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Topics to be Discussed

Vegetation since the Last Glacial Maximum (LGM)
Massive drought after the LGM

Fire history

Spruce bark beetle outbreaks

Return of the drought

2099 and beyond



Our view from above Homer from Skyline Drive
was like this view 23,000 years ago

Harding Icefield
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Herb Tundra 19-17 ka




Shrub-Herb Tundra 17-11 ka
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Alder srubland 1-8 ka
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Paleo Lake Levels
from Satellite Fen Peats



Rainbow Lake
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Basal peat

Terrestrial (non-aquatic) plants
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Extremely wet period Late Post-Glacial
Wave-cut scarps

(shorelines)
around lakes

Paleo lake level summary

Dry period
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Fire History on the Kenal
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Kilameters

Fires

| 2003 Pipe Creek
12001 Mystery Hills
B 1996 Crooked Creek
1996 Hidden Creek
[/} 1994 Windy Point
B 1994 Glacier Lake
. 11988 Burn
1989 Burn
[ 11991 Pothole Lake
Bl 1974 Chickaloon River
[ 11969 Russian River
[ 11969 Swanson River
1947 Kenai Burn
B 1915 Burn
I 1926 Slikok Creek
B 1871 Funny River Burn

Historical
Fires
up to 2003




2005 Irish Channel

2000’s Fires

2005 King County Creek

2009 Shantatilik Creek

2005 Glacier Creek

2005 Fox Creek

2007 Caribou Hills

2005 Tracy Avenue

B WicFire 2000 - 2009
— Highway

Road

Chugach National Forest

Kenai Fjords National Park
| Miles
Kenai National Wildlife Refuge




2010’s Fires

2015 Card Street

2014 Funny River

Bl WiFire 2010 - 2015
— Highway

Road

Chugach National Forest

Kenai Fjords National Park
IMiles :
Kenai National Wildlife Refuge




Three Vegetation-Fire

Regimes
FOREST TYPE METHOD FIRE-RETURN-INTERVAL
Black Spruce Fire Scars 80 years
Mixed White Spruce & Lake Sediment 130 years
Hardwoods Charcoal
White/Lutz Spruce Soil Charcoal 400-600 years

De Volder 1999, Anderson et al. 2006, Berg & Anderson 2006 23



1888 Fire scar /!
on live spruce tree :




Minimum Acres Burned
Central Kenai Peninsula

Black Spruce (Dated Burns)
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for soil charcoal

Throw Mounds — searching

Berg & Anderson 2006



Soil charcoal flake
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Lake Sediment Cores

Long cores of lake bottom
sediments

Radiocarbon dating of charcoal

Provides a “Fire Event Frequency,”
rather than dates of specific fires

Cannot estimate the size of a burn
from the charcoal in lake sediments




Charcoal Fire Fire Event
Particles/cm?/yr Events Frequency

Paradox Lake Fire Record

Modern fire frequency

Is 7.6 fires/1000 years,

or fire-return-interval

of 130 years. (Last 5000 years)

POCHEE TEE ERERE et

Fire frequency here was
12-14 fires/1000 years, or
fire-return-interval of 70-
80 years. (12,000 - 5000
years ago)
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Paradox Lake vegetation zones over last 14,000 years
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Spruce bark beetle outbreak history



Figure & - Spruce beetle aggs along side of egg gallery.
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Figure 1 -- Yellowish orange and reddish colors of

faded spruce are evidence of an intense

Figure 6 - Spruce beeatle larval galleries. spruce beetle infestation in Alaska.




Kenal Cumulative Outbreak

Total Beetle Kill
3.0 million acres

in Southcentral Alaska [EEs

and
1.1 million acres
on the Kenai

Spruce
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1989-2002
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History of Spruce Bark Beetle
Outbreaks in Alaska

In 1993 we knew about a few past outbreaks:
- Copper River Valley 1920s
- Haines Road (Yukon) 1940s

- Northern Kenail 1970s

To get a longer outbreak record, we imported a tree-ring
method from Colorado which used growth releases to
document outbreaks along the Front Range in the 1850s
and 1940s.

36



Growth Releases in Tree-rings

e Bark beetles kill the larger trees first.

e Smaller trees are released from
competition, and grow faster.

37



An Extreme Example
of a Growth Release

1884
Release

38



Tree-ring Methods

= We measured tree-ring widths in
hundreds of increment core samples
from 37 stands.

= Ring widths were measured to 0.001 mm
with a dissecting microscope and a
sliding bench micrometer.
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Outbreak History Study Sites

16

2 L Anchorage
1‘/

/918
1920

280027
9 KNWR

Kenai studies 1994-2002 22 sites (with Chris Fastie)
Katmai & Lake Clark studies 2006-2007 15 sites (with Rosemary Sherriff & Amy Miller)




OUTBREAK HISTORY Regional Beetle Outbreaks
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_Mean MFllast 2500 yrs  |ntervals Between Fires
514 yrs White / Lutz Spruce

"~ Mean MFI All Data 788 yrs
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Bark Beetles and Runs of
Warm Summers

Two factors are critical:

(1) A Loaded Gun — The forests must be
mature or very mature

(2) ATrigger —a run of 2 or more warm
summers can initiate an outbreak

43



Runs of warm and cool summers TR Y
track the El Nifo-La Nina cycle, Warm Summers

as do bark beetle outbreaks 1987-1997
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Spruce Bark Beetle in White/Lutz Spruce in Kachemak Bay
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Beetle-Kill Acres
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New study:
Excess 13C in tree-rings indicates drought
stress in beetle-killed white spruce

(]
0]
o
>
2
Q
{F"?l
L]

Bufflehead Road site

1950 1960 1970 1980 1990 2000 2010

Csank, Miller, Sherriff, Berg & Welker (in press) Tree-ring isotope chronologies
reveal drought sensitivity in trees killed during south-central Alaska insect
outbreaks. Ecological Applications
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Historic and reconstructed relationship between white spruce
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A New
Savannah
In the
Logged Areas?




Drying Lakes & Wetlands
on the Kenal Lowlands



Old Shoreline

Jigsaw Lake
(a closed-basin lake)



(a closed-basimTake)
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Black spruce islands cover 10% of this large
flat peatland of 6500 acres.

These islands are “first-time forests” with no
old wood underneath them.

Marathon Road Fen



Black Spruce Invasion of Wetlands |

We aged all the trees along a 1-m transect.
There was no dead wood in the peat below
the live trees.

MOST RECRUITMENT
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WITHIN THE LAST
100 YEARS.
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Black Spruce Invasion of Wetlands I

MEDIAN N=83
TREE AGE NO RECENT
T6 years RECRUITMENT
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Black Spruce Invasion of Wetlands Il
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Dwarf Birch

A prominent
wetland shrub
Invader




Dwarf Birch Shrub Age

N
o

Average stem __..
age is 14 years

—
n
i

Oldest stems
are 32 years

\
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n o

o

10 20 30
Apparent Age of Shrubs (Years)
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3 Sites, N = 157 stems




Study Sites

26 Peat Core Sites

11 Aerial Photo Sites
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Histogram of Basal Peat Ages
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Quantifying the Recent Drying
of the Kenal Lowlands

We need rates of change
for modeling the future.

71



Aerial photo comparison
of moisture/vegetation
status at 1113 random
points on the Kenal
Lowlands:

Every category Is
drying out.

Eric Klein MS Thesis (APU) 2004




2"d Aerial Photo Study:
Two Approaches

(1) Wetland edge ecotones: classification of
vegetation on points on a rectangular grid

(2) Whole wetlands: digitized herbaceous edges

Kacy McDonnell MS Thesis (APU) 2007 73



1st Approach:
Wetland Edge Ecotones

Cover Classes:

1 - Open Water

2 - Herbaceous

3 - Shrubs

4 - Open Woodland

5 - Closed Canopy Forest

600 points classified on each photo: 1951, 1968, and 1996
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Ecotone Change

Infrastructure

Closed Canopy
Forest

Open Woodland

Herbaceous

0% ‘E\Im Open Water |

1940 1950 1960 1970 1980 1990 2000

11 sites pooled, N =21,780 points classified



2"d Approach:
Measuring Whole Wetland Areas



Direct Measurement 5§
of Wetland Shrinkage &

"
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Kenal Avallable Water (P — PET)
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Available water goes ~0 inches by 2099,
according to the SNAP models

Kenai Available Water
Precipitation (P) - Potential Evapotranspiration (PET)

20

4 Mean 5.8 inchesfyr

- =
o O
|

Mid-range emissions scenario \

o

Inches of Water
o

High-range emissions scenario/

]
n

Mean 2.3 inches/yr

Drought begins in 1968

3
o

1940 1960 1980 2000 2020 2040 2060 2080 2100




Take-Home Message:

Kenal Wetlands Show Extreme Recent Drying

e Peat cores show ~ 14,000 years of wet
Sphagnum-sedge fen environment, with recent
shrub invasion.

e Climate drying started at end of Little Ice
Age in 1850s.

* Drying has accelerated since 1970s.
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Changing Fire Regimes



Lightning Strikes 2002 — A Normal Year
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Kenai Peninsula Lightning-Caused Fires

2005 was a
record warm
summer in
Alaska

..

1990 1995 2000 2005 2010

Lightning is a new wildcard in the climate change deck.
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Three types of fires on the Kenal

1 Type I: Dry spring fires, often pre-green-up,
grass-supported, with mild burn severity, e.g.,
many post-2000 fires

1 Type Il: Normal-weather summer fires, with
moderate burn severity, e.g., 1947 Skilak Lake

1 Type lll: Extremely dry summer fires with extreme
burn severity, e.g., 1969 Swanson River, 1994
Windy Point, 1987 Skilak Rd prescribed burn
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Type | Dry Spring Fires

These fires typically |
occur in May when |
warm, sunny
weather dries out
last year’s grass
prior to green-up.

The soils are
typically wet or
perhaps even
frozen.

There is very little
mineral soil
exposure.

The ash provides a
pulse of nutrients

Photo July 2015
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that fertilize the
grass and fireweed.

Caribou Hills Fire

June 2007
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The spruce bark
beetle outbreak of
the 1990’s has
opened up forest
canopies.

Grass thrives
with more
sunlight.

Dry spring grass-
supported fires
have become
more common in
the 2000'’s.

Grass-supported
fires are similar to

logging.




Type Il Fire

The 1947 Kenali Fire occurred under
normal summer weather conditions.

The fire burned from June into
August, with very limited fire
suppression.

310,000 acres burned. This was the
largest known fire on the Kenali.

Burn severity was moderate, with
occasional pockets of severe burn.
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Type lll Fire

The 1969 Swanson River Fire
occurred under extremely dry
conditions.

The fire burned through most of
August.

69,000 acres burned.

Burn severity was extreme. Mineral
soil was exposed over thousands
of acres.

Birch recruitment was phenomenal.

The moose and hares loved it!
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Extreme burn severity

1970 photos

b W T W

1969
Swanson
River
Burn

Exposed mineral
soil

Burned soil
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1969 Burn
Extreme burn
severity created
mostly hardwood
(birch) forest

2011 Landcover

‘:’ Barren Land l:’ Grassland/Herbaceous
[:l Cultivated Crops :l Mixed Forest

‘:I Deciduous Forest I:I Moss

- Developed, High Intensity - Open Water

‘:l Developed, Low Intensity l:l Pasture/Hay

- Developed, Medium Intensity :l Perennial Ice/Snow
|:| Developed, Open Space Cl Sedge/Herbaceous
I overt shrub [ shrubiscrub

\:l Emergent Herbaceous Wetlands l:\ Woody Wetlands
- Evergreen Forest ’x

I:Imnes N

1947 Burn

Light to moderate
burn severity
created mostly
spruce forest, with
some hardwoods
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Windy Point Burn — 10 years after a severe fire

3

>y s
P, et oA
she

S
M~
'+ BougiFis

et an

-~

@.Berg

<Y
BN =

B

el

e
-

A

! .'I.(

;Q.

Ry



Fire Propagation

Continuity of Fuels






Wetlands an
Black Spruc

Sterling

Landcover

Black sprucefHerbace ous

Wet wetlands break up highly flammable
black spruce areas on the landscape. Wfetland

-



Bottom Line

The invasion of shrubs and black
spruce into wetlands Is converting
firebreaks into fuel bridges.

With a warmer and drier climate, fires
will be more frequent and they will
propagate more effectively across large
areas of continuous fuels.
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Modeling the Future

= To 2099

= Beyond 2099
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Biomes - 2009
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The western Kenal is in a very strong rainshadow
from the Kenal Mountains.

- Boreal. Transition
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Random Forests model — 10 veg types, SNAP A1B (mid-range) scenario

Baseline y = Shifting from Black Spruce 2090-2099 N
=y "= to more Hardwoods l

Shifting from White-Sitka
Spruce, Shrubs and Alpine
to Herbaceous (grassland)

Dawn Magness — Kenai NWR 111



An Alternative, Longer-Term Hypothesis

The Kenai will become much drier, as it was 14,000 - 9,000
years ago.

Fire frequency will be much higher and burn severity will be
extreme.

Fire will be supported by upland hardwoods, as it was
14,000 - 9,000 years ago, as well as by thick black spruce in
the muskegs.

It is entirely possible that it will take several centuries to
reach this degree of drought.

In the meanwhile grasslands may become widespread in the
uplands, as the models to 2100 predict.
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Two Possible Future Landscapes
for the Western Kenal
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Grassland

Hardwood Forest
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That’s All for Today!
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