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Abstract

As a rule, developers of climate and biosphere models aim at
predicting the most probable scenario. Thus, they have to take
into account the maximum possible number of various,
frequently mutually compensating, interactions of the
components of these systems.

However, assessment of the contribution of any climatic or
biospheric process has finite accuracy and is represented by a
confidence interval. So there are possible much large climatic
and biosphere changes than in most probable scenario.

For the estimating probability of catastrophic changes we can
seek not most probable scenario but just take parameters from
the confidence intervals. (It is the idea of the principle of the

worst scenario).



Radiative forcing of climate between 1750 and 2005
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Figure 1| Climate sensitivity required to explain the observed 1940-2000
warming as a function of the strength of aerosol radiative cooling. The
solid line represents results using the central estimate of heat capacity

(1.1 = 0.5GIm “K™') from Levitus et al*, and the dashed (dot-dashed)
lines represent the higher (lower) limit of this heat capacity. More details of
the model are given in Box 3,

M.O. Andreae, C.D. Jones, P.M. Cox. 2005. Strong present day aerosol cooling implies a hot future.
Nature., 435, 1187-1190.
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INITIAL MINIMAL MODEL OF GLOBAL CARBON DYNAMICS
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RESULTS OF INTIAL MINIMAL MODEL
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INTEGRATED MINIMAL MODEL OF GLOBAL CARBON DYNAMICS
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VERIFICATION OF INTEGRATED MINIMAL MODEL
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RESULTS OF INTEGRATED MINIMAL MODEL
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Temperature influence on
photosynthesis and soil respiration
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(@) CO, Concentration (b} Land Carbon Uptake
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The GCM is based on the third Hadley Centre coupled ocean-atmosphere model, HadCM3, coupled to
an ocean carbon cycle model (‘ ‘HadOCC’ ’) and a dynamic global vegetation model ( “TRIFFID’ "),

P.M. Cox, R.A. Betts, M. Collins, P.P. Harris, C. Huntingford, C.D. Jones. 2004. Amazonian forest dieback
under climate-carbon cycle projections for the 21st century. Theor. Appl. Climatol., 78, 137-156.



Sufficient condition for runaway feedback

dc,
dt

- P-S

P=P-f.(A): f.(I) -gross primary production (GPP)

§S=8,C,: fo(T) - total respiration

co b S JoT) _ equlibrium value of terrestrial
Sy fs(T) carbon

diiq=ceq( 1 8fF(A)+8T( I of,(T) 1 afS(T)))
dA ' f.(A) 4 94 f.(T) oT  f,(T) oT



Sufficient condition for runaway feedback

dc;q _ CeQ( 1 afF(A) + aT( 1 afP(T) _ 1 afS(T)))
dAd ' f.(A) 4 94 f.(T) oT  f,(T) oT
The land will tend to amplify CO2 induced climate change
iIf terrestrial carbon decreases with increasing CO2

dC;t

dA

The land would self-sustaining lose carbon to atmosphere,
causing runaway feedback if:

dCe

<0

< —(1+ OceanUptake)

There OceanUptake is a fraction of any increase in
atmospheric carbon that the ocean takes-up



Summary

Mathematical models showing possibility of catastrophic changes
were developed. Proposed parameterizations are not contradicting to
field data, observations and experiments, parameters are from
confidence intervals.

We introduced a notion of irreversible date — then concentration of
CO, is so, that the land would self-sustaining lose carbon to the
atmosphere even in the absence of anthropogenic emissions.

Sufficient condition for runaway feedback was estimated.

Experiments on closed laboratory ecosystems are carried out for
investigating mechanisms used in models.

Minimal climate model based on the principle of the worst scenario is
under development. It will be coupled with minimal biosphere model

It will be very interesting to investigate described effects using more
complex models.



Thank you for attention




amMmnmpunyeckass 3aBUCUMOCTb pocTa cpeaHerogoBoOWw
rmobanbHO MPUNOBEPXHOCTHOM TemnepaTypbl OT
koHueHTpauun CO, (Gifford, 1993):

Ha)- 1, o7, togs|
0

roe A — Tekylllee Konm4ecTBo yrrnepoaa B atmocdepe;

A0 — KONMYecTBO yrrnepoga B atMocepe B MOMEHT U3MEPEHUS CpeaHerogoBon
NPUNOBEPXHOCTHOMN Temnepartypbl To, KoTopad paBHa 15.5°C B HacTtosLwee
BPEMS;

T 4o — YYBCTBUTENBLHOCTb KNUMarTa.



Cucrtema ypaBHeHUM Mogerniv umeeT creayroLwmmn BuA;:

cywa

 MameHeHue konunyecTtBa yrnepoga B 6Omomacce XUBbIX
pacTeHun:.

% - P(x, A,T(4)) - D(x)

* [lnHamuka OpraHN4YeCKnxX OoCTaTKOB.

% = D(x)-S(y,T(A))



OYyHKLUNA CKOPOCTU pocTa pacTUTENbHOWU
buomaccel (I TC/roa) umeet BUA;:

Px, A,T) =V, XXy = %) V(A) f,(T(A))

roe X — KONiM4ecTBO yrrnepoda B pactutenoHon 6uomacce (I'tC);

A — atmocdepHbin yrnepog (I'tC);

T — cpegHerogoBag rrobanbHasa NpPUNOBEPXHOCTHAsA TeMnepaTypa;
Vp — macwtabHbin cpaktop (1/(FTCxropn));

X.x — TNPefenbHoe KonmMyecTtBo Buomacchl, 3aBucsllee OT npeneribHoM LonyCTUMOW
MIOTHOCTU PACTUTESNbHOIO MOKPbITKS (FTQ) N 3apaetca B mModenun kKak x,G , roe x, -
KONTMYEeCTBO Ha3eMHOW BMoMaccChl paCTEHUM B HACTOsILLIEE BPEMS,

G — KOS(PdUUMEHT, XapakTepU3yLWNn BO3MOXHOCTb PacTeHUN YBENUYUTb KONUYECTBO
ounomaccsl.

®dyHKumsa V(A) onmncbiBaeT pocTt bmomacchl B Buage pyHKLMK
MoOHO: 1
V(A4) =

K, 6 + A4



« CkopocTb oTMmpaHua bruomaccel (I'TC/rog) 3anucebiBaeTcs
B NPOCTOM BUAE:

D(x)=V, x
roe V,— macwtabHbin dpakTop;
X — KonndecTso yrnepopa (I't) B buomacce

e CKOpPOCTb NOYBEHHOrO AbIXxaHus (pasnoXXeHne MepTBOU
opraHuku) n eblgenenusa CO, B atmocdepy:

S, T)=V, -y f,,(T)

roe Vs - maclitabHbin dakTop;
y — Konn4ecTtBo yrrepoga B meptaomn buomacce (I'1);

fu(T) — dyHKuma Tuna (5) Bblpaxawllasd TemnepaTypHyr 3aBUCUMOCTb
MOYBEHHOIO [AblXaHUA, npu BONMbWNX 3HAYEHUAX MaKCUMMallbHOW

Temneparypbl
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Box 2 Figure | Historical CO, and 505 emissions from 1850-2000,
followed by projected values to the year 2100 from the SRES*® A2
scenario.



