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he Integrated Ecosystem Model for

Alaska and Northwest Canada:

An interdisciplinary decision support tool to inform X
adaptation to Arctic environmental change
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The Ecosystem Approach to Management of Arctic Ecosystems:
Status of Implementation
International Science and Policy Conference
Fairbanks, Alaska
23 August 2016
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Vegetation

The TEM is a decusmn suppor"r ’rool
designed to:

= Aid in understanding the nature and =
rate of landscape change -
driven changes

— The Alaska Thermokarst Model :%
(ATM) is being developed as part of ,;?2
the IEM project |

- Illustrate how landscapes are
expected to respond to climate

Hydrology
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Pilot Study: 2010 - 2011 Phase 2: 2011 - current

Vegetation Dynamics Vegetation Dynamics

[TEM] [TEM]
100 yrs Monthly
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Permafrost Dynamics Permafrost Dynamics
[GIPL] B [GIPL]
100 yrs : Monthly P
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Generation 1 - Linear Coupling Generation 2 - Cyclical Coupling .
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-4 Components of the ITEM

Model Inputs Variables Passed Between
* Air temperature, relative Models
humidity * Vegetation distribution
* Precipitation * Area burned, fire severity =
* Initial vegetation * Vertical soil femperature,
= distribution . soil moisture content

~ + Slope, aspect, elevation * Organic layer thickness >
i ~ « Radiation, cloudiness ~ * Biomass |

- * Soil properties




A, R M P

Spatial Domain of the IEM !
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Vegetation Cover

> Animal

i - Biomass Production Performance
: Surface Hydrology Model

Communication of Needs _

’ Other ﬂ
Stakeholder '
6roups
Resource Impact Models .
Integrated l
ECOSYS"'em ‘ Model Output X »  Hypothetical
Model Model Output Y > Model -
Canopy Cover
Landscape Change > Habitat
Species Compositi Chan - .
pecies ZomposTTien . M‘; dsz' Conservation &
. Probability of Fire
L VCQCTG":IOH 2 Resource e
; Dynamics ;
: : . = Management
L L egetation Cover - ire . .
= i b f i ‘ Probability of Fire - Managemen'r ‘ DQClSlonS
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"f’ExamPIe output - Initial Land Cover

Initial Land Cover Input Bl Not Modeled
Integrated Ecosystem Model B Black Spruce

. White Spruce

D Deciduous

B shrub Tundra

D Gramminoid Tundra
B vetiand Tundra

|| Barren lichen-moss
I:’ Temperate Rainforest

173 350

L 1 1 1 | i 1 1 |
Kilometers
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Example ou‘rpu’r - Changes in .
Treeline

Projected Changes in Treeline
ALFRESCO Model | MPI ECHAM 5 | A1B Scenario

~“~—— CAVM Treeline

("% IEM Domain

B 2014 Forest

0 150 300 600 A
B 2100 Forest © SNAP

I T T I Y T |
km

Tundra Cells with
Spruce Present in
Year 2100

Basal Area (m%ha)

I 0.1-20
B s1-10
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~"—— CAVM Treeline

("% IEM Domain
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f::. 'l |[EM PRODUCTS & DELIVERABLES SEPTEMBER 2015

The Integrated Ecosystem Model (IEM) is designed to help resource manag- IEM data products are listed below. ‘ . j.e h'l"rps : //WWW.S nap .uaf .edu
ers understand the nature and expected rate of landscape change. Products Delivered products are green.

generated by the IEM (Figure 1) will illustrate how landscapes are expected il 5 N 1 N
to shift due to climate-driven changes to vegetation, disturbance, hydrology, Download avallsble datt at / p r'OJ eCTS/ | em

i 1
~ e
R

Figure 2. Linear & Cyclical Coupling

A

and permafrost. The following tables describe the anticipated products and WWWSNAP'UAF 'EDU]PRQJECTSHEM
deliverables for the IEM over the 2012-2016 period.
|  Ecosystem Code (ALFRESCO), the Geophysical Institute Permafrost Lab sy (Gonmraton 2 q - CI ima'l'e P ro d u C"' S
model (GIPL), and the Terrestrial Ecosystem Model (TEM) [which includes
The Alaska Thermokarst Model (ATM) is also being developed and will be 16935 2 o ECOSYSTem Dynam ICS
integrated into the IEM at a later date. I
lows for the exchange of information between models to occur in series. For U5 e 4 il
example, data generated by the first model is used as input for a second mod- * (] D'S‘l'ur\bance PrlodUC"'S
3 ." the models are linked cyclically, which allows data outputs to be exchanged s
PSS among all the models and incorporates the outputs into the next time step. - | e LGndCOVQr' C(nd Lﬂnds Cape
the mid-range A1B emissions scenario. The IEM products are developed for -~ :
i i the full geographic extent of the IEM domain (Figure 3), and provided on an L
- g * Soil Properties Products
* Model Code and

-:'i The IEM links three different models, including the Alaska Frame-Based
the Dynamic Vegetation (DVM) and Dynamic Organic Soil (DOS) models].
In Generation 1 (Gen 1), the models are linked linearly (Figure 2), which al- e i breniy P ro d u CTS
el, and that output is the input for the next model. In Generation 2 (Gen 2),
| The models are driven by the ECHAM-5 and CCCMA climate models for Figure 3.The Geographic Domain of the |EM
e —  ZM Products
annual time-step unless otherwise indicated.
Documentation

|  For questions about IEM data and products, please contact the IEM data
o manager, Tom Kurkowski at takurkowski@alaska.edu.

Figure |.Product Definitions
Spatial GIS data (generally in raster .geotiff format or occasionally shape files)

Tables A summarization of a metric over specific region (generally in .csv
format for ease of use in spreadsheet or statistical programs).

Graphs A time series of a metric across a region (generally in .png image file). i
Code Programming code of the models. @ SNAP

+ Indication of availability
(date)

Climate Products (e.g., temperature, precipitation, radiation, vapor pressure)

Dataset Name WHR | Bescripilon Availability

Type
Projected average monthly Spatial Downscaled projections of monthly temperature, precipitation, radiation

EIOD ~ra O pitation and yanor pre £ trom the Mas Plaphe In tute tor Meteorolo ronea
=




Philip Martin
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Alaska Thermokar's‘r Model
o . e

Alaska DispatchNews = ;

NEWS POLITICS VOICES ARCTIC CULTURE SPORTS ADVENTURE MULTIMEDIA
Obituaries Nation-World Anchorage Fairbanks Mat-Su Crime Business Energy Science Cannabis Nor

Wildlife
As spring comes sooner, geese arriving earlier to Colville

River Delta nesting sites
Yereth Rosen = Alaska Dispatch News = October 23, 2015

“Black brant have increased dramatlcally in number on the
North Slope...sags in permafrost are changing hydrology
and favoring the salt-tolerant plants that are most beneficial
to brant...”

Philip Martin
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Alaska Thermokarst Model

—>-7 Vegetation type, Soil structure,
Thaw depth and permafrost dynamics

s

. Vegetation | s Alaska Thermokarst Model
K Dynamics 4 : :
et - s 5
B - et | - = A S
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* State-and-transition model * 1 km?resolution, annual time

4 * Framed-based methodology to step

4 track cohorts * Simulation period ~100 years

* Unique representative from present

i landscape unit * Landscape transitions for the

' * Tracks cohorts by fractional arctic tundra, boreal forest, F
2 area of a model element (NOT and lakes

spatially-explicit)




i thermokarst predisp model
0.000000

25.000000
[ 50.000000
[l 75.000000

I 100000000 Presence of
permafrost
Ice content of the
soils
Physiography (upland
vs lowland)
Presence of histels
(organic layer > 40
cm overlying
permafrost)

Hélene Genet

http://ckan.snap.uaf.edu/dataset/thermokarst-formation



" Initiation and Expansion Modules

Arctic Tundra Frame Boreal Forest Frame

-m Arctic tundra thermokarst frame

tha e Shrub Tundra
- 3
H 2 Non-polygonal _— =
*pciditcation | ————————| [ 2§ Lowceniarroiygon Treed bog/Transition _ Succession
E g Flat Center Polygon f— 3
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Drained lake / *
Meadow

Gradient of Fens— Young\
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Step 1. Determine
Probability of
Initiation

Wetland Tundra —
Flat Center Polygon

Step 3. Determine Step 3. Determine

Step 2. Determine
Rate of Terrain
Transition
D[ Probability Probability

Of Eco-type Change Of Eco-type Change

Graminoid and/or
Wetland Tundra — Shrub Tundra -
High Center Polygon High Center Polygon
Graminoid and/or

A. Major/significant Climatic Event? Shrub Tundra —

B. Active Layer Depth > Protective Layer Depth? Flat Center Polygon
C. Cumulative Probability of Initiation Updated

D. Cumulative Probability of Initiation “Reset” to 0
E. Climate support new eco-type?

T
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Expected Output (examples)

- S et 2
* Lakes Fractional Area - 1950 10 1.0
0.9 0.9
0.8 0.8
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; 0.5 0.5
L= 0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
0.0 0.0
Dominant Cohort - 1950 Maadow 0'7; — Lakes
] -= Ponds
Wetland: Lop 0.6 1 Non-Polygonal Ground
1 —— Low Centered Polygon
Wetland CLC 0.5 Coalescent Low Centered Polygon
"2 | — Flat Center Polygon
Fictiond FEP g ] High Center Polygon
E 0.4
Wetland HCP - — —M\‘_‘
[ — ol
S 0.3 -
Pond = ]
o ]
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IEM Phase 3

Focus on code completion/coupling

Application of IEM to address specific
resource manager needs

M.

Arctic Coastal Plain
Yukon & Tanana Flats
Yukon-Kuskokwim Delta

Seward Peninsula

Alaska Climate Science Center Pilot Project

Co-production of science framework

Working with resource managers to ensure
useful science / products

Step 2. Determine

Wetland Tundra — Shpg;&q:rek;m;:e
Flat Center Palygon e

Rate of Tarrain
Transition

Step 3. i Step 3. i
Probability Probability
Of Eco-type Change Of Eco-type Change

Graminoid andior

Wetland Tundra - Shrub Tundra —
High Center Polygon High Cantar Polygon

A, Majorigignificant Climatic Event?

B. Active Layer Depth > Pratective Layer Dapth?
€. Curnulative Prabability of Bitiatisn Updated

ID. Gumulative Prabability of initia ticn *Reset" to 0
E. Clmate suppert new soo-iype?

Graminoid and/or

Flat Canter Polygon

Dominant Cohort - 2006

&

Meadow
Watiand LCP

r
Wetland CLC

Wetland FCP r
[

Waetland HCP

Fond

Lake
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