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Land Uptake (GtC/lyr)

- Two Issues

- A Why do land models

behave so

I differently?
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A How could big data
ne integrated into
0ig models (BDBM
challenges)?




New theory and technigues

A A theoretical framework of carbon storage
X(t) = Xe(t) - Xp(t)
A Highfidelity emulators of carbon cycle models

I Model evaluation via 3D parameter space,
traceabllity framework, variance decomposition

I Model improvement via seranalytic spirup and
data assimilation

I Model development via component evaluation



Recommendations

A Tier OYou do nothing, we will find ways to
analyze your results

A Tier 1Model outputs: GPP, residence time)to
estimate the equilibrium capacity ¥Xand

potential (X,)

A Tier 2Developing an emulator for your model to
enable analytic spHup, traceabllity, parameter
space, variance decomposition, and data
assimilation

A Tier 3Establishing a library of emulators to allow
various analyses



Challenge
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What we have searched for

Bio&®GC CENTURY DayCent TRIPLEX JULES ORCHIDHE

Rot6 Common properties [ReEZE
shared among mode|syrermes
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Model Outputs

e.g., Ecosystem C stock



Fundamental properties of the terrestrial
carboncycle

1. Photosynthesis as the
primary C influx pathway
' CANOPY 2. Compartmentalization,

3. Partitioning among pools

4. Donor-pool dominated
carbon transfers

5. 1st-order kinetics of carbon
transfers
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Fundamental properties of the terrestrial
carboncycle

1. Photosynthesis as the
primary C influx pathway
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: Autotrophic
2. respiration

" Heterotrophic

espiration of
CO,

A

Dead Wood

Root mortality
C ) and exudation

. basiIC processes

D: General model

Luo et al. 2001 EcoMonog
Luo et al. 2003 GBC

Luo andWeng2011 TREE
Luo et al.2015 GCB

Luo et al.under review

Photosynthesis
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Model development ‘\ v Y
Passive SOM (Xg)

B: Shared model structure

C: Similar algorithm

:\e dX(t) Generalization dX,(t)/dt=bU(t)-Ec, X, (1)
1 —a = Ax(t)CX(t) +BU(t) Plant 3 dX,(1)/dt = b,U (1)~ Ec, X, (1)
,[ dX,(1)/dt = bU(t) - Ec, X, (1)
:' X(t=0)=X, dX,(1)/dt = E[c,a,,x,(1) + c3a,5%, (1) — ¢, X, (1)]

Litter
dX (t)/dt = &[c,a5,x,(1) + ¢, x, (1) + c;a5,x, (1) — ¢, X (2)]

dX(1)/dt = E[c,a5,x, (1) + C5as x5 (1) + €A%, (1) + Coa e X (1) = ¢ X ()]
SOM dX,(t)/dt = E[csa,5x,(t) + coa x4 (1) = ¢, X, (1)]

~

dX(1)/dt = E[cgagexs (1) + C,a5,%, (1) = ¢ X ()] )




A long history of using matrix equation:

u—bNu
ATMOS_PHERE > BIOSPHERE
N <— N =O0OSN.
a
kb-c: Nb b ?
KaemMa Y AKpeaNm kh-aNh Y Kp-nNp

MIXED LAYER HUMUS
Npm= k2N, N, =1.5Ng

km-dNm¥ PNkgomNg

_ . Bolin &Eriksson1958:
CEEFSEA | Emanuekt al., 1981

Nd=60Na




Major Issue ( ) = AX(H)CX(t) + BU 1)

X(t:O):xO

—\ =) =/ =>D:

If the carbon cycle mathematically a& extremely
simplesystem,

A Why is the natural phenomenon so complex?
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Nonautonomoussystem

A dynamical system with its input and paramete
being time dependent

je % = Ax(t)CX(t) + BU(t)
|
L X(t=0)=X,

U (t)Is input, which is time dependent

Parametersx(t) ar@t) are time dependent



NIMBioS Working group

and Biological Synthesis




External vs. internal components o
carbon cycle dynamics

X'(t) = Ax(t)CX(t) + BU(t)
X(8) = (AZ(OK)Bu(t) — (AE(OK)X'(¢)

Instantaneous responses Internal capacity
to external forcing of equilibriation



Threeadvances

X(t) = (AS(K)'Bu(t) — (AS(@K)1X'(6)



Advance 1: Emulator

Input: GPP, temperature and precipitation

X(t) = (AS(K)'Bu(t) — (AS(@K)1X'(6)

Exactly reproduce simulation output of original
models



dCi(2)
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= Ri(2)+ Z (1=rj)T;ikj(2)Ci(2) =ki(2)Ci(2)

Emulator

X(t) = (AE()K)~*Bu(t)
—(AE(DK)1X'(0)

1
—
=
Kovenet al. 2013 &

Olesonet al. 2013

Shi et alin progress



A Is a block diagonal transfer matrix with dimension
70 by 70 (7 C pools per soil layer for 10 layers

Al -1
, where -1
A0 = A, s, -l
AL= A., -1
ALU_ As> As3 -1 Ase Aas7
Aos Aos !
Ars dre 1

A 1s a block matrix witlh.being the soll layers taking
value from 1 to 10a,;, Is C transfer fronif" receivingpool
from j*" donatingpool

Shi et al. Unpublished



Soil carbon concentration

by model (Kg C ®)
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Shi et al. Unpublished



mulators

LPIGUESS

10 ha - 2500 km? or species cohort in patch
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