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Road Map for Today

Welcome 1o Bethel, Alaska
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Earth’s biomes
and Arctic tundra 101

2. The view from space
3. The view on the ground

Observations and concerns of Arctic people



Global classification system

Recurring areas of similar climate and vegetation

Ecological equivalents in different parts of the world (though
species may be different)

hlghllghts the phy5|cal environment’s role in shaplng
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Alexander von Humboldt pioneered the study of
biogeography.

He noticed recurring patterns between local climate
(temperature, precipitation) and vegetation as he traveled
up and down the Andes Mountains.
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Humboldt’s figure depicting vegetation on Chimboraza volcano, Ecuador
The Geography of Plants (1807)



B TS S . = 3T - IS L S S A G . ] - K - B S R I I

i

TN

|

f

&
..":..,..\;‘5.....':.' .

P - s

~ 74 (N o e ey
2 eba e e
DIz S -
‘,‘d-“.\ At A O

- Vers = Brmimtd 4 b s

ar M
L i

- -

o Visre v
L)

D

y -
L L . " - ‘I
Phore sm b ot o8 wos S 3
e e T e »
Ty porwenen bod M, hesin o » .‘} < : I-
s T
LAY 5T
N | v

b a0 TS REGIA N COPEDST NSRS,
WG A T QO
~ st

i fts e B8,
YERRUEITUNG DER GEWACTISE

.-k -
t dem Mlaupaerkalind dargeerells |

A S TUMRAAETS STATIATIA SER YRARERM R RS FRLA RS
FANILAE N & AN AE S BT,

AR FURE AR ERAR RS EEY TR A
LL LU L

FRARASITY Suahbainn Ban FAMILER BER P AL MEN R AT
WSS AR FRMTES (FFE S0 e AT N e e
Now m dot advdiiohon, P

"SI SR "R "N T T R T S T . T L D T T

Global vegetation map, The Geography of Plants (1807)

Anmrriue, .
- Poc Braidoabbia Mdibos bdae Piobiliuisd’ duw wmyobomm -
Poncn Beamilion oot v ot B POt s o s
Bian 0B o b Poais s Bapionhin Bomanba iy Pomilin
P e L e R T
B Bal sn Bl Sas vy vk, wly st wiy A Pemnigetn
B R

Fovicar Mowidiom




Earth’s northern biomes

Arctic Ocean

B Boreal Forest
- International Boundaries

The Circumpolar Extent of the Boreal Forest &

'\ Atlantic Ocean

&

Natural Resources Canada
http://canadaforests.nrcan.gc.

Boreal forest — or, the “emerald wreath”

18 million square kilometers


http://canadaforests.nrcan.gc.ca/images/7608

“The power and enchantment of the taiga lie not in

giant trees or silence...but in the fact that only birds of
passage know where it ends.”

- Anton Chekhov, Across Siberia (1890)

Brooks Range, Alaska ] ‘ G. Frost photo



Earth’s northern biomes

Arctic Ocean

B Boreal Forest
— International Boundaries

The Circumpolar Extent of the Boreal Forest "

'\ Atlantic Ocean

—
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Natural Resources Canada — N, e CAVM ﬁ%\&m 2003

Arctic tundra

5 million square kilometers



http://canadaforests.nrcan.gc.ca/images/7608

Earth’s northern biomes

B Boreal Forest
— International Boundaries

The Circumpolar Extent of the Boreal Forest "

'\ Atlantic Ocean

—

Natural Resources Canada — N, e CAVM ﬁ%\&m 2003



http://canadaforests.nrcan.gc.ca/images/7608

Earth’s northern biomes
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http://canadaforests.nrcan.gc.ca/images/7608

Polar Ural Mountains, Russia
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Lake lliamna area, Alaska
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Yamal Peninsula, Russia

D. Walker photo



Yamal Peninsula, Russia

G. Frost photo



Yamal Peninsula, Russia

8
D.A. Walker photo



Eurasia Arctic Transect
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Arctic ecosystems in transition

Sea Ice Extent, 16 Sep 2019

The dramatic loss of Arctic sea ice has
received widespread attention...

Russia

Average Monthly Arctic Sea Ice Extent
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National Snow and Ice Data Center

1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

National Snow and Ice Data Center, University of Colorado Boulder

near-real-time data

B median ice edge 1981-2010

Year

National Snow & Ice Data Center National Snow & Ice Data Center



Arctic ecosystems in transition

2015-2019 temperatures compared to 1951-1980

....but changes on land are also occurring,
with implications from local to global
scales.

- “Arctic greening”
- permafrost thaw

- carbon release

Circumpolar Arctic Region
Vegetation

Cryptogam, herb barren . . . . . .
Cryptogam bamen complex (bedrock)
B oot st o Distribution of Arctic tundra is linked to
[l Carbonate mountain complex
Prostrate dwarf-shrub, herb tundra
P enprorie wat b summer temperature and the nearby
Rush/grass, forb, cryptogam tundra
Graminoid, prostrate dwarf-shrub, forb tundra .
Nontussock sedge, dwarf-shrub, moss tundra
Tussock sedge, dwarf-shrub, moss tundra ICe-covere d ocean.
Erect dwarf-shrub tundra
B Low-shrub tundra

Sedge/grass, moss wetland
Sedge, moss, dwarf-shrub wetiand

Sedge, moss, low-shrub wetland

e Models project the (slow) northward

Water
Lagoon

e movement of boreal forest vegetation.

But a lot is happening within the tundra
in the meantime.




“The map is changing”

Sea Ice Extent, Mar 2019
: ] a

Permafrost thaw
Frost et al. 2018

National Snow and Ice Data Center, University of Colorado Boulder

g
L]
o
E
§
©
]
=

median ice edge 1981-2010

Total extent = 14.6 million sq km

Sea-ice decline

Shrub expansion
Frost & Epstein 2014
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Permafrost

ground-ice exposure at Amderma, Russia (Baren
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~ patterned-ground at forest-tundra transition, northwestern Siberia
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Tundra ecotone near King Salmon, Alaska, 1918.
P. Hagelbarger photo © National Geographic Society.
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Frost photo.

Today,
G.




Upper Matanuska Valley, Alaska
(USGS photo)



Is this representative of a broad-scale pattern?

Upper Matanuska Valley, Alaska
(Frost photo)



Arctic change: the view from space '
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Remote sensing in the Arctic

* Lots of challenges for observation

— short summer

— often cloudy
— permafrost is a critical feature...but subsurface!

 Many legacy tools, and many new ones
— can now monitor change over 50+ year period
— new tools provide monitoring in near real-time



Earth-observing satellites

AVHRR - 7 km

MODIS - 240 m

e Landsat-30m
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Satellite timeline

Useful greenness observations began in 1982
Each sensor has its own strengths (and weaknesses)

Some observe entire Earth every day, but with lower
resolution

Others get “close looks,” but not every day

Resolution

I:>

AVHRR

Landsat (2" generation)

S —

MODIS







Electromagnetic spectrum




Electromagnetic spectrum




Electromagnetic spectrum




“NDVI”

_near
infrared

visible

80%




_near
infrared

visible

NDVI =

Normalized Difference Vegetation Index



(NASA Global NDVI animation)



Time-series analysis




Time-series analysis

1 -
0.8

;;06

(m]

Z04 -
0.2

-f-'/"”M

Positive trend indicates
“greening”

0
1980

1990

2000 2010
Year

peak

Scenes selected from 4-week period in
mid-summer, when biomass is at its




Greenness trends — seasonal peak (1982-2019)

180

9OW - 90E

-0.16  -0.12 -0.08 -0.04 0 0.04 0.08 0.12 0.16
after Bhatt et al. 2010, 2013; Bieniek et al. 2015




Greenness trends — seasonal peak (1982-2019)

180

Plant stress or die-back : % Shrub expansion! e
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-0.16 -0.12 -0.08 -0.04 0 0.04 0.08 0.12 0.16
after Bhatt et al. 2010, 2013; Bieniek et al. 2015




Greenness trends — seasonal peak (1982-2019)

—e— Arctic ——FEurasia ——North America
0.7

0.65
0.6
0.55

0.5

Maximum NDVI

0.45

0.4

0.35

1985 1990 1995 2000 2005 2010 2015
Year



Greenness trends — full season (1982-2019)

180

9OW - 90E

-1.2 -0.8 -0.4 -0.1 0 0.1 0.4 0.8 1.2
after Bhatt et al. 2010, 2013; Bieniek et al. 2015




Greenness trends — full season (1982-2019)

3.5

Time Integrated NDVI

2.5

1985 1990 1995 2000 2005 2010 2015
Year
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:] -03-0 (browning)

|:] 0-.03 (moderate greening)
|:] .03 - .06 (strong greening)
l:l > .06 (intense greening)




How do satellite records compare?

-0.16  -0.12 -0.08 -0.04




Comparison of peak greenness, YK Delta
(2000-2018)

AVHRR GIMMS-3g+ MaxNDVI (~7 km)

I -1--0.005
4 I -0.005 - -0.002
my [] -0.002-0.002
" [ 0.002-0.005

I 0005-1




Comparison of peak greenness, YK Delta
(2000-2018)

AVHRR GIMMS-3g+ MaxNDVI (~7 km) MODIS MCD43A4 MaxNDVI (480 m)

M -1--0005 y ; -1--0.005
o I -0.005--0.002 -0.005 - -0.002
‘my [] -0.002-0.002 -0.002 - 0.002
!1‘ " [ 0.002-0.005 ey [ 0.002-0.005

I 0005-1 : I 0005-1




Comparison

AVHRR GIMMS-3g+ MaxNDVI (~7 km)

“w W -1--0.005

i, [ -0.005 --0.002
‘my [] -0.002-0.002
“* I 0.002 -0.005

I 0005-1

of peak greenness, YK Delta
(2000-2018)

MODIS MCD43A4 MaxNDVI (480 m) Landsat MaxNDVI (30 m)

-1--0.005 I -1--0005

-0.005 - -0.002 [ -0.005 --0.002

-0.002 - 0.002 ) [] -0.002-0.002
[ 0.002-0.005 [ 0.002-0.005

I 0.005-1



Comparison of peak greenness, YK Delta
(2000-2018)

AVHRR GIMMS-3g+ MaxNDVI (~7 km) MODIS MCD43A4 MaxNDVI (480 m) Landsat MaxNDVI (30 m)

I -1--0.005 i -1--0.005 4 ‘ I -1--0005
i, [ -0.005 --0.002 -0.005 - -0.002 [ -0.005--0.002
‘my [] -0.002-0.002 -0.002 - 0.002 ; [] -0.002-0.002
“* I 0.002 -0.005 S [ 0.002-0.005 g " |7 0.002-0.005

I 0005-1 : I 0005-1 I 0.005-1

* More recent sensors suggest Arctic “greening” may be even more widespread than
the AVHRR record indicates

* High-resolution remote sensing and field studies needed to identify landscape
drivers



High-resolution satellite observation

1990 2000 2010 2020

Proliferation of commercial
satellites began in 1999...

WorldView-1 HE—)
GeoEye —
WorldView-2 EEms)
Pléiades-1 )
WorldView-3 mmmmm)

WorldView-4 )




1960 1970 1980 1990 2000 2010 2020

{T—=)KH-7 Gambit
{T——)> KH-4B Corona

< > KH-9 Hexagon

WorldView-1 )
But first hi-res Earth-observing GeoEye —

(spy) satellites were active in 1965!

WorldView-2 EEms)
Pléiades-1 & 2 nmm——)
WorldView-3 mmmmm)

WorldView-4 mmmm)




Federation of American Scientists 1997

Cold War-era surveillance heralded beginning
of modern remote sensing

worldwide coverage
high resolution (0.75 — 2 m)

allows detection of land-cover change over
last 55 years l

-




Gambit KH-7
19 February 1966
National Airport,

Washington DC

\ 2 \meters 81
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100 meters
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Gambit KH-7




Corona KH-4B

21 August 1968
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Vulnerability to Climate Change

Storms and Sea Level Rise Permafrost Thaw

Tue Nov: 08 20200, 2011 AKSI) GOES NWSHEOANCH IR CHI 3

3 RS N b
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A S ) el
."\‘ b i )
) £ N
o T i
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YKD especially vulnerable to “tipping points” around elevation and temperature
thresholds.



Communities & Infrastructure

Newtok, AK -

Ten villages on Alaska’s Y-K
Delta face “imminent threat

from flooding and erosion”
(GAO 2009)
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Field Studies: from pixels to plants

Chukchi _aBaZ™ Norton Sound L
S v Stebbins

Long-term monitoring
transects (1994, 2005, 2016)

Yukon
Delta
o 0

O Kotlik
(]

0 Emmonak

— Vegetation point-intercept f
— Surface elevation

£ .
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Field Studies

Lowland Moist Birch- Coastal Brackish Wet Coastal Saline Wet Coastal Saline Fringe Wet
Ericaceous Low Shrub Sedge-Shrub Meadow Sedge Meadow Graminoid Meadow

———

Salt-killed dwarf birch after Salt-killed meadow after Bank erosion along the Smothering of halophytic
2005 storm, later lichen 2005 storm, later Carex Manokinak tidal river sedges after 2005 storm, no
expansion ramenskii sedge recovery

expansion



Permafrost on the Delta

g 0%

e Segregation ice in the
soil raises ground ~
surface enough to
support mesic
vegetation

e Positive feedback loop
between elevation,
vegetation cover, and
permafrost

e Permafrost creates
elevated plateaus :













1. Field data collection

2. Extract elevations from
remote sensing data

3. Make a map!

4. Validate the map using
the field data.




Probability of permafrost occurrence

-165.67° -165.5° -165.33° -165.17°
Km N
e 0 3 6 12 A "
o . ags
z Use of a 0.9 predicted probability 'g
threshold yielded a permafrost
map with 95% accuracy.
iy K
o 5
Predicted probability of
o | near-surface permafrost %
S| .04 .07 .13 .22 36 .53 .69 .81 .89|.94 .97 .98 .99 1.0 B
00 1.8 1.9 2.0 2.1 2.2 23 2.4 25 2{6 2.7 2.9 3.0 3.1 3.2
Elevation (m above msl)

-165,492° -165,487° -165,483°

-165.492° -165.487° -165.483° 7 -165.35° -165.344° -165.339°

Whitley et al. (2018, Remote Sensing)



Impacts to People

* Berry crop

— Rubus chamaemorus
(Cloudberry)

— Empetrum nigrum

(Crowberry)
e Access to fresh water
e Loss of seasonal camps

e |Loss of cultural sites




Impacts on animals

* Bristle-thighed Curlew (Numenius
tahitiensis)

* Entire global population uses YKD
for staging prior to 6,000 km
nonstop transpacific migration

e Stage on YKD permafrost
plateaus to fatten up on berries



Societal Impacts of Change

NASA YK Delta Knowledge Exchange Meeting, Bethel, AK 16 November 2018



Societal Impacts of Change

III

|
“One change doesn’t make things harder. Many together wil
- James Ayuluk, Chevak
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NASA YK Delta Knowledge Exchange Meeting, Bethel, AK 16 November 2018



1 - Field research with Arctic people

James Ayuluk, Che_\{qf_ =

. T R

=

Jake edfox, Emrﬁonak/ ;

2 — “Story Maps” and interactive
tools for village science classes
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A | 65 Years of Landscape Change at Unalakleet, Alaska

Sally Kieper (UAF) and Gerald "JJ" Frost (ABR)
ational Achievement through Cultural He

UNIVERSITY OF ALASKA

FAIRBANKS

» 2

REACH Project: Raising Educ itage

)

By comparing photographs from
aircraft and modern satellites, we
can see a 65-year record of
changes that have happened in
Unalakleet and the surrounding
landscape. A lot has happened
in the last 65 years along the
shores and in the hills:
what kinds of changes can you
find? Use a dry-erase marker to
highlight interesting features and

make notes.

Questions?
We'd love to hear
from you. Email us at:

Sally Kieper
sakieper@alaska.edu

Gerald "JJ" Frost
jfrost@abrinc.com




Socio-ecological implications of change: Yukon Delta, Alaska

Local observations, concerns,
adaptations

—| Science community

Berry-harvest
opportunities

-165.67° -165.5° 165.33° -16§.17°

Thawing
permafrost

Km N

6 12 A
Whitley et al. 2018

Predicted probability of
near-surface permafrost

.04 .07 .13 .22 .36 .53 .69 .81 .89].
[ ]

Infrastructure, seasonal
camps, cultural sites

-
22

o
0

¥
e
|
i l S
-165.487° -165.483° -165.35° -165.344° -165.339°

Hi-res maps of permafrost extent & change



Local observations, concerns,
adaptations

Tundra
shrub
expansion

Socio-ecological implications of change: Yukon Delta, Alaska

Loss of visibility, landmarks,

“sense of place”

Hunting opportunities

Emmonak Lidar, 2016
Canopy Height Model (m)
[JiioAr2016 [ |3.1-4
[ ]41-05 [ _Ja1-5
B o6-1 [s1-10
B i1-15 [l 101-15
[ 16-2 M 151-91
B 21-3

—' Science community

Macander & Frost,
in prep.

Shrub height mapping



Conclusions

Arctic greening is an evolving story. Stay tuned!
Changing environment challenges our concept of
“what is Arctic.”

— Loss of sea ice

— Loss of permafrost

None of these distinctions matter for Arctic people.
Big social, political challenges.

Integrity and continuity of satellite and field
observation are critical

Arctic residents provide a frame of reference that
predates the satellite record
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Quyanal Questions...?




