Importance of representing
heterogeneous small-scale
arctic polygonal tundra in

large-scale ecosystem models,

for reducing uncertainties in

carbon balance




Heterogeneity of arctic tundra

4 0 |
o —————
Microtopography 5. " s mmmid Ay '1; - l‘g
Extensive Evidence of the control of fine scale Ll T, l;
\___ tundra heterogeneity on structure/function Wrig‘ﬁ’t of a,“’;m"gy

Zona et al. 2010, 2009, 2011; Lara et al. 2012,2015;
POl] Villarreal et al. 2012; Olivas et al. 2010,2011; Brown et al. 'jf
Gec 1980; Lin et al. 2012; Hinkel et al. 2003,2007; Hollister et &
\— al. 2005; Oberbauer et al. 2007; Yi et al. 2013; Eisneret &=
( al. 2005; Liljedahl et al. 2011; Lin et al. 2015; Cohen et al. ¥

2015; Wainwright et al. 2015; Newman et al. 2015; Mann }
Ve et al. 2015; Jansson and Tas 2014; etc, etc., etc..

Di:

Disconnect with Modeling applications....

\_
-

Lakes, DTLBs,
Interstitial Tundra

\




Models representing arctic regions

Large-scale (panarctic) simulations necessary
(25km-0.5°)

Patterns, trends, and trajectories of change

Can we improve tundra representation?
This study focuses on a data-rich subregion

1.
2.

Change in carbon balance through 2100
Model error associated with decreasing tundra
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Northern Alaska, Barrow Peninsula
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* Northern most point in the US

e Ice-rich continuous permafrost

* Sedge/Grass moss wetland (CAVM 2005)

* Lakes, DTLBs, Interstitial to Polygonal
ground



Process model:
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Questions

* How might landscape-level carbon balance
change with projected warming through 2100 on
the Barrow Peninsula?

Lara et al., in prep.



Model Parameterization

Soil Horizon Depths Total Soil Carbon
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Net Primary Productivity

GPP= CmaxX f(PAR)X f(Phenology)X f(mleafC/
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Net Ecosystem Carbon Balance

NECB = (GPP - (ERgrowth + ERmaintenance + Erheterotrophic))
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Cumulative SOC (gC m™2)
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Landscape-level maxNDVI trends
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Model Validation
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Retrogressive community-level modeling
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Observed vs Modeled peak growing season

CO:2 exchange

NEE: -1024 + 49 10° gC day}, Lara et al 2015
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* Similar spatial patterns: Zona et al. 2010,
Sturtevant & Oechel 2013
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LANDSCAPE LEVEL A SOC BETWEEN 1970-2100
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Questions

* What 1s the importance of fine-scale polygonal
tundra heterogeneity on landscape-level estimates
of carbon balance? How much model error may
be expected with the (1) increase of spatial
representation (0.0009-25km?) of the tundra
landscape, and (2) reduced class (i.e., community/
land cover type) size?



Uncertainty evaluation associated with land

cover heterogeneity .
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MODEL ERROR

Fine scale = 0.0009km?* & Group 6
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Model error due to increasing spatial resolution/
group size (i.e. decreasing heterogeneity)

80% +— Array of model
< stdev | groups for each
= = . .
O o, | y=0.0228x+0.0744 ~ . [— spatial resolution
| - 6OA) 2 : !
o R? = 0.8463 =
2 ® <
3 A
5 40% :
>
1 o s < _ 7;:;;__;___I_r_1crementaI
-c ’ /’_,,r"' . I I .
2 spatial resolutions
U 20% S
ﬁ ‘ <77777/<<</—>/_7__/
0%
0 5 10 15 20 25

Spatial Resolution (km?)

Model error increases ~2.3% for each 1 km? coarsening of spatial resolution.
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Take Home Messages
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 Though we find the CO; sink strength to increase
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(2100), winter processes (after soils freeze) are &,
poorly constrained, and CH4 dynamics are not —
considered (in progress) g
_* Model error increases with decreasing tundra el
heterogeneity o

0"l « Maximize computational efficiency, minimize
model uncertainty (€2km? and 2 groups)
 Methods for integrating across scales of land

cover heterogeneity is important for reducing
model uncertamty/varlablllty
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