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Figure 5. Site Potential Effective Shade and Solar Radiation Loading Based on Bankfull
Channel Width and Stream Orientation (Aspect) for Late July and Early August
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ODEQ. 1999. Sucker/Grayback Watershed TMDL. Supporting
Documentation for Development of Temperature Load Allocation.
Prepared by Siskiyou National Forest - Chris Park and Oregon
Department of Environmental Quality - Matthew Boyd. Oregon
Department of Environmental Quality, Portland, Oregon.
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Sucker Creek
(Grayback to

Yeag.er)

Lost Canyon Cr.

All other
tributaries·

342 27% Harvest 10

561 64% Harvest 45

439 64% Harvest 35

756 107% Harvest 50

781 191% Harvest 50

586 26!l'o Harvest 35

1781 74% Harvest 45

903 164% Harvest 50

1122 48% Harvest 50

N/A N/A NIA N/A

ODEQ, 1999, Sucker/Grayback TMDL
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NiA 52 Harvest 60
Sucker Creek 52 13 Mmmg 100(GIayback to

ea
Tannen Greek: 30 86 3 Harvest 10

Deadborse Creek 15 77 9 Harvest 45

Grizzly Creek 17 82 7 Harvest 35
LF sucker Creek 30 69 16 Harvest 50
Limestone Creek 6 68 21 Harvest 50

Bolan creek 20 76 5 Harvest 35

Four Mile Creek 27 27 31 Harvest 45
White Rock Creek 15 63 23 Harvest 50
Lost Canyon Cr. 5 54 15 Harvest 50

Another
N/A N/A N/A N/A N/Atributaries •

ODEQ, 1999, Sucker/Grayback TMDL
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Figure 24. Mean cumulative basal area per acre by distance from
bankfull and shade category in the Blue Mountains. Error bars show
one standard error of the mean.
Allen, M. and L. Dent. 2001.
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Figure 25. Mean cumulative basal area per acre by distance from
bankfull and shade category
in the Coast Range. Error bars show one standard error of the mean.
Allen, M. and L. Dent. 2001.
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Figure 33. Predicted shade over eastlwest flowing Coast Range streams
(Equation 2) across a range of live crown ratios (LCR) and basal areas
within 100 feet of bankfull in the south RMA.
Allen, M. and L. Dent. 2001.



ODF and ODEQ. 2002.

Oregon Department of Forestry and Department of
Environmental Quality Sufficiency Analysis: A
Statewide Evaluation of FPA Effectiveness in Protecting
Water Quality. Produced by: The Oregon Department of
Forestry and Department of Environmental Quality.
October 2002



60 80 100

Buffer-Strip Width (feet)

FI&un 1. Relation between angular canopy density (ACD) and buffer-strip width for small streams in western
Oregon (from Beschta et aL 1987).
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A coarse screening process for evaluation of the effects of land
management activities on salmon spawning and rearing habitat
in ESA consultations. Tech. Report 94-4. Columbia River
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Figure 35. Estimated widths of protected areas, measured in slope distance from
the edge of floodplain, needed to provide completely natural levels of ecological
function over time with respect to some of the discrete ecological functions of
riparian vegetation. Estimated slope distances in feet are based on the assumption
that average old growth tree height is 150 feet. Widths of riparian reserves would
have to extend to topographic divide to completely protect against increased
sediment delivery during extreme events, alteration of hydrology, and increased
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Designing stable buffer strips for stream protection. J.
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Figure 8. Angular canopy density (ACD) and buffer widths for small streams in western Oregon
(Brazier and Brown. 1972)

USFS and BLM (2005)
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Figure 10. Angular canopy density (ACD) and stream shade (park, 1991).

USFS and BLM (2005)
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Figure 11. Percent total solar radiation available for eacb bour onIle day, August 1 (source: Solar
Pathfinder (430 to 49'" N Lat)

USFS and BlM (2005)
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Illustration of a tree behind a tree where there is no gain in ACD
Example : 60 foot trees 011 50% slope
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Willapa River Watershed Temperature Total
Maximum Daily Load Study. Publication No.
04-03-24. Olympia, Washington.
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Figure 3. Relationship bet\,veen angular canopy density (ACD) and riparian buffer width for
small streams in old growth riparian stands (after Beschta et aI., 1987 and CH2M Hill, 2000).



Modeling the effects of riparian buffer width on
effective shade and stream temperature. Prepared by
N. Cristea and J. Janisch. Publication No. 07-03-028.
Washington State Department of Ecology. Olympia,
Washington.



Table 1. Shading effectiveness of various buffer widths (literature sununary. after CH2M HilL
2000, and Christensen, 2000).

I B~;;:~gated l_o_b_set'V__ ,_atl_Oft_•••._s _
Hewlett and Fortson

15-30 Provided 60-80% shading.1982
A 98-foot (30-m) buffes maintains water temperatures within 2"F

L}'11ch et al.
30

(1°C) of their former average temperature in small streams (channel
1984 width less than 3 m).

Provided 50-100% shading (equivalent to mature forest).
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Figure 7. Daily effective shade for three chamlel orientations provided by a 120-foot buffer of
canopy cover varying from 25% to 85%. Chanuel width is 10 feet.
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Figure 8, Daily effective shade for three channel orientations provided by a 120-foot buffer of
canopy cover varying from 25% to 85%, Channel width is 20 feet.
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Figure 10. Contour lines of equal effective
shade as a function of varying tree height and
canopy cover for a single-sided 120-foot
buffer (opposite bank unharvested) bordering
a 20-foot-wide, north-south oriented channel.
[tree height (m) v. canopy density (0/0)]



Table 1. SIrNm temperatiJfe 5imuIatil:Ins results (c:tIannel width'" 10 ft). Shaded columns ate differences between upstream and dOwnstream temperah.ire far lhe stated· conditioll5.
VatuK rounclIi<ito tlMl deciJNIIs.

ParalfJlll!tel'

invetitig.ated

Riparian buffer 50' (Brazier and
Brown. 1973)

Q '"0.2 m1Js (7.1
c:fs)

Hyporheic
exchange

No hypomeirc
exchange was

14.73

14.73
14.73
1 73

Tmin '" 13 deg C
Ttnax '" 14.8 deg C .Tmin '" 12.2 deg C. Tmax '" 14.6 deg C.
Tmean '" 13.8 deg Tmean '" 12.2 deg C

ran C 14.72
'.' sign indicates a decrease in temperature; '+' sign indreate!> an increase in temperature



Table s: Stream temperature simulations results (chamle\ width = 20 It). Shaded columns an! difIerenc,es ~ upsU'Hm and dcJwN>Iream ~ for !he stated conditions.
Values rounded lD two declirnaIIs.

Sftam widdt = 20ft

cn~. 0
om

'"oo""-J-Pilnlll1eter
inve&tigated

Q = 0.4 mJ/s (1:4.2
cfs)

Rliparian buffer 50' (Brazier and
Brown. 1:973)

Stream
roughne'Ss

n=O.OO
n,=OJ)8
n =0.10
n =0.12
n=0.1:4
n =0.18

1:472
1:4.71
1:4.89
1:4.88

1:4.75
1:4.75
1:4.75
14.75
1:4.74
14.74

1:4.57
14.54
14.50
14.47
14.44

No h)Iporheic
exChange was

Tmin = 13 deg C
Tmax = 14.6 deg C Tmin = 12.2 deg C. Tmax = 14.8 deg C.
Tmean = 138 deg Tmean = 12.2 deg C

~ kD
'.f sign indicates a decrease in temperature; '••.•sign indicates an increase in t~ture
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LandtlQw is 7.1 cts .
lp'arlll11eter investigated Model run
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fParameter investigated Model run
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f
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0-
., "C

14.60
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·C
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