
Potential Natural Vegetation Potential Natural Vegetation 
Temperature TMDLsTemperature TMDLs

Mark Shumar & Jessica Moore, State Technical Services Office, Mark Shumar & Jessica Moore, State Technical Services Office, 
Idaho Department of Environmental QualityIdaho Department of Environmental Quality



Components of a StreamComponents of a Stream’’s Heat s Heat 
BudgetBudget



Riparian
Vegetation

Channel
Morphology Hydrology

Rate Change in Stream
Temperature

Effective Shade
Bank Stabili ty
Microclimates

Flow Volume,
Flow Velocity,

Groundwater Inflow
Point Sources
Withdrawals

Augmentat ion

Width:Depth
Near Stream Disturb ance

Sinuosity
Gradient
Substrate

Floodpla in Connection

Mass Transfer - Mixing of
Water

Heat Energy
Transfer

Therm
odyn

am
ic

 Processes
S

tream
 P

aram
eters

Stream Temperature Conceptual Model Flow Chart



Natural Stream TemperatureNatural Stream Temperature

Natural Shade (PNV)Natural Shade (PNV)

Natural CrossNatural Cross--sectionsection

Natural Flow Natural Flow 

Natural Bed/Floodplain ConnectivityNatural Bed/Floodplain Connectivity



Potential Natural VegetationPotential Natural Vegetation
Provides the expected Provides the expected 
effective shade (along effective shade (along 
with topography)with topography)
Produces natural Produces natural 
stream temperatures stream temperatures 
(assuming no point (assuming no point 
sources, dams, etc.)sources, dams, etc.)
Equates to natural Equates to natural 
background conditions background conditions 
in Idaho WQSin Idaho WQS



Temperature TMDLTemperature TMDL

Loading Capacity = Solar Load under PNV              Loading Capacity = Solar Load under PNV              
aka potential effective shadeaka potential effective shade

Existing Load = Solar Load under current Existing Load = Solar Load under current 
effective shadeeffective shade

Load Reduction = PNV Load Load Reduction = PNV Load –– Existing LoadExisting Load



Temperature TMDLTemperature TMDL

Existing Shade Existing Shade –– estimated from aerial estimated from aerial 
photos and measured with pathfinderphotos and measured with pathfinder
Target Shade Target Shade –– modeled by plant modeled by plant 
community typecommunity type
Existing Bankfull Width Existing Bankfull Width –– available available 
measurementsmeasurements
Natural Bankfull Width Natural Bankfull Width –– estimated from estimated from 
regional curve regional curve 



Effective ShadeEffective Shade



Existing Effective ShadeExisting Effective Shade



TopographyTopography





Existing Effective ShadeExisting Effective Shade





Target Effective ShadeTarget Effective Shade



Effective Shade Curve – Application in Ponderosa Pine/Common Chokecherry Habitat Type













NonforestNonforest Group 1Group 1



NonforestNonforest Group 2Group 2







Shade TargetsShade Targets
Forest 1m 2m 3m 4m 5m 6m 7m 8m 9m

Group B - VRUs 4,5,6      0/180 98 97 95 93 90 87 83 78 74
45/135/225/315 98 98 96 93 90 87 82 78 73

90/270 98 98 97 96 94 92 85 78 71

Target (%) 98 98 96 94 91 89 83 78 73

Non-Forest 1m 2m 3m 4m 5m 6m 7m 8m 9m 10m

Group 1 - Hardwoods     0/180 93 75 61 53 47
45/135/225/315 93 77 64 55 49

90/270 95 82 69 57 47

Target (%) 97 94 86 78 72 65 60 55 52 48





Bankfull WidthBankfull Width
Idaho Regional Curves - Bankfull Width
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Table 1. Bankfull Width (m) as Estimated From the Spokane Regional Curve and Existing Measurements.
Location area (sq mi) Spokane (m) existing (m)
Fish Creek Mainstem
Fish Creek @ mouth 19.4 10 ~8
Fish Creek ab meadow 14.8 9
Fish Creek bl Miller Creek 9.3 7 7.1
Fish Creek @ ID/WA border 1.7 3
South-side Tributaries
Youngs Draw @ mouth 1.84 3
Shove Creek @ mouth 2.72 4
Swansons Chute @ mouth 0.85 2
Miller Creek @ mouth 1.14 3 1.7*
Johnson Creek @ mouth 0.35 2
Unnamed complex (west of Johnson) 2.61 4

east fork 0.6 2 2.8
middle fork 0.62 2

west fork 1.75 3
Unnamed (western most) 0.55 2
North-side Tributaries
1st Unnamed (eastern most)@mouth 0.58 2
2nd Unnamed @ mouth 0.91 2
3rd Unnamed (opposite Swansons)@ mouth 1.23 3 1.1*
4th Unnamed (opposite Miller)@mouth 1.08 3
5th Unnamed (opposite Johnson)@mouth 1.05 3
6th Unnamed (western most)@mouth 0.24 1
*headwaters sampling locations



Loading AnalysisLoading Analysis
Segment 
Length 
(meters)

Existing 
Shade 
(fraction)

Existing 
Summer Load 
(kWh/m2/day)

Potential 
Shade 
(fraction)

Potential 
Summer Load 
(kWh/m2/day)

Potential Load 
minus Existing load 
(kWh/m2/day)

Existing 
Stream 
Width (m)

Natural 
Stream 
Width (m)

Existing 
Segment 
Area (m2)

Existing 
Summer Load 
(kWh/day)

Natural 
Segment 
Area (m2)

Potential 
Summer Load 
(kWh/day)

Potential Load 
minus Existing 
Load (kWh/day) Fish Creek

470 0.8 1.14 0.96 0.228 -0.91 3 3 1410 1607.4 1410 321.48 -1285.92 Forest Group B
1970 0.9 0.57 0.94 0.342 -0.23 4 4 7880 4491.6 7880 2694.96 -1796.64

Subtotal 9,290 6,099 9,290 3,016 -3,083
1480 0.9 0.57 0.91 0.513 -0.06 5 5 7400 4218 7400 3796.2 -421.8
1580 0.9 0.57 0.83 0.969 0.399 7 7 11060 6304.2 11060 10717.14 4412.94
800 0.8 1.14 0.83 0.969 -0.171 7 7 5600 6384 5600 5426.4 -957.6
500 0.6 2.28 0.6 2.28 0 7 7 3500 7980 3500 7980 0 Nonforest Group 1
580 0.5 2.85 0.55 2.565 -0.285 8 8 4640 13224 4640 11901.6 -1322.4
460 0.3 3.99 0.55 2.565 -1.425 8 8 3680 14683.2 3680 9439.2 -5244

1840 0 5.7 0.55 2.565 -3.135 8 8 14720 83904 14720 37756.8 -46147.2
Subtotal 50,600 136,697 50,600 87,017 -49,680

Total 59,890 142,796 59,890 90,034 -52,763 -37
% Reduction

MOS MOS
Segment 
Length 
(meters)

Existing 
Shade 
(fraction)

Existing 
Summer Load 
(kWh/m2/day)

Potential 
Shade 
(fraction)

Potential 
Summer Load 
(kWh/m2/day)

Potential Load 
minus Existing load 
(kWh/m2/day)

Existing 
Stream 
Width (m)

Natural 
Stream 
Width (m)

Existing 
Segment 
Area (m2)

Existing 
Summer Load 
(kWh/day)

Natural 
Segment 
Area (m2)

Potential 
Summer Load 
(kWh/day)

Potential Load 
minus Existing 
Load (kWh/day) Fish Creek

470 0.9 0.57 0.96 0.228 -0.34 3 3 1410 803.7 1410 321.48 -482.22 Forest Group B
1970 0.9 0.57 0.94 0.342 -0.23 4 4 7880 4491.6 7880 2694.96 -1796.64

Subtotal 9,290 5,295 9,290 3,016 -2,279
1480 0.9 0.57 0.91 0.513 -0.06 5 5 7400 4218 7400 3796.2 -421.8
1580 0.8 1.14 0.83 0.969 -0.171 7 7 11060 12608.4 11060 10717.14 -1891.26
800 0.8 1.14 0.83 0.969 -0.171 7 7 5600 6384 5600 5426.4 -957.6
500 0.6 2.28 0.6 2.28 0 7 7 3500 7980 3500 7980 0 Nonforest Group 1
580 0.5 2.85 0.55 2.565 -0.285 8 8 4640 13224 4640 11901.6 -1322.4
460 0.5 2.85 0.55 2.565 -0.285 8 8 3680 10488 3680 9439.2 -1048.8

1840 0.5 2.85 0.55 2.565 -0.285 8 8 14720 41952 14720 37756.8 -4195.2
Subtotal 50,600 96,854 50,600 87,017 -9,837

Total 59,890 102,150 59,890 90,034 -12,116 -12
% Reduction
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NorthNorth--side Tributariesside Tributaries
Segment 
Length 
(meters)

Existing 
Shade 
(fraction)

Existing 
Summer Load 
(kWh/m2/day)

Potential 
Shade 
(fraction)

Potential 
Summer Load 
(kWh/m2/day)

Potential Load 
minus Existing load 
(kWh/m2/day)

Existing 
Stream 
Width (m)

Natural 
Stream 
Width (m)

Existing 
Segment 
Area (m2)

Existing 
Summer Load 
(kWh/day)

Natural 
Segment 
Area (m2)

Potential 
Summer Load 
(kWh/day)

Potential Load 
minus Existing 
Load (kWh/day)

North-side 
Tributaries

150 0.9 0.57 0.98 0.114 -0.46 1 1 150 85.5 150 17.1 -68.4 eastern-most tributary
370 0.5 2.85 0.98 0.114 -2.736 1 1 370 1054.5 370 42.18 -1012.32
610 0.9 0.57 0.98 0.114 -0.456 1 1 610 347.7 610 69.54 -278.16
200 0.7 1.71 0.98 0.114 -1.596 1 1 200 342 200 22.8 -319.2
550 0.8 1.14 0.98 0.114 -1.026 2 2 1100 1254 1100 125.4 -1128.6
710 0.9 0.57 0.98 0.114 -0.456 2 2 1420 809.4 1420 161.88 -647.52
140 0.7 1.71 0.98 0.114 -1.596 2 2 280 478.8 280 31.92 -446.88
240 0.5 2.85 0.98 0.114 -2.736 2 2 480 1368 480 54.72 -1313.28
1120 0.9 0.57 0.98 0.114 -0.456 1 1 1120 638.4 1120 127.68 -510.72 2nd tributary
960 0.7 1.71 0.98 0.114 -1.596 2 2 1920 3283.2 1920 218.88 -3064.32
410 0.9 0.57 0.98 0.114 -0.456 2 2 820 467.4 820 93.48 -373.92
1140 0.9 0.57 0.98 0.114 -0.456 1 1 1140 649.8 1140 129.96 -519.84 3rd tributary
290 0.8 1.14 0.98 0.114 -1.026 2 2 580 661.2 580 66.12 -595.08
1020 0.9 0.57 0.98 0.114 -0.456 2 2 2040 1162.8 2040 232.56 -930.24
210 0.8 1.14 0.96 0.228 -0.912 3 3 630 718.2 630 143.64 -574.56
100 0.6 2.28 0.96 0.228 -2.052 3 3 300 684 300 68.4 -615.6
110 0.8 1.14 0.96 0.228 -0.912 3 3 330 376.2 330 75.24 -300.96
1770 0.9 0.57 0.98 0.114 -0.456 2 2 3540 2017.8 3540 403.56 -1614.24 4th tributary
470 0.8 1.14 0.98 0.114 -1.026 1 1 470 535.8 470 53.58 -482.22 5th tributary
1890 0.9 0.57 0.96 0.228 -0.342 3 3 5670 3231.9 5670 1292.76 -1939.14
1280 0.9 0.57 0.98 0.114 -0.456 1 1 1280 729.6 1280 145.92 -583.68 western-most tributary

Total 24,450 20,896 24,450 3,577 -17,319 -83
% Reduction



NorthNorth--side Tributaries (MOS)side Tributaries (MOS)
Segment 
Length 
(meters)

Existing 
Shade 
(fraction)

Existing 
Summer Load 
(kWh/m2/day)

Potential 
Shade 
(fraction)

Potential 
Summer Load 
(kWh/m2/day)

Potential Load 
minus Existing load 
(kWh/m2/day)

Existing 
Stream 
Width (m)

Natural 
Stream 
Width (m)

Existing 
Segment 
Area (m2)

Existing 
Summer Load 
(kWh/day)

Natural 
Segment 
Area (m2)

Potential 
Summer Load 
(kWh/day)

Potential Load 
minus Existing 
Load (kWh/day)

North-side 
Tributaries

150 0.9 0.57 0.98 0.114 -0.46 1 1 150 85.5 150 17.1 -68.4 eastern-most tributary
370 0.9 0.57 0.98 0.114 -0.456 1 1 370 210.9 370 42.18 -168.72
610 0.9 0.57 0.98 0.114 -0.456 1 1 610 347.7 610 69.54 -278.16
200 0.9 0.57 0.98 0.114 -0.456 1 1 200 114 200 22.8 -91.2
550 0.9 0.57 0.98 0.114 -0.456 2 2 1100 627 1100 125.4 -501.6
710 0.9 0.57 0.98 0.114 -0.456 2 2 1420 809.4 1420 161.88 -647.52
140 0.9 0.57 0.98 0.114 -0.456 2 2 280 159.6 280 31.92 -127.68
240 0.9 0.57 0.98 0.114 -0.456 2 2 480 273.6 480 54.72 -218.88
1120 0.9 0.57 0.98 0.114 -0.456 1 1 1120 638.4 1120 127.68 -510.72 2nd tributary
960 0.9 0.57 0.98 0.114 -0.456 2 2 1920 1094.4 1920 218.88 -875.52
410 0.9 0.57 0.98 0.114 -0.456 2 2 820 467.4 820 93.48 -373.92
1140 0.9 0.57 0.98 0.114 -0.456 1 1 1140 649.8 1140 129.96 -519.84 3rd tributary
290 0.9 0.57 0.98 0.114 -0.456 2 2 580 330.6 580 66.12 -264.48
1020 0.9 0.57 0.98 0.114 -0.456 2 2 2040 1162.8 2040 232.56 -930.24
210 0.9 0.57 0.96 0.228 -0.342 3 3 630 359.1 630 143.64 -215.46
100 0.9 0.57 0.96 0.228 -0.342 3 3 300 171 300 68.4 -102.6
110 0.9 0.57 0.96 0.228 -0.342 3 3 330 188.1 330 75.24 -112.86
1770 0.9 0.57 0.98 0.114 -0.456 2 2 3540 2017.8 3540 403.56 -1614.24 4th tributary
470 0.9 0.57 0.98 0.114 -0.456 1 1 470 267.9 470 53.58 -214.32 5th tributary
1890 0.9 0.57 0.96 0.228 -0.342 3 3 5670 3231.9 5670 1292.76 -1939.14
1280 0.9 0.57 0.98 0.114 -0.456 1 1 1280 729.6 1280 145.92 -583.68 western-most tributary

Total 24,450 13,937 24,450 3,577 -10,359 -74
% Reduction



SouthSouth--side Tributariesside Tributaries
Segment 
Length 
(meters)

Existing 
Shade 
(fraction)

Existing Summer 
Load 
(kWh/m2/day)

Potential 
Shade 
(fraction)

Potential 
Summer Load 
(kWh/m2/day)

Potential Load 
minus Existing load 
(kWh/m2/day)

Existing 
Stream 
Width (m)

Natural 
Stream 
Width (m)

Existing 
Segment 
Area (m2)

Existing 
Summer Load 
(kWh/day)

Natural 
Segment 
Area (m2)

Potential 
Summer Load 
(kWh/day)

Potential Load 
minus Existing 
Load (kWh/day) South-side Tributaries

2890 0.9 0.57 0.98 0.114 -0.46 1 1 2890 1647.3 2890 329.46 -1317.84 Youngs Draw
250 0.7 1.71 0.96 0.228 -1.482 3 3 750 1282.5 750 171 -1111.5 Forest Group B
200 0.9 0.57 0.96 0.228 -0.342 3 3 600 342 600 136.8 -205.2
90 0.8 1.14 0.96 0.228 -0.912 3 3 270 307.8 270 61.56 -246.24
290 0.7 1.71 0.86 0.798 -0.912 3 3 870 1487.7 870 694.26 -793.44 Nonforest Group 1
310 0.2 4.56 0.86 0.798 -3.762 3 3 930 4240.8 930 742.14 -3498.66

2080 0.9 0.57 0.98 0.114 -0.456 1 1 2080 1185.6 2080 237.12 -948.48 Shove Creek
1100 0.9 0.57 0.98 0.114 -0.456 1 1 1100 627 1100 125.4 -501.6 Forest Group B
780 0.7 1.71 0.98 0.114 -1.596 2 2 1560 2667.6 1560 177.84 -2489.76

1260 0.8 1.14 0.96 0.228 -0.912 3 3 3780 4309.2 3780 861.84 -3447.36
880 0.6 2.28 0.94 0.342 -1.938 4 4 3520 8025.6 3520 1203.84 -6821.76

3200 0.9 0.57 0.98 0.114 -0.456 2 2 6400 3648 6400 729.6 -2918.4 Swansons Chute
2850 0.9 0.57 0.98 0.114 -0.456 2 2 5700 3249 5700 649.8 -2599.2 Miller Creek
1760 0.9 0.57 0.98 0.114 -0.456 2 2 3520 2006.4 3520 401.28 -1605.12 Johnson Creek
540 0.9 0.57 0.94 0.342 -0.228 4 4 2160 1231.2 2160 738.72 -492.48 Unnamed (west of Johnson)

2160 0.9 0.57 0.98 0.114 -0.456 2 2 4320 2462.4 4320 492.48 -1969.92 east fork
420 0.9 0.57 0.98 0.114 -0.456 1 1 420 239.4 420 47.88 -191.52 west fork
340 0.8 1.14 0.98 0.114 -1.026 1 1 340 387.6 340 38.76 -348.84

2050 0.9 0.57 0.98 0.114 -0.456 2 2 4100 2337 4100 467.4 -1869.6
470 0.8 1.14 0.98 0.114 -1.026 1 1 470 535.8 470 53.58 -482.22 middle fork

1050 0.9 0.57 0.98 0.114 -0.456 2 2 2100 1197 2100 239.4 -957.6
140 0.8 1.14 0.98 0.114 -1.026 1 1 140 159.6 140 15.96 -143.64 Unnamed (western most)
340 0.4 3.42 0.98 0.114 -3.306 1 1 340 1162.8 340 38.76 -1124.04

1200 0.9 0.57 0.98 0.114 -0.456 2 2 2400 1368 2400 273.6 -1094.4
Total 50,760 46,107 50,760 8,928 -37,179 -81

% Reduction



SouthSouth--side Tributaries (MOS)side Tributaries (MOS)
Segment 
Length 
(meters)

Existing 
Shade 
(fraction)

Existing Summer 
Load 
(kWh/m2/day)

Potential 
Shade 
(fraction)

Potential 
Summer Load 
(kWh/m2/day)

Potential Load 
minus Existing load 
(kWh/m2/day)

Existing 
Stream 
Width (m)

Natural 
Stream 
Width (m)

Existing 
Segment 
Area (m2)

Existing 
Summer Load 
(kWh/day)

Natural 
Segment 
Area (m2)

Potential 
Summer Load 
(kWh/day)

Potential Load 
minus Existing 
Load (kWh/day) South-side Tributaries

2890 0.9 0.57 0.98 0.114 -0.46 1 1 2890 1647.3 2890 329.46 -1317.84 Youngs Draw
250 0.9 0.57 0.96 0.228 -0.342 3 3 750 427.5 750 171 -256.5 Forest Group B
200 0.9 0.57 0.96 0.228 -0.342 3 3 600 342 600 136.8 -205.2
90 0.9 0.57 0.96 0.228 -0.342 3 3 270 153.9 270 61.56 -92.34
290 0.8 1.14 0.86 0.798 -0.342 3 3 870 991.8 870 694.26 -297.54 Nonforest Group 1
310 0.8 1.14 0.86 0.798 -0.342 3 3 930 1060.2 930 742.14 -318.06

2080 0.9 0.57 0.98 0.114 -0.456 1 1 2080 1185.6 2080 237.12 -948.48 Shove Creek
1100 0.9 0.57 0.98 0.114 -0.456 1 1 1100 627 1100 125.4 -501.6 Forest Group B
780 0.9 0.57 0.98 0.114 -0.456 2 2 1560 889.2 1560 177.84 -711.36

1260 0.9 0.57 0.96 0.228 -0.342 3 3 3780 2154.6 3780 861.84 -1292.76
880 0.9 0.57 0.94 0.342 -0.228 4 4 3520 2006.4 3520 1203.84 -802.56

3200 0.9 0.57 0.98 0.114 -0.456 2 2 6400 3648 6400 729.6 -2918.4 Swansons Chute
2850 0.9 0.57 0.98 0.114 -0.456 2 2 5700 3249 5700 649.8 -2599.2 Miller Creek
1760 0.9 0.57 0.98 0.114 -0.456 2 2 3520 2006.4 3520 401.28 -1605.12 Johnson Creek
540 0.9 0.57 0.94 0.342 -0.228 4 4 2160 1231.2 2160 738.72 -492.48 Unnamed (west of Johnson)

2160 0.9 0.57 0.98 0.114 -0.456 2 2 4320 2462.4 4320 492.48 -1969.92 east fork
420 0.9 0.57 0.98 0.114 -0.456 1 1 420 239.4 420 47.88 -191.52 west fork
340 0.9 0.57 0.98 0.114 -0.456 1 1 340 193.8 340 38.76 -155.04

2050 0.9 0.57 0.98 0.114 -0.456 2 2 4100 2337 4100 467.4 -1869.6
470 0.9 0.57 0.98 0.114 -0.456 1 1 470 267.9 470 53.58 -214.32 middle fork

1050 0.9 0.57 0.98 0.114 -0.456 2 2 2100 1197 2100 239.4 -957.6
140 0.9 0.57 0.98 0.114 -0.456 1 1 140 79.8 140 15.96 -63.84 Unnamed (western most)
340 0.9 0.57 0.98 0.114 -0.456 1 1 340 193.8 340 38.76 -155.04

1200 0.9 0.57 0.98 0.114 -0.456 2 2 2400 1368 2400 273.6 -1094.4
Total 50,760 29,959 50,760 8,928 -21,031 -70

% Reduction



Excess Solar LoadExcess Solar Load

Table 7. Excess Solar Loads and Percent Reductions for Fish Creek.

33 – 83%17,319 (10,359 MOS)North-side Tributaries

35 – 81%37,179 (21,031 MOS)South-side Tributaries

28 – 37%52,763 (12,116 MOS)Fish Creek

Percent ReductionExcess Load (kWh/day)
Water Body
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