Pre Wildfire Decision Support
Identifying At-Risk Infrastructure & Aquatic/Riparian Habitats

(Pilot Project, Malheur National Forest, Eastern Oregon)
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TerrainWorks (NetMap), in Collaboration with US Forest Service, PNW Corvallis and Malheur National Forest
Summer, 2015

This Powerpoint presentation summarizes the use of NetMap for a Fire Decision
Support System. Created on Sept 25, 2015 by Dr. Lee Benda and Kevin Andras
(TerrainWorks).
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TerrainWorks (NetMap)

www.terrainworks.com

The general approach strategy: wildfire is evaluated in terms of potential impacts to
at-risk infrastructure (roads, structures, water supply, energy) and aquatic/riparian
habitats via (1) erosion processes and sediment delivery to streams (surface erosion,
gullying, shallow landsliding and post fire road erosion) and (2) riparian processes,
specifically impacts on shade, thermal loading and thermal refugia. The approach is
designed to provide decision support for (i) pre fire management (vegetation and
roads) and (ii) firefighting (including retardant drops). See companion PPT-PDF
describing the use of burn severity maps in a similar analysis.



For the Post fire (BAER) analysis in the Canyon Creek Complex Fire, Eastern Oregon (9/2015), go to:
http://www.netmaptools.org/Pages/CanyonCreek_BAER_Netmap.pdf

Canyon Creek
BAER-NetMap
analysis area
(colored)

Continue with pre fire analysis, next slide.....




Pre fire analysis, pilot areas (preliminary)
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This presentation contains some preliminary analyses, final analyses will be available

by mid October.



Decision Support, Data Uses

e d Pre Fire Management Activities Data layers Purpose

Forest Restoration (fuels reduction, thinning -Fire severity and fire probability -Reduce potential for post fire erosion/floods
including in riparian zones, prescribed burns)  -Post fire surface erosion and sediment delivery to streams (impactson
-Post fire landslide/gully erosion infrastructure and sensitive aquatic habitats)
-Flash floods -Protect critical fish-riparian habitats (key
-Fish habitats habitats, refuges)
-Thermal refugia (impacts to)
Road Restoration (upgrade surfacing, increase  -Road surface erosion & sediment delivery -Reduce potential for post fire erosion and
drains, improve stream crossings, storage, potential (fire impacts on increased sediment delivery (also in non-fire
decommissioning) sediment delivery potential) conditions)
-Road instability potential/fire increased -Reduce potential for road related
-Roads in floodplains landsliding/gullying
-Cumulative habitat above roads crossings -Remove fish barriers
—l
Firefighting Data layers Purpose
Firefighting, including retardantuse -All stream buffered (300’) - avoidance -Avoid retardant pollution in surface waters

-Perennial stream buffered only - avoidance  -Protect critical aquatic/riparian habitats
-Identify high value aquatic/riparian—non
avoidance

A listing of decision support activities (left panel), the NetMap data layers to support
it (middle panel) and the purpose of the data layers.




Models and Sources

DEMs — LiDAR and 10 m

Synthetic River Networks (stream layers) NetMap (www.terrainworks.com)

Fire severity and probability (Flammap)

Post fire surface erosion (WEPP - Disturbed)

Post fire gully potential (Parker et al. 2010)

Post fire landsliding/gullying (Miller and Burnett 2007, 2008, NetMap)

Post fire road surface erosion and sediment delivery (GRAIP-Lite w/ modified sediment
delivery)

Flash floods (NWS model)

Bull Trout Habitat (NorWest and US Forest Service stream layer)

Salmon habitat (Intrinsic Potential Chinook and steelhead, Burnett et al. 2007)
Shade/thermal loading/thermal refugia (NetMap and Groom et al. 2011)
Road - stability (NetMap)

Cumulative habitat length above roads (NetMap)

Refer to NetMap’s online technical help manuals for additional information

Here is a list of the various models and data sources there were used in the Fire and
Fish analysis.




Data Deliverables

Data Type Polygon Reach, Aggregated
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thermal
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10) Thermal difference X X X

These are the general data deliverables and their formats within ArcMap shapefiles.




The analysis depends on NetMap's synthetic river network and virtual watersheds
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The analytical foundation for the Fire and Fish Analysis is NetMap’s synthetic stream
network and virtual watersheds. For brevity, this important topic is left for the
viewers to explore as they need to; see www.terrainworks.com for additional
background information or NetMap’s online Technical Help materials.




Bull Trout (Salvelinus confluentus)

Data Deliverable: Fish Habitat

Legend
reach_unfm
Fish

—

No Fish

—_—0

US Forest Service data on distribution of Bull Trout and Redband Trout were used in
the analysis. Habitat intrinsic potential (HIP) models (Burnett et al. 2007) were
applied for steelhead and Chinook.




Fish Habitat: Redband Trout (subspecies of Oncorhynchus mykiss)

Redband Trout
Distribution

0 No fish , y
——1 Fish e
0 225 45 9 Kilometers
e ey e |




Data Deliverables
Fire Severity (hillside, Flammap)

Fire Severity S
(Flame Length, ft)

~ 20ft(high)
21 (low)

Fire severity in terms of flame length was obtained from agency Flammap predictions
(WWETAC).




Fire Severity Fire Severity, Aggregated Downstream
(channel, fish eye) (tributary scale patterns)

Why are hillslope attributes
reported to channels, via
drainage wings?

This facilitates comparing
hillslope related stressors
(fire severity, erosion,
roads etc.) to fish habitats,
a channel attribute.

Flame Length
(ft)

—_—ea
- 46284 - 62518
— 251883015
3915 120448 2 A
—25u43.20 o am as 7 Kiometers
B

Fire severity is reported to individual channel segments (left), via drainage wings, and
aggregated downstream.




Fire Probability

Fire Probability
(Recurrence, years)

110

o 15 3

Fire probability was obtained from agency Flammap predictions (WWETAC).

1/probability = fire recurrence interval.
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Fisheries/

Fire Cascade Impacts on Aquatic Ecosystems

Sedimentation

Water Quality Impacts

Post fire erosion and channel sedimentation are predicted for surface erosion,

gullying and shallow landsliding.
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Post Fire Surface Erosion (WEPP, disturbed)

Post fire i
surface erosion
(tryr)
. 0-983
o 983 -2,755
2,755-5,273
B 5273-9,770
. 9,770 - 26,000

2,755 -5,273
N 5,273 -9,770
N 9,770 - 25,‘100!:!z

Post fire surface erosion was predicted using the WEPP-disturbed model. The color
patterns (right panel) indicating variable surface erosion illustrates the variable sizes
and shapes of local contributing areas or drainage wings. See NetMap’s online
technical help materials for additional information:
http://www.netmaptools.org/Pages/NetMapHelp/5_5_ surface_erosion_veg_fire.htm




Post Fire Surface

Erosion (WEPP,
disturbed, e.g., function
of fire severity)
reported to stream
channels

and aggregated
downstream

Surface Erosion to |~ ~

Channel Segments
(thyr)
— 10000 - 1912 1232
— 18121233 - 6209 1504

8299.1505 - 12763.7368
— 12763760 - 245543143 B8
— 24554 3144 - 621604150

and Aggregated
Downstream (t/yr)

5383772882 - 38110 800781

Predicted surface erosion is transferred to individual stream segments (left) and
aggregated downstream (right), the latter revealing erosion patterns at the tributary
and subbasin scale.
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Post Fire
Gully Potential

High gully erosion potential

An gully erosion model was used in the analysis (Parker et al. 2010). See NetMap'’s
online technical help materials for additional information.
http://www.netmaptools.org/Pages/NetMapHelp/gullying.htm




Shallow Landslide-
Debris Flow Potential

Shallow Landslide
Potential
o Hoh: 1

= Low:0

A shallow landslide model (Miller and Burnett 2007) based on hillslope gradient and
curvature was used in the analysis. See NetMap’s online technical help materials for
additional information:

http://www.netmaptools.org/Pages/NetMapHelp/hillside_1.htm
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Shallow landslide

potential reported to
channel segments and
aggregated downstream

g
Shallow Landslide
Potential (reported

Tributary
" scale

1

.
Shallow Landslide
Potential (reported
to reaches and aggregated
downstream}— coies-o.1141
e 0.1142 - 0.1664

0.1665 - 0.2387

= 0.2388 - 0.3857

— 0.3858 - 0.7453

0 175 35 7 Kilometers.
[ S .




FLASH FLOOD Potential

A dimensionlessindex developed by the

National Weather Service. The Flash Flood Potential
Index (FFPI) consists of four factors:

1) hillslope gradient

2) soils (percent silt, clay and sand)

3) vegetation density (forest, shrubs, grasses)

4) fireimpacts on soils and vegetation.

See NetMap’s online technical help manual for
additional details.
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Road Surface Erosion and Sediment Delivery to Streams, Post Fire

Roads can be significant sources of flooding, erosion and sediment delivery to
streams, post fire.

21



Road erosion and
sediment
delivery

model,

see near

end

of ppt for
additional
details

(1) Sediment production

(GRAIP-Lite, kglyr)

44— Road Length (L) ——————

(2) Sediment delivery to streams
(NetMap - conservation of mass)

Precipitation Intensity (I)

/ !

/

21 Direct 22Indirect| | o = e -
Streams via forest itk
floor
Q,= WLl : Distance
(100% sediment i =infiltration to stream L,
delivery)
Q,= infiltration *
area of plume
Sediment Sediment
Plume delivery
Length L, L, <L, =Del =0
L>L,
Del =1 -Q/Q,
Stream -

The model GRAIP-Lite for sediment production was coupled to NetMap’s

conservation of mass sediment delivery model (see end of pptx for additional

details).
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and Sediment Delivery
to Streams

Fire Effects on Road Erosion

Pre Fire

Road

Runof
Sediment

Plume

v

Stream

Road
Runoff

Fire that reduces infiltration capacity will result in
a larger proportion of forest roads delivering sediment
to stream channels (these could be targeted for

restoration)

Post Fire

Sediment
Plume

Infiltration Capacity Reduced by a
factorof2to 3

Infiltration \
capacity
{mmihr)

No Low High
Fire severity

[
»

Stream
Higher road - stream connectivity

Fire reduces infiltration capacity and thus allows greater sediment travel distances
from roads to streams and hence greater road-stream connectivity.
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Road erosion results, pre and post fire

No fire effects  #4 °
It is difficult to see the changes

in these maps because of the
broad legend categories.

See following slide for
the difference between
no fire and fire.

Road Surface Erosion,
(GRAIP-Lite, kg/yr)
— 0000000 - 131272588 )
151272558 - 302545117 @1 3‘\
302545118 - 453817675

453817676 - 605.000234

: 7 eemenars.
— §05.080235 - 756362782 ¢ i K

Road Surface Erosion
(GRAIP-Lite, kg/yr)
= 0.000000 - 151 000000
151.000001 - 302000000
302.000001 - 453000000
453.000001 - 605000000
—— 505.000001 - 766950318

Fire effects
)J‘ “(reduced infiltration)

Predicted sediment delivery is mapped to the road network for pre and post fire

conditions; little change can be see because of the board legend classes, but see next

slide.
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Road erosion 5
difference map, }\
where fire should
have the largest effect

of increasing sediment
delivery

Road Surface Erosion
(GRAIP-Lite, kglyr)
—0-3
— 3-10
10 -21
—21-42
— 42 -140

0 115 38 7 Kilometers
| N S S -

A difference map of road sediment delivery reveals that some road segments are
more sensitive to fire reductions in infiltration capacity compared to others.



Road Sediment [
Delivery (kglyr) »
— 0.000000 - 5.112700
— 5112701 - 17.811000
17811001 - 35 756000
— 35756001 - 84 954200
— B4 954201 - 145 348000

Stream reaches predicted to receive
higher road related sediment, post fire

Stream reaches where post fire road sediment delivery is predicted to increase; some

of these reaches overlap sensitive fish habitats.
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Road Sediment ) L8 S8
Delivery (kg/yr) 1y A5 Y .
(aggregated N ™ % T
downstream) —"1 { i L

——— 0.000000 - 86 738285

96.730206 - 415500413 £,

415599414 - 1898.12566 o
1898125865 - 8796 844000
— §796 844001 - 19581 953000

0o 1 2 4 Kilometers

Differences in pre and post fire road erosion sediment delivery is routed or
aggregated downstream, revealing tributary and subbasin patterns. This information
was also aggregated to the HUC 6t subbasin.




Riparian Zones: Impacts from Fire, Loss of Shade, Increases in Thermal Loading and
Loss of Cool Water Refugia
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Riparian — Current Shade/Thermal Energy

Fire effects on shade & thermal

loadin,
Shade model, Groom et al. 2011 g
sunlight paths ()
£ 100~ _
© S
Shorter trees, dense vegetation f= ~
less light transmittal = more % shade w S e
e =
c ~
Channel 8 P
S
Shorter trees, smaller stream sunlight paths th =~ ~
had: B
shade coverage a 0 -
Taller trees, more open crowns Flame Iength (ft}

less dense, more light
transmittal = less % shade

Channel

Taller trees, greater stream Tree height, basal area
shade coverage (LEMMA]

(where fire would have the largest impacts on the thermal regime,
including loss of thermal refugia)

A shade model was used to estimate the effects of vegetation on reducing thermal
energy to streams. Shorter, denser vegetation provides more shade, but the shadow
length is smaller. Taller older trees have less dense vegetation mid crown that can
reduce the shade, but they have a longer shadow length. We used a simple linear
relationship between percent shade and predicted flame length. To learn more about
this modeling approach, go to NetMap’s online technical help materials:

http://www.netmaptools.org/Pages/NetMapHelp/current_shade_thermal_energy.ht
m
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Riparian - No Fire .
Current Shade/ (LEMMA) S
Thermal Energy

Shade-Thermal ]
Energy (watt-hrs/m’)

Solshd
— 0.00 - 120407
—— 1284.08 - 1891.18
1991.19 - 313001
—— 3130.02 - 4446 18
— 4446.19 - 563066
0 175 35

7 Kilometers.

Fire Reduced = .
Shade .
(LEMMA) g

™ Shade-Thermal g’
% Energy (watt-hrs/m’) ©

SolShdF
= 0.00 - 1294.00

e 1204.01 - 1991.00
1991.01 - 3130.00
313001 - 4446.00
—— 4446.01- 563068
0 175 35 7 Kilometers b "'

Predicted thermal energy to streams under current (no fire) shade conditions (using
LEMMA vegetation data (http://lemma.forestry.oregonstate.edu/) and fire-reduced
shade. Many channel segments receive higher thermal loading, post fire. Some areas
like the lower right hand corner are south facing with little topographic shading, and

thus do not exhibit much change.
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Difference between current shade-
thermal energy and fire reduced shade
thermal energy.

Shows reaches where the greatest impacts to
shade and increases in thermal energy are
predicted to occur

Difference between /=
shade-thermal energy
and fire-reduced shade !
thermal energy (watt-hrs/m’)
SolFireDIf
— 0.000000 - 323.250000
323250001 - 819.720980
$19.720081 - 1221380005
1221.380006 - 1901 688941
— 1901689542 . 4280 990234

o 175 35

A difference map is produced from the previous slide’s data, revealing which channel
segments would be most sensitive to fire-induced reductions in shade, according to
the predicted fire severity (flame length).




Difference between current shade-

thermal energy and fire reduced shade
thermal energy, but aggregated downstream
(running average).

Shows multi-reach or tributary scale impacts to
shade and increases in thermal energy, e.g.,
stream segments and tributaries where thermal
refugia will be reduced.

£ L "y -
2 X A A ‘
L LN A e 23
~ ) 4
e
i -y
Shade-Thermal Energy ;
Fire Difference (upmean)
(Areas of lower to higher
shade-thermal energy impacts,
post fire) ___ ;5000 835 8900
35,8901 - 1034.3480
1034.3481 - 1176.0230
- 1178.0231 - 1344 1740
= 1344.1741 - 4280.9900

0 175 38

The information from the previous slide is aggregated downstream, revealing

tributary and subbasin scale patterns of increasing thermal conditions due to fire and

its variable intensity.
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Decision Space: Spatially Explicit Maps (visual - qualitative)

Surface erosion potential + Landslide potential 4+

= priority sites for
protection (pre fire management,
firefighting)

Information provided in the Fire and Fish analysis (previous slides, among other data)
can be used visually and qualitatively to search for intersections or overlaps between
various fire related stressors (erosion, roads, thermal) and sensitive aquatic habitats,
as illustrated above. Or one of NetMap’s tools (Habitat-Stressor Overlap Tool) can be
used quantitatively to locate overlaps and intersections (see next slide).
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Decision Space: Spatially Explicit Quantitative (using Quick Fire Tool)

Search for critical fire - fish interactions

Fire Post fire Riparian Fish
Severity erosion Refugia habitats
Data - Map Map Map
Analysis :“"‘ + r" + |Ee |+ [me
High High WHign [ High
Data + r X . :
Distributions [ & = priority sites
' i i
Mod-high high key >0.7, high
refugia

NetMap’s Quick Tool that contains the Habitat-Stressor overlap capability can be used
to locate intersections between fire related impacts and sensitive fish habitats. The
tool calculates, on the fly, the full frequency distribution of values (shown as the
cumulative distribution of values in this slide), and the analyst, using the tool, selects
from the distributions to search for overlaps. For example, an analyst can quickly
search for intersections among the highest 10% of fire severity, highest 5% of post
fire surface erosion (or landsliding or gullying), highest 10% of fire related increases in
thermal loading, and fish habitats (either presence of habitat or some numeric value
of habitat quality [used in IP]).

For additional information, see NetMap’s online technical help that describes the
overlap tool:
http://www.netmaptools.org/Pages/NetMapHelp/overlap_tool _ reaches.htm

And the Quick Tool, which is provided as part of this analysis:
http://www.netmaptools.org/Pages/NetMapHelp/netmap_quick_tool.htm
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Post Fire Surface

BuII_Trom Erosion (t/yr)
Habitat Length (m)
Lower 5661084.5185
Lower ¢ 6989459.1378
;::: :; 8518490 3027
20053546 0 225 45 8 Kilometers il
Higher — sty Higher W 12e0e4558038 o 2325 45

All analysis results are summarized to the HUC 6% subbasin scale. This can be used to
examine subbasin scale patterns of fire related attributes and stressors and the
locations of aquatic habitats. Subbasin scale data summaries may be most useful at

the scale of larger watersheds or entire national forests.
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Fire Fighting
(Retardant Avoidance/Yes Areas)

01 R (110 R |

e

NetMap’s Fire and Fish analysis could be used to inform firefighting, including
retardant drops. For example, critical riparian-fish habitat zones, using the shade-
thermal results and fish distributions (or IP mapping) could be used to direct on the
ground firefighting to protect important riparian forests. The analysis can also be used
to inform locations where retardant drops should be avoided or allowed. For
example, a relevant question is whether long term loss of critical riparian habitats
(and resultant long term increases in thermal loading and a loss of thermal refugia)
outweights short term retardant in water impacts.
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Step 1. NHD flow lines,
buffering 300 ft each side.

eyt

. / }

Step 2. Add SHABs/wet meadows
[lakes & National Retardant Avoidance
X

.

Retardant YES Line Mapping
A GIS Based Approach

Willamette National Forest
Modeled on the Deception Fire - Middle Fork Ranger
District
February, 2015
Nikki Swanson, Willamette +

Step 3. Map
retardantavoidance
areas

Step 5. Retardant YES areas

g oy

\

o

This is the approach for identifying retardant avoidance and retardant Yes areas, used
by the Willamette National Forest. We modified this approach in the following slides.
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Fire & Fish: Retardant Avoidance/Yes areas (modified)
Step 1: NetMap stream layer (more comprehensive, more consistent) — delineate a 300 ft buffer both sides of all streams—
Retardant Avoidance Areas.

Step 2. Remove headwater channels likely to be dry during fire season (first-order streams, likely ephemeral, dry in
fire season).

Step 3. Identify critical fish — riparian environments (thermal refugia, floodplains) and REMOVE these from avoidance
areas (they become optionally a retardant YES area). Reasoning: Short term vs longer term impacts.
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. 300 ft buffer
F|re. retardant 300 ft buffer both sidos i
avoidance areas

both sit:es all channels - minus
. channels first-order (ephemeral)

(includes all fish)

300 foot buffers on both sides of NetMap’s synthetic stream layer (left) compared to
first-order channels (likely ephemeral channels, dry in fire season) removed from the
retardant avoidance areas (right) (all fish bearing channels are included in the
avoidance areas in both maps). This is only an illustration, and it used the NorWest
data (NHD-based) on Bull Trout, not the US Forest Service more extensive Bull Trout
habitat distribution. Agency analysts will need to conduct their own GIS buffering,
although TerrainWorks uses a customized program that employs drainage wings for
accurate buffering (contact TerrainWorks for additional details).
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300 ft buffer 300 ft buffer

both sides all both sides all
channels - minus channels - minus
first-order (ephemeral) first-order (ephemeral)
(includes all fish) (includes all fish),
minus critical refuge
habitat (top 30%
refugia impacts +

bull trout habitat

Critical riparian
areas that could
be protected by
retardant and or
by ground fire
fighting

(Left) Avoidance areas that do not include first-order channels. (Right) Areas of critical
riparian-aquatic habitats (defined as the highest 30% of thermally impacted reaches
due to shade loss from fire, overlapped with Bull Trout habitat) have been removed
from the left panel avoidance areas. Agency analysts can use the Habitat-Stressor
Overlap function in NetMap’s Quick Tool (provided as an add-in ArcMap) to identify
other combinations of critical habitats to protect. This is only an illustration, and it
used the NorWest data (NHD-based) on Bull Trout, not the US Forest Service more
extensive Bull Trout habitat distribution. Agency analysts will need to conduct their
own GIS buffering and the selection of what constitutes critical riparian and aquatic
habitats. However,TerrainWorks uses a customized program that employs drainage
wings for accurate buffering (contact TerrainWorks for additional details).
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Locate the directory where your NetMap datasets are stored

"« NetMap Quick Tool F 4 m) | e
NetMap Data Directory: Save Help e - =
Select and load o TerrainWorks (NewMap
a NetMap dataset Select a Dataset Powering your knowledge of the environment

Load Data Help
Map Display

T S ——T b ae Select individual
Display an T Diply a watershed atirbute: : | maps froma
attribute on the map . it Display | Uns: drop down

that contains the

organized by

= e
analysis = e Top 50% = [inv Calc Theesh | 0.0000

X 0 | GetRange Top 50% = [inv Caic Thresh | 0.0000

X exdluded | GetRange Top 50% = = Calc Theesh | 0.0000

X exiude 1 | GetRange Top 50% = ™ Calc Tiresh | 0.0000

x Get Range Top 50% ~ nv Calc Tiesh  0.0000

Calculate Help Reset (draw al) Close

= R —

Conduct Habitat - Stressor Analyses, choose up to five individual reach attributes (habitat quality, floodplains,
thermal refugia, effects of current shade on thermal energy, current in-stream wood recruitment potential,
shallow landslide and debris flow risk etc.). For example, where does the highest 10% of coho salmon habitat
potential overlap with the lowest 10% of in-stream wood recruitment (highlighting sites for in-channel
restoration). Or where does the highest 10% of coho salmon habitat overlap the highest 10% of debris flow risk
(to identify sites for additional slope stability protection). See examples below.

The analysis results are provided as a set of shapefiles that can be loaded into
ArcMap (a table in a provided document lists the attribute field names and shapefile
locations). In addition, the results can be accessed from NetMap’s Quick Tool
(provided) where selecting an attribute from a drop down list and displaying it is
made easy. In addition, the Quick Tool contains the stressor-habitat overlap tool for
making quick searches for up to 5 attribute combinations of data, such as the highest
10% of thermal impacts by fire overlapped with Bull Trout habitat.

To learn more about the Quick Tool, go to:
http://www.netmaptools.org/Pages/NetMapHelp/netmap_quick_tool.htm

To learn more about its overlap tool, go here:
http://www.netmaptools.org/Pages/NetMapHelp/overlap_tool___ reaches.htm
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Drop down attribute list in NetMap’s Fire and Fish Quick Tool

Fire

[flamelen_unfm] Fire Severity-Hillside
[flam_loc ] Fire Severity-Channel

[flam_cum ] Fire Severity-Aggregated
[AvgaFlame] HUC6-summarized Fire Severity

Aquatics

[fish_bull] Bull Trout (presence/absence)
[SumLBull] HUCB-summarized Bull Trout Length

[fish_redb] Redband Trout (presence/absence)
[SumLRedb] HUC6-summarized Red Band Length

[IP_Steelhd] Steelhead IP
[AvgIPStind] HUC6-summarized Steelhead IP

[IP_Chinook] Chinook IP
[AvglPChinook] HUC6-summarized Chinook IP

Erosion

[WEPPSlop] Surface Erosion(Fire)-Hillside
[SumWepp] HUC6-summarized Surface Erosion
[WEPP} Surface Erosion(Fire)-Channel
[WEPP_Cum] Surface Erosion(Fire)-Aggregated

[Gully] Gully Potential-Hillside

[AvgGully] HUCB-summarized Gully Erosion
[Gully_Loc] Gully Potential-Segment
[Gully_Cum] Gully Potential-Aggregated

[GEP] Shallow Landslide Potential-Hillside
[AvgGEP] HUC6-summarized Landslide Potential
[GEP] Shallow Landslide-Channel

[GEP_Cum] Shallow Landslide-Aggregated

The drop down list of analysis results in the Quick Tool (previous slide) is organized by

main
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Roads

[SedProd] Sediment Production-Road
[SedDel] Sediment Delivery-Road
[SedDelF] Fire Sediment Delivery-Road
[Del_Fdif] Difference-Road
[Length_M] Road Drainage Length
[ToStream_M] Distance to Stream

[Graip] Sediment Delivery-Channel

[SumGDel] HUC6-summarized Sediment Delivery
[Graip_Cum] Sediment Delivery-Aggregated

[GraipF] Fire Sediment Delivery-Channel

[SumGFDel] HUC6-summarized Sediment Delivery Fire
GraipCumF] Fire Sediment Delivery-Aggregated

[GraipDif] Difference-Channel

[SumGDif] HUC6-summarized Sediment Delivery Difference
[GraipCfdif] Difference-Aggregated

Riparian

[SolShd] CurrentShade-Thermal-Channel
[SumSolShd] HUCB-summarized Shade-Thermal Energy

[SolShdF] FireShade-Channel

[SumSolShdF] HUC6-summarized Shade-Thermal Energy Fire
[SolFireDif] Difference-Channel

[SumSolShdF] HUC6-summarized Shade-Thermal Energy
Difference

[solardif_r] Difference-Aggregated

Thermal Refugia
[SolMean] Aggregated Shade-Thermal Energy (SolShd)
[TrbThrm] Thermal Refugia-Confluences

[TrbThrmSc] Thermal Refugia-Confluences, scaled by tributary

mainstem drainage area (flow)
[FPchg] Thermal Refugia-Floodplains

[vw_2] Floodplain-Polygon
[FP_WIDTH] Floodplain-Segment
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Presentation — . -
P, B TerrainWorks (NetMap)
’ e HOME ABOUT * DATAETOOLS ¥ SUPPORT ¥ = e

Manage Your Risks

Landscape Analysis  Risk Management *source Use  Restoration Conservation Planning

TerrainWorks designs and builds the most advanced watershed and landscape analysis system
in the world. Learn more about NetMap virtual watersheds, watershed analysis tools,

online technical help and tools at: www.terrainworks.com. Contact us with questions,

we are here to help.
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The next four slides provide additional information about NetMap capabilities that were used in this analysis

45



The fire and fish analysis requires that terrestrial information (on hillsides)

be transferred to channel
networks, so that fire
related stressors (erosion,
roads) can be directly
linked to fish habitats, at
the scale of individual
channel segments.

Tributary junctions
Network heads

Stream segments

Drainage wings

0 02 o4 0.8 Kilometers
v o

The data structure of the virtual watershed includes a synthetic river network (derived from
DEMs and the NHD) and drainage wings, local contributing areas located on both sides of 100
m channel segments. Each channel segment has a corresponding set of local contributing

areas or drainage wings.
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Drainage wings (discretize landscapes and land uses)

Road length, slope.
soils, design, traffic,

climate

<length
-slope
-profile

The drainage wings discretize the watershed terrestrial environment into small areas
(approx. 0.1 km? in area) and all information on hillsides is then summarized to channels. This
supports analysis of aquatic habitat-terrestrial stressor intersections.
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A Bxample sbout Hillside Attribute
how a hillside attribute )

(post fire erosion)

is transferred to individual
channel segments, and
aggregated downstream

Channel Attribute
(per channel segment)
i |

i . | .
o - \ s T Channel Attribute
R 1 (aggregated downstream,

revealing tribuary scale patterns)

Post fire |
surface erosion | ~
(tyr)
N 0-983 -
W 983 -2,755 o
2,755 -5,273 Postfire
B 5273 -9,770 surface erosion

I 9,770 - 26,000
— 19121233 - 6200.1504
6209.1505 - 127637368
—— 127537360 - 245543143
— 43540144 - 821834150

(vyr)
— 10000 10121232 ‘

Here is an example of how a terrestrial (hillside) attribute is transferred to the
channel network and aggregated downstream. These types of channel attributes can
then be compared to other channel attributes such as fish habitat or other watershed
characteristics, like thermal refugia.




(5) Road

Data spatial scales W

SN Al
lee ~ (1) Hillside grid
| contributing) " (DEM scale)
| area / 11 Pixel scale

/

and aggregated
! for hydrologic
/ - connectivity
(3) Hillside —< J’
H I'd
a’;‘;ag" v (2) Stream segments (~100 m)
-
(~0.1 km’)
=T N B -
7~ N ~
t .
\ N 4
=
\\ _- -
Ve -7 _ - =-" (4)All data aggregated downstream revealing
—EE L o e == patterns at any scale (tributary scale)

(6) All data summarized at HUC 6 (12 digit) scales

The data deliverables come at a range of scales including (1) hillside raters or grids (at
the scale of the DEM), (2) individual stream segments (~100 m), (3) hillside drainage
wings (local contributing areas, ~ 0.1 km2), (4) stream segment data aggregated
downstream, (5) road segments broken a pixel boundaries and re-aggregated for
various purposes, including hydrologic connectivity and (6) data summarized at the
scale of HUC 6 subbasins.
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The next seven slides provide additional information about the post fire road analysis
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Post Fire Road Surface Erosion (Sediment Production)

GRAIP-Lite model of road surface erosion (in NetMap)
(USFS, Rocky Mountain Research Station, Boise ID)

E=B*R*S*V
where E is road sediment production to streams (kg/yr), B is the “base”

surface erosion rate (empirical), R is the elevation difference between the road segment
end points (length), S is the road surface factor and V is the vegetationfactor.

V = 1-0.86x, where x is the fraction of the road length where flow path vegetation
(ditch) is greater than 25%; R (elev. diff) is slope x road segment (hydrologic) length.

+ Example base rates:

+ Oregon Coast Range = 79 kg/yr

+ Idaho Batholith= 33 kg/yr

*+ Montana (Belt sedimentary) = 7 kg/yr

« Eastern Oregon (Umatilla, Basalt) = 1.5 kg/kg - gr—
+ EasternSierra (SPI) = 11 kg/yr

The GRAIP-Lite model (RMRS, Luce, Black and Nelson) was used in the analysis. See
NetMap’s online technical help materials for additional information:
http://www.netmaptools.org/Pages/NetMapHelp/graip_lite.htm
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Road sediment delivery to streams (NetMap - conservation of mass)

Precipitation Intensity

} @%%%ﬁ

Road +———————— Road Segment Length
Runoff

Sediment
Plume

Water discharge (carrying sediment) equals the rate of rainfall
over an area of road segment (width x length). Road discharge
is set equal to the rate of water infiltration over the area

of a sediment plume.

The length of the sediment plume equals the water/sediment
transport distance (plume distance). The relationship
between the sediment plume length and the distance

Soil between the road and the stream governs predicted
infiltration sediment delivery.

capacity

Stream

The GRAIP-Lite sediment delivery component was modified in NetMap, using a
steady state, conservation of mass approach. For additional information, see
NetMap’s online technical help:

http://www.netmaptools.org/Pages/NetMapHelp/netmap_sediment_delivery_2.htm
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Road sediment delivery to streams (NetMap model)

Precipitation Intensity (I)
(steady state)
|

Runoff l
road

discharge

(Qq = L"'W.)) Road Length (L,)

0 (angle of sediment dispersion)
Sediment
Plume
Length L,
Precipitation Intensity (l)
(steady state)

Soil

inliltra_lior! [
capacity (i) _‘7 | L= \/(L.‘W,,‘I) I [tand * (i - )]

v

v

Stream
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Road sediment delivery to streams (NetMap model)

Runoff

road
discharge

Qg = L*W"))

Sediment
Plume L
Length *

Precipitation Intensity (I)

(steady state)
|

|

Distance
to stream

Ls

Road Length (L;)

Sediment volume
attenuation

if L, < Lg, delivery =0
if L. > L, delivery fraction =1 - (LJ/L;)
(e.g., linear decay)

v

Stream
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Fire Effects on Road Erosion Pre Fire
Sediment Delivery to Streams

Road ~
Runof

Sediment

Plume

Post Fire

v

Stream

Road d
Runoff

Sediment

Plume

Infiltration Capacity Reduced by a
factorof2to 3
Fire that reduces infiltration capacity will result in

- . . . Infiltration
a larger proportion of forest roads delivering sediment capacity \
to stream channels (these could be targeted for (mmin — —
N o Low ig
restoration) Fire severity
v
.
Stream -

Higher road - stream connectivity

Fire can impact road erosion sediment delivery by reducing the infiltration capacity of
the forest floor (if burned). Lower infiltration capacity can lead to longer sediment
plume lengths and greater connectivity between forest roads and stream channels.

55



Pre Fire

TABLE I

Infiltration Capacity*
Road Ecosystem Capacity (mm hr)
Runo

Sediment g
Plume Und

vithout litter and humus layers
urned annually

25 3(E)

Post Fire ession vegetation
s .
vt old 75
» 4 63
Stream Ll Road 74
RuscHT Sediment * Source: Luli (1964, pp. 6-14, 6-15).
Plume

Low severity =50 mm/hr

Infiltration Capacity Reduced by a
factorof2to 3

l:naﬁpl:t:ll‘i;n \ Moderate severity = 40 mm/hr
(menvhr)

No Low High
Fire severity

High severity = 20 mm/hr

.
Stream Lt
Higher road - stream connectivity

We selected a non fire forest floor infiltration rate of 60 mm/hr; this was reduced
based on predicted fire severity as indicated above.
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Design storm (short duration, high intensity)
RAINFALL INTENSITY - DURATION - RECURRENCE INTERVAL CURVES

5.0

w0 Zone 13

=i

3.0

it

2.0

1o
0.9

0.8
0.7
0.6

0.4

RAINFALL INTENSITY, inches/hour

o3 100 vr.

== 50 Yo 0.92 in/hr (23 mm/hr)

v,

—10 Yr.

—5 v

LX) 2.

a S 6 78 910 "% 20 25 30 40 50 60 1080 100 150 200 300 400
RAINFALL DURATION, Minutes

A design storm is needed in NetMap’s sediment delivery model. We choose a short
duration 10-year storm to mimic thunderstorm activity, post fire.




