Post Fire Decision Support

Identifying At-Risk Infrastructure and Aquatic/Riparian Habitats to Inform
Post Fire Restoration

(Pilot Project, Canyon Creek Complex Wildfire, 2015, Malheur National Forest, Eastern Oregon)

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 and Fish
Decision Support System. Created on July 24, 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 pre fire severity maps in a similar analysis.



For the Pre-fire analysis in two pilot areas in the Malheur National Forest, go to:

Fire&Fish.pdf and for video, go to:

http://www.netmaptools.org/Pages/FireFish/NetMa
www.netmaptools.org/Pages/FireFish/NetMap_Fire&Fish2.pptx
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Continue with post fire (BAER) analysis, next slide.....




Post fire BAER
Analysis

Canyon Creek
Complex Wildfire,
as of August 31, 2015

Canyon Creek
BAER-NetMap
analysis area
(colored)




Models and Sources

(1) DEMs-10 m

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

(3) Fire severity (BARC map, Canyon Creek Complex)

(4) Post fire surface erosion (WEPP — Disturbed)

(5) Post fire gully potential (Parker et al. 2010)

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

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

(8) Flash Flood Index (Smith 2010, NOAA-NWS)

(9) Salmon habitat (FS habitat distribution/Intrinsic Potential Model, Burnett et al. 2007)
(10) Shade/thermal loading/thermal refugia (NetMap and Groom et al. 2011)

(11) Road - stability (NetMap)

(12) 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 BAER
analysis.




Data Deliverables

ata Type Road |Polygon Reach, Aggregated
routed HuC &™
Polygon
X X X

1) Burned Area X
Reflectance
Classification (BARC]
2) Salmon intrinsic X X X
potential (variable,
steelhead, coho,

10) Road Sediment
Disturbed roduction
) Lan slldepu.tentlal X X X

5) Gully potential 11]-Rnd udflimm! X

6) Flash Flood Index, X X X x delivery (no fire)

Fire Impacted 12) Post fire road

7) Current shade- X X X sediment delivery

thermal (e.g., reduced soil

energy/thermal infiltration capaci

rgfugi: LEMMA) 13) Road sediment X X X X
8) Post fire shade- x X X delivery difference

no fire-fire
14) Cumulative X

thermal

energy/thermal

refugia (LEMMA
duced|

9) Thermal difference X X x
(sen: ) map

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



The analysis uses NetMap’s synthetic river network and virtual watersheds

Go to www.terrainworks.com Atmosphere
to learn about how synthetic
river networks and virtual
watersheds are built, and
their capabilities
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The analytical foundation for the Fire 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.




Data Deliverables:
Fish Habitat: steelhead Trout (Oncorhynchus mykiss)

Steelhead IP
(IP_steelhd)

—0-0.121
——0.121-0.369
—— 0.369 - 0.5756
- 0.5756 - 0.7799
— () 7799 - 1

[ Fire perimeter

Based on intrinsic potential habitat modeling (Burnett et al. 2007).




Fish Habitat: Chinook salmon (Oncorhynchus tshawytscha)

Chinook IP
(IP_Chinook)

~= 0.5001 - 0.7500
= 0.7501 - 1.000
Fire perimeter

Based on intrinsic potential habitat modeling (Burnett et al. 2007).



Fire Severity (hillside, Burned Area
Reflectance Classification [BARC] Map)

[ 25 5 10 Kilometers.

Fire severity as reported in the Burned Area Reflectance Classification [BARC] map.
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Fire severity mapped to channels

Burn Severity (BA
(barc4_loc)

—— 1000 No fire

—— 1.001-2.000 Low severity

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.

2001-3000 Moderate severity o 75 35 7Kiomeles — 1001-2000 o 11 as 7 Kiometers
—— 3.001-4000 Mod-high severity = :z: :g
[ Fire perimeter '
Fire Severity Fire Severity, Aggregated Downstream
(channel, fish eye) (tributary scale patterns)

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

aggregated downstream.

11



-«

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 =
Surface Erosion

(wingpoly_JDcc,
WEPPSIlop)
I 0000000000 - 428.8
B <200 - 1671
B 1672- 2035

4936 - 17130

I 17140 - 41370
D Fire perimeter o 175 38 7 Kometers

Post fire surface erosion was predicted using the WEPP-disturbed model. The color
patterns indicating variable surface erosion illustrate 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
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Post Fire Surface
Erosion (WEPP,
disturbed, e.g., function
of fire severity)
reported to stream
channels

(aggregated downstream
also available)

Post Fire
Surface Erosion

(tiyr)
(reach_JDcc,
WEPP)
= 0.000000000 - 534.9
= 535.0 - 2287
—— 2288 - 5877
5878 - 14690

—— 14700-33860 [__] Fire perimeter

0 25 5 10 Kilometers
L

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

Areas where post fire
gully erosion may
occur and deposit
S sediment into
Gully Erosion stream channels
Potential
(Gully raster)
wm High
L Low

0 0225 045 0.9 Keometers
| S T -

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
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Post Fire
Gully
Potential
(fish

eye view)

— 0.000000000 - 10.74

’ B —— 1075-46.15
Gully Erosion —— 46169414
Potential 84151587
(GULLY_Loc) < ——sas.217¢ Potential at-risk tributaries for gully erosion
= 0-0.0620 5 Kiomelers and flash floods
— :{:fu 00,:; | ] Fire perimeter
0.4017 - 0.754

—0754-18053 High

Gully erosion results reported to stream channels, via drainage wings or local
contributing areas.

16



Shallow Landslide
Potential, Debris
Flow Source Areas

Areas of potential
shallow failure potential

post fire

Shallow Landslide o 05 1 2 Khometers.
Potential [ A
o High : 1

B . [IFire perimeter

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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Potential channel segments of concern
(highways/structures)
\ 3 \

Potential
hw

Reflected in Channels
(aggregated downstream)

[CER ML, Low

~——— 0.2003 - 0.3811

Landslide Potential
Reflected in Channel
(segments) [GEP]
— 0.002400 - 0.1612 Lo
— 0.1613 -0.2854
e 02855 - 0.4822 0.3812 - 0.5620
0482 .0.6435 ——— 0.5621-0.7429 i
——Gass-100 High 0 175 35 7 Kiometers —— 0.7430-0.923¢ High

0 175 a5

ributaries of concern

Shallow failure potential as represented in individual channel segments and
aggregated downstream.
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Example of a CINAVE \iI{\\"\“‘l{a AN
risk assessment UL ‘?ﬂ/

you can combine
post fire surface
erosion with
gullying and

shallow failure Erosuon pulentlal \
(slide) L
aggregated
downstream
(GEP_Cum)

00183 - 0.2
0.2003-0.3811
0.3812-0.5620

— 05621-07420

—— 0743006238

Potential at-risk highways and structures
from post fire debris flows/flash floods
(note, not comprehensive, just example)

Here is an example of a risk assessment that overlays predicted erosion potential
(aggregated downstream, and thus tributary scale) and the locations of vulnerable
highways and residences.




Consider tributary debris flow
risk

.-1,&"

;-ﬂ'-
Debris Flo

Potential
P_DF_AVE

—— 0.000000000 - 0.01102

—— o0o1103- 000008 Lower

——— 0.03007 - 0.05862
0.05863 - 0.1002

— 0.1093 - 0.2631 Higher

[ fre_perimeter

Most at-risk
tributaries

Although the model employed (Miller and Burnett 2007) is based on data from
another mountainous landscape, it provides an approximation of at-risk tributaries
using universal attributes related to debris flows including number of source areas,
tributary channel gradients, valley confinement and tributary junctions. Also
predicted is gully erosion, shallow failure potential and flash flood potential.
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FLASH FLOOD Potential

A dimensionlessindex developed by the

National Weather Service. The Flash Flood Potential
Index (FFP1) 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.

A flash flood potential index will be applied to the study area (second week of Sept).
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Flash Flood Potential Index
(individual channel segment
scale)

channel segment (1-10)
FFPI

——o-seaz Lower

[ Fire perimeter

—76456-9518 Higher




Flash Flood Potential Index (tributary scale, most relevant from risk assessment)

Flash Flood
Potential Index

FFPI_Av

——— 5.547 -8.151
— 6.152 -7.000
= 7.001 - 8.000
— 8.001-9.467

—— 0000000000 - 5545 Lower

Area of highest flash flood risk
to highway and structures
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Flash Flood Potential

Index (tributary scale,
most relevant from risk
assessment)

mapped to Google Earth

Area of potential flash
flood risk post fire (highway
el structures)
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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.
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Road erosion and

. (1) Sediment production
sediment (GRAIP-Lite, kglyr)
delivery
model, N ﬁ“j@ / & (2) Sediment delivery to streams
see additional , / & (NetMap - conservation of mass)
- 44— Road Length (L) ——————
details at o Qf Precipitation Intensity (1)
end of ppt / 1 /
] |acwr

floor

Q.= W*L*l ‘ 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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First, start with road sediment
production

Road Sediment
Production (kglyr)
[GRAIP_Lite]
SedProd
——— 0.0000 - 533.3833
~ 533.3834 - 1585.4767
1585.4768 - 3307.0600
= 3307.0601 - 8397.3033
— §397.3034 - 21251.4767

[ Fire perimeter o o £ Mies

Sediment production as predicted by GRAIP-Lite; a base erosion rate of 1.5 kg/yr was

used.
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Next, calculate sediment
delivery pre fire and
compare that to
sediment delivery post
fire, and identify areas
of predicted increases

Difference Between Pre Fire and Post Fire Road Erosion
Sedlment Delwery to Streams

Areas of
road networks
predicted to

have higher
post fire
sediment
i delivery to
Road Sediment streams
Delivery (kg/yr) (e.ga, htigher
road-stream
D!LVF: |-f1zo.s451 connectivity)

——— 120.6451 - 459.2838

——— 459.2838 - 1150.0577
1150.0577 - 2406.3743

——— 2406.3743 - 5150.9829 [ R N R T

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

Post Fire (kglyr)
GRAIPCIDIf
= 0.000000 - 717.540913
——— 717.540014 - 2335.422738 <
2335.422739 - 5571.186389 0 125
——— 5571.186390 - 9669.820347 il i
——— 9669.820348 - 298073.833300 : Fire perimeter

Tributaries

. predicted to

have the
potential

for higher
road sediment
delivery, post
fire
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Then compare it to Difference between pre-fire and post fire road erosion sediment delivery

locations of high to streams (pnec'l’lctef:l poipt s\o't!es as'shon in’strear'ns) ‘
i i o A 1 L

quality and sensitive ;"r".‘}"f 0 T8 / J "" 4'1. 5

aquatic habitats o : ' s U b

Areas of overlap
between predicted
higher road sediment
delivery post fire

and high quality

steelhead habitat

il

Road Sediment
Delivery (kalyr)

GRAIPDIf
0.000000 - 52.818886
52.818887 - 160.961265 “ A
160.961266 - 431.317215 0 125 ;

——— 431.317216 - 863.886733

= 863.886734 - 10152.970000

Stream reaches where post fire road sediment delivery is predicted to increase; some
of these reaches overlap sensitive fish habitats.
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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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DN NN

pre and post fire '
shade and thermal |
energy to streams  §
(watt-hrs/m’)
reach_JDcc

SolFireDif
—— 0.000000000 - 1173
— 1174 - 2346
——— 2347 - 3518

3520 - 4692
— 4893 - 5865

Post fire loss of shade and increases
in thermal energy to streams
3 ¥ SRS At

Steelhead habitat (IP)
4 ‘..: { 1y =

Steelhead
habitat (IP)

_steelhd * | 5
-—0-0121
= 0121-0369
— 0389-05756

0.5756 - 0.7799
11 Kilomelers == 0.7788 - 1

Largest decreases in post fire shade
and increases in thermal energy, overlapping with
best steelhead habitat

The difference between thermal energy to streams under 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.
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Decision Space: Spatially Explicit Maps (visual - qualitative)

Fish habitat + Burn Severity + Post Fire Surface Erosion

i

Stealhead IP
(1P_steeihd)

[ Fire perimeter

+ flash flood potential

. Potential atrisk highways and structures
from post fire debris Nows/Mash floods
(note, not comprhensive, just example)

= priority sites
for restoration

B —

Information provided in the BAER analysis (previous slides, among other data) can be
used visually and qualitatively to search for intersections or overlaps between various
fire related stressors (fire severity, post fire surface erosion, gully erosion) and
sensitive aquatic habitats, as illustrated above. Or one of NetMap’s tools (Resource —
Fire Stressor Overlap Tool) can be used quantitatively to locate overlaps and
intersections (see next slide).



Decision Space: Spatially Explicit Quantitative (use NetMap’s Resource-Fire Stressor Overlap
Tool [Quick 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 Resource — Fire 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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NetMap’s Resource-Fire Stressor Overlap Tool

NetMap Quick Tool - .

Select and load |

a NetMap dataset

Locate the directory where your NetMap datasets are stored

NetMap Data Directory: Save Help
{none found)
Select a Dataset

Load Data Help
Brisadon s et g WMap Displey Select individual
Display an \*l‘i'-:" watershed attribute: = ) maps from a
attribute on the map | . i e <1 kit Display | Unts: drop down
that contains the | ::g;mzed by
:‘B:I;;::st_::::;::er Habitat - Stressor Overlap Tool P Iwert (sl below tresh)? Threshold: | P
analysis I| = g SR trwveren | Topsom = iy [Gacen)] 0.0000
| X + Fleuden | GetRange Top 50% = [Jimy | CokcThresh | 0.0000
| & + [excuden | GetRange Top 50% = iy | CoeThrmsh| 0.0000
X » [Jexcuden | GetRange Top 50% ~ [iev Calc Thresh | 0.0000
L X + [lexdeden | GotRange [ Top50% = [Jimv | CaicToresh | 0.0000
| Calculate alp Reset (draw all) Close
|
L . — —

Conduct Habitat - Stressor Analyses, choose up to five individual reach

quality, floodplai

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.
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Drop down attribute list in NetMap’s Fire and Fish Quick Tool

-- VEGETATION - FIRE -
[FlameLen] Flame Length grid
[BARC4] BARCH grid
[avgBARC] HUC average of BARC4
[barc4_loc] Fire severity -segment scale
' [barcé_Cum] Fire severity -averaged downstream

-~ HABITAT ATTRIBUTES -~

[[B’_Chlmk‘l Chinook Habitat Intrinsic Potential

- [IP_Steelhd] Steelhead Habitat Intrinsic Potential

\_[WgTPCﬂm] HUC average of IP Chinook within mapped habitat
[avgIPSteel] HUC average of IP Steelhead within mapped habitat

" [suml_chin] HUC total length of Chinook habitat-meters
[sumi_stih] HUC total length of Steelhead habitat-meters

[WEPP) WEPP Yield to Reach - t/yr
[WEPP_Cum] WEPP Yield - cumulative - t/km2/yr
[sumWEPP] HUC sum of Surface Erosion (Fire) - channel
[WEPPSIop] - WEPP erosion - drainage wing
*[GULLY] - Gully Erosion Potential Grid
—[GULLY_lloc] - Gully Erasion Potential - local
[GULLY_cum)] - Gully Erosion Potential - cumulative
[avgGully] HUC average Gully Erosion value
[GEP] Shallow Landslide Potential - Grid
[GEP) Shallow Landslide Potential - Local
m] Shallow Landslide Potential - Cumulative Average
C average GEP value

[" SURFACE EROSION -~

ArcMap field name

Map Display:

- VEGETATION - FIRE |

-- ROAD SURFACE EROSION (GRAIP) --
[SedProd] GRAIP sediment production
[SedDel] GRAIP sediment delivery-pre fire
[SedDelF] GRAIP sediment delivery-post fire
[Del_Fdif] GRAIP sediment delivery increase-post fire
. [Length_M] Road Drainage Length
" [ToStream_M)] Distance to Stream
F[GRATP] GRAIP Sed Del to reaches-pre fire
[ [GRAIPCum] GRAIP Sed Del to reaches-past fire- aggregated
[GRAIPF] GRAIP Sed Del to reaches-post fire
[ [GRAIPCumF] GRAIP Sed Del to reaches-post fire-aggregated
[GRAIPDIf) GRAIP Sed Del increase-post fire
[[Gumﬂ GRAIP Sed Del aggregated increase-post fire
[sumGDel] HUC sum of GRAIP-Lite delivery to streams
[[sumcFDel] HUC sum of GRAIP-Lite post-fire delivery
[sumGDif] sum of difference of GRAIP pre and post fire

[-‘ SHADE-THERMAL ENERGY -
[SolShd] Solar Radiation: Pre-Fire Shade
[SolShdF) Solar Radiation: Post-Fire Shade
* [SolFireDif] Solar Radiation: Difference Pre and Post-Fire
— [sumSolshd] sum of pre-fire solar radiation
[sumSoIShdF] sum of post-fire solar radiation
[sumSolFDif] sum of difference of solar pre and post fire

F—— THERMAL REFUGIA
[SolMean) Solar Radiation: Upstream Average
[TrbThrm] Thermal Refugia - Confluences
[TrbThrmSc] Thermal Refugia - Confluences - Area scaled
[FPChg) Thermal Refugia - Upwelling

- However, one can load all shapefiles

NetMap name

within ArcMap without using
the Quick Tool interface

The drop down list of analysis results in the Quick Tool (previous slide) shows all of

the analysis results.
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All analysis results are summarized at the scale of HUC 6" field

A
Basin_JDcc
avgBARC
For example, burn severity (BARC) — i
per 6 field subbasin 5122 Legend

B 227246 [:l fire_perimeter 0 15 3 6 Kilometers.

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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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 contain additional details about NetMap capabilities as applied to the BAER analysis
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The BAER-NetMap analysis requires that terrestrial information (on hillsides)
be transferred to channel
networks, so that fire Tributary junctions

related stressors (erosion, Nt as Stream segments
roads) can be directly
linked to structures and
fish habitats, at the scale
of individual channel
segments.

Drainage wings

0 02 o4 0.8 Kilometers
' ot

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 contain additional details about the road analysis
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Road Model Details (7 slides)

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 (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

Precipitation Intensity (I)
(steady state)
|

Runoff l
road

discharge

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

.— 0 (angle of sediment dispersion)
Sediment |
Plume
Length L;| |
f Precipitation Intensity (l)
(steady state)

Soil

infiltration
capaciy® 11 L= /(LW [ tane * (i-1)]

v

v

Stream
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Road sediment delivery to streams

Runoff
road
discharge

(Qq = LW, 1)

Sediment

Plume
Length

L.

Precipitation Intensity ()
(steady state)
|

!

Distance
to stream

L

Road Length (L;)

Sediment volume
attenuation

if L, < L, delivery=0
if L, > L, delivery fraction = 1 - (Q/Q;)
where Q= tan(a) L.’ (i - 1)

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.
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Pre Fire

TABLE I

Infiltration Capacity*
Road Ecosystem Capacity (mm hr)
Runo

Sediment

Plume Undi srest floo

vithout litter and humus layers
urned annually

25 3(E)

Post Fire ession vegetation
R .
yr old 75
o d 63
Stream L Road L

Runoff Sediment * Source: Lull (1964, pp. 6-M, 6-15).
Plume
Infiltration Capacity Reduced by a Fire reduction in infiltration:

factorof2to 3

Low severity =50 mm/hr
Infittration
capacity
{mai)

e nrli?:mmmn Moderate severity = 40 mm/hr

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.




Design storm (short duration, high intensity)
RAINFALL INTENSITY - DURATION - RECURRENCE INTERVAL CURVES

5.0

w0 Zone 13

=i
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2.0

1o
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0.8
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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.




