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Figure 8. Percent change in annual average TN yield under climate change
and urban growth.

Total phosphorus travels to the stream attached to sediment, in solution with overland
flow, in mineral form, and with groundwater. The Tualatin sees annual increases in TP
throughout all climate scenarios, while Yamhill sees an increase only in the medium
scenario (Table 8). In Yamhill, the high urban growth scenarios show slightly larger
decreases in annual and winter TP loads than the low urban growth scenario. In the
summer Yamhill has slightly larger increases or slightly smaller decreases in the high
urban growth scenario. The largest increases in TP occur during the summer in the low
climate scenario due to a thirty percent increase in precipitation.
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Table 7. Percent change in annual and seasonal TN loadings
under climate change and urban growth.

Tualatin | Yamhill
Climate Land Use
Low ‘ High ‘ Low ‘ High
Annual
Low 13.9 13.93 4.6 4.07
Medium 48.7 48.27 21.67 21.01
High 28.15 28.26 2.78 2.20
Winter
Low 17.75 17.75 6.25 5.52
Medium 59.38 59.07 20.49 19.62
High 56.83 57.14 12.65 11.78
Summer
Low 78.6 78.61 64.6 63.88
Medium 0.002 -1.58 -31.97 -32
High -64.04 -64.24 -70.55 -70.83

Table 8. Percent change in annual and seasonal TP loadings
under climate change and urban growth.

Tualatin ‘ Yamhill
Climate Land Use
Low ‘ High ‘ Low High
Annual
Low 4.7 4.67 -15.7 -15.83
Medium 68.8 73.94 1.55 1.47
High 58.75 64.93 -17.85 -17.89
Winter
Low 1.12 1.12 -18.32 -18.51
Medium 57.11 60.9 -11.51 -11.66
High 78.77 85.13 -17.82 -17.87
Summer
Low 359 359 596.21 598.38
Medium -57.24 -52.4 -76.97 -76.08
High -77.69 -715.74 -70.8 -70.37
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Figure 9. Percent change in annual average TP yields under climate change
and urban growth.

Spatial patterns of TP follow those of sediment. There are large increases in the
Portland metro area as well as in the higher elevations of the coast range in the Tualatin
(Figure 9) as a result of high sloping urban lands and areas harvested for timber.

4.3 LOCATION OF CSAS
The top one percent of sub-basins have an average index of 19.4. The bottom one percent

have an average index of 0.05. Out of the sub-basins in the study site, the top twelve
percent are in the Yamhill basin, signifying the proportionately high sediment exports
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predicted by the model. The top five percent index values for each basin can be
visualized in Figure 10. Many CSA’s remain the same while some hotspots shift
according to the spatial patterns created by climate change and urbanization discussed
previously. The high climate scenario sees six CSAs shift. The medium scenario sees five
shift, and the low scenario sees only three CSAs shift.

Urban Growth
Historic Low High

(1981-2010) (2036-2065)  (2036-2065)

Low
(GFDL-ESM2M)

Climate Change
Medium
(Miroc5)

High
(HadGEM2-ES)

|| SWAT Sub-basins

\:| CSAs
[ 1km [P Changes in CSAs

Figure 10. Shifts in hotspots due to climate change and urbanization.

At the HRU level, relationships between land cover and topography can be seen more
directly than at the sub-basin scale due to averaging. Hotspots at the HRU scale consist of
high sloping hay and range land. The average basin-wide slope in Tualatin is 14.7
percent, while the area weighted average slope for HRU CSAs is 30.5 percent. In
Yamhill, the basin-wide slope is 17.3 percent, while the average slope for HRU CSAs is
23.7 percent. The dominant land use in HRU CSAs for Tualatin is rangeland (88%) and
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hay (12%). The dominant land use in HRU CSAs for Yamhill is Hay (54%) and
rangeland (46%).

4.4 MANAGEMENT

Application of vegetative filter strips has an average rate of reduction of 61.4 percent for
erosion, 49.2 percent for TN, and 62.9 percent for TP. The low flow year had a larger
reduction in sediment and nutrients (S: 65.7, TN: 51.2, TP: 65.5%) than the high flow
year (S: 57.7, TN: 47.3, TP: 60.3%). Index values dropped on average 54.5 percent,
bringing all but the most extreme sub-basins out of the top five percent (Table 9).

Table 9. Comparison of top 5% sub-basins
before and after VFS applied

No management VES
Index Rank Index Rank
31.07 1 15.66 1
16.55 2 7.50 16
16.51 3 7.13 19
13.79 4 6.54 25
12.81 6 5.24 33

5. DISCUSSION
5.1 MODEL CALIBRATION

Results of model calibrations were mixed (Table 4). Flow simulations closely match
observed data in both basins, and the spatial patterns of water yield make sense given the
known orographic effects of the coast range (Figure 11).

Sediment calibration in the Yamhill was acceptable. Model assessment at other parts
of the Yamhill was not possible due to lack of data, but the homogenous land cover
characteristics throughout the basin may make it safe to assume the model performs well
throughout. Sediment calibrations in the Tualatin were acceptable at the Dilley and West
Linn gage. However, the Fanno gage needs improvement. The poor performance is likely
due to SWAT’s inability to effectively capture physical processes unique to urban areas.
SWAT assumes urban areas consist of impervious surfaces and Bermuda grass. This
assumption is likely too simplistic. For example, we’d expect SWAT to under predict
sediment loads in urban areas which have yards with more exposed soils. This may be
one explanation for the negative bias in sediment results. However, this alone cannot
account for SWAT’s deficiencies in Fanno Creek since the NSE and RSR are also poor,
meaning the model is not simply under predicting, but differs erratically from the
observed data. One possible explanation is that SWAT cannot capture in-stream
processes unique to small urban watersheds. Urban streams are known to function
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differently than undisturbed streams. In particular, a larger percentage of sediment
originates from channel erosion rather than hill slope processes (Paul and Meyer 2001).
This channel erosion can happen in response to storm events, or as a result of
construction near the stream. These types of discontinuous processes would cause
sediment loads to vary sporadically over both short and long time periods, and may
explain SWAT’s poor performance. Spatial patterns of sediment yield are sensible, but
due to the poor calibration results for Fanno Creek, the results in this part of the basin
have less certainty. As a result, our confidence in the precise changes that may take place
is lower in Fanno Creek than in other portions of the basin.

Flow Sediment

) tonsi(ha*yr)
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[ os-5
B s-10
Bl w015
Bl 15-26

[ ] so00-7s0
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Figure 11. Spatial patterns of flow, sediment, total nitrogen, and total

phosphorus.

Nutrient calibrations are acceptable for the Dilley and Yamhill DEQ calibration
points, but were unsatisfactory for the West Linn and Fanno gages. This makes sense
since there are two waste water treatment plants above the West Linn gage which release
water with varying concentrations of nutrients throughout the year. While flow from
these plants were included in the model, estimates of nutrient concentrations were
difficult to derive. As a result these sources of nutrients were excluded from the model.
This would explain the under prediction of both TN and TP at the West Linn gage. As for
Fanno Creek, since nutrients tend to travel with sediment, the poor sediment results may
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also explain the poor nutrient results. Spatial patterns of nutrient yield appear sensible in
the Tualatin where yields roughly track sediment yields.

5.2 SPATIAL PATTERNS OF FLOW, SEDIMENT, AND NUTRIENTS

The spatial patterns of SWAT output can be seen in Figure 11. These patterns constitute a
mix of natural processes, model structure, and underlying model assumptions.
Orographic effects from the Coast Range create a clear east-west gradient in water yield
with higher yields in the higher elevations to the west, and lower yields in the valleys of
the two basins. A similar spatial pattern of flow was found in another study for the area
using a landscape model INVEST (Integrated Valuation of Environmental Services and
Tradeoffs) (Hoyer and Chang 2014b). Summer water yield is larger in urban areas
(Figure 6) than the rest of the basin. One would expect baseflow in the higher elevations
to sustain water yield throughout the basin at higher levels than the urban areas. A more
complete analysis of sub-surface flows in the model could explain why this pattern is
taking place. One explanation is that baseflows during the summer are not enough to
overtake the immediate runoff that will take place in urban areas.

There are intra- and inter-basin spatial patterns for sediment. Predicted terrestrial
yields in the Tualatin are uniformly smaller than those in the Yamhill. This disparity is
likely due to in-stream processes in the model not being properly calibrated. This type of
calibration could be done in the future using a submerged jet to characterize the erosion
taking place when stress is applied to the channel surface (Allen et al. 1999; Hanson
1990). This is resource intensive, and results are likely to vary throughout the stream
network based on particle size distribution (Kaufmann et al. 2008). It should be noted that
SWAT’s default sediment routing algorithm, the simplified Bangold equation assumes all
sediment is of silt size, and it does not partition erosion between the stream bank and
stream bed. More advanced routines are available that do take into account particle size.
However, it is still incumbent on the user to define the median particle diameter.

At the time of this writing, no field studies could be found detailing sediment yields
off the landscape. A study using the EPIC model in the Tualatin exists (Moberg 1995),
but no empirical data were used. Moberg (1995) recommends further field scale data
collection, but no study has yet been completed. As a result of default in-stream sediment
processes, higher in-stream sediment yields are apportioned directly to terrestrial erosion
in this study.

Intra-basin variation is due to the combination of landscape factors such as land uses
and slopes. In the Tualatin, modeling results indicate that the majority of erosion is due to
clear-cuts located on high slopes throughout the Coast Range. Since cultivated
agricultural lands are found more frequently on low to medium slopes in the Tualatin,
there is less opportunity for severe erosion to take place. In the Yamhill, the most severe
erosion comes from lands classified as hay which reside on steeper slopes. In both basins
forested areas contribute least to erosion due to the soil’s thick layers of humus and
protection from rain splash erosion. Similar results were reported in another study that
compared urban, mixed, and forested watersheds in the Portland metro area (Chen and
Chang 2014).
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Much of the nutrient loads into streams travel either bound to clay or in solution with
overland flow, so sub-basins with higher sediment yields also see higher nitrogen and
phosphorus yields. This explains the similar inter-basin patterns for TN and TP. While
studies have shown a relatively higher phosphorous concentration in the Tualatin River
due to naturally occurring concentrations of phosphorus in the Hillsboro Formation
(Wilson et al. 1999), the similar progeny of soils extant in both basins suggest this pattern
is present in Yamhill as well (email correspondence with Scott Burns, Ph.D, Geology,
Portland State University, Oct. 9", 2013). Thus, the inter-basin differences in phosphorus
are mainly due to its relationship with sediment.

5.3 FUTURE CHANGES AND ADAPTIVE MANAGEMENT

While there are decreases in sediment and nutrients basin-wide under some scenarios,
urban areas consistently show increases. This finding is consistent with many previous
studies (Franczyk and Chang 2009; Praskievicz and Chang 2011; Tong and Chen 2002;
Tu 2009). While the direction of changes in urban areas is consistent, there is a wide
range of responses to climate change scenarios. This is due in large part to the inherent
uncertainty in climate models (Chang and Jung 2010; Praskievicz and Chang 2009) and
the additional uncertainty in the hydrological model response to these climate models.
The most potent example of this in our study is the finding that flows increase in the
summer despite summertime reductions in precipitation in the medium scenario. The
wide variations in hydrological response stress the need for adaptive water resource
planning that incorporates these uncertainties into infrastructure design while scientists
work to develop climate models with more accuracy and precision.

This study also demonstrates the potential for using SWAT to locate CSAs, and
identify changes over time. The methodology employed in this study can be used to help
identify possible areas for BMP installation, with vegetative filter strips being just one
example. While this research suggests that VFS could be used as a method of promoting
sustainable land management practices under the stress of future climate change and
ongoing urban development, there are many other tools available such as biofiltration
(Hatt et al. 2009; Read et al. 2008), riparian buffers (Wagner 2008), and permeable
pavements (Barattebo et al. 2003).

Because the use of SWAT to identify CSAs is new, and few studies have validated
CSA:s identified by SWAT (Niraula et al. 2013), further research is needed to validate the
model’s use for this purpose. Collecting detailed land, soils, and water quality
information at the local scale is needed before using the CSAs identified in this study to
guide regulatory activities.

6. CONCLUSIONS

Changes in precipitation levels and urban growth are two main drivers that threaten
watershed health in the future. This study focusses on assessing hydrologic and water
quality changes to precipitation and urban growth, and investigates how the application
of vegetative filter strips might ameliorate these effects.
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Flows typically follow precipitation trends, but some non-linear effects result from
seasonal soil water storage permitting summer flows to increase despite reductions in
summer rains. Urban areas show larger increases in annual flows due to high percentages
of impervious surfaces. Winter flow changes are similar to annual changes, but summer
flows are projected to decline.

As flow increases, annual sediment yields increase basin-wide in most scenarios.
Urban areas display particular sensitivity to increases in sediment yields, possibly due to
their historically small yields relative to other land uses. TN yields increase basin-wide in
most scenarios. High sloping regions with hay and rangelands have the highest TN
yields. Urban areas show the greatest sensitivity to future climate and land use changes.
TP yields increase in exactly half of the scenarios, however the percent increases in these
scenarios is greater than the decreases. Spatial patterns of TP vyields follow those of
sediment. The greatest increases can be seen in urban lands. These findings suggest that
urban areas can be targeted for reducing high flows and additional nutrient and sediment
loads.

CSA are located in areas of high slopes and hay or range lands. CSA shifts under
urban growth and climate change, suggesting that managers could use models to identify
areas deserving extra regulatory attention. However validation through field studies is
required before model output can be trusted. Changes in CSAs appear to be related more
to climate change than urban growth in this study. Implementation of VFS reduced
sediment and nutrient loads to the stream, suggesting this should be promoted as a best
management practice for land owners.

The results of this study suggest that SWAT is a useful tool for identifying target areas
for reducing nutrient and sediment loads and evaluating the effects of alternative land
management on nutrient and sediment loads under the pressure of climate change and
urban growth. Future studies should focus on validating CSAs identified by SWAT and
characterizing downstream effects resulting from best management practices.
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