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Biological turnover model classes
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Qualitative «minimal» on long

Simulation models on short time

scales (minutes, hours, days, timf: scales (month, year et: al.)
decades) (Wetland-DNDC) (Hilbert et al, 2000; Frolking,
——  2001; McGill et al., 2010)
T~ Models of
intermediate

complexity



“Simple” models of biological turnover in peatlands in context of the
model system COMBOLA
(COmplex MOdel of BOg LLAndscapes)

H,0

Co, tree layer

LAR |

CH,

shrub-grass layer

aerobic zone

moss layer
litter roots layer
water table depth
peat

anaerobic zone




Universal scheme of a biotic turnover in terrestrial ecosystems
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“Minimal” models

G — green phytomass, Pr — perennial phytomass, R —
living roots, D+D’- dead standing phytomass,
V+L+{Slh} — dead roots + litter + {humus}, Ph+Z —
phyto- and zoophagues,

Mo+F+Sph — microorganisms+fungi+saprophages,
Sin — soil reserve nutrients.




Aggregation of static schemes for biotic turnover schemes in minimal models
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Minimal aggregated compartment schemes of particular and combined cycles
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Simplest aggregated models of carbon cycle: feedbacks and critical flows
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Dynamic equations for the 2-component scheme:
h dG/dt=C (C) mC, ,C
2 dc,/dt=q, m,C,+ ,,C

with feedback:

DdC /di=C (C) mC,
2) dC2 /dt = q, m2C2 + gCI - 121G

Dynamic equations for the 2-component scheme

12C1+y21C1C2




NPP-phytomass relation in terrestrial ecosystems

d;j — NPP ylc; flg yﬁ - carbon balance equation for vegetation
NPP l

yllc y12C C C . ..
< C — NPP =¢q; y,, -netprimary productivity
NPP  const(C)) NPP  C

. y23C
¢ v /1 c lim NPP = const
q% G % C) -

yzlc\l/

In any mathematical model of biological turnover in terrestrial ecosystems on any time scale
the equation for carbon balance of vegetation is strongly determined by functional form of the
Net Primary Productivity - the difference between gross photosynthesis and autotrophic

respiration.




NPP-phytomass relation in peatland ecosystems

Forest peatlands of Western Siberia
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Simplest aggregated models of carbon cycle: feedbacks and critical flows
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Simplest aggregated models of carbon cycle: equilibria and stability

1) The only non-zero equilibrium

2) Up to two non-zero equilibria from a quadratic
equation for C,*

Equilibrium [0; g,/m,] belongs to all models

1) Up to two non-zero equilibria from a quadratic equation
for C,*

2) Up to three non-zero equilibria by qubic equation for C,*

Jacobi matrix for non-zero equilibria:
NPP

12

Stability condition for models 1) u 2):
NPP

<m+
]

Jacobi matrix for non-zero equilibria :

NPP
J= C m 2t GG, 21CC,
1
2 26 m, ,C
Neutrality condition (Hopf bifurcation):
. NPP .
m,+ ,C +m+ = + G,
Node condition (saddle-node bifurcatio
NPP . . .
(—— m p)my+ ,C)=(, ,G) G

C

1




Two-component schemes of carbon cycle in peatland ecosystems of southern
taiga in Western Siberia
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Data from (Golovatskaya, Dyukarev, 2009; Golovatskaya, 2010).




Dynamics of carbon cycle in southern taiga peatlands of Western Siberia
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Modelling a combined carbon-nitrogen turnover in peatland
ecosystems: biological mechanisms

NPP\L .
Consumption

Run-off
— >
% LOM C], N] %
N\ LOM - living organic matter
without consumers,
Litterfall Consumption
DOM - dead organic matter
/ Decay
YV
— —
Input DOM G, N, Run-off

Carbon and nitrogen interaction is provided by two mechanisms

(Logofet, Alexandrov, 1984):
1) intensity of litterfall (f{,¢) is proportional to the C;/N; ratio in the living phytomass that
reflects nitrogen starvation of plants;

2) decay rate for dead organic matter decreases with the increase of Cs/Nj ratio.




Modelling a combined carbon-nitrogen turnover in ecosystems:

mathematical form

Mathematical form for coupled N-C flows (Alexandrov et al., 1994):
1) Litterfall : 2

C
_ . £C _  C ™M Q .£N _ N
carbon flow: 7 = 7~ —L, nitrogen flow: f12 = 12(:’1
1
2) Decomposition of dead organic matter:
_ . C C _ni . N
carbon flow: ys = d2 N, - nitrogen flow: 3, = 4,

2
3) nitrogen uptake from soil by plants: £ = My
C

2
4) NPP functional form: NPP = Cl (Cl ) fzjif (C2 , V. 2)

2
~ N

¢,
Cl




Modelling a combined carbon-nitrogen turnover: dynamic equations

NPPJ{ Dynamic model of combined carbon-nitrogen turnover :
= ynC N2 c
é c.v acildi=C () gk & iy

_.Q
2
dN,/dt= m'N, N, ;G @
2
fis N @ _C C
0 2\ vf” dC,/dt=q, m,C, -I-

c &
W 12 N,
2 C,, N. 2 2
> 2, 1V2 N N
dN,/dt=q) m)N,+ ~C, N»—=2C, d)—*
\l/ C2 C2
l/ y23 y21

Temperature dependent model parameters:
NPP = NPP(C,)- NPP of vegetation increases under atmospheric CO, content C,,;

m,¢ =m,“(T) — peat formation intensity;

d,¢ = d,(T,H) — intensity of decay for dead organic matter depend on the annual air temperature and
total precipitation in a polynomial form.

Climate change scenarios from the global climate model IPSL (CMIPS):

RCP-2.6 (softly warm) — +0,9 ... 2,3 °C up to 2100 globally, +1,0 ... 1,5 °C locally
RCP-8.5 (extremely warm) - +3,2 ... 5,4 °C up to 2100 globally, +2,8 ... 4,0 °C locally




Two-component schemes of carbon and nitrogen cycles in peatland ecosystems of
middle and southern taiga in Western Siberia
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Data from (Kosykh, Mironycheva-Tokareva, Parshina, 2010;
Makhatkov, Kosykh, Romantsev, 2007; Makhatkov, Kosykh, 2010;

Basilevich, Titlyanova, 2008).




Stability boundaries for steady states in models of a biotic turnover in
peatlands of middle and southern taiga in Western Siberia

0.1
©  Southern taiga
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Climate change by the
[PSL global climate model
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Stability domains of stationary dynamic regime of the biological turnover:

1 — oligotrophic pine-shrub-sphagnum mire (“high ryam”); 2 — oligotrophic pine-
shrub-sphagnum mire (“low ryam”); 3 — mesotrophic fen; 4 — oligotrophic fen; S —
pine forest; 6 — eutrophic fen




BreiBobI

1) For peatlands from different regions various relations between NPP and phytomass
can be obtained with equal requirements. They can be approximated by rational
functions determining dynamics of the simplest two-component models of biological
turnover;

2) Minimal aggregated models of separate carbon cycle can demonstrate a functional
form impact for flow dependency but limited in estimation of turnover dynamics and
equilibria although the model with feedback shows oscillatory dynamic regimes;

3) Nitrogen cycle inclusion even into the simplest scheme of the turnover allows to
make calculation and interpretation of equilibria more effective and realize some
feedbacks in the system;

4) «Soft» climatic scenario RCP-2.6 of the IPSL model can transform oligo- and
mesotrophic fens into forested states (“ryams”) while “ryams” can perform into
forests under a century time interval;

5) Under the «hard» climate change scenario RCP-8.5 of the IPSL model forested
oligotrophic peatlands of middle and southern taiga can be transformed into fen state
due to increased precipitation except “high ryam” of the middle taiga that can
become forest due to sufficient nitrogen availability.
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