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Supporting Culturally
Responsive Practices

* Place based, culturally relevant supplementary
STEM curriculum and educator training

* Professional development workshops, online
courses and culture camps




Supplemental Science Curriculum

e Supplemental curriculum
aligned to State and Local
standards

* Place based and culturally
relevant material

* Developed with Cultural
Knowledge Bearers

e Online multimedia and
video

 Free to access for all
teachers at kl12reach.org

What lives in the ocean?

An ecosystem is a community of animals, plants, and mircobes
that interact with the environment. The ocean is an ecosystem.
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e Listen to the

e What are their needs

LESSON DESIGN

Community

community, and
educators

 How can we address
them




LESSON DESIGN

Audience
* K-12 Rural Alaskan
students

— Western education
material often not aligned
with their life experiences

e K-12 Rural Alaskan
teachers
— Many originate in the L48

— Need resources and
knowledge to better
connect with their

students
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Global Change Biology (2006) 12, 686-702, doi: 10.1111/11365-2486.2006.01125.x

The evidence for shrub expansion in Northern Alaska and
the Pan-Arctic
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Abstract

One expected response to climate warming in the Arctic is an increase in the abundance
and extent of shrubs in tundra areas, Repeat photography shows that there has been an
increase in sheub cover over the past 50 years in northern Alaska. Using 202 pairs of old
and new oblique aerial photographs, we have found that across this region spanning
620 km east to west and 350 ki north to south, alder, willow, and dwarf birch have been
increasing, with the change most easily detected on hill slopes and valley bottoms, Plot
and remote sensing studies from the same region using the normalized difference
vegetation index are consistent with the photographic results and indicate that the
smaller shrubs between valleys are also increasing. In Canada, Scandinavia, and paris
of Russia, there is both plot and remote sensing evidence for sheub expansion. Combined
with the Alaskan results, the evidence suggests that a pan-Arctic vegetation teansition is
underway. If continued, this transition will alter the fundamental architecture and
function of this ecosystem with important ramifications for the climate, the biota, and
humans,

.

Keyuunds: arctic, ciimate change, greening, shrubs, tundra

Ken D. 'i"apc

Reveruad 29 Augus!

remsed versaon reveived and avceptal 19 October 2005

Introduction

The Arctic has warmed about 2°C per decade over the
last 30 years (Overpeck ¢ al., 1997; Serreze ef al., 2000;
ACIA, 2004). This warming has been accompanted by a
host of environmental changes (Arendt o al., 2002;
Hinzman ¢! al,, 2005), of which the most wadely noted
15 a reduction 1n sea ice (Rothrock #f al,, 2003; Stroeve
ef al., 2005). The observed 10% reduction i ice extent,
paired with a commensurate lessening in ice thickness,
has been news-worthy (Overpeck ef al, 2005) and has
had major implications for the heal budgel of the Arclic
(Sturm ef al,, 2003; Kolbert, 2005).

The terrestrial counterpart has been a shift in land
surface vegetation (Chapin ef al., 1995; Myneni ef al.,
1997; Sturm ef al., 2001; Zhou & al., 2001; Lloyd &! al.,
2003; Stow 2004}, but it is less clear whether this

budgets of the Arclic by amounts comparable with
those associated with changes in sea ice. Without
knowledge of the spatial scale of the change, we cannot
(a) establish its link to chmate conclusively or (b)
quantify its feedbacks and effects on the climate and
pan-Arclic ecosystem.

The reason for our uncerlanty on ths important tssue
15 that it 18 hard to monitor vegelabion change using
satellites (Fung, 1997; Stow & al, 2004). In contrast,
monitonng the extent of sea e change remotely has
been al the operational level for more than 30 years (cf.,
hitp:// pafcarh.noaa.gov fice.php). Also, with a wide
variely of arctic land surface vegetalion lypes, more
than one type of vegelation change has been underway.
Sea ice change, on the other hand, can be measured with
a single metne. Moreover, the response time to a warm-
g chimate is longer for vegetation than for ice.
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e Audience: Rural
Alaskan middle
school students

* Learning goals:
Understanding how
ecosystems change
over time

 Relevance: increased
shrub abundance in
the Arctic affects
subsistence activities

brief communications

In&eas:rlg shrub
abundance in the Arctic

T.c warmng of the Alaskan Arctic dur-
ing the past 150 years’ has accelerated
owr the lag three decades and 35
expected Lo mores: vepelabon productivity
n twndra of shrubs beecoene more abun-
dant™, indeed. this transition may already
be under way sccording o Jocal plot studies’
and remole sensing”. Here we present ev-
dence for & widespread mcrease n shrub
abundance over more than 320 km® of
Arctie landseape during the past 50 years,
besad an a comparson of histane and mod-
ern aenal photographs. Thas expansion will
alter the partitioning of energy in summer’
and the trapping and distzibubion of snow in
wanter’, as well as increasing the amount of

carbon stored n & regon that s beleved 10
bea net sowrce of carbon dioxide’.

During o eaploraton of the Unnad
States Naval Petroleum Reserve no. 4 in
northern Alaska s 1948-50, low-altitude
oblique photographs of exceptional clarity
weee laken @ thousands of locations
between the Brooks Range and the Arclic
coast”. [ July of 1999 and 2000, we took
photographs a1 64 of the same locations
spanning an ares 00 ke (east to west) by
150 kim. We analysed pairs of new and old
photographs for changes in the three pran-
cipal deciduous shrubs, dwarl birch { Betula
rana), willow (Salic sp.) and green alder
(Alnas eriypa), and for changes i trecline
whate spruoe (Mo plavee) along the south-
ern edge of the study area.

In 36 of the 66 repeat photo-pairs, we
found disunctive and. m some cases, dra-

mane increases in the height and diameter

Agure 1 The Ayak e MEE 537
WIS 31°] dhowg an roness i e
dody d 9.0 dadhes, o gowh d
Al sres ad o e o
LrLe I e tht wore povaly
sl AsdBosdnty semw

1reinifeddane now protogad

of individual shrubs, in-filling of areas that
had only had a scattering of shrubs in
1948-50, and expansion of shrubs into pre-
viously shrub-free aress (Figs 1, 2). Al tree-
line sites, there was a marked increase in the
extent and densaty of the spruce forest (Fig.
2). In some cases, shrub-dominated vegeta-
a that covered about 10% of the land-
scape in 194850 had doubled by 2000. In
the 30 photo-pairs in which the amount of
deciduous shrubs had not increased, there

was no detectable reduction in shrub
abundance exther.
I'he increase in shrub abundance

appears to have been mainly the result of
the growth and expansion of alder, perhaps
partly because dark-coloured alder are the
most conspicuous shrubs (Fig. 1). How-
ever, in several photographs (n=4), birch
and willow were abo seen to have increased
m abundance. All three species belong to
the same functional group and respond to
experimental warming and fertilization in &
positive manner. This indicates that the
abundance of the smaller dspersed birch
and willow found throughout tussock tun-
dra may also be increasing, and so our
detection of change could be conservative.
I'hese smaller shrubs comprise most of the
shirub biomass in the study area.

Our study area is i a location where
human and natural disturbances (leading
1o sucoessional changes) are minimal, so we
attribute much of the increase in the abun-
dance of shrubs to the recent change in cli-
mate. During the Early Holocene, warming
in the Alsskan Arctic was accompanied by
one or more large-scale shrub mnvasions'',
and today shrub sbundance increases along
Istitudinal temperature gradients”. These
findings, combined with our observations,
show that the vegetation of the regon is
able to respond to changes in climate, per-
haps rapidly. The extensive peat deposits
are evidence that the region has been an
mmportant sink for global carbon in the
geologcal past. The incressed primary pro-
duction inferred from our photographic
analysis could be a significant cc
to changes in the high-latitude
get, & well as contributing to important

1n the exchange of surface energy.
Matthew Sturm*, Charles Racinet,
Kenneth Tapef
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Development

How does climate change impact the landscape?

The climate in the Bering Strait region of western Alaska is warming. Increasing
temperatures change the landscape in a variety of ways. Landscape changes impact local
ecosystems and ways of life for local residents. What are these changes? What processes
cause them? How do these changes impact Bering Strait communities?

Nome Mean Annual Temperature (°F)

Bering Strait, Alaska

Shrub Expansion

One of the frequently discussed impacts of climate change is shrub expansion. It has been
referred to as the “greening of the Arctic”. Elders and scientists alike have observed changes
in vegetation on the tundra; plants such as spruce trees and tall willow shrubs have grown
up in areas where previously only short plants such as blueberries and Labrador tea were
found. Scientists have documented these changes using repeat photography.

) 1 g YRR TGN T S
Photo Credit: Charles Sheldon (1908), Willie Karidis (2008), Denali National Park
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Implement and rev
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Professional Development Workshops

* Curriculum review — \v L L

e Learning from
Cultural Knowledge
Bearers, Elders, and
scientists

‘‘‘‘‘‘

e Hands on skills and
techniques to bring
back to classrooms



Science and Culture Camps

* Intensive multi-day camp with Elders, Cultural
Knowledge Bearers and scientists

 Thematically tied to education goals




Home Course Curriculum Multimedia Graphics Resources Science

Videos

Grades K-3 Theme 1: Changing Climate
Grades 4-6
Videos

Story Maps

Some files
can take
a while to
load. Please be
patient.

Resources available at K12 Outreach
www.uaf.edu/soe/kl2 outreach




This model can be replicated

e K-12 Office has
experience with many
schools and School

Districts throughout
Alaska

e Potential for new
partnerships to help
facilitate place based
learning




Thank you

Sam Norlin

REACH Up Program Manager
stnorlin@alaska.edu

(907) 450-8360



