Improving Our Understanding of Climate and Weather
on Wildfires: Considerations for Fisheries and Water
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Klamath River Basin

Issues to be covered:

I Salmon stock status
.

Historical and
contemporary
wildfire effects

Climate and
wildfires

Linkages of
wildfires to forests,
riparian zones and
fisheries

* Unique featurednverted

basin, geology
vegetation from the
convergence of coast
ranges, Cascades, Sier
Nevada mountains.

Map: NMFSNOAA 2007:3

Klamath River Basin
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Klamath-Siskiyou Fish Stocks At
Risk: Coho and Chinook Salmon

@ SOUTHERN OREGON/NORTHERN CALIFORNIA
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Scientific Knowledge of the Effects of
Forestry and Fires on Fisheries

Blue 2/Siskiyou IR Map
Map Date; 9/1772008

A Physical =
A Bio-geo Chemical
A Biological/Ecological

A Scale of magnitude or
Processes

A Complexity of component

A Synthesis vs. Statistical s T B
rigor-Types of research
A Scope of influence for

observational vs.
manipulative studies.




Factors influenc_ing Fire and Fish

A Climate/weather

A Fire frequency,
vegetation respons
and landscape
condition

A Direct/Indirect
Effects

A Spatial and
temporal scales

I Gresswell 1999,

Vol. 128, No. 2, Fire and
Aquatic Ecosystems in
Forested Biomes of North
America, Transactions of
the American Fisheries
Society.
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Synergistic Interactions: Climate-Forest-Fire-Hydrology-Fish

Fire
Season
Size
Behavior *,
P Frequency T
F 3
f *' Hydrol
. ydrology
. {;Ilmﬂtﬂf / | Flow characteristics
Microclimate/Weather | Water table depth
Air Temperalure [ ® % | | Groundwater-Surface water
Relative Humidity / \ dynamics

Winds, lightning
I [ ]\ !

Geomorphology Riparian Vegetation
Plant Species Composition & Abundance
Stream bank stablity E Praportion of Native / Exatic-Invasive
Channe| structure Community Structure
Topograplty Flammability
Distribution of plant blomass (above

& below ground)

DW|re and Kauffman 2003. Fire and Riparian Ecosystems In Landscapes of
Western USA. Vol. 178. Forest Ecology and Management



Fisheries and Aguatic Conditions Influenced by
Forestry/Fuels Reduction and Wildfires

A Direct
I Heating/VVegetation removal
I Smoke/Temperature
I Nutrient and debris inputs

A Indirect

I Erosion: Nutrients, sediment
and woody material inputs

I Hydrology: Increased water
yield

i Population changes linked to |
fire severity and extent S

I Species and runs influenced “ﬂ' -‘
differently due to life histories §
and disturbance adaptations

Flre suppression anc
| repair activities?



Biophysical Changes Over Time

A Chemical/Nutrients J_\-JN\/ W%ﬁ_

A Organic inputs o W
A Invertebrate ‘A\J/f\

community ont
response | oCim2 r\uﬂj\j\w
A Food web ma 2NN
dynamics | %q

#mz —--d— | Colleciars
|
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Paleoclimate: Holocendgrires and Fish

Adaptive Response - % patmmiummen
A Ocean sediment cores: ) = saml (I =<3
Sancetta et al. 1992, f - T P

Winds, Upwelling,
seasonal production of th : |
Nor. Cal. Current. etc. 0 - I

AiThe absencdEpfdengegel at
taxa during the glacial warming combined with summer

: . . fogs first appears about 13,000 y
mte_rval therefore implies g p siudies from continental
a climate cooler than sites indicate that summer

present and lacking atmospheric temperatures
summer coastal fogs increased throughout the PNW a

produced by tfOpsS welMi hgo




Paleoclimate and Fires: Millennia, Centuries,
and Decadal Patterns BooR e ks ) | poChsode
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A Briles and Whitlock 2005:
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Pollen Data | 3

0 e -~ @ ¢ b

Age (cal yr B.P. x1000)

— — —
[ - =
FEOER T 00 W e

—_
L)

—
.

I ] I 1 I I I I I ] I b I I L
| | I I I I | | | | | I | | | |

—
5] ]

L b o 1y | |
0 4 8 12 0
particles cm2 yr-1 no. /1000 yr

o o = 3 h B W

Age (cal yr B.F. x1000)

e e T s e
dm S R =

ey
n



‘Paleoclimate and Fires: Patterns of Centuries, and Decades

A Whitlock et al. | ...,,,7

2004: /i /"‘ |
Comparison of ia’fi’\_ f*‘fd
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Historical Fires of the Western Klamath Mountains:
Fire Interval Analyses, All Scarred, 170998. ClearVIGW, near Clear Cree‘(

Part 1: Summary Information, > 2 scars/sampl

Total Recorded Percent 4 t ~
Year Scars  Trees Scarred  Fire Interval ,gj;r‘ Cﬂ T |
1729 2 5 40 : oA
1736 2 5 40 7 / y‘f
1747 2 6 33 11
1760 6 9 67 13
1775 4 10 40 15
1779 2 11 18 4
1784 8 13 62 5
1795 4 14 29 11
1803 4 14 29 8 :
1812 4 16 25 9 oy Y
1824 7 17 41 12 4 A it
1829 6 20 30 5 _“f*\_j\' Al B
1833 4 23 17 4 ! L :\}f o !l
1837 6 24 25 4 RNV, i = .
1844 4 24 17 7 _l__ Map: Klamath National Forest 1928 "
1845 7 24 29 1 R s e R A b A R e
1855 5 26 19 10 A Fire Frequency
1222 122 ;Z 473 :53 I Presettlement (16088850s) MFRI 8 years
1864 2 28 7. 1 (Skinner unpublished)
1871 9 29 31 7 : :
1878 ; 29 2 ;A Seasonality of fires
= e = : i Majority Late Summer/Early Fall 59%
1894 15 29 53 6 (Latewood). ~14% Late earlywood, ~10%
A L 29 45 9 Mid-earlywood, ~ 16% Dormant.



Cultural and Natural Fire Regimes of the

Klamath-Siskiyou Mountains

A Ethnographic and archaeological data about tribal burning practices and vill;
A Paleoclimate and fire history data | |
A Integrated studies to examine ClimiteeatherFire-ForestsFish interactions
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Testing for Cultural Fire Regimes

A Debate about the T
extent of indigenous ' ,
ignitions: Local or
Landscape?

A Evidence:

'|' Paleocllmate

I Fire History
Reconstruction

Fig. 1. Northwestern Cahfoma lightning ﬁ.re density (snd cells ;quane km) from 1910- ’00 O\exlam with

..Il ArC h ae O I O g yt r i b aI | existing and proposed study locations. Proposed study sites are Fish Lake (FSH) and Ogaromtoc Lake (OGA).

Existing study locations are Sanger lake (SAN), Bolan Lake (BOL). Twin Lakes (T\VN). Campbell Lake (CAM),
Taylor Lake (TAY). Crater Lake (CRA), Bluff Lake (BLU), Cedar Lake (CED). and Mumbo Lake (MUM).

land use patterns _
+ _ e Univ. of Nv-Reno and USFPSW:
| Vegetationlgnition - Crawford and Mensing & Lake and

Simulation Models Skinner *NSF funding provided



Wildfire behavior, severities, and frequencies:
Then and Now?

A Historical:

I Understory surface lower
to moderate intensities

I Low and moderate
severity dominated, high
severity areas patchy

I Frequent/short to
Intermediate (1450 years)
fire return intervals

I Topography, aspect, slope
position, and sail
substrate influenced



Wildfire behavior, severities, and frequencies:

Then and Now? A Contemporary:

I More ground/duff, individual
torching, and continuous
crown fires in denser forests

I Greater extent of area

burnt/fire, and
moderate ano

I Due to fire su

D

proportion of
nigh severity

nression and

exclusion, longer fire
rotations and fire return
Intervals for circal91{987

| Blo-physical control factors



Fire Regime Condition Classes from Landfire

Fire Regime Condition
Class:
How does departure

affect fish?

A Proportion of the
landscape in class2

A Changes in forest
density and increased
fuel load

A Prioritization of fuels
treatments |

A Little consideration for
fisheries or hydrology

Lower Mid-Klamath
WA Boundary




Weather to Fires to Fish:
Models and research design to be developed

A Phase I:

I MODIS: satelllte |magery

I RAWS: Temp., Precip.,
Rel.Humidity., Wind, Solar
radiation, etc.

I Stream temperature data from CA
and PNW

A Phase II:

I Smoke particulate readings from a
guality monitoring

i Fire progression mapping
I Fire severity mapplng | | |
i Fish migration/telemetry Wildfires: Aug. 3, 2002




Linkages of Weather & Fire Behavior to Rivers and Fisheries

The hypothesized
process: Climate &
Weather Effects

A Climate drives longer
scale weather patterns
and fire events

A Seasonal weather
Influences fire
behavior, hydrology,
and fish response

A Fish respond to

atmospheridandscape
scale processes

Fire Weather
Pacific High Post-Frontal
Higher Air Temperatares
Lower Relative Humidity
Winds: Faster Nerth/ME

Fire Weather
Sub-Tropecal High Aloft
Stabilized air flow winds
Al temperafures increass
Humidiry decreases
Smoke separated by fopography
and/ar elevation
Smoke reduced solar mdiaton
Canyon smoke inversions form

River System:
Diecreassd water temperature
below 2150
Iucreased Dissolved Croygen
Increaced shading by smoks
Fish Response:
AdultTrvenle migraton
from cold water refuga of
tnbutanes along rver system
to other tnbutanes

Fire Weather
Pacific Hhgh'Pre-Frontal
Cold Front
Winds: South/SW faster
Temperatare: Cooler
Plalative Humidity increases
Smole Toversion clears Tifts

Fire Behavior
Increazed fusl consumption
Wmnd driven increased fire extent
and hizgher severnty
Followed by-decreased fre
spread'extnguished

EKlamarth-Sislkavou Bioregion

Fire Behavior:
Beduced finsl maisture
Increased ipnition potential
Increased fuel consumption
Inereaced extent and higher severfy
River Svstem:

Warm Water Temperabare
Lower Flow Conditions

Fire Behavior:
Smoke ' Camyvon Inverzion
Air temperarure coalar
Winds: Slower'calm
Increazed Belative Humidity
Beduced fire imtensity
Low rate of flame spread
Low to moderate severty fre effects
River Svstem:
Crecrzazed Water Temperanme
Increased Dissolved Oxyzen

Fish Response
Adulthrremle mgrzhon from cold
water refuzia of tibutanes along
river system to other tbutanes
Feduced Density Dependant
dizease and parasite infection
Feduced phymiological stress
Increazed mdividual
fitness and survival




Summer coastal weather: Fire Behavior
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Fire-Weather Feedback : Atmospheric Science

Robock 1988 s
Science Vol. 242
Elevated smoke
layers produced
day time cooling
but had no
nighttime effects.
Inversion
strengthened by

cooling. For the
. Fig. 2. (8) Anomalies of maumum surface air
first two weeks, LCMPCrarure (MAXUTREN (CMPCrature minus nor
mal maxmum temperature) for 7 Sepeember
other than a COId 1987, Contours are every 2°C. The 0 u:tuur Is
front aH|gh thuck. Negative contours are dashed. () Anoma
lies of manimum surface air temperature for 7
presslure System September 1987 (minimum temperature munus
: : normal munemam temperature ). Contours are as
prevailed over = in (a) (e) Daily temperature range (maximum
5 temperanure minus minimum temperature) for 7
the region. Seprember 1987, Contours are every 5°C. Con
. tours of 5°C and 10°C are thin. The 15°C contour
. s dashed; 20° and 25°C contours are thick. (d)
Sarciliee image for 2115 GMT (2:15 p.m. PDT)

2w 22w



Linking salmon life history migration,
thermal refugia, and wildfire research

Temperature

Movement of juvenile coho within the mainstem river corridor

fry ' juvenile winter/spring
emerge Il 2 residency 3 residency 4
Dispersal  Redistribution Redistribution Smolt emigration
30
high temperatures peak flows
’ p Smoke
20 - & .
¢ ! 1)
spring runoff / \ spring runoff <
15 - 4 . 4
4 ‘ ¢
4
10 | Reduced . . A
Evapo.Trans . ’
(4
5 - - -
low flows., j
0 T T T T T
30-Jan 30-Apr 29-Jul 27-Oct 25-Jan 25-Apr

= = = Temp

Flow ‘

100,000

+ 80,000

1+ 60,000

+ 40,000

+ 20,000

Flow

Graph: Karuk
' Tribe,
Top Photo:
MODIS,
Collaborative
" ideas and data
sharing



MODIS: Biscuit Fire Aug. 14, 2002

Burn severity: Vegetation Vegetation/fuel burning and
comparison and active burning smoke distribution



Agness, Rogue River, Or. RAWS and USGS temperature data

August 2002 during Biscuit Wildfire
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Dillon Fire 1994: Weather, Fire/Smoke, Water Temp, & Fish

A The maximum daily water
temperature of Dillon Creek 300
feet upstream of its mouth in 1993
and 1994. Temperature ranges
exceeded stressful levels for
salmon or steelhead in June and
July 1994. Ironicallya major fire
in the Dillon Creek watershed in
1994 is probably responsible for
the cooling trend in the latter
half of the summer of 1994 *Data
source KNF stream temps/KRIS
P.Higgins.

Maximum Daily Water Temperatures of Lower Dillon

Creek 1993-1994

% 20 f e Stressful
3 I v
) \
3 |15 \'\/]
§ ' ;
) I |
o .
E 10+ : I |
;E }J_J\Jf I I
i I
5#\/”‘ i\,r_ | |
1
I
\
0 R B e T e I,I 1
=0 — M — O — ] — ] — ] Fﬂ\ — 0 = o 0
Month/Day (515 =5/15) ~ *
s 1993 1994

Gasquet, California
Elev: 500 ft. MSL

1 3 7 £ iy £
Tine of Day (LST)/Month/Day of Month 1994

Statistics

Begin Date/Tine
July 17, 1394

EEEEEEEEEEEEEEEEE
aaaaaaaaaaaa
EEEEEEEEEEEEEEEEE
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Gasquet RAWS 1994: 175 July.
Air temperature increases with
NW/Foehn winds, then drops
with Smoke/lInversion? Weather
Fire Behavior/Intensity pattern
evident followed by Smoke &
InversionStream Temp.



Incorporating stream temperature
monitoring and modeling data

A USFS, USGS, Watershed *USES data and

Flint and Flint
2008USGS

Councils, Tribal,
NCRWQCB data

A Mid-lower Klamath River

Orloans Ranger Dmtrict
am Tomparature Hontorng

Basin TMDL-Water
Quality Models

i (Flintand Flint 2008JSGS)

A Cross reference with
MODIS image of smoke
and RAWS stations (air,
relative humidity, wind)

A Solar radiatiorShort wave
Important to stream
temperature




Limiting and/or Critical Factors for
Klamath Basin Salmonids:
Thermal Thresholds and Risks

A Chronic > 12C and

A Chronic: Reduced Acute > 20C for
growth rate, increased  sglmonids
susceptibility to i (Bartholow 1995, 2005,

Barthalow et al. 2005).

disease _
B Aae el A Juv. Salmonids
uncashiaaie stressed > &

mortality rates beginto  ~nronic and > 28C
Increase acute

i (Campbell et al. 2001)



Salmonids: Thermal tolerances B e

and habitat preferences Creek Thermal Refuge
I ik ‘F* Chinook: Hottest time

of day, middle, edge w/
— velocity shear line, greater
distribution along refugia

_J Steelhead Hottest time
1 of day, middle, edge w/
&

velocity shear line

3 . Coho: Slow water,
o 1 ground seep, rooted

aquatic vegetation/cover

A Species and age cohorts A 12-14/C Juv. Coho

Tl ) : preferred tempMoyle 2002,
| Habitat selection varies NRC 2004)

I Spp. Specific biological needs 3 41 4.1 84 for optimal growth
within range of thermal (Sullivan et al. 2000).

tolerance



Salmonids: Thermal Thresholds
and Ri sks conot

A Mid to upper basin summer max. not to exceed
16AC for 7 day avg. of daily max. values (USEPA
2003)

A Daily max. temp. maintained < Z0/C for juv.
Coho and Chinook, < 223AC Steelhead to protect
from acute lethality (Hicks 2000)

A < 16-17AC water temp. salmonids are more resistan
to Ceratomyxosis disease (Foott et al. 1999)

A > 204C water temp. and D.O. below 7mg/L increase
bacterial infections in juvenile Salmonids
(Willlamson and Foott 1998).



Integratlng MODIS, RAWS, & Air Quality Data:
Aug. 13, 2008 at 3pm -

A Junction City [3pm: 0.033 vs. 5pm:
0.134 (mg/m)]

A Big Bar [3pm: 0.265 vs. 5pm: 0.09¢
(mg/n¥)]
i *Aug. 14, 11am (1.353mg/
i RAWS Max Avg. Temp 38AC on
Aug. 14, 2008 Hoopa
A *Hoopa RAWS Max Avg. Temp__|
38.3C Aug. 14, 2008 Big Bar

A Orleans [3pm 0.067 vs. 5pm 0.058
(mg/n¥) ] Sl

Smoke coverage, density, air

temperature, % relative humidity,

and stream temperature can be

directly fAreal tI




Air Temperatures: Above and Below the
Inversion-Smoke Layer

A Robock 1988: Data
comparison using ovet
70 stations.

A Smoke has higher
albedo than wooded
surfaces.

A Only a strong synoptic __
scale front was able to ..
disrupt the amplifying
cycle of smoke induce!
cooling/reduced solar . s
radiation.



Fire severity and weather (inversion layer) 2006

100%
80%
60%

°

40%

20%

0% -

Reasons:

O High

O Moderate
OLow

B Unchanged

4250 ft.

'f‘ b
‘%’é

&

AStable air, low winds, little upward motion *Data: Knapp and Estes: USFSW
ATrapped smoke reduces solar radiation, decreases temp., increases RH



Species or runs of fish affected by
forestry/fuels reduction practices and wildfire

A Coholow/moderate

A Chinook
I Springhigh/moderate
i Fall-low/moderate

A Steelhead
I Summerhigh/moderate
I Winter-low

A Resident trout:

Rainbow and
cutthroatmoderate

A Sturgeorlow

A Lamprey eels
low/moderate

A Suckers, dace, sculpin,
etc-unknown/low?

A Extent and proportion of severity, and
geology of watershed affected by fire
I Example Wooley Creek tributary to the

Salmon River: Multiple wildfires
occurring, DG erosive soils, stocks at risk.

A Future climateire-vegetation and related
watershed processes on fisheries



Wildfire severity, frequency, fisheries and
watershed condition: Wooley Creek

Proportion of fire severity types (lelMgh) across watershed in
relation to fish distribution



