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Overarching Questions

» What is the current budget of CO, and CH, of the
global land ecosystems?

> How will the budget change over the 21st century?

» What is the impact of the budget change on climate
in the 21s' century?
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Methane Consumption and Emission Model

Atmospheric CH, Concentration (A,)

Plant -
Mediated
Emission (Py)

(Oxuc Soul)

%(Anoxic Soil)

Diffusion
(Dsa)

CH, Consumption (M.)

CH, Production (M)

Ebullition
(Ee)

Soil / Water Sur'face

Upper Boundary

Water Table

Lower Boundary

(Zhuang et al., 2004 GBC)



MODELING 6LOBAL BIOGEOCHEMISTRY
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Table 2-1. Pools and fluxes used to calibrate the rate-limiting parameters ofthe
Terrestrial Ecosystem Model. The pools and fluxes of PFT-level and biome-level
simulations were calculated by weighted average across corresponding areas ofeach
species.

Species-level PFT-level Emme-
level
White  Black Birch  Aspen Poplar Needle- Broad- Boreal
Spruce Spruce leaf leaf Forest
GPP 1087 334 309 Q77 051 984 342 963
NPP 217 152 279 337 328 190 290 204
Cv 10356 3250 6624 7180 7183 7460 6736 7358
Ny 34.25 15 35 35 33 26 35 27
Cs 10527 15000 7755 6256 13045 12350 7671 11693
Ng 400 505 546 310 617 443 506 452
Nav 1.23 0.5 1.53 1.84 1.97 0.93 1.60 1.03
NPPSAT 326 228 419 505 492 286 436 307
Nuptake 1.96 1.8 7.31 7.67 6.94 1.89 7.36 2.66

* Units for annual gross primary production (GPP). net primary production (NPP),
saturation response of NPP to nitrogen fertilization (NPPSAT), and annual N uptakeby
vegetation (Nyptake). are g C m~2 yr-land g N m~yr-1, respectively. Units for vegetation
carbon (Cv) and soil carbon (Cs) are g C m. Units for vegetation nitrogen (Nv), soil N

(Ns). and available inorganic N (Nav) are g N m-2.



RESULTS (1)
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Fig. 1. Carbon density [kgm™2] in the top 1 m of soil from the
Northern Circumpolar Soil Carbon Database (NCSCD) (Tarnocai

et al.,, 2009) and Harmonized World Soil Database (HWSD) °
(FAO/TIASA/ISRIC/ISSCAS/IRC, 2012).

Todd-brown et al. (2013)




Continuous ($1%-100%
Discontinuous (51%-90%)
Sporadic [ 1%-5%]
Isolated Patches (< W)

m Tree line
11.2 to 13.5 million km?2

(Zhang et al., 2000, Polar. Geogr.)

[r] ]
I'.“ ]

Soil Organic Carbon Content | 27 ©3, 17
007 - 10 kg/m’ .

1001 -50 kg/m* || Treeline

> 50kg/m'’

1672 Pg C in soils and permafrost
or 3 the belowground organic C

(Tarnocar et al. 2009)




atmospheric carbon dioxide

gross
primary respiration decomposition
production

liczerfall
production

Soil
Vegetation and
Detritus

exchange

Labil
Hitrn;n H Nitrogen

licterfall
production

net exchange/

uptake uptake mineralization

MNitrogen In?rgani < Nitrogen
input —P» Nitrogen lost

Terrestrial Ecosystem Model (TEM)

The Ecosystems Center, Marine Biological Laboratory (Weoods Hole, Massachusetts)




KEY RESEARCH QUESTIONS

Large stocks of SOM in northern high latitude
ecosystems

- one of the largest potential feedbacks to climate
change

Regional and global scale decomposition models omit
key biogeochemical mechanisms

Microbial models have the potential to outperform

traditional Q10 models (Allison et al., 2010; Wieder et al.,
2013)

He et al. (2014) Biogeosciences
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Presentation Notes
, recent mechanistically based models that explicitly account for microbial biomass pools and enzyme kinetics that catalyze soil C decomposition produce notably different results and provide a closer match to contemporary observations 


B3 :-
3
T

W Moss layer
1stlayer
_________ 2ndlaver| Fibrous horizon
3rd layer
\ 4
Root 1stlayer N
distribution 2nd layer
------------------ Amorphous
3rdlayer | horizon
Soil temperature NP

and moisture
profile




/RT CE e/ RT
a — ptake
x@ V = * @ _ Eqc/RT
Vmaxsx Us, e M&X yprice uptake VmaXSOC Qe * €
soc ASSIM = Vimax.,_ #MIC*— Lo
DECOMP =V max  * Enz* vy o wptake ™ kM s, +[S.]
+
e [SI=[Stisie] X Diig X 6
d0C . Microbial
—— =1nputSOC + DEATH * MICtoSOC + ELOSS - DECOMP 1crobia
d death
! 7
Microbial
Litterfall 5 Enzymatic assimilation o
and root SOC chay > Soluble C A MIC
Input A .
I O, & ___.
' moisture
Enzyme ' Enzyme EI:lZyme
turnover ! catalysis production
| COZ \
' ENZ
co, =V, s L% O] N\eyic
(5] kMSx +[S,] w
dSolubleC

= DEATH * (1—- MICtoSOC) + DECOMP — ASSM
[0,]=D,, x0.209xa"”
dEnz

——=EPROD - ELOSS BD
dt a=1- 0 0

dl\/li—ASSIM CO,- DEATH - EPROD




x 10

=]

[ N h o)

Simulated soil respiration (mgC cn h'1)
frat

S

1 . 3 4 5 i
Observed soil respiration (mgC cm? h'1)

x 10




SUMMARY

Soil decomposition models should explicitly
represent different soil horizons and soil-
microbial interactions



INCORPORATING MICROBIAL
DORMANCY INTO SOIL MODELS
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Presentation Notes
PLFA-active; fumigation- total;
the transition between dormant and active state of microbes can be fast (in the order of hours to days) with substantial magnitude change (e.g., an order of magnitude) in the proportion of active biomass and relative abundance of different phylogenetically clustered microbial groups, but with little changes in total microbial biomass.
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Presenter
Presentation Notes
the assimilation of substrate by microorganisms is assumed to be regulated by the C:N ratio of microbial biomass and that of the soil
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Methane Consumption and Emission Model
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Methane Fluxes at a Fen Site in Canada
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Methane Fluxes of a Wet Tundra Ecosystem in Alaska
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Net Methane Fluxes in the 1990s
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Biogenic Methane Emissions from Wetlands

Global CH, Flux
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Presentation Notes
Trait-based modeling – specifically model the methanogens and methenotrophs.  Stoichiometry approach – heteotriphic respiration, coupled with ecosystem carbon dynamics.  
) Genomic work. Production pathways (mentioned DOE proposal with Scott and others).  2)  Mention project with Ariozan State (on NPP feedbacks to CH4 emissions).  3)  Mention SPRUCE DOE deep carbon 


SUMMARY

Dormancy produced more realistic microbial
biomass and soil Ry

Species level of high plants might be eventually
needed

More detailed microbial traits shall be included
in global biogeochemistry modeling of carbon
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