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Why Study Sediment Loading?

Negative impacts to designated beneficial uses:

Water Supply Stream channel integrity
Public domestic water Decreased bank stability
supply Increase in erosion

Irrigation Loss of complex stream
Livestock watering structure

Hydro power General Water Quality

Industrial water supply Water contact recreation

Wildlife Aesthetic quality

Anadromous fish passage Commercial

Salmonid fish spawning/ navigation/transportation

rearing




3ackground

High road densities and logging have been implicated
in degrading stream water quality by increasing fine
sediment production and delivery into streams beyond
historically normal levels (Cederholm 1980,
McCollough 1999).

Recently, the gt circuit court of appeals ruled that
sediment inputs from roads into streams could be

considered point source pollution (NEDC v. Brown
2010).

roblem

Anthropogenic disturbances to the
landscape can increase sediment loading in
streams

Modeling sediment loading in streams is
complicated by natural variability and by
spatial autocorrelation

Question: How to certain land use practices
influence stream turbidity loading in
Western Oregon and to what degree?




ypotheses

Land use will affect stream turbidity

Geologic factors will overshadow land use
relationships with turbidity

Turbidity values will be spatially
autocorrelated

Objective

Assess sediment loading of the John Day Watershed by
examining values of turbidity in relationship to
external factors (i.e., slope, road density, land use, and
proximity to dams)

“A log-linear model showed strong positive correlation
between TSS and turbidity (R2 = 0.96)...turbidity is a
suitable monitoring parameter where water-quality
conditions must be evaluated” (Packman, J.J. et al,
2000)




Identifying Independent
Variables for the Model.

Slope

Land Cover type

General rock type (geology)
Road density

Dam Density

Stream order

Catchment size

ustification for independent variables

Slope (Allan et al. 2004, Johnson et al. 2003)

Land Cover & Land Use (Allan et al. 2004, Belsky et

al. 1999, Brett et al. 2005, Pan et al. 2004)

General rock type (geology) (johnson et al. 2003)
Road density (Cederholm et al. 1980)

Dam Density

Stream order (johnson et al. 2003)

Catchment VA (Bolstad et al. 2007)




Study Area:
John Day Watershed

Study Area:
John Day Watershed

Major watershed located in Central portion of Eastern
Oregon.

John Day River is most biologically diverse river in Columbia
Basin: Spring Chinook, Summer Steelhead, Westslope
Cutthroat, Redband Trout (Streamnet 2012)

Over 95% of the lands within the John Day Basin are zoned for
agriculture and forestry (OECO 2012).
- Cattle and sheep ranching
- Irrigation
- Timber production
- Tourism and recreation
- Designated portions are National Wild and Scenic River




EMAP

Western Environmental Mapping and Assessment
Project (EPA Regionio)

“Monitor and assess the status and trends of national
ecological resources”

> Coastal Waters; Rivers and Streams

> The Wadeable Streams Assessment:
A Collaborative Survey of the Nation’s Streams

“First-ever statistically-valid survey of the biological condition of small
streams throughout the U.S”

Databases Utilized

* Watershed Boundaries Oregon, BLM
- John Day Watershed
- John Day Sub-watersheds - level 5

The following layers were clipped to John Day Watershed boundary:
* WEMAP sample points
- Sampled in summer months from 2000-2003
-Duplicates removed
* Oregon 10 m DEM
- PSU:/I/Students/data/GIS/Oregon/DEM
* Land Use
- National Land Cover Database
* Geology
- DOGAMI
* Oregon Roads
- PSU:/1/Students/data/GIS/Oregon/Roads
* Dams
- Oregon Water Resources Department

Note:
-Not all soil data was available for the study area and therefore geology was
utilized to illustrate rock/soil type.




ethods o

1) Use GIS to extract data on selected attributes at
sample point locations.
- Slope
- Land Cover
- General Rock Type
- Road Density within subwatersheds
- Dam Density within subwatersheds
- Stream Order
- Catchment Size

2) Create & Run Model

re-Processing of Dafa

Most files imported, clipped, converted,
and data extracted to John Day WEMAP
sample points

Slope extrapolated from DEMs

Subwatershed boundaries were used for
calculating road and dam densities

Used to format and coalesce data for use
in GeoDA




Catchement Size

Feature to
Raster

Catchment Area

WEMAP points

WEMAP + Catchment Area

Export to
table

ACRES
[]51,857 - 78,276
[178,277 - 100,251
100,252 - 128,248
128,349 - 156,926
156,927 - 214,374

WEMAP points

@ Values t@

WEMAP + slope at point

10 m DEM




Land Cover

Build Raster Attribute Table NLCD clip + land cover classes

WEMAP points

Extract Values to Points

WEMAP + land cover code

Il Open Water

yped, Open Space

w Intensity

edium Intensity EXPOI't to

eleped, High Intensity

= E; €l
[ DEE:I;L ous Forest table

[ Shrub, Scrub
[1Herbaceous
y, pasture

NLCD clip

Feature

Geology Raster
to Raster i

WEMAP points

Extract Values to Points

et WEMAP + land cover code

[ basaltic andesite
[ coarse grained sediments

lithologies

: ate:-a.'np-asit\jai\\itfv:-h:-gies Export to
table

[ rhyolite
[ schist
[ sedimentary rocks

[}
[ welded tuff

Geology: General Rock type




Road Density by Subwatershed

|
Subwatersheds
and Roads

1) In Excel: Calculate Road Density
per subwatershed using HUC code,
Area, and Shape Length

2) In ArcMap: ‘Add Field’ for Road
Density and manually enter results

Subwatersheds
with road
density added
(see next slide)

Road Density by
Subwatershed Raster

WEMAP points

Extract Values to Points

WEMAP + road density

Export to
table

WEMAP sample points

Road Density by
Subwatershed
(count per acre)

[ | 2117515 -6.320248

[ 6.320249 - 9.972200
I 5.972201 - 13.716522
I 13.716523 - 17.894495
I 17894496 - 24.350432 0

John Day Watershed

Road Density by Subwatershed

I 24350433 - 34.790480




Dam Density by Subwatershed
Subwatersheds

-
Subwatersheds Export to
and Dams table
with dam

1) In Excel: Calculate Road Density per density added
subwatershed using HUC code, (see next slide)
Area, and Dam count

2) In ArcMap: ‘Add Field’ for Dam

Density and manually enter results Dam Density by

Subwatershed Raster

WEMAP points

Extract Values to Points

WEMAP + dam density

Export to
table

=
=
I - John Day Watershed

Mi‘ o Dam Density by Subwatershed
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WEMAP sample points

Dam Density by
Subwatershed
(count per acre)

[ ] o0.000012 - 0.000090

[ 0.000091 - 0.000211

I 0.000212- 0000342 0
I 0.000343 - 0.000555




Oregon Rivers

Turbidity (ntu) at

WEMAP sample points
@ 0.102-0.471

0.472 - 0.902

0.903 - 1.460

1.461-2.430

® @ C O

2.431-4.170

ata Analysis

Getis-Ord Gi employed to identify
potential outlier data points

OLS, Spatial Lag, and Spatial Error
Regression Models run in GeoDa

Geographically Weighted Regression
run in ESRI ArcMap 10
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esults

Geoda

R squared .316
Barren Land and Stream Order predicting Turbidity
Problems with the model
Literature (Peterson et al. 2010)

ESRI ArcMap 10
GWR

Independent variables not significant
Scatter Plots




ery little correlation

Forest Cover vs. Turbidity

y=-0.0076x + 1.4214
R?*=0.0229

B turb_v_forest

turbidity (NTU)

Linear (turb_v_forest)

Percent of subwatershed

Turbidity vs. Slope

y=-0.0174x + 1.1675
R?=0.0407

@ turb_v_slope

turbidity (NTU)

Linear (turb_v_slope)

Slope (degrees)




Discussion

Literature (Allan et al. 2004, Bolstad et al.
2007, Brett et al. 2005, Pan et al. 2003)

EPA data
Sample size
Summer sampling

Data processing

hat does it mean?

Do the results support the hypotheses?
* [s land use a significant predictor for turbidity?
* Do geologic factors overshadow land use factors?

e Are turbidity values spatially autocorrelated?




ext Steps...

Problems with being confined to stream channel
& with considering vertical distance

Data set strength, excluding outlier data points

Spatial pattern analysis, semivariogram, kriging

Data Sources

*Watershed Boundaries Oregon:
http://navigator.state.or.us/sdl/data/mdb/k24/WBD_QOregon.zip
*National Land Use Database

http://www.mrlc.gov/nlcd2001.php

*Geology:

http://spatialdata.oregonexplorer.info/ GPTg/catalog/main/home.page
*Road density by Watershed boundary
http://www.fs.fed.us/rm/boise/research/gis/documents/ArcGISRoadDens
ityStreamCrossing.pdf

*WEMAP dataset info

http://www.epa.gov/emap/west/index.html

*John Day info:
http://www.oeconline.org/our-work/rivers/cleaner-rivers-for-oregon-
report/john-day-river
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