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Combined modeling of biotic turnover and peat deposit processes
for peatland landscapes of southern taiga in Western Siberia with
Complex Bog Landscape Model COMBOLA
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BoJ10THBIE SKOCUCTEMBI M JAHAIAPTHI 00peabLHON 30HbI

IKOCUCTEMbI TOPPSHBIX 00JI0T ¥ 3200/ 109€HHbIX 3€MeJIb:

-3aHUMAIOT 0KO0JIO 3-5%0 OT MOBEPXHOCTU MUPOBOM CYIITH, COCPEAOTAYNBAS
3HAYMTEIIbHBIC 3aIachl yriiepoaa B Buje Tophsubix 3anexei 120 - 455 IIrC (Gorham
1991; Bomnepckuii 1994);

- mo maHHbIM Botch et al. (1995) 3amach ymiepona B 6osorax Poccun pasusr 215 IrC;

- IUIOIIAIh OOJIOTHBIX AKOCHCTEM 3amagHoit Cubupu coctapisieT 42%0 oT miomnaau
6010t Poccun, mpu 3Tom B Topdsinnkax 3anagHon Cudupu coaepKutcs okono 36%0 ot
oO1iero mysa nouBeHHoro yniepoaa Poccuu (Bomnepckuii, 1994; Edbpemos, 1994;
TutnsnoBa, 1998);

-3aHMMAaIOT COITIACHO COBPEMEHHBIM OlleHKaM, 8,1% Teppuropuu Poccun (Bommnepckuii
u ap., 2005);

- MOT'YyT OBITH KaK HCTOYHUKAMM, TdK U CTOKaMM YITICPOA-COACPKAILINX I'a30B IIPHU
N3MCHCHUAX KIINMATAa U aHTPOIIOI'CHHBIX BOSﬂCﬁCTBHHX;

- U3-3a OOJIbIIEH TPYAHOCTU UCCIEAOBAHMS U CI0KHOCTH (DYHKIIMOHUPOBAHUS XYHKE
YUYUTBHIBAIOTCS B paCYETax U MPOTrHO3aX YIIEPOAHOro OallaHca, YeM Jieca.



Complexity of a biotic turnover and biogeochemical processes in
peatland ecosystems
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Kiaccel Ouoreopusnyeckux Moaesaen 00J10THBIX IKOCHCTEM

Kuaaccol Mogesieil OMOTH4ECKOT0 KPYroBOpOTa 1
IMUCCHH TA30B € OBEPXHOCTH 00JIOT

JleTajibHble MMUTAIUOHHBIE HA KavyecTBeHHbIE KMUHUMAJIbHBIE)»
MAaJIbIX MacIITaA0aX BpeMeHH! Ha 00JbIIUX MacIITadax
(MHHYTBI, 4aCbl, CYTKH, A1€Ka/IbI) BpeMeHH (Mecsil, roja u 0oJiee)
(Wetland-DNDC, Li et al., 2002: (Ao ELEl, A0 eI
2001; McGill et al., 2010)
JlaBpoB u ap., 2005;

Kamo:xxnblid u ap., 2005)



Model system COMBOLA:

layer-module structure

(COmplex MOdel of BOg LAndscapes)

PreC|p|tat|on

WTL

Model layer — a set of the same
objects and processes on all
time and space scales

Model module — part of the layer
for selected time scale combined
with parts of other layers

Main model layers

- Biological turnover (carbon, nitrogen, ..

y
- Water cycle and WTL calculation

- thermo- and water exchange in
peat deposit
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- Gas exchange (CO,, CH,) in peat deposit
with a number of layers

- Calibration of flow coefficients and
biophysical parameters

- Climatic and human impact scenarios



Biotic turnover and peat layer processes in peatland landscapes as
keystones of model system COMBOLA
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The main goal of model system COMBOLA:

Multi-component modeling of biotic
turnover + biogeophysical processes inside
peat layers over different time scales




Bog carbon cycle model with a water balance on an annual time scale
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Active peat layer
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Flow functional form accounting water:

NPP =C, ¢, (C,)p, (W) f (Ta)

where ¢2(w): S

1+g,wW°

_ EwC,
1+d,w
m, C; - phytomass consumption, a;,C; — litterfall,

T - evapotranspiration

Vs = IS, peat deposit
1+d,w
chZ .
o9 = - dead organic matter decay
1+d,w




NPP - phytomass relation in peatland ecosystems

Phytomass, t’ha

Forest peatlands of Western Siberia
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Simplest carbon cycle model with a water balance in a peatland landscape

Consumption Run-off
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Dynamic model for two-component carbon cycle
scheme with water balance :

1) dC,/dt=C, (e (C)e,(W)—m, —a,,)

d wC dC
D dC,Jdt=g,=mCyra,C= 0=
0 0
3) dw/dt=P+q, —dw- =
1+d,w

Model dynamics depends on monotonicity
of factor ¢,(C,) and properties of water
factor g, (W).

1) One elementary equilibrium — in-peatland lake:

d, +d,w®
1+d,w®

2) All other equilibria are found from the equation:

P + qw o dldOW2 + W(dO(P + qw) _ dl) —
m, +a,,
@, (W)

C”=0w” =(P+q,)/d;,C;’ =q, /(m, + )

= E0W¢1_1( )




Two-component static diagrams of annual carbon cycle in Western Siberian
southern taiga peatland landscapes
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Data from (Golovatskaya and Dyukarev, 2009; Golovatskaya, 2010, 2013; Valutskii and Khramov, 1977; Bazilevich and Titlyanova, 2008).




Western Siberian southern taiga landscapes
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1 — pine-grass-sphagnum forested bog
«tall ryamy

2 — mesotrophic sphagnum fen

3 — oligotrophic fen with lake



Stability of typical steady states in the two-component carbon cycle model

In-peatland lake equilibrium:

1 ; . d +d w® Curve of stability loss
cP=0,w® =(P+q,)/d,,C" =q,/(m, +

) for in-peatland lake:  #.(W")@,(0) =m; +az,

1+d,w®

Stability relations for non-zero steady states: ¢ @ =0;

EW?p (C?) ., E,C.” . E,C?
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05 1 _ _
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>p0/gl 6 — oscillatory regime

7 — mesotrophic fen is stable




Three-component simple carbon cycle model

Phytomass Destructors &
C, consumers C,

Dead OM
Cs

Simple dynamic model for 3-component scheme :
dc,

dt
dC,
dt =0, +71,C,.C, —m,C, —a,,C, +73,C,C4

=C, ((01,2 (C)—m, — a5 —7,C,)

dG; _

dt 05 —MyCy + 3Gy = 73,C,C5 + a5C,

In-peatland lake equilibrium [0;0; q4/m,]




Two-component schemes of carbon cycle in peatland ecosystems of southern

taiga in Western Siberia
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Oscillatory dynamics in the two-component carbon cycle model
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Stability boundaries of equlibria:

1 —in-peatland lake is stable; 2 — mesotrophic fen and low “ryam” are stable; 3 — oligotrophic fen is
stable; 4 — tall “ryam” is stable; 5 — pine forest is stable; 6 — oscillatory regime; 7 — mesotrophic fen is
stable; 8 — oscillatory dynamics




Modelling peat layer processes on annual time scale
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Simple dynamic model for CO, dynamics
in peat deposit

(6C.,, O oC

= 2 (Doop 2592) 4 dSC,F (T, W
< dt aZ( aCOZ %Z )8 272 ( )
T T
=2
\ T dt 82( dz)

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

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

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 (CMIP5):

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




Combined modelling of CO, emission in bog landscapes with two-component
carbon cycle model and peat layer processes model

Climate change by the
IPSL global climate model
with scenarios:

- RCP-8.5

- RCP-2.6

>
Po/&y

Stability domains of stationary dynamic regime of the biological turnover:

Stability boundaries of equlibria:

1 —in-peatland lake is stable; 2 — mesotrophic fen and low “ryam” are stable; 3 — oligotrophic fen is
stable; 4 — tall “ryam” is stable; 5 — pine forest is stable; 6 — oscillatory regime; 7 — mesotrophic fen is
stable




@ A Conclusions

1) Complexity of natural processes in peatlands can be reflected by a series of
combined multi-component models of biotic turnover and thermo- and mass
exchange in the peat deposit on different time scales;

2) BkJjroyeHue YNpOIIEHHOT0 BOJAHOTO 0ajaHCa KOPHEOOHMTaeMOro cJiosi Topda
M03BOJISIET HHTEPIPETUPOBATH PEKMMbI KPYTOBOPOTA € TOUKH 3PEHUS TMIPOJIOTHHN;

3) KonedaTebHbIe pPeKMMBbI YBEJIHYHBAKT CBOM 00JACTH YCTOWYMBOCTH NMPH y4deTe
NEATeJIbHOCTH JACCTPYKTOPOB W mNOTpedMTeieM B OHMOTHYECKOM KpPYIOBOpPOTE
0JIMTOTPOQHBIX 00JIOTHBIX JAHAIIA(PTOB.

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 “tall ryam” that can become forest.






