach are appropriate to serve as a baseline for evaluating the 
incremental increase associated with the RMZ. However, in four cases there are differences 
in stream or riparian characteristics that make the upstream results unsuitable as a baseline 
for evaluating incremental increases in temperature. These situations are discussed in the 
case summaries. 

In this study, the background temperature is that measured at the upstream edge of the RMZ. 
The background temperature is considered equivalent to "natural background" if the 
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streamside area for at least a few hundred meters upstream is covered in relatively mature 
standing timber, even though it may be a second-growth stand. 

RESULTS 

A total of thirteen RMZs were monitored, including nine established according to west side 
RMZ regulations and four established according to east side regulations. One additional east 
side RMZ was originally included in the study, but no useful data were collected at this site 
due to a data logger malfunction. The study site locations are shown in Figure 1, overlaid 
on a map of ecoregions as given in Omernik (1987). Maps of the individual study sites 
showing the harvest units overlaid on topography are presented in Appendix B. 

The case summaries that follow provide descriptions of the RMZs studied and summarize 
monitoring results. Results and study site descriptors are also presented in Tables 1, 2, 
and 3. Line graphs of temperature monitoring results are presented opposite each case 
summary. These include hourly maximum air and water temperature and the water 
temperature differential between the upstream and downstream monitoring sites. The water 
temperature differential is based on comparisons of the average hourly water temperatures 
(downstream minus upstream). Review of hourly temperature data shows that average hourly 
water temperature closely tracks the maximum hourly water temperature. For air 
temperature, however, the maximum hourly values are sometimes slightly higher than hourly 
average values. The applicable water quality criteria are plotted on the line graphs of water 
temperature results. For the water temperature differential, the criteria is either 0.3°C or 
2.8°C, depending on the water temperature of the upstream site which is assumed to 
represent baseline conditions unless otherwise noted in the case summaries. 
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TABLE 1: TEMPERATURE BMP EVALUATION RESULTS SUMMARY 

DATES TYPE QUAlITY @RMZ AMZ MAXIMUM OF DAJlY MAXIMUM DAILY MAX. DAllY MAX. DAILY ""P 
CLASS MIDPOINT SHADE AIR MAX. WATER WATER WATER TEMP. WATEATEMP. 

(METERS) (") TEMP. AIR TEMP. TEMP. TEMP. DIFFERENTIAL DIFFERENTiAL AllOWABLE TEMPERATURE EFFECTIVE? 

9./13 tD 

III2B 

9/11 to 

.m 

8/110 

8/18 

2 

2 

A '00 

610 

,,, 

. ·1SS 

790 

',':',:870 . 

AA 640 

(CElmUS) 

9S 
15.3-26.3 

14.4-28.6 

14.7-25.1 

77 

,'23 . 

7. 

.. ~ 

.. 

7' 
23,7-33..1 

(CElSIUS) (CELSIUS) (CElSIUS) (IN CElSIUS) (lNCElSlUS) TEMPERATURE 

-0.1 to 0.6 0.' UNLJ<ELY 
12.5-13.6 '2.7 

12.1 

15;1· 
-0.3101,' 

16.8 

15.9 

t8.1 
15:9 . 

11.6 

11.7 

"!PiI , ... 
0.2 to 0.4 0.3 

29.' 16.7-18.7 17.4 

1} The water temperature differential Is based on a comparison of hour1y average water temperature values (downstream site minus upstream site), 

2) Exceedance of water quality criteria is interpretted as follows: 
·YES~: clear evidence of exceedance-at least 0.5 degrees C above allowable criteria; 

CHANGE 

NO 

NO 

·POSSIBl Y-: evidence of temperature within 0.5 degrees C of criteria, or within 1.0 degree C and monitored period not representative of critical temperature regime; 
"UNLIKELY": monitored period not representative of critical temperature regime, but exceedance would not be expected based on magnItude of Increase required to cause 

exceedance and/or site factors (e.g. elevation. groundwater inflow rate, etc.): 
"NO": clear evidence that applicable water quality criteria are met; 
"UNKNOWN": data considered Inadequate to make a determination-usually because monitored period is not representative of critical temperature regime and monitoring 

results and/or &tte 'actOfs do not indicate an exceedance is unlikely; in the case of temperature change, because upstream site Is not a representative baseline 
for evaluating temperature change; 

.. SUSPECTED": exceedance indicated by spot field measurements only-upstream thermograph malfunctioned. 
3) Regarding site E3-Aeneas Creek: the downstream thermograph results indicate significant instrument drift occurred after 913190; upstream instrument operated properiy 

through 9/26190 and recorded maxumum water and air temperatures of 13.9 and 29.9 degrees C, respectively; only data recorded through 913/90 is used for comparison. 

YES 

YES 



TABLE 2: DESCRIPTION OF STUDY SITES 

RMZ STREAM RMZ RMZWIDTH: % RIPARIAN ELEVATION STREAM DISTANCE AVERAGE AVERAGE WATER STREAM DISCHARGE 

IDENTIFICATION NAME LENGTH AVG.&RANGE SHADE: AT GRADIENT FROM BANKFULL BANKFULL DEPTHQ ORIEN- (LITERSI 

(METERS) EACH SIDE AVG. (RANGE); THERMOGRAPH (%) DIVIDE CHANNEL CHANNEL THERMOGRAPH TATION SECOND) 

(METERS) AT THERMOGRAPH SITES (KM) WIDTH DEPTH SITES AZIMUTH 

SITIES (METERS) (METERS) (METERS) (METERS) (DEGREES) 

Wl TRIBUTARY 812 15.2 95(8'-) 8.0 2.4 0.18 343 

DOWNSTREAM TO TRAP CREEK (8.1-24.4) 99 73 2.2 0.18 7.8 

UPSTREAM 97 122 1.6 0.14 4.8 

W2 :r~1I3I.JT "RV TO 624 • ~.1. .'. 81(_) 0.8 Vi o.S"1. 187 

DOWNSTREAM. PIONE~ Cf1~K' 1 (3.H502)· • '88 > ·113 ..... 2:4. .... 

'. ·UL ..' .. ··.·.4.3·.· 
UPSTREAM 

.. .' 81 1'17 
.... 

t.S 0.38 t.3 '. 

W3 BLACK CREEK 826 14.0 52 (2O-8Q) 1.2 3.7 0.56 244 

DOWNSTREAM (7.8-24.4) 48 75 2.8 0.19 13.3 

UPSTREAM 
··1 .. ' 

95 86 2.0 ... 0.18 7.7 

W4 NORTHFORK ·385···· 14.0 lI1(~·i •. •·· '. 3.1 'S2 0.31 
""',' . ,filS . ."., 

OOwi;i$TREAM RABBIT t:RtiEK (4.0-,27>1) 80. 

" 

1~ U 
/'. . ........... 0.22 .... .. 24.1 

UMTI!EAM. I .',. . 810' .. lai 3:1····· ........ 0.22- ·'51:8 

W5 sOUTH foRK 815 17.4 
.. 

82 (l!H19) 2.5 5.8 0.34 306 

DOWNSTREAM OHOPCREEK (4.0-30.1) 85 415 9.5 0.18 811.5 

UPSTREAM 93 435 •. 7 0.25 80.3 

W8 IiEARC.Rf'tiK 4f5 9:1 .11(5-80) 8.9 I ~4 .11.1'" ..... •• 342 . 

DOWNSTREAM (3.1-30.1) 68 - 4.0 0.18 28.9 

UPST.REAM 97 478 3:t . 0;13 ..... .•.• 21.5 .. 

W7 NEW POND CREEK 820 14.3 n(2!H19) 4.5 4.9 0.1. 259 

DOWNSTREAM (7.8-30.1,. 82 585 5.2 0.20 46.0 

UPSTREAM 79 622 4.4 0.24 45.8 

W8 T()l(UL t;REEK 729 10.4. 23(G-1lIl) ' .• 0.11 ' .. 15·8. 0.39. • .1811 

. DOWNSTREAM (1.8-21.3) 2a 244' 7;1'. 0;29 ..... . .... .';12$.3. . '. 

UPSTREAM 61 .. 250' 8.4 0.34 
... 

110.7 

W9 GRIFFIN CREEK 575 13.7 79(20-99) 0.4 11.5 0.21 222 

DOWNSTREAM (7.8-24.4) 82 157 5.1 0.14 4.3 

UPSTREAM 56 159 4.5 0.18 6.1 

El iNDiAN CREeK···· m 2&.S'· 9&(-f ·3.6 ' .. .. 
·S.~· ~,; 18.··· .... . ... ··281 

pO'/fflsrREAM ...... I> 
(13.7-57.9) 99. 1:14. u .... 

••••••••••• 

0*.· . : 2.3 ........ 
UPSTREAM IlIl ....•.. 162 8:0 edt . ... 3.5 

E2 ROCK CREEK 615 ••• 99(98-99) 5.9 3.1 0.15 233 

DOWNSTREAM (7.8-9.1) 98 741 10.1 0.20 17.8 

UPSTREAM 98 n7 9.5 0..24 .•. 
0.17 

.' . 
NO DATA 

E3 AENEAS OREEK 750 22:0 84(6!M19) 3:3 4.i I ·411 

DOWN~TREAM (6.1~.6) 89 853 15.0 0.2.1 39.9 

UPSTREAM 
• 

... ·95 .1 ... I 140;2 0;20 35.1 . 

E4 SOUTH FORK 475 9.8 71 (50-90) 2.3 7.0 0.37 32 

DOWNSTREAM DEEP CREEK (6.1-19.8) 63 834 8.9 0.24 80+ ( .. t.) 

UPSTREAM 52 645 8.4 0.27 NO DATA 

- - - - - - - - - - - - - - - - - - -
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TABLE 3: ADDITIONAL INFORMATION ON STUDY SITES 

I 
(TIRlS) TYPE 

& SIZE DATE 

T12N1R8WI CLEARCUT 3/8810 ONE-SIDED 
S12 47.0 7/88 

TaaNiil41Ei 
S29 

4.1 

10 YROLD 
PLANTATION 

STANDING TMBR, 
5YR PLANT .. 
RECENTCC 

- -
per HA) 

335 

- -
APPARENT 

HARVESTING 
RMZ 

NO 

NO 

-
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This RMZ is located in central Pacific County along a type 2, Class A stream. Across from 
the one-sided RMZ is a ten year old Douglas frr plantation, with no RMZ, but with a thin 
strip of alder overstory along the stream. Upstream of the 612 meter RMZ, mature second­
growth timber provides relatively dense riparian canopy cover for approximately 300 meters 
on the east side of the stream. Across from the second-growth, a young plantation covers 
the uplands west of the stream. Upstream of this, the stream branches into several headwater 
tributaries traversing recent clearcut, with no RMZs. 

Tributary to Trap Creek was one of the last sites monitored, with thermographsdeployed 
from September 13 to September 29, 1990. Neither the upstream or the downstream site 
exceeded the water quality standard maximum of IS.3°C. In fact, maximum daily 
temperatures did not exceed 14.0°C during the monitoring period. The maximum daily 
water temperature differential (downstream minus upstream) ranged from -0.1 to O.6°C, and 
much of the time the differential was less than zero (i.e. the upstream site was warmer). 
Comparisons between maximum daily air temperatures for the monitored period and the 
July 15-August 15 period at the nearby Raymond weather station (located about 
17 kilometers northwest) indicate that the monitored period does not represent critical 
temperature conditions. The highest 2-day average for the monitored period was about 4°C 
lower than that for the July 15-August 15 period. 

It is unlikely that the maximum allowable criterion of 18.3°C would be exceeded even under 
critical summer temperature conditions, as this would require an increase of about 5°C from 
the maximum observed temperature. With an average shade level of 95 %, such an increase 
seems unlikely. Also, with this relatively wide, highly shaded RMZ, the harvest probably 
did not remove any appreciable amount of shade from the stream. We consider the BMP 
effective in this case. Based on the maximum water temperature differentials observed, we 
conclude that this RMZ is also effective at meeting applicable water quality standards 
pertaining to incremental change. The primary factors contributing to BMP effectiveness are 
the high level of shade within the RMZ and a relatively high rate of groundwater inflow. 
The estimated streamflow at the downstream thermograph site was about 1.6 times that at the 
upstream site, and there were no surface tributaries between the sites. 
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W2: Tributary to Pioneer Creek 
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This one-sided RMZ is located in southern Grays Harbor County on the west side of a 
type 3, Class A stream. Land on the east side of the stream is in mature second growth 
timber. Upstream of the RMZ, there is mature second growth timber in the riparian zone 
and on the uplands east of the stream; on the uplands west of the stream there is a 20 year 
plantation for a stream distance of about 350 meters, with mature second growth upstream of 
that. In some spots. the RMZ was less than the minimum required width of 7.6 meters and 
contained a relatively sparse number of leave trees. Judging from the Department of 
Wildlife database and field observations, there may have been a minor amount of harvesting 
within the RMZ. Within the study area, this tributary to Pioneer Creek is a relatively wide, 
low gradient stream traversing a wetland, with several beaver dams and a series of 
moderately deep pools. 

Tributary to Pioneer Creek was monitored from July 19 to August 7. Due to equipment 
malfunctions, the upstream thermograph did not produce useable data, so no comparisons of 
hourly temperature differentials can be made. However, based on field checks using 
mercury thermometers, the upstream site was 4 to 6°C cooler at the time of thermograph 
deployment and retrieval. Consequently, it is suspected that water quality criteria applying 
to incremental increases in temperature were exceeded at this RMZ. Maximum daily water 
temperature at the downstream site ranged from 14.3 to 18.2°C, and temperatures 
approached or exceeded ISoC on five of nineteen days. Since thermographs are considered 
accurate to ± O.5°C, these findings represent possible exceedances of the IS.3°C water 
quality criterion. 

This RMZ prescription is considered ineffective at preventing adverse stream temperature 
increases. Although the wide stream channel may limit the effectiveness of streamside 
shading in some spots along this RMZ, we believe that leaving more shade trees and/or a 
wider RMZ on the west side of this stream may have provided additional afternoon shade 
sufficient to meet water quality criteria. The unharvested reach upstream of this RMZ is also 
characterized by considerable beaver activity with wide pools, and yet it is a good deal 
cooler based on our field checks. We noted considerably more woody vegetation in the 
upstream reach than in the RMZ, which could more effectively shade the stream. The 
combination of relatively low elevation and the low gradient/beaver influenced stream 
morphology result in a situation that may be highly sensitive to removal of even minor 
amounts of riparian shade (e.g. large trees and/or nonmerchantable woody vegetation). 
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This one-sided RMZ is located in central Grays Harbor County, along the south side of a 
type 3, Class A stream. Land on the north side of the stream is clearcut with reproduction 
less than five years old and a narrow zone of riparian overstory vegetation left under pre­
TFW regulations. Upstream of the RMZ are more recent clearcuts with slightly wider and 
apparently more dense riparian zones. Although the Department of Wildlife sampling data 
does not show a large amount of harvesting within the leave tree perimeter, we observed 
several recent stumps during field visits. This RMZ had the lowest density of standing trees 
of all the study sites. Some portions of the RMZ were completely devoid of shade trees. 

Temperature conditions in thisRMZ were monitored from July 18 to July 31. The water 
quality criterion for maximum temperature was exceeded on seven of twelve days at the 
downstream site and three days at the upstream site. We are not able to determine whether 
the criteria for incremental increase are exceeded. Data from the upstream monitoring site 
cannot serve as a baseline for evaluating the temperature change associated with harvesting 
the study unit in this case. This is because the riparian conditions of the upstream reach are 
not considered representative of pre-harvest conditions for the downstream reach. If the 
upstream site were considered representative of baseline conditions, the criteria for 
incremental increase would have been exceeded on three of 12 days, as shown on the plot on 
the facing page. Since there was standing timber on the south side of the stream, we believe 
pre-harvest conditions may have been somewhat cooler than the observed background. 
Although background conditions in this case represent significant disturbance by clearcutting, 
the upstream site was within water quality standards 50% more often than the downstream 
site. The observed increase occurred despite the influence of groundwater inflow in the 
monitored reach, as indicated by a 72 % increase in discharge between the upstream and 
downstream sites. 

This RMZ is not effective at maintaining stream temperature within water quality standards. 
BMP ineffectiveness is primarily attributed to the combination of low elevation and low 
stream shading. A severely disturbed riparian zone across from the study RMZ is a 
significant factor in the overall midstream shade level. However, leaving additional shade 
within the study RMZ on the south side of the stream (e.g. a wider RMZ with no removal of 
shade trees) may have provided sufficient temperature protection. If the stream was already 
exceeding criteria before harvest, then the only way for the BMP to be effective would have 
been to ensure that no stream shading was removed by the harvest. 
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The two-sided RMZ along North Fork Rabbit Creek is located in western Mason County. 
North Fork Rabbit Creek is a type 3, Class AA stream. The area upstream of the RMZ is in 
mature second growth timber on both sides of the stream for at least 600 meters. The stream 
is aggraded within the lower portion of the RMZ. Riparian shade was observed to be sparse 
in a couple of locations, although this is not reflected in the Department of Wildlife 
measurements. RMZ length is given in Table 2 as 385 meters, but the downstream 
thermograph was originally installed at 440 meters. After the initial installation of the 
thermistor in flowing water about 0.1 meter deep, the downstream site went dry. It was 
relocated to a site with steady flow as soon as the problem became evident. The initial 
deployment was on August 6, with the downstream thermograph relocated on August 15. 
Data recorded before the relocation is not used for evaluation of BMP effectiveness. 

Weather between August 15 and 31 is not considered representative of critical temperature 
conditions. Maximum air temperatures recorded at the RMZ between August 6 and 14 were 
about 12°C higher than the period afterwards, and these higher air temperatures were 
associated with increased water temperatures at both thermograph sites. Despite having less 
than critical conditions, the water quality criterion for maximum temperature was exceeded at 
the downstream monitoring site on 14 of 15 days. Maximum water temperature exceeded 
19°C at the downstream site. The water temperature differential between the upstream and 
downstream sites exceeded 3°C on most days, ranging as high as 5.2°C. Streamflow 
estimates indicate that North Fork Rabbit Creek is a losing stream in this reach; discharge 
estimated at the downstream site was about half of that at the upstream site. It is likely that 
loss of streamflow, or more importantly, the lack of groundwater inflow within the study 
reach, has a significant influence on stream temperature in the lower portion of the RMZ. 

The BMP is considered ineffective in this case. We believe that a wider RMZ and/or 
retaining all shade trees within the RMZ would have provided additional temperature 
protection. We do not know what pre-harvest water temperatures were in the lower reaches 
of this RMZ, but it is likely that they were elevated relative to the upstream site because of 
the flow loss. In such a situation, the only way to ensure BMP effectiveness would have 
been to design the RMZ so that the pre-harvest level of shade was maintained. Due to the 
obvious flow loss in the lower portion of the RMZ, the upstream data is not representative of 
pre-harvest conditions within the RMZ reach. Therefore, we cannot determine whether the 
criteria for temperature change have been exceeded as a result of the harvest. 
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WS: South Fork Ohop Creek 
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This one-sided RMZ is located in central Pierce County along South Fork Ohop Creek, 
which is a Class AA, type 3 stream. The land across from and upstream of the harvest unit 
is covered in mature standing timber. 

This creek was monitored from August 24 to September 12. This period is not considered 
representative of critical temperature conditions. The highest two-day average air 
temperature for this period was 8°C lower than the maximum recorded at the Mud Mountain 
Dam weather station, about 19 kilometers to the northeast. In terms of the effectiveness of 
the RMZ at achieving water quality criteria, it is possible that the criterion for maximum 
temperature may be exceeded for this Class AA stream. Maximum observed temperature 
was within O.4°C of the criterion on one day and within O.6°C on two additional days. 
Considering instrument accuracy, this indicates possible exceedance of the maximum 
temperature criterion. It is also considered possible that the criteria for incremental increase 
in temperature would be exceeded at this site under critical temperature conditions. The 
observed average hourly temperature increase between upstream and downstream monitoring 
sites was within 1.0°C of the 2.8°C criterion on four of 19 days. 

For the purposes of our evaluation, this RMZ is considered ineffective at meeting water 
quality standards. The primary site factor contributing to BMP ineffectiveness is the level of 
mid-channel shade that remained following harvest. Although the average shade level is a 
moderately high 82 %, some portions of the RMZ had very low shade. The water quality 
standards classification is an administrative factor that influenced the determination of BMP 
effectiveness in this case. If this were a Class A stream, no exceedances of the maximum 
temperature criteria would be indicated, and the BMP might be considered effective. 
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The two-sided RMZ along Bear Creek (Class A) is located in north-central Pierce County. 
The 3D-acre harvest unit was a salvage cut of a second growth timber stand that had blown 
down during a winter storm. Both standing and downed trees were harvested. Upstream of 
the harvest unit for at least 600 meters the land on both sides of the stream is covered in 
mature standing timber. The Department of Wildlife survey noted a significant amount of 
harvesting within the RMZ. Under an alternative plan approved for this harvest, all 
dominant and some codominant timber was removed from the east (leeward) side of the 
stream, while all nonmerchantable, deciduous, and most codominant timber was left within a 
2S ft. RMZ on the west side. The reasoning for the alternative plan was the high probability 
that timber left in the RMZ would blow down, and that timber on the east side of the stream 
would not contribute large organic debris (LOD) if downed because of the wind direction. 

The temperature conditions in Bear Creek were monitored from August 31 to September 21. 
This period was not representative of critical temperature conditions. The highest two-day 
average air temperature during this period was 8°C cooler than the highest mid-summer two-. 
day average at the Mud Mountain Dam weather station, about S kilometers north of the site. 
The maximum temperature at the downstream thermograph was within O.8°C of the 18.3°C 
criterion on two consecutive days which correspond to the period of highest recorded air 
temperature. In the absence of critical temperature conditions, and in consideration of 
instrument accuracy, this indicates a possible exceedance of the maximum temperature 

. criterion. During this same period, the maximum daily water temperature differential 
reached 2.8°C on three consecutive days. However, for this RMZ the data from the 
upstream monitoring site are not considered representative of pre-harvest conditions for the 
study unit because of the blowdown situation that existed prior to harvest/salvage. 
Therefore, we cannot determine whether the criteria for temperature change are exceeded. 

This RMZ is not considered effective at achieving water quality standards. The primary 
factor contributing to BMP ineffectiveness is the low level of riparian canopy closure. The 
blowdown resulted in considerable amounts of LOD within the RMZ, which has the potential 
to shade the stream, but this type of shade is not reflected in the densiometer measurements. 
Harvest of standing trees within the RMZ, including intense harvesting on one side, has 
probably limited the effectiveness of the BMP. Even though overstory shading was reduced 
as a result of blowdown, the remaining dominant and other trees could have provided more 
shading, either as standing trees or possibly LOD in the event of future windthrow. 
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W7: New Pond Creek 

This one-sided RMZ on New Pond Creek (Class A) is located in north central Pierce 
County. The area opposite the study RMZ and upstream to the headwaters appears to have 
been clearcut harvested prior to the TFW RMZ regulations. However, the watershed on the 
same side and upstream of the study RMZ is mature second-growth for a distance of about 
400 meters. 

This site was monitored from September 21 to October 4. The highest two-day average air 
temperature recorded during this period at the Mud Mountain Dam weather station 
(5 kilometers north of the study site) was 4°C below the maximum summertime two-day 
average. The solar angle during this period is also considerably lower than during mid­
summer. Consequently, the data is not considered representative of critical conditions. The 
maximum daily water temperature recorded at the downstream monitoring site ranged from 
9.6 to 13.4°C. The maximum daily water temperature differential ranged from 0.9 to 
102°C, with a median value of 0.9·C. 

The BMP is considered effective in this case. The creek did not exceed the maximum water 
quality criterion of 18.3°C, and it is considered unlikely that it would exceed this 
temperature under critical conditions, given the relatively high elevation of this reach and the 
large temperature increase that would have to occur to exceed the criterion. Although an 
increase in water temperature through the RMZ was observed, it is considered unlikely that 
the criterion for maximum allowable temperature change would be exceeded during critical 
temperature regimes at this site because of its relatively high elevation. 
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This two-sided RMZ along Tokul Creek is located in north-central King County. Tokul 
Creek is a type 2, Class A stream. Upstream from the RMZ the land is in mature standing 
timber for several hundred meters. The stream reach above and through the study RMZ has 
considerable beaver activity, resulting in large pools alternating with braided stream 
segments. There is a good deal of open water in some segments impounded by beaver dams. 
Shade levels within the RMZ varied widely, with some portions completely devoid of shade 
trees. In the undisturbed reach above the RMZ, we observed more nonmerchantable woody 
vegetation than was present in portions of the RMZ. It appears that some areas of 
nonmerchantable vegetation were cleared within the RMZ to accommodate hi-lead cable 
logging systems. Tokul Creek has the highest discharge of all streams in this study, and 
discharge estimates indicate a slight increase in flow between the upstream and downstream 
monitoring sites. 

The study reach was monitored from August 13 to August 30. This period is not considered 
representative of critical conditions. The highest two-day average air temperature during the 
monitoring period was 8.5°C below the highest two-day average for the summer, based on 
records from the Snoqualmie Falls weather station 12 kilometers south of the study site. We 
recorded a maximum water temperature of 18.9°C on one day at the downstream monitoring 
site, which exceeded the water temperature criterion. A maximum temperature of 18.1°C 
was recorded on another day. Maximum water temperature recorded at the upstream 
monitoring site was 17.5°C. Based on these results, the BMP is not considered effective at 
meeting water quality standards for maximum temperature. In the case of this low gradient, 
moderately low elevation stream, it may be that the only way for the RMZ to have been 
effective would have been to design it such that no stream shading was removed, retaining 
any large trees and all nonmerchantable woody vegetation that provided shade. We believe 
the criteria for maximum water temperature change may be exceeded at this RMZ as well. 
The upstream site was within 0.5 of 18.0°C once during the monitoring period. When the 
upstream site, which is essentially under natural conditions, reaches this level the criterion 
for allowable change becomes 0.3°C. This temperature change was consistently exceeded 
during the monitoring period, even though it was not representative of critical temperature 
conditions. 
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Griffin Creek is a type 2, Class A stream with a one-sided RMZ. Land on the opposite side 
of the RMZ is in standing timber, as is the area upstream for at least 600 meters. The area 
upstream of the RMZ also has beaver ponds and associated wetlands, with some open water 
segments. The beaver activity extends through the upper portion of the RMZ, but the stream 
is free-flowing in the lower portion. 

Griffin Creek was monitored from September 11 to September 29. The maximum two-day 
average air temperature at the nearby Snoqualmie Falls weather station during the monitoring 
period was 4.5°C below the maximum two-dayaverage for the summer. Perhaps more 
important, the midday solar angle is approximately 15-20 degrees lower during late 
September than it is in mid-summer. Therefore, the results are not considered representative 
of critical temperature conditions. We did not observe any exceedances of water quality 
criteria during the monitoring period. Due to the lateness of monitoring at this site, 
however, we cannot determine whether the RMZ is effective at maintaining water 
temperature within the maximum criterion of 18.3 degrees. 

Likewise, while we observed that the upstream site often had higher water temperatures than 
our downstream monitoring site, we are unable to determine whether the criteria for 
temperature change are met. This is because the upstream site is not suitable as a baseline 
for evaluating temperature change associated with the harvest in this case. Griffin Creek has 
considerable beaver activity which has resulted in large, deep pools alternating with braided 
stream segments upstream of and in the upper portion of the study RMZ. However the 
stream and riparian zone are considerably different in the lower 200 meters of the RMZ. 
The stream is free-flowing and the canopy generally closes over the stream in this lower 
portion. Because of these differences, the upstream site is not representative of pre-harvest 
conditions at the downstream site, and the temperature differential observed does not reflect 
the temperature change associated with the timber harvest. 
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This two-sided RMZ is located in southwest Klickitat County, approximately 2 kilometers 
northeast of the town of Husum. In addition to a high riparian shade level, the stream is 
topographically shaded by a high south bank in the upper portion of the RMZ. The harvest 
unit was partial cut to the north of the creek, and clearcut to the south. The area above the 
monitoring site is in standing timber with scattered residential dwellings. Discharge 
estimates indicate a slight loss of flow between the upstream and downstream monitoring 
sites. During field surveys, we discovered a 15 centimeter diversion pipe about 240 meters 
upstream of the downstream thermograph site. Because of this surface flow diversion, it is 
unclear whether this is a gaining or loosing reach with respect to groundwater. 

Indian Creek was monitored from August 19 to September 5. During this period the 
maximum water temperature criterion of IS.3°e was exceeded eight times at the downstream 
thermograph site. These exceedances occurred during a period which may not be 
representative of the critical temperature regime for this stream. Examination of weather 
information from the Mount Adams Ranger Station's weather station, located approximately 
20 kilometers north-northeast of the study site, indicates that the maximum two-day average 
air temperature occurring during the monitoring period was 5.5°e lower than the highest 
mid-summer two-day average. 

We believe that the exceedances noted do not reflect ineffectiveness of the BMP. Shade 
levels are consistently high within this RMZ, and the average width of the RMZ is over 26 
meters. In fact, this was the widest RMZ in the study. It is unlikely that any substantial 
amount of additional shade could have been left in this case in order to achieve water quality 
standards. In terms of the criteria for temperature change, although the downstream site was 
warmer than the upstream site, there is no evidence that this increase was caused by the 
timber harvest. The water withdrawal may have an influence on the temperature sensitivity 
of this stream reach. 
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This RMZ is located in northern Yakima County approximately 300 meters downstream from 
the Mount Baker-Snoqualmie National Forest boundary. Rock Creek is a type 3, Class A 
stream. The RMZ is one-sided (southeast side), and the harvest was a partial cut. The 
opposite side was partial cut many years ago and is mostly open range land with sporadic 
large pines. The area upstream of the RMZ is composed of bare rock (scree) slopes, 
rangeland, and sparse timber. Portions of the RMZ are characterized by a dense growth of 
willows and other woody vegetation, resulting in a relatively high stem count 
(1161 stems/hectare) . 

Rock Creek was monitored from September 6 to September 25. Water quality standards 
were not exceeded during the monitoring period. The upstream site usually had higher water 
temperatures than the downstream site, indicating that this RMZ (and/or another factor such 
as groundwater inflow) has a cooling effect on Rock Creek. However, air temperatures 
indicate that the critical temperature regime was not tested during this monitoring period. 
The highest two-day average air temperature for the monitored period was about 5°C below 
the summer maximum, based on Cle Elum weather station records. However, it is unlikely 
that this high elevation site with almost complete canopy closure would exceed the Class A 
criterion of 18.3°C even under critical conditions. In order to exceed the criterion, 
maximum water temperatures would have to increase by over 5°C over our observed 
temperatures. Even if the criterion were exceeded, the high average shade level (99%) 
indicates that the harvest had little if any impact on stream temperature. We consider the 
BMP to be effective in this case. The dense woody vegetation is an important factor 
influencing the effectiveness of the RMZ. 
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The two-sided RMZ along Aeneas Creek (Class AA) is located in central Okanogan County. 
This is a partial cut harvest unit. There is mature standing timber for at least 600 meters 
upstream of the study reach. 

This site was monitored from August 29 to September 26. However, instrument drift was a 
problem with the water thermistor at the downstream site after September 3. From 
August 29 to September 3, Aeneas Creek did not exceed water quality criteria. However, 
the highest two day average air temperature recorded at the Tanasket weather station (about 
28 kilometers northwest of the site) during the August 29 to September 3 period was 12°C 
below the highest mid-summer two day average. This indicates a substantial deviation from 
critical temperatures for this area. Therefore, it is unknown whether the conditions within 
this RMZ meet either criterion of the water quality standard. 
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This one-sided RMZ is associated with a partial cut unit in northern Stevens County on the 
west side of South Fork Deep Creek, a type 1, Class AA stream. The land opposite the 
RMZ is in standing timber within the riparian zone, changing to rangeland with sparse 
timber on the uplands. There is standing timber upstream from the study reach on both sides 
of the stream for about 300 meters. Above this, the south side of the stream is in standing 
timber, while land on the north side is partially cut for a distance of about 300 meters, with 
standing timber above that. The amount of streamside woody vegetation was the highest of 
all 13 study sites (average of 2618 stems per hectare). 

Monitoring took place from August 1 to August 16. The Class AA maximum allowable 
water temperature criterion (16.3°C) was exceeded on 12 of the 15 days at the downstream 
site and 11 days at the upstream site. The maximum daily water temperature differential 
(downstream minus upstream) ranged from only 0.2 to O.4°C. However, on days when the 
upstream temperature (assumed to represent natural conditions) exceeded 16.0°C, the 
criterion for maximum allowable change due to timber harvesting would be 0.3°C. This 
criteria was slightly exceeded on four days. 

Since we do not know what the stream shading conditions or temperatures were before 
harvest, we do not know whether leaving additional shade over the stream would have been 
possible in order to ensure that stream temperature did not increase through the RMZ. 
However, the observed increases are small enough to be accounted for by factors other than 
riparian shading or timber harvesting, such as a change in channel characteristics or 
measurement error. Therefore, we do not attribute exceedances of the temperature criteria to 
a lack of BMP effectiveness. This RMZ is considered effective because it does not appear 
that the harvest caused an increase in water temperature. 
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DISCUSSION 

In the previous section, the factors influencing BMP effectiveness were discussed in the 
context of individual case summaries. In this section, the collective data set is analyzed 
using three approaches to evaluate the influence of various factors on the effectiveness or 
ineffectiveness of the BMPs (i.e. 'RMZ regulations) as implemented at the study sites. First, 
the study sites were grouped according to BMP effectiveness and examined for influences 
that the overall setting of the harvest units or any site-specific anomalies may have had on 
RMZ effectiveness. Second, a principle components analysis was used to explore 
interrelationships among the various factors. And finally, we examined correlations between 
certain site variables and temperature parameters using scatter plots and linear regressions. 
This included an evaluation of physical site factors which conceptually have a direct or 
indirect influence on the physics of stream heating. For a more in-depth discussion of such 
factors and theory regarding stream heating in the context of a larger forest stream data set, 
see Sullivan et al. (1990). The current study examines many of the same factors with the 
limitation of a smaller data set, but with the advantage of an additional parameter: the 
temperature change that occurred across the RMZ. 

Study Site Comparisons 

In terms of BMP effectiveness, the study sites were categorized in one of two ways: 1) sites 
where the BMP was judged to be effective at achieving water quality standards; and 2) sites 
where the BMP was judged to be ineffective at achieving water quality standards. The first 
category includes Tributary to Trap Creek, New Pond Creek, Indian Creek; Rock Creek, and 
South Fork Deep Creek. The second category includes Tributary to Pioneer Creek, Black 
Creek, North Fork Rabbit Creek, South Fork Ohop Creek, Bear Creek, and Tokul Creek. 
Aeneas Creek and Griffin Creek were not included in the above categories because no 
determination was possible regarding compliance with temperature criteria. The study site 
comparison is summarized in Table 4. 
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Sites Where The BMP Was Effective 

Common characteristics among sites where the BMP was effective are high elevation and/or 
high shade, relatively wide RMZs (in three cases) and high gradient streams. The relatively 
high gradient of these streams (ranging from 2.3% to 8.0%, with four of the five streams 
exceeding 3.5%) results in channel morphology which generally lacks slow, deep pools. 
High stream gradients may be related to relatively short residence times for water within the 
RMZ. Although four of the five RMZs in this category were one-sided, we do not believe 
that this is an important factor in BMP effectiveness since in each case the other side had a 
disturbed riparian zone due to previous land management. 

Three of the five effective RMZs were above 600 meters in elevation. The two low 
elevation RMZs in this category both had high average shade levels (95%). Also, in the case 
of Tributary to Trap Creek, the substantial proportion of groundwater inflow probably 
influenced BMP effectiveness. The RMZs along Tributary to Trap Creek, New Pond Creek, 
and Indian Creek were wider than the average in this study. While the RMZ on Rock Creek 
was the narrowest in the study (average width 8.8 meters), a dense growth of woody 
vegetation effectively shaded the stream. All three of the east side, partial cut RMZs for 
which we were able to determine BMP effectiveness are in this category. 

Sites Where The BMP Was Ineffective 

The six sites where the BMP was judged to be ineffective share certain characteristics which 
appear to have a strong influence on observed temperature conditions. Four of these sites 
were relatively low elevation (80 to 245 meters), while two were moderate elevation sites 
(425 to 465 meters). Average mid-channel shade was low to moderate (23% to 67%) in four 
of the six sites, while it was moderately high (82 % to 91 %) at the' other two. The latter two 
sites are distinctive in that both are Class AA streams with more stringent temperature 
criteria. We believe that both of these sites could have benefitted by leaving more shade. 
Although the average level of shade was moderately high at these two Class AA sites, 
portions of the RMZs were fairly open. Three of the sites in this category had relatively 
narrow RMZs. Average RMZ width at all six sites was above the minimum and, at all but 
one study reach, below the maximum specified by the BMP. In all but one of the six, 
portions of the RMZs were very narrow (four meters or less) according to the Department of 
Wildlife measurements. All six of the sites where the BMP was ineffective are west side 
RMZs associated with c1earcut harvest units. 

Among the six sites where the BMP was judged to be ineffective are three low gradient 
streams (0.6 to 1.2%). Two of these had considerable beaver activity resulting in wide, deep 
pools with some open water segments. Even with these two, however, we believe that 
additional temperature control from shading would have been possible. This is based in part 
on observed background temperature conditions; in both cases the unharvested reach 
immediately upstream of the study RMZ had similar beaver activity and stream morphology, 
yet cooler temperatures. We observed considerably more woody vegetation in these 
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undisturbed upstream reaches, which we believe can be important in providing effective 
shade. This contrasted with the more open appearance of the RMZs. Clearing of 
nonmerchantable woody vegetation to facilitate certain logging systems may be an important 
factor influencing temperature control on beaver streams and other sensitive streams. 

The ineffective BMP category includes the deepest stream channels, based on average 
bankfull depth. There are three one-sided and three two-sided harvest units in this category. 
Two of the one-sided harvest units had standing timber on the opposite bank, a situation 
which would be expected to ameliorate increases in stream temperature associated with the 
timber harvest. With Black Creek, forest practices on the other side of the stream probably 
limited the effectiveness of the RMZ, as the riparian vegetation was rather sparse opposite 
the study RMZ. One of the sites in this category had considerable blowdown before the unit 
was harvested. This site also had a substantial number of trees harvested within the RMZ, 
due to perceived risk of future wind throw . 

For sites in the ineffective category, we believe that increased levels of post-harvest shade 
would have enhanced BMP performance, resulting in achievement of water quality standards. 
In cases where the stream is highly temperature sensitive (e.g. North Fork Rabbit Creek), the 
only way for the BMP to be effective at achieving water quality standards is to ensure that 
the timber harvest does not remove any shade that provides temperature protection for the 
stream. There are two possible ways that the level of shade at sensitive sites can be 
maximized to the degree necessary for temperature protection: 1) leave a wider RMZ, or 
2) do not harvest shade trees or otherwise remove vegetative shade within the RMZ. For all 
but two of the sites in this study where additional temperature protection is called for, there 
was no evidence that a substantial number of trees were harvested from within the RMZs. In 
these cases, we believe a wider RMZ, and/or retaining all non-merchantable woody 
vegetation, could have been a more effective BMP. Depending on local topography and the 
composition of the riparian canopy, the crowns of tall trees outside of the RMZ perimeters 
can potentially provide stream shading. In some cases where a wider RMZ is needed to 
retain stream shading, we believe it may need to be wider than the maximum width specified 
in the Forest Practice Rules for west side RMZs. 

In four of the six sites where the BMP was ineffective, site specific anomalies (e.g. beaver 
activity, significant loss of flow) were primary factors in the performance of the BMP. 
Forest managers should recognize that the proposed new TFW temperature method 
(Doughty, et al., 1991) is not designed to directly address such site specific anomalies .. 
However, the proposed method for identifying temperature sensitive streams and designing 
RMZs does take into account two of the most important factors influencing the overall 
temperature regime of forest streams: site elevation and post-harvest shade. 

Influence of the Water Quality Standards Classification 

In at least one of the thirteen study sites (Ohop Creek), the water quality standards 
classification is an administrative factor influencing the determination of BMP effectiveness. 
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The current system of determining the standards classification is based largely on either land 
ownership and land use or the classification of downstream waters. For example, streams 
are Class AA within the boundaries of National Parks and National Forests, and then become 
Class A downstream of such boundaries. Elsewhere, a stream is Class AA if it is a 
tributary to a lake or another waterbody which has been specifically classified as AA. While 
this classification system is appropriate for designating beneficial uses and assigning certain 
water quality criteria, it is not always meaningful for the purposes of assigning stream 
temperature criteria. The result is temperature criteria which in some cases are not 
representative of the natural temperature conditions of streams. 

From the standpoint of the physical factors influencing stream temperature, a more 
appropriate way to classify streams for temperature criteria would be a system that accounts 
for differences in ambient air temperature, groundwater inflow, and channel characteristics 
which affect the physics of heat gain and loss in a stream under natural conditions. For 
example, a classification system based on a combination of elevation, stream order, and 
ecoregion might be appropriate. Elevation would account for ambient air temperature 
regimes, while stream order would address the physical dimensions of a stream (which in 
tum affect its response to heat inputs and the effectiveness of riparian shading). Stream 
order may also relate in a general way to the relative proportion of groundwater inflow. An 
ecoregion approach could account for differences in climate and hydrology. 

The current classification system, while not always consistent with naturally occurring 
temperature conditions, establishes criteria which are intended to be protective of beneficial 
uses. The criteria recognize that natural conditions may result in temperatures above the 
criteria, and in such cases allow essentially no increase due to human activity. This system 
results in a higher performance standard for BMPs in certain drainages. The intent of the 
classification system is to provide an adequate level of protection for downstream Class AA 
streams or lakes potentially affected by the pollutant loads of their tributaries. While it is 
important to provide an extra measure of protection for downstream waters where 
conservative pollutants are concerned, stream temperature in forested areas is primarily 
influenced by local environmental conditions (including those immediately upstream) which 
control the thermal equilibrium. 

Principal Components Analysis 

A principal components analysis (PCA) was used to evaluate relationships among the study 
sites and various site characteristics. Analyses were performed using Systatc software. PCA 
is a multivariate ordination procedure which may be used to reduce a multi-dimensional 
swarm of data into two or three dimensions to facilitate observations of relationships between 
data points. In PCA, a series of axes are identified which describe the intrinsic structure of 
the data swarm. The first principal component may be thought of geometrically as the axis 
which explains as much as possible of the variability in the relative placement of the original 
set of data points (Jackson, 1983). The second principal component is the axis, 
perpendicular to first principal component, which best explains the remaining variability, and 
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so on. In algebraic terms, the first principal component may be described as the linear 
function which best explains the variation within the original data set. 

In our use of peA, we plotted the thirteen study sites according to the first two principal 
component axes. The result is shown in Figure 2. Of the eighteen variables used in the 
peA, several were found to be important in the first andlor second principal component, and 
these are used to label the four quadrants of the plot. The first principal component 
explained 41 % of the variability in the original data, and was most heavily weighted by air 
temperature, water temperature, monitoring date, stream gradient, stream depth, elevation, 
shade, and stream width, in that order. The second principal component explained an 
additional 16% of the variability, with the heaviest weight given to tree count, elevation, 
distance to divide, stream depth, and gradient. RMZ length, RMZ width, and stream 
orientation were not weighted heavily in either of the first two principal components, but 
were the dominant variables in the third principal component, which explained an additional 
14 % of the variability in the original data. 

Sites which plot near each other in Figure 2 have similar scores based on the eighteen 
variables considered, and are related in terms of these two principal components. We find 
some of the groupings apparent in Figure 2 interesting. Sites W2, W3, and W8 are a11low 
gradient streams where the BMP was ineffective, and bothW2 and W8 were heavily 
influenced by beavers. Sites W7 and E2 plot very close together and represent two of the 
five streams where the BMP was effective. Another site where the BMP was effective, WI, 
is located similarly to W7 and E2 with respect to the first principal component but 
dissimilarly with respect to the second, largely due to its low elevation and high gradient. 

The loadings of the variables used in the peA establish the amount of weight they have in 
the principal components. These loadings may also be plotted with respect to the principal 
components axes to depict interrelationships among the variables. We found that air 
temperature and water temperature were strongly related to each other, but inversely related 
to shade and monitoring date, with a somewhat weaker inverse relationship to elevation, 
gradient, and tree count. There was a strong positive relationship between elevation and tree 
count, and a somewhat weaker positive relationship between stream depth and stream width. 
Stream gradient was inversely related to stream depth and width. The relationships explained 
in the peA support many of the observations made in the study site comparisons and case 
summaries. 
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Linear Regressions 

Relationships among various site factors and observed stream temperature parameters were 
explored further using scatter plots and linear regressions. Regressions were run using 
Systatc software. Selected scatter plots with regression results are presented in Appendix C. 
The relationships examined are discussed below. Unless otherwise noted, regression 
coefficients for the independent variables were significant at or above the 95 % level (i. e. we 
are at least 95 % certain that the coefficients are significantly different from zero). 

Effect of Monitoring Date 

The date of monitoring appears to have a strong influence on observed stream temperature 
regimes. This is illustrated by the negative correlation between median Julian date of 
monitoring and the median of maximum daily water temperature (r2=0.56). The median 
Julian date was also correlated with the median of maximum daily air temperatures 
(r2 =0.73). Julian date was not correlated to stream temperature change (downstream minus 
upstream temperature). The median Julian date of monitoring may be thought of as a 
variable which integrates such influential factors as air temperature and solar angle. It is 
important to recognize the influence of the monitoring period as other correlations are 
explored. The wide variation in the dates of monitoring, with only a few of the sites 
monitored during periods of critical temperature conditions, probably distorts some of the 
relationships between physical site factors and temperature. 

Air Temperature 

Air temperature was positively correlated with water temperature. Regressions of the median 
of daily maximum air and water temperatures, with air as the independent variable, resulted 
in an r2 of 0.56 using data from the downstream thermograph sites and 0.39 using data from 
the upstream (background) thermograph sites. When maximum air and water temperatures 
were used, r2 was 0.51 and 0.53, respectively, for the downstream and upstream monitoring 
sites. Air temperature showed no significant correlation to water temperature change 
between upstream and downstream monitoring sites. 

The lack of a positive correlation between air temperature and stream temperature change is 
somewhat counter-intuitive. However, it is consistent with our observation that significant 
stream heating occurred in some RMZs where the background air temperatures were warmer 
(or at least not significantly cooler) than downstream air temperatures. Direct solar heat 
input to the stream at various points along the RMZ may be an important factor that is not 
reflected in near-stream air temperature measurements taken at the thermograph sites. We 
believe that direct solar heating, through localized openings in the riparian canopy or where 
the stream is aligned with the midday solar azimuth, could be especially important in low 
gradient streams (e.g. beaver streams) due to the water's longer residence time. 
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Eleyation 

Site elevation is a primary controlling factor for stream temperature, largely because of the 
relationship of elevation to air temperature regimes. Using simple linear regression, 
elevation at the RMZ midpoint was negatively correlated to maximum downstream water 
temperature (rl=0.37) and to the median of maximum daily water temperature (rl=0.36). 
The correlation between elevation and maximum water temperature at the upstream 
monitoring sites was somewhat weaker (rl=0.31, significant at the 90% level). Site 
elevation was similarly correlated with maximum air temperature at the downstream sites 
(rl =0.35). There was essentially no correlation between site elevation and water 
temperature change between upstream and downstream monitoring sites. 

We find it interesting that elevation, which has a strong theoretical relationship to stream 
temperature, explained only 37% of the variation of maximum water temperature in this data 
set. This points out the importance of other factors. When shade was added as an 
independent variable along with elevation in multiple regression, 51 % of the variation in 
maximum water temperature was explained, although the regression coefficient for shade was 
not significant at the 95% level (p=0.12). When Julian date and elevation were used as two 
independent variables in multiple regression, 70% of the variation in maximum temperature 
was explained. 

Riparian Shade 

Shade over the stream is a key factor for temperature control in forest streams, because it is 
something that can be managed. With this set of data, average shade was negatively 
correlated with water temperature. By itself, however, shade did not explain a substantial 
amount of the variation in maximum water temperature (rl=0.22), and the regression 
coefficient was not significant at the 95% level (p=0.1l). As mentioned above, the rl is 
0.51 when both shade and elevation are used as independent variables in multiple regression. 
The relationship of maximum observed temperatures to average shade and site elevation is 
illustrated graphically in Figure 3. The data from Tributary to Trap Creek is an outlier in 
this plot, which may be explained partly by the influence of groundwater inflow and partly 
by the lateness of monitoring at this site. Average shade was not correlated to maximum air 
temperatures. This is consistent with our observations that recorded air temperatures were 
sometimes higher at the background sites, despite the greater level of shading at these sites. 

In this study, shade levels among the RMZs are compared using the average of shade . 
measurements made at a number of points within the individual RMZ. Likewise, the 
individual shade measurements are averages of four directional measurements. While useful 
for comparisons between sites, these average RMZ shade figures may not always reflect the 
critical riparian shade conditions influencing stream temperature. In some of our study sites 
the individual point measurements of shade are relatively uniform while in others the 
measurements are highly variable. There is also a directional component to stream shading 
that is masked by the average shade figures. We believe that for some of the sites monitored 
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Figure 3: Relationship of Shade and Elevation to 
Maximum Water Temperature 
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in this study, site specific conditions within the RMZ (e.g., a midday opening above the 
stream that aligns with the solar azimuth or open portions of an otherwise well-shaded RMZ) 
may override the effects of a high average shade level. 

Groundwater Influence 

Groundwater inflow can have a-significant influence on stream temperature regimes (Mackey 
and Berrie, 1991; Sullivan et aI., 1990). The influence of substantial amounts of 
groundwater inflow on stream temperature is strong because groundwater is generally cooler 
than surface water during the summer months. Sullivan et al. (1990) suggested that the 
temperature of groundwater in an area is similar to the annual average air temperature, which 
ranges from about 9.0 to 11.0°C within our study areas. During summer baseflow, 
essentially all of the flow in a given stream reach is contributed by groundwater inflow either 
in that reach or upstream from it. After the groundwater enters the channel it begins to 
establish thermal equilibrium with surface conditions, until eventually its cooling effect on 
the stream is diminished. Conceptually, stream reaches with a high proportion of 
groundwater inflow would be cooler than otherwise, and less responsive to heat inputs due to 
reduced riparian shading. 

We used simple linear regression to test the relationship between groundwater inflow and 
stream temperature. The independent variable accounting for groundwater influence was the 
ratio of discharge at the downstream end of the monitored reach to discharge at the upstream 
end, referred to as Q-ratio. The comparison of discharge estimates gives a rough 
approximation of groundwater gain or loss within the RMZ reach. A Q-ratio greater than 
1.0 indicates the reach is gaining groundwater, while a Q-ratio less than 1.0 indicates a 
losing reach. The dependent variable was median of maximum daily temperature change 
(downstream temperature minus upstream). As expected, Q-ratio was negatively correlated 
with temperature change (r2=0.32, significant at the 90% level). Sites with proportionately 
greater groundwater inflow had lower increases in temperature. There was no Significant 
correlation between Q-ratio and maximum water temperature. Groundwater influence was 
most apparent in North Fork Rabbit Creek (Site W4 on the correlation plots). Data from this 
site are outliers in many of the correlations using temperature change. 

Stream Azimuth 

There is a conceptual relationship between stream orientation and temperature sensitivity, as 
_ this relates to the time of day and solar angle when the solar azimuth is aligned with the 

stream azimuth. Two approaches were taken to evaluate this relationship. First, azimuths 
were converted to 0-90 degree bearings for regression analysis. For our data set, there were 
no significant correlations between azimuth and any of the temperature parameters. 

Second, maximum stream temperatures were plotted by stream azimuth (facing downstream). 
This plot is presented in Appendix C. There are seven sites in the two north-south oriented 
quadrants, with an average maximum temperature of l7.6°C. There are five sites within the 
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west facing quadrant, With an average maximum temperature of 16.2"C. However, when 
sites located Within 10 degrees of the quadrant boundaries are excluded, and the sites With 
the strongest north-south orientation are compared to those With the strongest east-west 
orientation, the average maximum temperatures are almost identical. The three streams that 
had south-southwest orientations demonstrated high temperatures, With maximums exceeding 
IS.O·C in each case. Other than this grouping, there does not appear to be any consistent· 
relationship between stream orientation and maximum stream temperature in this data set. 
However, we believe that on a site specific basis, stream orientation in relation to the solar 
path could be an important consideration when designing an RMZ to maximize midsummer 
shade on a temperature sensitive stream. 

Stream De,pth 

Average bankfull depth was positively correlated with the median of maximum daily water 
temperature (r'=0.37) and with maximum water temperature (r'=0.41). There were no 
significant correlations between bankfull depth and the temperature change parameters. 
Average water depth at the thermograph sites showed no correlation with the temperature 
parameters. 

Stream Gradient 

Stream gradient was negatively correlated to maximum water temperature (r'= 0.24) and to 
the median of daily maximum water temperatures (r'=25). In both of these regressions, the 
coefficient was significant at the 90% level. While the correlation is not strong, the inverse 
relationship is consistent with our observations that gradient may be a factor influencing 
BMP effectiveness. There was no significant correlation between gradient and measured 
temperature change. 

Bankfull Width 

Average bankfull width was not significantly correlated with any of the temperature 
parameters. Bankfull width was negatively correlated with average shade, explaining 37% of 
the variability in shade among the sites. 

Other Factors 

There was no correlation shown by linear regression between the site characteristics of 
distance to divide, average RMZ width, or tree count/hectare and any of the temperature 
parameters. Average RMZ width showed a weak positive correlation to shade with this data 
set, explaining 21 % of the variation in average RMZ shade, but the correlation coefficient 
was not significant at the 95% level (p=0.12). Tree count did not correlate with shade, 
although one might expect some relationship between these variables. For the streams in this 
study, distance to divide was not correlated to the channel characteristics of average bankfull 
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width or average bankfull depth, although one might expect a positive correlation between 
these variables. 

Proposed New TFW Temperature Method 

As discussed earlier, previous work by the TFW Temperature Work Group resulted in the 
development of a proposed new method for identifying temperature sensitive streams and 
designing RMZs. We applied the tools (screen and model) from the proposed method to our 
study sites and compared the results to our conclusions about the effectiveness of the study 
RMZs. This comparison is not intended to be an exhaustive test of the proposed method. 
The 13 study sites are plotted on the temperature screen in Figure 4. Of the 11 sites where 
we have determined whether the criteria for maximum temperature are met, the screen 
correctly identifies the temperature category for seven of the sites, or 64 %. This includes 
sites W2 and W6 that plotted on the dividing line. These two sites are marginal, but we 
concluded that they are possibly exceeding criteria. 

Four of the eleven were incorrectly placed in the "acceptable for all streams" category, 
including three which definitely exceeded criteria and one (W5) which we judged as possibly 
exceeding criteria. We note that temperatures at W5 were marginal, and that two of the four 
"false positives" are anomalous in that they are losing stream reaches. It is also interesting 
that three of the four are Class AA streams. Our results do not allow us to test whether the 
screen correctly identifies the temperature category for sites W9 and E3. Considering the 
site specific anomalies at sites W4 and El, and the marginal nature of site W5, we believe 
the screen performed well. If the two sites with flow loss were excluded, the screen would 
correctly categorize 78 % of our sites. 

The TFWTEMP model is another tool that is used in the proposed method. The model relies 
on user supplied site information and internally generated information to predict maximum, 
mean, and minimum stream temperatures. We compared our measured maximum stream 
temperatures to those predicted by the model. The model correctly identified the maximum 
observed temperature 77% of the time to ± 3.0·C, 62 % of the time to ± 2.0·C, and 15% 
of the time to ± 1.0·C. The model includes an option which recalculates stream 
temperature using a safety factor to account for higher air temperatures. Using this option, 
the model correctly identified the maximum observed temperature 77%,54%, and 23% of 
the time for accuracies of ±3.0·C, ±2.0·C, and ±1.0·C, respectively. The model 
underestimated the maximum stream temperature 69% of the time and overestimated it 31 % 
of the time. The largest prediction errors (> 3.0·C) were made in the case of sites W4 and 
E 1, two losing stream reaches, and site E4. 

The TFWTEMP model also indicates whether the proposed post-harvest shade level is 
acceptable or not in consideration of stream classification and water quality standards. Of 
the 11 sites where we have determined whether the criteria for maximum allowable 
temperature are met, the model correctly identified two as "unacceptable" and three as 
"acceptable". The model incorrectly identified six of the sites we determined to be 
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exceeding or possibly exceeding criteria as "acceptable". Two of the six incorrectly 
identified sites are losing streams, a situation not addressed by the model. The model's 
calculations assume a positive groundwater inflow rate. Another of the six is a beaver 
stream for which the model greatly underestimated stream depth. We note that two of the 
sites incorrectly rated as "acceptable" by the model are marginal cases where we observed 
maximum temperatures within ±O.5°C of the criteria. 

Based on our limited evaluation, we believe that there is a problem with the way in which 
the model selects air temperature profiles for use in its calculations. Although we did not 
monitor during critical summer conditions in many cases, we recorded air temperatures 
which were considerably higher than those used by the model in its calculations. For our 
study sites, which represent a fairly wide range of climate regions and elevations, the model 
chose only air temperature profiles number 1 and 2. These profiles correspond to maximum 
July 15 to August 15 air temperatures of 18.9°C and 20.9°C, considerably lower than 
maximum air temperatures recorded at our monitoring sites. It is likely that the accuracy of 
the model can be improved considerably by modifying the selection of air temperature 
profiles. Since it .relies heavily on empirical relationships to generate many of the values 
used in its calculations, the model is designed to be improved through incorporation of new 
data. 

We believe the proposed new method is capable of correctly identifying temperature sensitive 
streams in a majority of cases. However, the screen and model may not adequately identify 
streams which are sensitive due to site specific anomalies such as flow loss and modification 
by beavers. In predicting temperature categories (i.e. acceptable vs. unacceptable), the 
screen performed better than the model for our data set. The proposed method relies heavily 
on the screen, with the model proposed for use only in cases where the possibility of 
exceeding the temperature change criterion of 2.8°C is indicated. Given this use of the 
model, it may not be critical that it correctly determines the acceptability of post-harvest 
shade levels, but rather that it can predict a change in water temperature associated with a 
change in shade levels when other factors are held constant. 

The proposed new method, while having some limitations, offers major advantages over the 
current BMPs which rely on standard RMZ prescriptions and upgraded standard prescriptions 
for temperature sensitive streams. The main advantage of the proposed method is its 
incorporation of two of the primary factors affecting stream temperature: site elevation and 
riparian shade. Another important advantage is that the proposed new method ties the 
concept of temperature sensitivity directly to state water quality standards, whereas the 
current RMZ rules do not. 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Based on the previous discussion and observations contained in the case summaries, we are 
able to draw a number of conclusions regarding BMP effectiveness and the factors which 
influence the ability of the current RMZ rules to achieve water quality criteria for 
temperature. 

1) The RMZ prescriptions were effective at meeting water quality standards at five of the 
thirteen sites. This includes all three of the east side, partial cut harvest units for which 
we were able to determine BMP effectiveness. At two of these east side RMZs, 
maximum water temperatures exceeded the water quality criteria, but the exceedances 
were not attributed to timber harvesting. The BMP was effective at all three of the 
study sites which were above 600 meters elevation. 

2) The RMZ prescriptions were ineffective at meeting water qUality standards at six of the 
thirteen study sites. All of these were west side units with clearcut harvests, and all 
were below 500 meters elevation. For these sites we believe that leaving additional 
shade within the RMZ, or leaving a wider RMZ, could have resulted in achievement of 
water quality standards. The standards could have been met either through meeting the 
numerical criteria or assuring that there was no temperature increase associated with the 
harvest (i.e. no removal of trees or nonmerchantable woody vegetation that provide 
shade to the stream). 

3) At the two remaining sites, we were not able to determine BMP effectiveness due to the 
lateness of monitoring and the marginal nature of the results. 

4) The primary site factors associated with effective RMZs appear to be: moderately high 
elevation (> 600 meters), high average levels of riparian shading, relatively wide 
RMZs, dense woody vegetation, groundwater inflow within the reach, stream 
morphology associated with relatively high gradients, and partial cut harvesting. 

S) The primary site factors associated with ineffective RMZs appear to be: low to moderate 
elevation « SOO meters); low to moderate levels of riparian shade; loss of streamflow 
within the reach; stream morphology associated with low gradients and/or stream 
modification by beaver activity resulting in wide, deep pools and open water segments; 
and clearcut harvesting. Removal of nonmerchantable woody vegetation appears to be 
an important factor in some RMZs, particularly in highly sensitive beaver streams. 

6) The water quality standard classification that applies to a site is an administrative factor 
that influences the determination of BMP effectiveness by setting a higher performance 
standard for certain sites. RMZs designed for Class AA streams may need to retain 
more of the pre-harvest shade when other site characteristics indicate temperature 
sensitivity . 
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7) For study sites where additional shade was needed to achieve water quality standards, a 
wider RMZ (i.e. a wider leave tree perimeter) or retaining all of the trees and other 
woody vegetation within the RMZ would have been required. Harvesting within the 
leave tree perimeter of the RMZ was a factor which limited the effectiveness of the 
RMZ in at least two of the study sites. 

8) In certain cases where streams are highly temperature sensitive, the only way to ensure 
BMP effectiveness is to design the RMZ such that no reduction in stream shading 
occurs. This contrasts with RMZ rules in effect at the time the study units were 
harvested, which called for retaining 50% to 75% of the pre-harvest shade level for 
temperature sensitive streams. : We believe it may be necessary to retain 100% in some 
cases . 

9) The minimum RMZ width of 7.6 meters (25 feet) for west side streams is inadequate for 
temperature protection on many moderate to low elevation streams. In some cases, the 
maximum RMZ width of 15.2 meters (50 feet) for west side type 3 streams may not be 
wide enough for adequate temperature protection. This could be the case in some 
situations where retaining 100% of the shade is called for to protect stream temperatures . 
Whether or not trees outside of the maximum RMZ width could provide effective shade 
would depend on the composition of the riparian stand and/or site topography. 

10) The proposed new TFW method for identifying temperature sensitive streams and 
designing RMZs takes many of the important site factors into account, and is expected to 
identify streams requiring enhanced temperature protection (i.e. above-minimum RMZ 
prescriptions) in a majority of cases. The method may not identify streams which are 
sensitive due to site specific anomalies such as beaver activity or loss of flow. In 
marginal cases, where the screen does not yield a clear result in terms of acceptability, 
the only way to be certain whether the proposed shade removal is acceptable is to 
monitor stream temperature prior to harvesting during critical summer conditions. 

Recommendations 

1) Incorporate the proposed new TFW temperature method (temperature screen and 
TFWTEMP model) into the Forest Practices Rules. Modify the way in which the model 
selects air temperature profiles. Established a process to periodically update the 
empirical components of the screen and model as more data become available. 

2) Include procedures for identifying and addressing site specific anomalies in the stream 
temperature method for designing RMZs. In addition to using the temperature screen 
and/or model, identification of temperature sensitivity should address site specific 
situations, such as stream modification by beavers and stream reaches which are losing 
flow, in order to adequately protect sensitive streams. 
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3) Add provisions in the RMZ rules for retention of 100% of stream shading for the most 
sensitive stream reaches. This should be required in all cases where pre-harvest 
conditions exceed maximum temperature criteria. All nonmerchantable woody 
vegetation should be retained on beaver streams and other temperature sensitive streams. 

4) Consider revising minimum RMZ widths for low elevation, west side streams, and 
determine whether the maximum RMZ widths for west side, type 3 streams are 
adequate. This may require additional temperature monitoring in low elevation streams 
in conjunction with RMZ characterization. 

5) Consider revising the water quality standards classification system for the purposes of 
temperature criteria in forest streams, in order to be more representative of naturally 
occurring temperature regimes. 

6) In future studies of BMP effectiveness, monitoring of stream temperatures should be 
conducted during the July 15 to August 15 period to ensure results that are representative 
of critical stream temperature conditions (i.e. maximum equilibrium temperature). If 
feasible, monitoring before and after harvesting should be conducted to definitively 
determine whether the BMP is effective at meeting the criteria for temperature change. 
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APPENDIX A 

.. RIPARIAN MANAGEMENT ZONE RULES: 
BEST MANAGEMENT PRACTICES FOR PROTECTION OF 

STREAM TEMPERATURE 



- - - - - - - - - -
lZl-J4HIIO Timber Hanesting 

WAC l11-J4HIJO PoJicy-Timber banesting. This section covers all removal 
of timber from (orest lands in commercial operations, commercial thinning, salvage 
of timber. rclog~ing merchantable material left aftcr prior harvests, postharvcst 
cleanup, and clearing of merchantable timber from lands being converted to other 
uses. It does not cover removal of incidental vegetation or removal of firewood for 
personal use. To the extent practical the department shall coordinate the activities 
on a multiple disciplinary planning approach. The riparian management zone 
requirements specified in this section are designed to provide protection for water 
quality and fisheries and wildlife habitat through ensuring present and future sup­
plies of large organic debris for streams, snags, canopy cover, and a multistoried 
diverse forest adjacent to Type I, 2 and 3 Waters. (NOTE: OTHER LAWS OR REGU· 
LATIONS AND/OR PERMIT llEQUIREMENTS MAY APPLY. SEE CHAPTER 222-50 WAC.) 

WAC l11-J4HIlO Honest unit planning and design. 
(I) Logging system. The logging system should be appropriate for the terrain. 

soils. and timber type so yarding or skidding can be economically accom· 
plished in compliance with these regulations. 

·(2) Landing locations. Locate Jandings to prevent damage to public resources. 
Avoid excessive excavation and filling. 

(3) ~ing '_!ruCtion. 
(a) Landings requiring sidccast or fill shall be no larger than reasonably 

necessary for safe operation of the equipment expected to be used. 
(b) Where the average general slopes exceed 65 percent, fill material used 

in construction of landings shall be free of loose stumps and excessive 
accumulations of slash and shall be mechanically compacted where 
necessary and practical in layers by tractor to prevent soil erosion and 
mass soil movement. Chemical compacting agents may be used in 
accordance with WAC 222-3S-020. 

·(c) Truck roads, skid or fire trails shall be outslopcd or cross drained 
uphill of landings and the water diverted onto the forcst floor away 
from the toe of any landing fill. 

(d) Landings shall be sloped to minimize accumulation of water on the 
landing. 

·(e) Excavation material shall not be sidecast where there is high potential 
for material to enter below the ordinary high-water mark of any 
Stream or the 5(}-year nood level of Type I, 2, 3 or 4 Water. 

·(4) Ripariall managtmellt zones. For the purpose of riparian management zone 
design the state shall be divided along an administrative line which approxi· 
mates the change from the Western Washington timber types to the Eastern 
Washington timber types described as follows: 
Beginning at the International Border and Okanogan National Forest 
boundary at the NI/4 corner Section 6. T. 40N. R. 24E .• W.M .• south and 
west along the Pasayten Wilderness boundary to the west line of Section 30, 
T. 37N. R. 19E.. 
Thence south on range line between ·R. 18E. and R. 19E., to t~e Lake 
Chelan-Sawtoolh Wilderness at Seclion 31. T. 35N. R. 19E .• 
Thence south and east along the eastern wilderness boundary of Lake 
Chelan-Sawtooth Wilderness to the west line of Section 18, T. 31N, R. 
19E. on the north shore of Lake Chelan, 
TIwnce south on the range line between R. 18E. and R. 19E. to the SE cor· 
ner of T. 2SN. R. ISE .• 

(31) 

- - - - - - - - -
Timber Hanesting ll1-J4HI10 

Thence west on the township line between T. 27N, and T. 28N to the NW 
corner of T. 27N, R. I7E .• 
Thence south on range line between R. 16E. and R. 17E. to the Alpine 
Lakes Wilderness al Seelion 31. T. 26N. R. 17E .• 
"Iben« south along the eastern wilderness boundary to the west line of Sec­
tion 6. T. 22N. R. 17E .• 
Thence south on range line between R. 16E. and R. 17E. to the SE corner 
of T. 22N. R. 16E .• 
ThenH west along township line between T. 21 N. and T. 22N to the NW 
corner.ofT. 21N, R. 15E. •. 
Tbeoce south along range line between R. 14E. and R. 15E. to SW corner 
of T. 20N. R. 15E., 
Thence east along township line between T. 19N, and T. 20N to the SW 
corner of T. 20N. R. 16E .• 
Thence south along range line between R. 15E. and R. 16E. to the SW COr­
ner ofT. ISN, R. 16E., 
1bence west along township line between T. 17N, and T. ISN to the SE 
corner of T. ISN, R. 14E., 
Thence south along range line between T. 14E. and R. 15E. to the SW cor. 
ner of T. 14N. R. 15E., 
Thence south and west along Wenatchee National Forest Boundary to the 
NW corner ofT. 12N. R. 14E .• 
11Jeau south along range line between R. 13E. and R. 14E. to SE corner of 
T. ION. R. I3E .• 
1'heDce west along townShip line between T. 9N, and T. ION to the NW 
corner of T. 9N. R. 12E .• 
1'hence south along range line between R. II E. and R. 12E. to SE corner of 
T. SN. R. liE., 
'I'henu west along township line between T. 7N. and T. 8N to the Gifford 
Pinchot National Forest Boundary, 
1bence south along Forest Boundary to SE corner of Section 33 T 7N R 
liE.. •. •. 

Theoce west along township line between T. 6N. and T. 7N to SE corner of 
T. 7N. R. 9E., 
1beace south along Skamania-Klickitat County line to Oregon-Washington 
state line. 

(5) Western Washington riparian management zones. These zones shall be mea­
sured horizontally from the ordinary high-water mark of Type I, 2 or 3 
Water and extend to the line where vegetation changes from wetland to 
upland plant communilY. but shall not be less than 25 feet in width nOr 
more than the maximum widths described in (c) of this subsection, provided 
!hat the riparian management zone width shall be expanded as necessary to 
mclude swamps, bogs. marshes Or ponds adjacent to the stream. 
(a) HarveSt units shall he designed so th., felling. bucking. yarding or 

skidding, and reforestation can be accomplished in accordance with 
these regulations, including those regulations relating to stream bank 
integrity and temperature control. Where the need for additional 
actions or restrictions adjacent to waters not covered by the following 
become evident. WAC 222-12-050 and 222-12-060 may apply. 
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When requested in writing by the applicant, l~e ~epartmenl shall 
assist in preparation of an alternate plan for the rlpanan management 

zone. 
Within the riparian management zone, there shall be trees leCt .for 
wildlife and fisheries habitat as provided for in the chart below. Fifty 
percent or more of the trees shall be live and undamaged on comple­
tion of the harvest. The leave trees shall be randomly distri~utcd 
where feasible; some clumping is allowed to accommodate operational 
considerations. The number. size, species and ratio of leave trees, 
deciduous to conifer. is specified by the bed material and IV,crage 
widtb of the water type within the harvest unit. Trees lert .~rdIn8 to 
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-Or IIdt "rcat .diSable- rcquir~ that the next largcst trees to th~ specifi~ in 
the rule be left standing when those available are smaller than the Sizes specified. 
Ponds or lakes which are Type 1. 2 or 3 Waters shall have the same leave tree 
requirements as boulder/bedrock streams. 

(d) for wildlife habitat within the riparian management zone, leave an 
average of S undisturbed and uncut wildlife trees per acre at the r8:tio 

of I deciduous tree to 1 conifer tree equal in size to the largest ellst· 
ing trees of those species within the zone. Where the 1 to 1 ratio is not 
possible, then substitute either species present. Forty pcrce~t or more 
of the leave trees shall be live and undamaged on completion of bar· 

-

vcst. Wildlife trees shall be left in clumps whenever possible. . 
(e) When 10 percent or more of the harvest unit lies within the riJ!3~tan 

management zone of Type I. 2 or 3 Waters and the harvest umt IS a 
clcarcutting of 30 acres or less. leave not less than 50 percent of the 
trees required in (c) of this subsection. 
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.(6) Eastern Wasbincton riparian manacement zones: These zones shall be mea· 
surcd horizontally from the ordinary high-water mark of Type 1. 2 or J 
Waters and extend to the line where vegetation changes from wetland to 
upland plant community. but shall not be less than the minimum width nor 
more than the maximum widths described in (c) of this subsection. provided 
that the riparian management zone width shall be expanded as necessary to 
include swamps. bogs. marshes. or ponds adjacent to the stream. 
(8) Harvest units shall be designed so that felling. bucking. yarding or 

sk.idding, and reforestation can be accomplished in accordance with 
these regulations. including those regulations relating to stream bank 
integrity and temperature control. Where the need (or additional 
actions or restrictions adjacent to waters not covered by the following 
become evident. WAC 222-12--{)50 and 222-12--{)60 may apply. 

-

(b) When requested in writing by the applicant. the department shall 
assist in preparation of an alternate plan for the riparian management 
zone. 

(c) Within the riparian management zone. there shall be trees left for 
wildlife and fisheries habitat as provided for below. Fift)' percent or 
more of the trees shall be live and undamaged on completion of the 
harvelt. The leave treC$ shall be randomly distributed where feasible; 
some clumping is allowed to accommodate operational considerations. 
(i) The width of the riparian management zone shall be based on 

the adjacent harvest type a. defined in WAC 222-16--{)IO(33) 
Partial cutting. When the adjacent unit harvest type is: 

-

Pania) cutting - The riparian management zone width shall be 
a minimum of 30 feet to a malimum of 50 feet on each side of 
tbe stream. 
Other harvest types - The riparian man_aement zone shan 
averaae SO feet in width on each side of the stream with a mini· 
mum width of 30 feet and a maximum of )00 feet on each side 
of the stream. 

(ii) Leave tree requirements within the riparian management zones 
of Type I. 2 or 3 Wate .. : 
(A) Leave all t .... 12 inches or less in diameter breast height 

(dbh); and 
(8) Leave all snags within the riparian management zone that 

do not violate the state safety regulations (chapter 296--54 
WAC department of tabor and industries. safety division): 
and 

(C) Leave 16 live conifer trees/acre between 12 inches dbh 
and 20 inches dbh distributed by size. as representative of 
the stand; and 

(0) Leave 3 live conifer tr~/acre 20 inches dbh or larger 
and the 2 largest live deciduous trees/acre 16 inches dbh 
or larger. Where these deciduous trccs do not exist, and 
where 2 snags/acre 20 inches or larger do not exist. sub­
stitute 2 live conifer trees/acre 20 inches dbh or larger. If 
live conifer trees of 20 inches dbh or larger do not exist 
within the riparian management zone. then substitute the 
5 largest live conifer trees/acre; and 
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(E) Leave 3 live deciduous trees/acre between 12 inches and 
16 inches dbh where they exist. 

(iii) Minimum leave tree requirements per acre for Type 1,2 and 3 
Waters. Trccs left for (c){ii) of this subsection shall be included 
in the minimum counts. 
(A) On streams with a boulder/bedrock bed, the minimum 

leave tree requirements shall be 15 trees/acre 4 inches 
dbh or larger. 

(8) On streams with a gravel/cobble (less than 10 inches 
diameter) ·bed. the minimum leave tree requirement shall 
be 135 trees/acre 4 inches dbh or larger. 

(C) On lak.es Or ponds the minimum leave tree requirement 
shall be 15 trees/acre 4 inches dbb or larger. 

Note: (See the Forest Practices Board Manual for assistance in calculating 
trees/acre and average RMZ widths.) 

(d) When 10 percent or more of the harvest unit lies within the riparian 
management zone of Type I. 2 or 3 Waters and eitber the harvest 
unit is a clearcutting of 30 acres Or less or the harvest unit is a partial 
cutting of 80 aCres or less. leave not less than SO percent of the trees 
required in (c) of this subsection. (See WAC 222-1~10(33) Partial 
cutting.) 

(7) Type 4 Water ripamD .,e tree areas. The department will require trees to 
be left along Type 4 Water where sLlch practices are necessary to protect 
public resources. Where such practices are necessary leave at least 25 coni· 
fer or deciduous trees. 6 inches in diameter or larger, On each side of every 
1000 feet of stream length within 25 feet of the stream. The leave trees may 
be arranged to accommodate the operation. 

(8) Future producti,ity. Harvesting shall leave the land in a condition conducive 
to future timber production except: 
(a) To the degree required for riparian management zones~ or 
(b) Where the lands are being converted to another use or classified 

urban lands as specified in WAC 222-34-050. 
(9) Wildlire "bitat. This subsection is designed to encourage timber harvest 

practices that would protect wildlife habitats, provided. that such action 
shall not unreasonably restrict landowners action without compensation. 
(a) The applicant should make every reasonable effort to cooperate with 

the department of wildlife to identify critical wildlife habitats as 
defined by the board. Where these habitats are known to the appli­
cant. they shall be identified in the application or notification. 

(b) Where a critical wildlife habitat has been identified the applicant 
shall consider reasonable means of protection thereof as part of the 
proposed harvesting operation. 

(c) Harvesting methods and patterns in established big game winter 
ranges should be designed to insure adequate access routes and escape 
cover where practical. 
(i) Where practical. cutting units should be designed to conform 

with topographical features. 
(ii) Where practical on established big game winter ranges. cutting 

units should be dispersed over the area to provide cover. access 
for wildlife. and to increase edge effect. 
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(d) In areas where this will not create a significant fire or safety haz.. 
nOT conflict with achieving conformance with the limitation of or J: 
formance with the provisions of chapter 76.04 RCW (snag fall 
law) and chapter 49.17 RCW (safety). a reasonable number of sn, 
will be left to protect habitat for cavity nesting wildlife. 

WAC 221-30-030 Stream bank Integrity. -In the riparian management Zl 

along all Type 1.2 and 3 Waters, the operator shall: 
(1) A~oid disturbing brush and similar understory vegetation; 
(2) A,oid disturbing stumps and root systems and any logs embedded in 

bank; 
(3) t-.. high stumps where necessary to prevent felled and bucked tim 

from entering the water; 
(4) t-ft tnft which display large root systems embedded in the bank. 

WAC 112-~ Temperature conno!. 
-(1) Determination of temperature sensitivity for Type I, 2 and 3 Waters sl 

be based upon field data or records, from a verified water temperal 
model Or method acceptable to the department, that demonstrate signific 
adverse water temperature impacts following the proposed timber bar 
and shade removal. Any designation as to whether or not waters are t, 
perature sensitive shall be made by the department prior to the deadline 
approval or disapproval of the application for harvest. 

-(2) Shade requirements. Within the riparian management zone along those T 
1. 2 and 3 Waters designated as temperature sensitive, unless a waive 
granted by the department under subsection (3) of this section, the open 
shall: 
(a) Leave all nonmerchantable vegetation which provides mid-sum 

and mid-day shade of the water surface; and 
(b) Leave sufficient merchantable timber, if any. necessary to retain 

percent of tbe summer mid-day sbade of the water surface, provi 
that the department shall require leaving 7S percent of the sh 
where it determines that the mean of the maximum summer d 
ambient water temperatures, for a 7-day period, exceeds 60 deg 
before logging. (Sec the forest practices board manual part 2 
methods of shade determination.) 

-(3) W.i'ers. The department may waive or modify the shade requirem 
where the applicant: 
(a) Shows a high probability of windthrow and agrees to replant 

riparian management zone within the first planting season after 
vest; or 

(b) Agrees to a staggered setting program producing equal or grt 
temperature control; or 

(c) Provides alternative means of stream temperature control satisfac 
to the department. . 

WAC 222-30-350 Felling anti bucking. 
'(1) Falling along water. 

(a) No trees will be felled into Type I. 2 and 3 Waters, except' 
which cannot practically and safely be felled outside the stream, 

131} 
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T IF IW TEMPERATURE BMP EVALUATION PROJECT 
1990 STUDY SITE 

W1: TRIBUTARY TO TRAP CREEK 
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W3: BLACK CREEK 
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T IF IW TEMPERATURE BMP EVALUATION PROJECT 
1990 STUDY SITE 

W4: NORTH FORK RABBIT CREEK 

SCALE 1:24000 

"""'=::>;eii31:::=:::E.::::Jit=::EO:O;;;z:=::::rl""""==::i'!'===""""""""' ..... """'''''''''....,;'''''''"''''''S' MIL< 
1000 0 

H H j 

4 THERMOGRAPH SITE 

CONTOUR INTERVAL 40 FEET 

~ HARVEST UNIT BOUNDARY 

DRY BED LAKES 
QUADRANGLE 

I 

• 
I 
I, 
I 
I 
I 
I 
I 
I, 
I 
I 

• • 
I 

• 
I 
I 
I 



• • 
• .' 
I 
I 
I 
I 
I 
I, 

I 
I, 

I 
I' 
I 
I 
I 

• 
il 
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1990 STUDY SiTE 

W5: SOUTH FORK OHOP CREEK 
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W8: TOKUL CREEK 
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:T IF IW TEMPERATURE BMP EVALUATION PROJECT 
1990 STUDY SITE 

W9: GRIFFIN CREEK 

SCALE 1:24000 
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T IF IW TEMPERATURE BMP EVALUATION PROJECT 
1990 STUDY SITE 

E2: ROCK CREEK 
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E3: AENEAS CREEK 
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Azimuth Plot: Maximum Water Temperature in relation to Stream Orientation 
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