Supplemental Information

SPARROW Model Background
SPARROW models are calibrated by estimating model coefficients that minimize the

difference between the predicted and observed mean annual stream loads at a large number of
fixed monitoring stations that are widely distributed throughout and representative of a
hydrologic region. To maximize the explanatory power of the models, the mean annual stream
loads must be compiled from as many sites as possible and often including sites where data are
not collected contemporaneously. To account for differences in record length and sample size
between stations, the water-quality records for the stations are detrended to reflect conditions
during a single base year (Preston et al., 2009). The base year (2002 for our analysis) is selected
to provide the greatest overlap between water-quality and streamflow records and is usually
consistent with the temporal availability of the explanatory data used in the model. The
detrended, mean annual stream loads are also normalized to long-term, mean hydrologic
conditions to account for short-term spatial variability in precipitation across a region. This
means that the measured stream loads used to calibrate a SPARROW model can be interpreted as
the mean annual stream load that would have occurred in a specified base year if the mean
annual streamflow for that year was equal to the long-term mean annual streamflow for the

period of record.

Stream Reach Attributes
The SPARROW model includes a variable that allows the user to simulate the diversion

of streamflow in a hydrologic network (the “frac value”, which is the fraction of streamflow that
is delivered from one reach to the reach immediately downstream). We employed three methods

for estimating frac values. The first, and preferred method, was to compare the measured, long-



term, mean annual streamflow between gages located upstream and downstream from known
irrigation diversions and to calculate the ratio between the downstream and upstream values.
When the upstream and downstream gages were separated by more than one reach, the frac value
was scaled equally over the intervening reaches. When only one gage was available with long-
term, mean annual streamflow and it was located above known irrigation diversions for which
estimates could be made of the long-term mean annual discharge, the frac value was calculated
by subtracting the total discharge for the diversions from the value for the upstream gage and
dividing this value by the value for the upstream gage. The last, and least preferred method, was
to compare the estimated long-term, mean streamflow for sequential reaches on the RF1 network
(Brakebill et al., 2011). A frac value less than 1.0 was assigned to any reach in which there was a
decrease in estimated streamflow between that reach and the reach immediately upstream. The
approach we used to account for irrigation diversions in the PNW caused nutrient stream load to
be removed from the modeled stream network, but did not return any of that stream load back to
the network because we did not have the data needed to estimate this. Most of the water used for
irrigation is taken up by crops or is lost through evaporation, and some leaches into deep
groundwater. The remaining water, along with nutrients originally in the water and nutrients
collected as it passes over agricultural land, is returned directly to streams through irrigation
return drains or through shallow groundwater. Although our estimates of the frac values likely
did not provided a full accounting of the hydrologic budget for the PNW, the values were based
on the best available information and led to a more accurate model than otherwise would have
been possible without including them.

Table S1 and Figure S1 provide details on the 303(d) listing in the PNW related to

nutrient enrichment.



Table S1. Compilation of Stream Reaches Placed on State 303(d) Lists in the United States Pacific

Northwest Because of Impairment Related to Nutrient Enrichment.

Figure S1. Prevalence of 303(d) Listings Because of Impairment Related to Nutrient Enrichment in the

United States Pacific Northwest.

Watershed Attributes
The watershed attributes used in the PNW SPARROW models are shown in Figures S2 —

S14.

Figure S2. Dominant Land Use in the United States Pacific Northwest (2001).

Figure S3. Point Source Discharges of Total Nitrogen in the United States Pacific Northwest (2002

estimates).

Figure S4. Point Source Discharges of Total Phosphorus in the United States Pacific Northwest (2002

estimates).

Figure S5. Mean Annual Wet Deposition of Inorganic Nitrogen in the United States Pacific Northwest.

Figure S6. Nitrogen Input from Farm Fertilizer in the United States Pacific Northwest (2002 estimates).

Figure S7. Phosphorus Input from Farm Fertilizer in the United States Pacific Northwest (2002 estimates).

Figure S8. Nitrogen Input from Manure from Livestock Production in the United States Pacific Northwest

(2002 estimates).

Figure S9. Phosphorus Input from Manure from Livestock Production in the United States Pacific Northwest

(2002 estimates).



Figure S10. Mean Soil Permeability in the United States Pacific Northwest.

Figure S11 Percentage of Land Area Consisting of Hydrologic Landscape Region 20 in the United States

Pacific Northwest.
Figure S12. Effective Mean Annual Precipitation in the United States Pacific Northwest.
Figure S13. Basal Density of Red Alder Trees in the United Stated Pacific Northwest (2001 estimates).

Figure S14. Estimated Concentration of Phosphorus in Surficial Geologic Material in the United States

Pacific Northwest.

The dominant land use was determined using data from the National Land Cover
Database (NLCD (Homer et al., 2004). The area of forest land in each watershed was estimated
by summing the area of land classified as deciduous, evergreen, and mixed forests in the NLCD.
The area of developed land in each watershed was estimated by summing the area of land
classified as low, medium, and highly developed in the NLCD. Developed land classified as
open space in the NLCD was not included in our estimate because this category included roads
in nondeveloped watersheds. In addition, the area of developed land in watersheds where the
population density was less than 10 people per km? was set to zero.

The total red alder basal area within each SPARROW watershed was estimated for 2001.
The red alder species models obtained from the Landscape, Ecology, Modeling, Mapping and
Analysis (LEMMA) project (LEMMA, 2008 for Oregon; Mathew Gregory, Oregon State
University, written commun., September 8, 2008 for Washington)were raster files with 30 meter

cells. Estimates of red alder basal area density were extracted from each of the 5 raster files and



merged into a single raster file, from which the total red alder basal area in each SPARROW
watershed was estimated.

The phosphorus sampling performed by the National Geochemical Survey (USGS, 2004)
was limited to select streams in the PNW. Therefore, a value for each SPARROW watershed
needed to be estimated by using landscape data that were spatially continuous across the region.
This was done by combining data describing surface geology (Schruben et al., 1997) and
USEPA level 4 ecoregion (Plate 1) (USEPA, 2008). The different surficial geologic materials
were presumed to have different phosphorus contents (because of different mineral
compositions) and the different USEPA level 4 ecoregions were presumed to have different
potential for weathering of surficial geologic material (because of differences in geology,
physiography, vegetation, climate, hydrology, terrestrial and aquatic fauna, and soil). We
developed a layer of “geo-eco regions,” calculated an average concentration of phosphorus for
each geo-eco region from the available bed sediment data (expressed in parts per million), and
calculated a value for each SPARROW watershed by using a weighted average for each geo-eco

region in that watershed.

Plate 1. U.S. EPA Level 3 and Level 4 Ecoregions in the United States Pacific Northwest.

Calibration Results
Figures S15 — S22 compare predicted stream loads to measured stream loads, predicted

stream loads to model residuals, and predicted yields to model residuals.

Figure S15. Measured Stream Load Relative to Predicted Stream Load for the Total Nitrogen SPARROW

Model Developed for the United States Pacific Northwest.


http://en.wikipedia.org/wiki/Geology
http://en.wikipedia.org/wiki/Physiography
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Figure S16. Residual Stream Load Relative to Stream Predicted Load to for the Total Nitrogen SPARROW

Model Developed for the United States Pacific Northwest.

Figure S17. Residual Stream Load Relative to Predicted Yield for the Total Nitrogen SPARROW Model

Developed for the United States Pacific Northwest.

Figure S18. Probability Plot of Standardized Residual Stream Load for the Total Nitrogen SPARROW

Model Developed for the United States Pacific Northwest.

Figure S19. Measured Stream Load Relative to Predicted Stream Load for the Total Phosphorous

SPARROW Model Developed for the United States Pacific Northwest.

Figure S20. Residual Stream Load Relative to Predicted Stream Load for the Total Phosphorous

SPARROW Model Developed for the United States Pacific Northwest.

Figure S21. Residual Stream Load Relative to Predicted Yield for the Total Phosphorous SPARROW

Model Developed for the United States Pacific Northwest.

Figure S22. Probability Plot of Standardized Residual Stream Load for the Total Phosphorous SPARROW

Model Developed for the United States Pacific Northwest.

Prediction Results
Table S3 provides details for each of the regional and national studies that we compared to our

predicted yields for watersheds dominated by different land cover types.
Table S2. Details for Regional and National Nutrient Yield Estimates.
Tables S3 — S5 show the SPARROW estimates of nutrient enrichment and a summary of

nutrient-related 303(d) listings for each HUC8 watershed in the PNW.



Table S3. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of
Impairment Related to Nutrient Enrichment within the Columbia River Basin.

Table S4. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of
Impairment Related to Nutrient Enrichment within the Snake River Basin.

Table Sb. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of
Impairment Related to Nutrient Enrichment within the Puget Sound Basin, the Coast Ranges of

Washington and Oregon Draining Directly to the Pacific Ocean, and the Closed Basins of Oregon.
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Table S1. Compilation of Stream Reaches Placed on State 303(d) Lists in the United States Pacific Northwest Because of Impairment Related to Nutrient Enrichment.

Number | Total length
of of reaches
State Date of 303(d) listings| Primary chemical indicators |Secondary chemical indicators Biological indicators reaches (km)
Californiat 2002 na na na 0 0
Idaho? 2002 nutrients, nitrogen, phosphorus dissolved oxygen, pH none 358 4,160
Montana® 2002 nutrients, nitrate, nitrogen dissolved oxygen algal growth, chlorophyll a 150 1,305
Nevada® 2004 total phosphorus dissolved oxygen, pH none 29 152
Oregon® 2002 nitrate, phosphorus dissolved oxygen, pH algae, aquatic weeds 378 3,405
Utah® 2006 na na na 0 0
Washington’ 2008 total nitrogen, total phosphorus dissolved oxygen, pH none 321 4,194
Wyoming® 2002 na na na 0 0
Oregon-Washington total nitrogen, nitrate, total dissolved oxygen, pH algae, aquatic weeds
border (Columbia phosphorus, phosphorus
River) 2002 29 264
Oregon-ldaho nutrients, nitrogen, nitrates, dissolved oxygen, pH algae, aquatic weeds
border (Snake phosphorus
River) 2002 37 376
Washington-Idaho nutrients, total nitrogen, nitrogen, dissolved oxygen, pH
border (Snake total phosphorus, phosphorus
River) 2002 none 3 24

Notes:

na: not applicable, since there were no 303(d) listed streams for the state in the modeling region.

km: kilometers

!California Environmental Protection Agency, 2002
2|daho Department of Environmental Quality, 2002
3Montana Department of Environmental Quality, 2002
“Nevada Division of Environmental Protection, 2004
®Oregon Department of Environmental Quality, 2002
®Utah Department of Environmental Quality, 2006
"Washington Department of Ecology, 2002
8Wyoming Department of Environmental Quality, 2002




Table S2. Details for Regional and National Nutrient Yield Estimates.

Data Source

Description of Results

Alexander et al ., 2001

Median TN vyields estimated by SPARROW for watersheds across the nation
having more than 90% crop land and 85% pasture land.

Median TN vyields estimated by SPARROW for watersheds across the nation
having more than 95% forest land.

Median TN vyields estimated by SPARROW for watersheds across the nation
having more than 75% urban land.

Median TN vyields estimated by SPARROW for watersheds across the nation
having 100% range land.

Beaulac and Rechow, 1982

Median TN and TP export for mixed agricultural land across the U.S.

Median TN and TP export for pasture and range land across the U.S.

Median TN and TP for urban land across the U.S.

Brown et al ., 1973

Median NO3-N export from watersheds in the Alsea R. basin (Oregon).

Brown and Ozretich, 2009

Riverine N export to Yaquina Bay (Oregon).

Compton et al ., 2003

Average N export from watersheds within the Salmon R. basin (Oregon).

Edmunds et al ., 1995

TN and TP export from West Twin Creek watershed (Washington).

Embrey and Inkpen , 1998

Average inoganic N and TP export from three primarily agricultural basins
draining to Puget Sound (Washington).

Inoganic N and TP export from a primarily forested basin draining to Puget
Sound (Washington).

Average inoganic N and TP export from two primarily urban basins draining to
Puget Sound (Washington).

Gravelle et al ., 2009

Average NO3/NO2-N export from regenerated subwatersheds within the Mica
Creek basin (Idaho).

Average NO3/NO2-N export from clearcut subwatersheds within the Mica
Creek basin (Idaho).

Martin and Harr, 1988

Nitrate-N and Phosphate-P export from an undisturbed forested watershed in
the Oregon Cascades.

Schaefer et al ., 2009

TN export for 2002 from the Spokane River basin (Washington).

TN export for 1992 from the Nehalem River basin (Oregon).

Vanderbilt et al ., 2003

Average TN export from unpolluted watersheds in the Oregon Cascades.

Wise, 2004 (unpublished)

TN and TP yields for small agricultural watersheds in the lower Yakima River
Basin (Washington)

Notes:

TN: total nitrogen.

TP: total phosphorus.
NO3-N: nitrate, as nitrogen
N: nitrogen

NO3/NO2-N: nitrate plus nitrage, as nitrogen.
Phosphate-P: phosphate, as phosphorus.
SPARROW: Spatially Referenced Regressions on Watershed Attributes model.




Table S3. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of Impairment Related to Nutrient Enrichment within
the Columbia River Basin.

Six-Digit Hydrologic Unit

Eight-Digit Hydrologic Unit Code

Percentage of
stream reach length
where the
probability of

Percentage of
stream reach length
where the
probability of

Percentage of
stream reach length
that is placed on
state 303(d) lists

Code (HUCG6 )Watershed (HUCB8) Watershed exceeding the exceeding the because of
suggested USEPA | suggested USEPA | impairment related
TN criterion was TP criterion was to nutrient
greater than 90% greater than 90% enrichment
170101 Kootenai River 17010101 Upper Kootenai 82.0 71.3 3.6
17010102 Fisher 70.5 36.0 12.6
17010103 Yaak 70.4 65.6 0.0
17010104 Lower Kootenai 44.4 22.0 0.0
17010105 Moyie 72.9 18.6 0.0
170102 Pe”gi\(l)erre"'e 17010201 Upper Clark Fork 97.1 55.3 35.7
17010202 Flint-Rock 84.0 58.0 4.0
17010203 Blackfoot 72.3 41.7 14.5
17010204 Middle Clark Fork 53.2 55.6 21.1
17010205 Bitterroot 28.8 29.4 13.1
17010206 North Fork Flathead 45.1 51.6 0.0
17010207 Middle Fork 18.9 25.9 0.0
Flathead
17010208 Flathead Lake 30.4 11.6 0.0
17010209 South Fork Flathead 48.2 46.2 0.0
17010210 Stillwater 86.9 56.7 24.9
17010211 Swan 82.2 68.7 2.4
17010212 Lower Flathead 61.1 55.4 0.0
17010213 Lower Clark Fork 32.2 45.3 2.0
17010214 Pend Oreille Lake 56.2 67.7 9.5
17010215 Priest 31.2 65.0 0.0
17010216 Pend Oreille 58.2 67.1 69.9
170103 Spokane River 17010301 Upper Coeur D'alene 3.2 3.2 0.0
17010302 South Fork Coeur 21.7 61.5 0.0
D'alene
17010303 Coeur D'alene Lake 40.2 60.8 0.8
17010304 St. Joe 31.0 40.6 1.3
17010305 Upper Spokane 5.0 20.1 44.0
17010306 Hangman 100.0 100.0 34.6
17010307 Lower Spokane 71.0 76.8 16.1
17010308 Little Spokane 100.0 100.0 64.8
170300 Yakima River 17030001 Upper Yakima 36.5 60.3 10.8
17030002 Naches 71.6 80.1 13.9
17030003 Lower Yakima 35.8 76.0 14.7
Snake River (see table Sb)
Upper .
170200 COIEFr)nbia 17020001 Franklin D. 72.9 73.7 10.4
. Roosevelt Lake
River
17020002 Kettle 88.0 79.0 8.4
17020003 Colville 100.0 100.0 11.2
17020004 Sanpoil 4.7 4.7 7.4
17020005 Chief Joseph 3.4 3.4 0.7
17020006 Okanogan 40.3 447 22.6
17020007 Similkameen 3.0 1.1 6.9
17020008 Methow 14.2 55.2 0.0
17020009 Lake Chelan 0.0 8.5 3.9
17020010 Upper Columbia- 7.4 10.2 16
Entiat
17020011 Wenatchee 1.0 145 16.2
17020012 Moses Coulee 0.0 0.0 0.0
17020013 Upper Crab 100.0 100.0 30.3
17020014 Banks Lake 100.0 100.0 0.9
17020015 Lower Crab 88.5 84.7 66.7
17020016 Upper Columbia- 0.0 36.0 32.5

Priest Rapids




Table S3 con't. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of Impairment Related to Nutrient Enrichment

within the Columbia River Basin.

Six-Digit Hydrologic Unit

Eight-Digit Hydrologic Unit Code (UUCB3)

Percentage of
stream reach length
where the
probability of

Percentage of
stream reach length
where the
probability of

Percentage of
stream reach length
that is placed on
state 303(d) lists

Code (HUC6 Watershed Watershed exceeding the exceeding the because of
suggested USEPA | suggested USEPA | impairment related
TN criterion was TP criterion was to nutrient
greater than 90% greater than 90% enrichment
170702 Jo;::/;)ray 17070201 Upper John Day 91.6 100.0 13.4
17070202 North Fork John Day 90.6 96.6 0.0
17070203 M'dd'eggk John 59.2 100.0 0.0
17070204 Lower John Day 25.0 77.9 0.4
170703 De;‘i::;tes 17070301 Upper Deschutes 65.8 81.8 22.4
17070302 Little Deschutes 100.0 100.0 20.9
17070303 Beaver-South Fork 18.0 79.2 0.0
17070304 Upper Crooked 36.5 88.7 7.0
17070305 Lower Crooked 76.2 86.3 18.1
17070306 Lower Deschutes 54.0 72.3 12.0
17070307 Trout 12.8 84.9 0.0
Middle Middle Columbia-
170701 Columbia 17070101 Lake Wallula 45 11.1 0.3
17070102 Walla Walla 79.8 100.0 0.0
17070103 Umatilla 36.8 75.0 55
17070104 Willow 35.3 73.3 19.7
17070105 Middle Columbia- 59.4 47.9 4.8
Hood
17070106 Klickitat 63.1 87.5 0.0
170900 Willamette 17090001 Middile Fork 9.1 74.6 2.7
River Willamette
17090002 Coast Fork 20.3 57.8 3.6
Willamette
17090003 Upper Willamette 53.1 17.6 10.5
17090004 McKenzie 10.1 74.0 5.2
17090005 North Samtiam 4.5 60.4 5.2
17090006 South Santiam 20.8 59.7 0.0
17090007 Middle Willamette 66.7 21.7 26.5
17090008 Yamhill 74.8 25.1 10.2
17090009 Molalla-Pudding 90.9 58.7 0.0
17090010 Tualatin 66.6 30.7 0.0
17090011 Clackamas 29.9 73.7 0.0
17090012 Lower Willamette 78.3 41.7 10.5
Lower Lower Columbia-
170800 Columbia 17080001 354 56.7 26.4
: Sandy
River
17080002 Lewis 26.8 71.9 0.0
17080003 Lower Columbia- 91.9 86.8 215
Clatskanie
17080004 Upper Cowlitz 3.7 23.8 0.1
17080005 Lower Cowlitz 54.2 69.3 0.0
17080006 Lower Columbia 99.4 96.1 30.5




Table S4. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of Impairment Related to Nutrient Enrichment within the Snake River

Basin.

Six-Digit Hydrologic Unit Code (HUCB6)

Eight-Digit Hydrologic Unit Code (HUCBS)

Percentage of
stream reach
length where the
probability of

Percentage of
stream reach
length where the
probability of

Percentage of
stream reach

length that is
placed on state

Watershed Watershed exceeding the exceeding the igigju)slfésf
suggested USEPA | suggested USEPA |. :
o N impairment related
TN criterion was | TP criterion was to nutrient
greater than 90% | greater than 90% .
enrichment
170401 Snake River 17040101 Snake Headwaters 32.1 95.5 0.0
Headwaters
17040102 Gros Ventre 35.2 82.5 0.0
17040103 Greys-Hobock 10.8 65.5 0.0
17040104 Pallisades 46.0 97.7 0.0
17040105 Salt 73.0 100.0 3.5
170402 Upper Snake River 17040201 Idaho Falls 32.3 43.2 0.0
17040202 Upper Henry's 60.2 78.8 0.0
17040203 Lower Henry's 53.0 63.5 0.0
17040204 Teton 45.3 72.9 7.5
17040205 Willow 72.0 100.0 13.4
17040206 American Falls 58.3 72.3 30.4
17040207 Blackfoot 29.8 91.0 0.0
17040208 Portneuf 65.8 99.0 9.0
17040209 Lake Walcott 455 72.6 0.0
17040210 Raft 71.4 94.1 20.7
17040211 Goose 16.2 91.1 9.0
17040212 Upper Snake-Rock 54.6 76.5 28.8
17040213 Salmon Falls 9.2 98.1 16.5
17040214 Beaver-Camas 82.2 100.0 35.6
17040215 Medicine Lodge 51.6 90.6 0.7
17040216 Birch 61.7 100.0 11.7
17040217 Little Lost 87.5 100.0 0.2
17040218 Big Lost 17.4 80.2 17.5
17040219 Big Wood 9.7 62.5 10.8
17040220 Camas 2.1 92.3 2.3
17040221 Little Wood 5.6 48.2 38.5
170501 ';/'i'\?:r': Snake - Boise 17050101 C.J. Idaho 33.4 55.0 7.6
17050102 Bruneau 0.8 56.2 1.0
17050103 Middle Snake-Succor 19.3 43.4 14.0
17050104 Upper Owyhee 0.0 95.9 6.9
17050105 South Fork Owyhee 4.4 93.3 0.0
17050106 East Little Owyhee 0.0 100.0 0.0
17050107 Middle Owyhee 3.7 86.5 2.8
17050108 Jordan 18.3 99.3 2.6
17050109 Crooked-Rattlesnake 5.1 92.7 0.0
17050110 Lower Owyhee 8.9 98.6 10.1
17050111 North and Middle Forks 0.0 55.1 0.0
Boise
17050112 Boise-Mores 2.7 53.5 0.0
17050113 South Fork Boise 0.0 14.5 0.0
17050114 Lower Boise 62.5 80.6 67.3
17050115 Middle Snake-Payette 72.8 72.8 35.6
17050116 Upper Malheur 45.6 100.0 0.0
17050117 Lower Malheur 22.4 100.0 19.4
17050118 Bully 10.1 100.0 3.5
17050119 Willow 57.4 98.6 8.1
17050120 South Fork Payette 0.0 5.2 0.0
17050121 Middle Fork Payette 0.0 0.0 0.0
17050122 Payette 0.6 18.2 20.2
17050123 North Fork Payette 0.0 0.0 35.4
17050124 Weiser 22.9 79.8 30.0
170502 ,I\?/Iil\(/j::: Snake - Powder 17050201 Brownlee Reservoir 78.6 92.7 30.7
17050202 Burnt 73.1 100.0 8.2
17050203 Powder 78.4 97.6 11.6




Table S4 con't. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of Impairment Related to Nutrient Enrichment within the Snake

River Basin.

Six-Digit Hydrologic Unit Code (HUC6

Eight-Digit Hydrologic Unit Code (HUCBS)

Percentage of
stream reach
length where the
probability of

Percentage of
stream reach
length where the
probability of

Percentage of
stream reach

length that is
placed on state

Watershed Watershed exceeding the exceeding the igigju)slfésf
suggested USEPA | suggested USEPA |. :
o N impairment related
TN criterion was TP criterion was to nutrient
greater than 90% | greater than 90% .
enrichment
170602 Salmon River 17060201 Upper Selway 0.0 32.6 5.8
17060202 Pahsimeroi 0.0 67.3 25.9
17060203 Middle Salmon-Panther 3.0 19.4 3.5
17060204 Lembhi 69.7 89.0 6.3
17060205 Upper Middle Fork 0.0 29.8 0.0
Salmon
17060206 Lower Middle Fork 0.0 15 0.0
Salmon
17060207 Middle Salmon- 1.9 15.3 0.0
Chamberlain
17060208 South Fork Salmon 0.0 7.3 0.0
17060209 Lower Salmon 19.4 77.1 8.6
17060210 Little Salmon 21.7 55.7 55
170603 Clearwater River 17060301 Upper Selway 0.0 0.0 0.0
17060302 Lower Selway 0.0 10.6 0.0
17060303 Lochsa 5.5 2.3 0.0
17060304 Middle Fork Clearwater 13.4 38.2 18.5
17060305 South Fork Clearwater 13.4 34.0 14.1
17060306 Clearwater 66.0 83.5 40.2
17060307 Upper North Fork 24.2 27.6 0.0
Clearwater
17060308 Lower North Fork 11.8 34.8 47
Clearwater
170601 Lower Snake River 17060101 Hells Canyon 54.5 89.8 51.7
17060102 Imnaha 67.0 100.0 0.0
17060103 Lower Snake-Asotin 41.7 98.2 5.7
17060104 Upper Grande Ronde 82.7 96.7 0.0
17060105 Wallowa 52.4 91.1 14.9
17060106 Lower Grande Ronde 63.6 100.0 0.0
17060107 Lower Snake-Tucannon 41.6 82.7 23.4
17060108 Palouse 77.5 88.4 37.1
17060109 Rock 88.1 92.8 22.2
17060110 Lower Snake 0.0 11.2 14.1




Table S5. Estimation of Nutrient Enrichment and Summary of State 303(d) Listings Because of Impairment Related to Nutrient Enrichment within the
Puget Sound Basin, the Coast Ranges of Washington and Oregon Draining Directly to the Pacific Ocean, and the Closed Basins of Oregon.

Six-Digit Hydrologic Unit Code

Eight-Digit Hydrologic Unit Code (HUCB8)

Percentage of
stream reach length
where the probability

of exceeding the

Percentage of
stream reach length
where the probability
of exceeding the

Percentage of
stream reach length
that is placed on
state 303(d) lists

(HUC®6) Watershed Watershed suggested USEPA | suggested USEPA | . b.ecause of
o o impairment related
TN criterion was TP criterion was to nutrient
greater than 90% greater than 90% .
enrichment
171100 Puget Sound Fraser 17110001 39.9 38.3 9.7
Strait of Georgia 17110002 100.0 83.9 37.1
San Juan Islands 17110003 na na na
Nooksack 17110004 28.2 40.2 34.1
Upper Skagit 17110005 4.8 14.0 0.0
Sauk 17110006 1.3 33.9 0.0
Lower Skagit 17110007 49.5 43.7 34.6
Stillaguamish 17110008 22.6 315 2.6
Skykomish 17110009 15.8 14.9 8.0
Snoqualmie 17110010 17.9 5.0 114
Snohomish 17110011 89.5 67.3 54.1
Lake Washington 17110012 73.8 66.8 46.3
Duwamish 17110013 57.9 87.5 54.1
Puyallup 17110014 32.1 73.5 9.3
Nisqually 17110015 62.7 74.8 11.1
Deschutes 17110016 100.0 100.0 79.3
Skokomish 17110017 17.7 62.4 0.0
Hood Canal 17110018 8.1 13.2 10.9
Puget Sound 17110019 95.8 91.5 9.0
Dungeness-Elwha 17110020 5.1 25.6 0.0
Crescent-Hoko 17110021 83.0 63.7 0.0
171001 C\(/)Vaa}sstglmlgitloenrs Hoh-Quillayute 17100102 4.4 66.1 0.0
Queets-Quinault 17100103 95.2 94.3 5.1
Upper Chehalis 17100104 65.0 83.8 0.0
Lower Chehalis 17100105 0.2 85.7 2.2
Grays Harbor 17100106 91.0 90.9 3.5
Willapa Bay 17100101 21.8 60.9 9.3
171002 Northern Oregon Necanicum 17100201 100.0 100.0 0.0
Coastal Rivers
Nehalem 17100202 93.6 96.5 0.0
Wilson-Trusk- 17100203 100.0 94.2 333
Nestucca
Siletz-Yaquina 17100204 97.2 70.1 8.0
Alsea 17100205 95.7 81.6 8.3
Siuslaw 17100206 72.8 62.6 23.6
Siltcoos 17100207 94.8 83.3 0.0
171003 | SouthernOregon |\ Umpqua 17100301 27.8 80.1 7.7
Coastal Rivers
South Umpqua 17100302 34.3 59.3 22.0
Umpqua 17100303 63.1 73.8 5.3
Coos 17100304 88.2 77.2 10.5
Coquille 17100305 71.4 46.9 20.3
Sixes 17100306 98.7 100.0 8.1
Upper Rogue 17100307 23.1 98.5 10.2
Middle Rogue 17100308 47.3 73.0 5.0
Applegate 17100309 4.5 38.6 12.5
Lower Rogue 17100310 49.8 72.7 18.7
llinois 17100311 18.1 66.9 0.0
Chetco 17100312 1.8 50.6 11.8
171200 Oreg;;ﬁ':sed Harney-Malheur 17120001 68.1 85.0 0.0
Silvies 17120002 84.4 95.0 5.6
Donner und Blitzen 17120003 0.0 48.6 0.0
Silver 17120004 22.5 33.0 0.0
Summer Lake 17120005 86.5 91.5 0.0
Lake Albert 17120006 54.0 73.5 0.0
Warner Lakes 17120007 17.2 49.5 8.0
Guano 17120008 0.0 11.6 0.0
Alvord Lake 17120009 0.0 71.9 0.0




Percentage of stream
reach length placed
on State 303(d) lists
because of nutrient
enrichment

7~ none
< 25%
25% - 50%

Figure S1. Prevalence of 303(d) Listings Because of Impairment
Related to Nutrient Enrichment in the United States Pacific
Northwest. Results are shown for each HUC8 watershed.




Figure S2. Dominant Land Use in the
United States Pacific Northwest (2001
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Figure S3. Point Source Discharges of Total Nitrogen in
the United States Pacific Northwest (2002 estimates).
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Figure S4. Point Source Discharges of Total Phosphorus
in the United States Pacific Northwest (2002 estimates).
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Figure S5. Mean Annual Wet Deposition of Inorganic
f Nitrogen in the United States Pacific Northwest.
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Figure S6. Nitrogen Input from Farm Fertilizer in the
United States Pacific Northwest (2002 estimates).
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Figure S7. Phosphorus Input from Farm Fertilizer in the
United States Pacific Northwest (2002 estimates).
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Figure S8. Nitrogen Input from Manure from Livestock Production
in the United States Pacific Northwest (2002 estimates).
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Figure S9. Phosphorus Input from Manure from LivestockProduction
in the United States Pacific Northwest (2002 estimates).
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Figure S10. Mean Soil Permeability in the United States
Pacific Northwest.
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Figure S11. Percentage of Land Area Consisting of Hydrologic
Landscape Region 20 in the United States Pacific Northwest.
HLR 20 consists of humid mountains with permeable soils and
impermeable bedrock).
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Figure S12. Effective Mean Annual Precipitation in the in
the United States Pacific Northwest. Effective precipitation
is equal to local precipitation plus irrigation water.
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Figure S13. Basal Density of Red Alder Trees in the
United Stated Pacific Northwest (2001 estimates).
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Figure S14. Estimated Concentration of Phosphorus in Surficial
Geologic Material in the United States Pacific Northwest.




Figure S15. Measured Stream Load Relative to Predicted Stream Load for the
Total Nitrogen SPARROW Model Developed for the United States Pacific Northwest.
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Figure S16. Residual Stream Load Relative to Stream Predicted Load to for the
Total Nitrogen SPARROW Model Developed for the United States Pacific Northwest.
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Figure S17. Residual Stream Load Relative to Predicted Yield for the
Total Nitrogen SPARROW Model Developed for the United States Pacific Northwest.
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Figure S18. Probability Plot of Standardized Residual Stream Load for the
Total Nitrogen SPARROW Model Developed for the United States Pacific Northwest.
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Figure S19. Measured Stream Load Relative to Predicted Stream Load for the
Total Phosphorous SPARROW Model Developed for the United States Pacific Northwest.
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Figure S20. Residual Stream Load Relative to Predicted Stream Load for the
Total Phosphorous SPARROW Model Developed for the United States Pacific Northwest.
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Figure S21. Residual Stream Load Relative to Predicted Yield for the
Total Phosphorous SPARROW Model Developed for the United States Pacific Northwest.
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Figure S22. Probability Plot of Standardized Residual Stream Load for the
Total Phosphorous SPARROW Model Developed for the United States Pacific Northwest.
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USEPA Level 3 and 4 Ecoregions in the United States Pacific Northwest

Ecoregions—PLATE 1

Wise, D.R. and H.M. Johnson. 2011. Surface-Water Nutrient Conditions and Sources in the United
States Pacific Northwest. Journal of the American Water Resources Association (JAWRA).
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U. S. Environmental Protection Agency Level 3 and Level 4 Ecoregion Boundaries in the United States Pacific Northwest
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