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Annotation
To predict critical (bifunctional) regime shifts in ecosystems functioning, a mathematical model
containing driving mechanisms and feedbacks, capable of reproducing nonlinear behavior of a
system with external forcing (climatic and anthropogenic) is needed. For analysis of a complex
system an integral characteristic that describes system as a whole is needed, being modeled in
feedbacks with physical-chemical environmental conditions. Whereas, in case of intensive anthro-
pogenic pressure or hazards, effects of which are not formalized, the dynamic model requires input
of the forced parameters from monitoring data.

While statistical early warning signals on time-series derived from historic observations or exper-
imental data are limited in their applicability and work only in hindsight, analyses of modeled
time-series at a wide spectrum of external forcing scenarios may allow the development of an early
warning system for anticipating critical regime shifts and adjusting accordingly management.

AHHOTaIMA

Ilnst paHHero OOHapyXXeHMst KpUTHYeCKuX (0MQypKaluMOHHBIX) WU3MEHEHUII B peXUMe
(YHKIMOHMPOBAHMA 9KOCKCTEM C IIebl0 MX y4yeTa JINM IIPefOTBpAIleHNA IIOC/TIefCTBUI,
HeoOXofMa MaTeMaTuecKasi MOJe/Ib YYUThIBAIOIIAsl Beyllyie MeXaHU3MBbI U OOpaTHbIe CBSI3,
CIIOCOOHAsi BOCHPOM3BOJUTH HENMMHENHOe IIOBeJieHMe CUCTeMBbl IIPU M3MEHEHWUV BHEIIHUX
(dhakTOpOB cpenbl (KIMMaTUYECKVX VIV aHTPOIOTeHHBIX). [Ipu uccnemoBaHNM CIIOKHBIX CUCTEM
Ba)XHO HAJTM TAaKOVl WHTErPAJIbHBIN OMONTOTMYECKMiI IOKa3aTe/lb, KOTOPBII OTpakam Obl
COCTOSIHIE BCeJT CUCTEMBI LIeJIIKOM, MOE/TMPYEMBIil B 0OpaTHOI CBSA3Y € GU3MKO-XUMIIECKIIMMN
ycnoBuAMu cpepbl. [Ipy aToM, B clryyae MHTEHCMBHOI aHTPOIIOTEHHOI HAaTPY3KI M/IV KaTacTpod
IUIsI AMHAMUYeCKO MOfeny HeoOXONMMBI BXOJHBIE MOHMTOPVHIOBBIE JaHHBIE M3MEHSEMbIX
IOoKasaTesneil.

B TO Bpems Kak CTaTUCTHYECKVe CUTHAAbl pPaHHETO0 OOHApy>XeHMs, paspabOoTaHHbBIe Ha
9KCIIEPYMEHTA/IbHBIX JIJAaHHBIX, MMEIOT OTpPaHMYeHUs M PabOTAI0T TONBKO B MCTOPUYECKOM
[Mania3oHe, aHa/IM3 BPEMEHHBIX Cepuil IO/TyYaeMbIX 13 JMHAMMUYECKUX MOJeseil Ipy OOMbIIOM
pasHOOOpasuy BHENIHNMX CIleHapyeB MOXeT II03BOIUTb pa3paboTaTb CHUCTEMY paHHETO
0OHapy>KeHMsI TPU3HAKOB KPUTUYECKIX M3MEHEHMII B 9KOCHCTEMaX U BbIPaOOTKY peKOMEeH a1 Mii
IJ1A IVIAHVPOBAHN A XO3AICTBEHHOM IeATEIbHOCTIL.
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About TerM ARisk (proposal)

Key goals: Develop novel tools that inform management to anticipate ecosystem collapse, strengthen
Nordic-Russian partnership of educational and research institutes started with GreenM AR project
(Green growth based on Marine Resources), foster multidisciplinary science, career-building of
early- and mid-career female scientists.

Key participants: The interdisciplinary Nordic research team of GreenMAR (Nordic participant),
Interdisciplinary Laboratory for Mathematical Modeling of Soil Systems at Dokuchaev Soil Science
Institute (ILMMSS, Russian participant I), Computational Mathematics and Cybernetics faculty at
Lomonosov Moscow State University (MSU CMC, Russian participant II)

Main content of cooperation

Anthropogenic stress has increased the global risk of abrupt ecological regime shifts. Anticipating
ecosystem collapse to ensure long-term sustainable natural resource use and ecosystem’s function-
ality is one of today’s major challenges. The goal is to jointly develop a novel approach for antici-
pating critical shifts of ecosystems and guidance for management. We complement GreenMAR’s
fruitful partnership with its Russian collaborator, the Computational Mathematics and Cyber-
netics faculty (CMC) at Lomonosov Moscow State University (MSU), by involving researchers
from the Interdisciplinary Laboratory for Mathematical Modeling of Soil Systems (ILMMSS) at
Dokuchaev Soil Science Institute and young academics at MSU. We propose to build a network
of young (mostly female) researchers working on the interface of biology, economics, mathemat-
ics and physics. We aim at a long-lasting Nordic-Russian partnership and contribution to Green-
MAR’s goal of establishing a new generation of multidisciplinary skilled scientists by proposing:

« Joint cross-disciplinary research resulting in at least three collaborative scientific publications

o+ Researcher workshop to interact with top-level scientists in the field

« A series of lectures taught for students and young scientists at MSU

« Researcher mobility to ensure true collaboration between different disciplines and cultures

Importance of the cooperation

Growing harvesting pressure together with imminent climatic changes has increased the risk of
abrupt regime shifts in ecosystems with important ecological and economic consequences'. Antic-
ipating collapse to ensure long-term sustainable natural resource use is a major challenge for sci-
ence and society, but its success is mainly limited to modeling studies and theoretical concepts®.
It is needed to develop the necessary decision support tools that help identifying threats and risk
of regime shifts in advance and allow for appropriate action before a critical regime shift occurs.
This proposal unites ecological, economic, mathematical and physical expertise for a novel, mul-
tidisciplinary approach of regime shift anticipation. The proposed methodology will allow identi-
fication of key drivers of ecosystem changes, which guides the development of models and direct
efforts of data monitoring programs. Ultimately, this project delivers insights that help identifying
tipping points and provide the needed knowledge towards ecosystem based management. By link-
ing ecosystem state analysis with control theory, we can evaluate and propose different manage-
ment strategies dependent on the ecosystem’s state and potential future scenarios such as climatic
changes. We take fisheries management in the Arctic region as a study system which is a region of

U Richter, A., Dakos, V. «Profit fluctuations signal eroding resilience of natural resources», Ecological Economics, Volume 117 (2015): 12-21

2 Scheffer, M., Carpenter S. et. al. «Catastrophic shifts in ecosystems», Nature, Volume 413 (2011): 591-596




interest both for Nordic countries and Russia. The Arctic region is especially vulnerable to critical
regime shifts, both in marine and terrestrial systems (permafrost soils). Besides addressing a scien-
tific research gap, this proposal establishes long-lasting international cooperation between Russian
and Nordic researchers. All key researchers are early and mid-career females, which is remarkable
given the field of study. This proposal therefore fosters interdisciplinary research and promotion
of female research activities. To achieve our ambitious goals, we put a strong focus on researcher
mobility and networking to facilitate collaboration between scientists of different disciplines, pro-
fessional level and working environment.

Participating institutes

The interdisciplinary Nordic research team of GreenMAR consists of mainly the Centre for Eco-
logical and Evolutionary Synthesis, the Interdisciplinary Laboratory for Mathematical Modeling
of Soil Systems and the Faculty of Computational Mathematics and Cybernetics at Moscow State
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The Centre for Ecological and Evolutionary Synthesis (CEES) at University of Oslo

The CEES was established as a Norwegian Centre of Excellence (CoE) in 2007. It is based at the
Department of Biosciences, University of Oslo, and is chaired by Professor Nils Chr. Stenseth. The
CoE funding from the Research Council of Norway constitutes approximately 1/10 of the total
budget. CEES combines a broad spectrum of disciplines from population biology, statistical and
mathematical modelling to genomics. CEES fosters the concept of ecology as a driving force of
evolution via selective processes, with a corresponding influence of evolutionary changes on ecol-
ogy. CEES consists of over 160 members (including Core staft, Postdocs and researchers, PhDs,
research assistants, technical and administrative staff, and Master’s students) and represents over




30 nationalities. Prof. Nils Christian Stenseth, Dr. Andries Peter Richter, Dr. Anne Maria Eikeset
and Anna-Marie Winter are the researchers involved at CEES in TerM ARisk.

Interdisciplinary Laboratory for Mathematical Modeling of Soil Systems at V. V. Dokuchaev Soil Sci-
ence Institute

The Dokuchaev Soil Science Institute is leader in Russian soil science and employer of highly skilled
mathematical modelers. ILMMSS is a newly established in 2016 multidisciplinary research group
of theoretical physicists, mathematicians and biologists. Principle mission of the laboratory is to
develop mathematical modeling of soils as complex systems, and also algorithms for collecting and
handling monitoring data of soil properties. . Studied are optimal agrophysical regimes, capable
of maximal increase in soil fertility without danger of degradation. Various soil regimes numer-
ical simulations basing on regulation of microprocess dynamics are carried out. Dr. Nadezda
Vasilyeva, head of ILMMSS, Dr. Artem Vladimirov, senior researcher and Maria Zaitseva, junior
researcher at ILMMSS are the main researchers involved in TerM ARisk.

Faculty of Computational Mathematics and Cybernetics at MSU

GreenMAR has a highly successful educational collaboration with the Faculty of Computational
Mathematics and Cybernetics (CMC) which led to the successful organization of The Moscow
Summer Academy (MSA) on Economic Growth and Governance of Natural Resources in 2015.
The initiative of TerMaRisk is a direct result of scientific interactions between GreenMAR and
Russian scientists taking place during MSA. CMC is a leading Russian educational center with
strong expertise in various fields of applied mathematics. The collaboration addresses particularly
the department of Optimal Control (OC). Working on the intersection of ecosystem analysis and
control theory and organizing a lecture series for young students at MSU, Dr. Luidmila Artemyeva
and Dr. Elena Rovenskaya are the involved key researcher of CMC.

Mathematical modeling framework for developing early-warning system of critical
regime shifts in terrestrial and marine ecosystems (TerM ARisk)

Changes in marine and terrestrial ecosystems in productivity, behavioural and life-history traits,
stock levels, environment fertility factors, turnover rates and food web structure may result from
either natural evolution directed by global climate change, or as a result of anthropogenic pressure
(harvesting, changing physical and chemical properties of the environment/habitat). These changes
may lead to a regime shift undergoing abruptly from one stable state to another through unstable
states and thus are impossible to predict with regressions or linear dynamical models obtained
from harvesting and monitoring data. Prediction, prevention or accounting for consequences of
such regime shifts on population size, productivity, harvest or carbon dioxide fluxes, despite vast
studies in the past remains actual problem: Considering possibilities of obtaining continuous mon-
itoring data with modern instruments it can be taken up to a new level of solution using multiscale
mathematical modeling of nonlinear systems, bifurcation analysis, dynamic scaling and other
approaches™. It is well known that in nonlinear systems prediction depends on correct capturing
of the driving processes and feedbacks that result in complex dynamics unpredictable by statistical

5oAM Tarquis, J. L. M. P. de Lima, W. F. Krajewski, Q. Cheng, and H. Gaonac’h. Nonlin. Processes Geophys., 18, 899-902, https://doi.org/10.5194/npg-18-
899-2011, 2011

4 BLLi. Why is the holistic approach becoming so important in landscape ecology? Landscape and Urban Planning 50 (1), 27-41, 2000.




methods that require big learning data sets and still are capable to perform correctly only in the
region of parameters that are covered in the training dataset (usually for ecosystems data are avail-
able for a very limited combinations of factors). Therefore, modeling macroscopic integral ecosys-
tem characteristics for the purpose of anticipating ecosystem regime shifts requires understanding
and modeling underlying processes at microscale. Studying complex systems implies finding of
such an integral characteristic that would reflect the system state as a whole and would be sensitive
to critical changes in all of its most important components. We consider in this context marine and
terrestrial ecosystems interacting through the atmospheric carbon dioxide balance that is in both
in feedback with climatic factors altering acidity of water, temperature and photosynthetic activity,
productivity, turnover rates, environmental properties. As example of terrestrial ecosystem we use
a soil model and as an example of a marine ecosystem — a model of North Sea Atlantic cod. The
models are developed in parallel, effectively and beneficially exchanging modelling approaches
and help developing early warning system to anticipate general ecosystems signals of regime shifts.




Management guidance to prevent or take into account consequences of a regime shift
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Terrestrial part: Soil
Soil heterotrophic respiration, i.e. carbon dioxide flux evolving as a result of respiration process/
organic matter decomposition/transformation by microorganisms can be taken as an integral char-
acteristic of soil state and its functioning. Activity and composition of soil microbial community
is related to substrates chemical structure, its physical state (dispersiveness, strength of adsorption
onto mineral particles, occlusion/physical inaccessibility for microbes) and physical and chemical
properties of soil environment (bulk density, soil pore space configuration, pore-size distribution
of water and gases, soil water potential/availability, cation exchange capacity, presence of nutrient
elements in dissolved forms, acidity, redox potential, intensity of root exudates inflow). Attempts
appear to scale up from modeling microscopic processes that take place on soil phase boundaries
and are related to biological respiration activity and organic matter transformations to obtaining
global dependencies for carbon dioxide fluxes with climatic scenarios’.

In agricultural ecosystems state and direction of soil processes depend not only on climate
change, but even more on anthropogenic pressure for soil fertility (influencing productivity).
Then physical and chemical characteristics are not naturally interdependent with microbial
growth but change faster than in natural environment due to human manipulations (tillage and
multiple wheel pressure, irrigation, fertilization and chemical amelioration). In this case micro-
bial community is not anymore driving soil processes but rather adapting to rapidly changing
conditions and in the best case counteracts — recovering conditions to optimal for vegetation.
And in this case the dynamics of soil physical-chemical properties may serve an indicator for
rates and directions of ongoing processes that change fertility factors under a certain used farm-
ing system. For example, organic matter decomposition changes sorption properties of orga-
no-mineral soil particles surface that sets buffering capacity for nutrient elements and its release
rates, catalytic activity of enzymes and ecological barrier potential to toxicants. Modeling the
dynamics of surface properties of soil particles, sorption isotherm, hydrophysical properties,
may allow us understand the direction of organic matter transformation processes (approaching
critical point of degradation start or its recovery), direction of changes in water-holding capac-
ity, water-permeability and water-stability of soil aggregate structure that provide optimal bulk
density and air-porosity for roots development. These are soil fertility factors and its dynamics
is very informative. Modeling soil respiration dynamics that in turn, as a system-connecting
process, dependents on above-listed, allows to simulate time-series of soil respiration with vari-
ous weather, climate and anthropogenic scenarios needed for the development of early warning
signals to anticipate ecosystem regime shifts. Time-series validation for the model is supposed
to be carried out using stationary field set for continuous monitoring of soil respiration and its
isotopic gas composition.

General modeling framework

The methodology of early regime shifts detection in soil functioning contains a complex pro-
cess-based mathematical model which gives long-term dynamics of soil characteristics at differ-
ent time scales (from days to hundred years). The model is based on a previously developed soil

5 Evans S.E, Dieckmann U., Franklin O. and Kaiser C. Synergistic effects of diffusion and microbial physiology reproduce the Birch effect in a micro-scale
model // Soil Biology and Biochemistry 2016. V.93, pp.28-37




aggregate model® being further developed by dividing processes of profile transport (that gives
redistribution of physical-chemical environmental properties) and organic matter transformations
as a result of microbial growth. Microbial activity changes composition of soil granulo-densimet-
ric fractions that define local air- and moisture-conductivity of soil (via bulk density, porosity,
water-permeability and diffusion coefficients), providing self-consistency of the soil model through
multiple feedbacks. The model relates following:

a) process of microbial growth and organic matter transformations in granulo-densimetric
fractions;

b) process of plant growth and nutrients consumption, root exudation;

¢) dependencies (express-methods) for local soil properties with simply measurable monitoring
data:
physical (general hydrophysical constants (pF-curve) and rheological limits, bulk density profile,
specific surface area, types of porosity, air-permeability, aggregate and micro-aggregate composi-
tions, aggregate water-stability); chemical (cation exchange capacity, humification degree, hydro-
phobicity of organic matter, contents of bulk selected nutrients and of its mobile forms); biological
(some characteristics of biological activity, such as ammonification activity, multisubstrate con-
sumption evenness and etc.);

- in case of natural soil these properties evolve with a) and b);

- in case of agricultural use these properties are renewed each time by calculating from moni-
toring data;

d) process of transport, providing spatial redistribution of physical and chemical environmental
factors (oxygen, water and nutrients contents, temperature, soil mass);

Model input:

1) Monitoring data: weather (rainfall, photosynthetic active radiation, winter snowiness); mor-
phological (growth phase dates, vegetation condition); physical (profiles of temperature, mois-
ture, electrical conductivity, hardness/resistance to penetration, air-permeability), elevation maps,
growth phase maps, green biomass index (NDWI) maps, snow cover distribution maps

2) Basic parameters for model adaptation to soil type, region of application: general climatic,
agrophysical (pF-curve, sorption isotherm, structural water-stability, granulo-densimetric compo-
sition); chemical (agrochemical survey data, range of measurements for contents of basic nutrient
elements and its mobile forms, fractions element composition, control organic matter composition);

Model output
Prediction of soil properties dynamics:

— Comparison of current values with optimal range, correction of optimal ranges, revealing
properties strongly deviating from optimal

— Long-term prediction of soil properties, turnover rates of soil components, rates of its transfer
between different soil fractions

— Properties regulation techniques: crop rotations, optimization of fertilizer treatment

Prediction of ecosystem productivity:
- seasonal and long-term productivity

6 Vasilyeva N. A., Ingtem ]. G. and Silaev, D. A. Nonlinear Dynamical Model of Microorganism Growth in Soil // Computational Mathematics and Model-
ing. Springer Verlag, 2016. V. 27 Ne 2. P. 172-180




- estimation of yield loss risks in a current season
Early warning of regime shift in a long-term ecosystem functioning
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Marine part: Atlantic cod

For marine fish, spawning stock biomass (SSB) is one main integral characteristic of population
condition. SSB depends on the fish abundance, its age distribution, weight, sex, maturity and fecun-
dity at each age. In theory, biomass can reach carrying capacity, where population growth rate
becomes zero, at some point below carrying capacity, growth rate is maximum. The corresponding
yield is the maximum sustainable yield (MSY) which is an important reference point in fisheries
management. In equilibrium and when environmental conditions and carrying capacity are stable,
fishing at MSY harvests only surplus individuals thus maintaining

a sustainable population size.

An Allee effect or depensation, describes the positive relation between individual growth rate and
population size at small population size. Therefore, in contrast to the common, compensatory pop-
ulation growth situation (highest individual growth rate at small population size), strong fishing
and reduction of the population size can push its biomass below the critical threshold below which
yield and growth rate collapses to zero regardless of the fishing activity. As a consequence recov-
ery and rebuilding of the population will be hampered. In order to prevent such an extirpation, it
is therefore required to find the lowest viable biomass level, which still allows positive population
growth.

Direct monitoring of abundance, age structure and life history traits of marine fish is a challenging
task and cover in practice only small parts of the population. To assess population status (e.g. by
size of SSB), different age-structured models were developed, which mainly utilize catch data sup-




plemented by survey data. In such models, number of variables and parameters in general exceed
the available data and additional assumptions are required, where reference points (e.g. MSY) are
long-term points, based on the population in equilibrium at stable conditions. This kind of models
suit well for stock assessment at current situation, but cannot be used for (long-term) predictions
outside the historic range of parameters since the relation within the population and its interaction
with the environment is not mechanistically grasped in the stock assessment model.

General modeling framework

For the development of the methodology of early regime shifts detection it is necessary to have a
mechanistic mathematical model, which accounts for changes in spawning, mortality and growth.
Monitoring data is only needed for parametrization. Such a model allows simulation of long time
series of different population parameters (e.g. SSB, birth/death ratio, etc.) as function of fishing
strategy and environmental factors and can therefore be applied to scenarios outside the historic
observed ranges.

Two non-linearities which could potentially lead to a regime shift or collapse, are implemented
in the model: inhibition of individual growth rate at small population size, an Allee effect (e.g. by
reduced reproduction) and increasing mortality at high population density (competition for lim-
ited resources). The model links together different parameters of the population:

1) Number of fish of all ages in each year — main variables, describing internal state of the
model.

2) Maturity ogive probability: known for each year of observation period, for prediction —
average values are used.

3) Natural mortality is known in observation period, for prediction — function of total biomass
is used, taking into account competition for limited resources.

4) Average individual weight, for each year and age: known in observation period, for prediction

— it is generated by random walk process, parametrized on historical data.

5) SSB — calculated in the model, compared with historical data for model parametrization.

6) Recruitment function (amount of spawns, survived until 1-year age as function of SSB) is
chosen with biological mechanisms taken into account, parametrized by comparison of histori-
cal SSB with simulation results. Proposed predator-pit recruitment function in comparison with
those described earlier in the literature gives better fit of observed data and has two steady states
with high and low population size. We assume, that biological features of different fish populations
are described by general structure of the model, while difference in environmental factors can be
tuned using parameters of recruitment function.

7) Fishing mortality, for each age and year — known for historical period and for prediction is
defined by fishing strategy.

Input model parameters:
1)Information about environmental factors (ocean temperature, salinity, acidity), abundance of
phyto- and zooplankton, weather and climate data) and fishing strategy and reference points
2)Input parameters for adaptation of the model to another population or fish species: Informa-
tion about catch at age for observed historical period, fish life history traits data, obtained from
surveys or modeling, trophic chain data, recruitment function.
Output data of the model




Population dynamics prediction:
— Comparison of current population state with reference points, estimation of critical popula-

tion decline risk with given fishing strategy, minimal allowed population size.

— Long-term prediction of population dynamics, recovery time after collapse.

— Fish population control: harvesting quotas for considered species as well as other species
linked with it by food chain
Prediction of ecosystem productivity:

— Short and long-term prediction of productivity, maximum sustainable yield.
Early detection of changes in long-term ecosystem regime.

Early Warning Signals research framework:
Aiming to:
1. predict collapse itself.
2. find the (biomass) threshold at which a collapse can still be avoided (e.g. by changing
fisheries management plan from MSY to a more precautionary approach).
3. find the real dynamic values of reference points (thresholds) in contrast
to the long-term intrinsic (static) reference points that are based on the assessment model
growth rate in equilibrium at constant conditions.
4. Analyze how predictability of collapse (EWS) and finding of real reference points
dependent on the fishing strategy (masking signals).

Part I. Obtaining different types of collapses, categorize them and extract corresponding strat-
egies, finding common descriptive features for the obtained categories of strategies
a) complex random-walk algorithm that generated all possible scenarios of fishing strategies com-
posed of fishing plans
b) algorithm for cutting time-series into regions of collapse, recovery and stable states to categorize
the collapse
c) obtain generalized EWS by:

i) analyzing time-series and corresponding strategies that have led to No Collapse, Collapse
with Recovery or Collapse without Recovery

ii) revealing general common features in time-series of different collapse categories and corre-
sponding strategies

iii) comparing for different stock-recruitment functions (with different Allee-effect)

v) comparing for different Allee coefficients in proposed predator-pit function (imitating differ-
ent stock of cod)

Part II. Detecting strategy parameters thresholds

a) Obtain collapse frequency as functions of strategy parameters and its threshold

b) Analyze time-series without collapses (above threshold) for EWS. Estimate threshold detect-
ability by EWS without knowing it or having only uncertain estimation from a model dependent
on distance from threshold that reflects fishing pressure.

¢) Analyze properties of collapses-series and corresponding strategies-series (collapse frequency,
distribution by categories, recovery time etc.) approaching threshold.

d) Compare results for different RS-functions and proposed predator-pit function with chang-
ing Allee coefficients.




Assumption: EWS works when the model correctly captures general biological mechanisms,
although some coeflicients are of different order or some terms are not accounted for, if they do not
influence common features of SSB dynamics used in EWS.

Part I1I. Deriving management guidance

We propose to choose safe and economically (highest yield) optimal fishing strategy parameters
using obtained collapse risk and its detectability dependencies on the current population state, to
construct fishing plans.

Considering that the model captures general mechanisms (age-structure, recruitment function
and density-dependence) it can be applied to different cod stocks.




KoHuenuus MmaTeMaTn4ecKOro Moje/TMpOBaHA /11 CUCTEMbI PAHHET0 0OHAPYKeHN
NPU3HAKOB KPUTHYECKUX V3MEHEHUIl B pexuMe (PyHKIMOHMPOBAHMS Ha3eMHBIX
u Mmopckux akocucrem (TerMARisk)

B MOpcKMX U Ha3eMHBIX 9KOCHCTEMax MOTYT IIPOVCXOUTbH M3MEHeHMs! B IPOLYKTMBHOCTH,
IpU3HaKaX OMOIOTMYeCKOTO0 IIMKJIa, YPOBHX 3aIlaca i BeMM4YMHAX PaKTOPOB IJIOFOPOAIS CPefibl,
CKOpPOCTejl KPyTOBOPOTOB M/IV CTPYKType TPoduduecKoil [emy, Kak eCTeCTBEeHHbIE B pe3y/IbTaTe
9BOJIIOLIV, 3aBUCAIIIEN OT I7I00a/TbHOTO M3MEHEH VS K/IIMaTa, TAK /1 B Pe3y/IbTaTe aHTPOIIOreHHOTO
BO3JIeVICTBYS (YPOBEHDb IKCIITyaTaluy — COOp YpO>Kasi/BBIIOB PBIOBI, M3MeHeHMe HU3NIeCKUX
Y XMMUYECKUX CBOJICTB CpeAbl OOMTaHMs). OTM M3MEHEHNUs MOIYT IPUBOAUTH K CMeHe
pexxnma (GpyHKIMOHMPOBAHM/TIepPeXOAy U3 OfHOTO YCTOMYMBOTO COCTOSHMS B APYyroe depes
HEYCTOYMBbIE COCTOSIHISL, KOTOPbIE IIPONUCXOMAT JOCTATOYHO PE3KO, I II0ITOMY MX HEBO3MOXKHO
IIpefiCKa3aTb PEerpecCHOHHBIMM 3aBUCMOCTSIMY, TOTTYYEHHBIMY 110 MOHUTOPVHTOBBIM JIaHHBIM,
YPOXKailHOCTH/YTIOBY, IV IMHEHBIMM AMHAMIYECKIUMY MOfie/siMIL. IIpOTHO3, TpeoTBpalieHe
VI y4eT ITIOCTeNCTBMII TaKUX M3MEHEeHMI B OuoMacce HOIYIALVN, YPOXKAMHOCTY, IOTOKe
YITIEKMCIOTO Ta3a, He CMOTPsI Ha OOLIMPHBIE UCC/IETOBAHNS B IPOLIIOM, OCTAeTCsI AKTYa/IbHOM
3ajjaueil. B cBeTe BOSMOXXHOCTM TIOJTy4€HVS HEIPEPHIBHBIX MOHMUTOPMHIOBBIX JIaHHBIX
COBpEeMEHHBIMI NprbOpaMy 9Ta 3afaya MOXKET ObITb BBIBefleHa Ha HOBBINl YPOBEHDb pPelIeHIs
P TIOMOIIY MHOTOMACIITaOHOTO MaTeMaTM4eCKOrO0 MOJENMPOBAHNUS JUHAMIKI HeJIVHEHBIX
cucreM, 61ypKalMOHHOTO aHA/NM3a CUCTEMBbI, JUHAMUYECKOTO CKeJ/IHTA U IPYTUX HOJXOOB’S.
Kax 13BeCTHO /i HENMHEHBIX CUCTEM BO3MOXKHOCTD IIPOTHO3a 3aBMCUT OT TOTO YUYTEHBI JIU
I7IaBHbIE IIPOIIECCHI U B3aMMOCBSI3Y, 00YCIaBMBAIOLINe CTTOKHYIO 1 HEIPEeJCKa3yeMyIo 4MCTO
CTAaTUCTUYECKMMU TMOAXOAAMY JUMHAMMKY, KOTOpble TPeOyIoT OO/MbIIoil oOydaroleil BHIOOPKYU
U paboOTaIOT TOTBKO B JiUalla30HEe BCTPEUYABIIVXCS B 9TOJ BBIOOpPKE YCIOBMIT (J/IsI 9KOCHCTEM,
KaK IIPaBUJIO, JOCTYIIHbI JaHHBIE PV OYeHb OIpaHMYeHHO KoMOVHauy GpakTopoB). [ToaTomy
MOJIeTMpOBaHMe [UHAMUKMA MaKPOCKONMYECKMX MHTETPANbHBIX II0Ka3aTe/ell 3KOCUCTEMBI
C LIe/IbI0 OOHAPY)KEeHNS CMEHBI PeXXKMMOB TpeOyeT MOHMMAHUS U MOAENTMPOBAHNUS PUINHHBIX
IPOLIECCOB Ha MUKpPOYpOBHe. IIpy MCCIeZOBaHMU CIOXKHBIX CHCTeM BaXKHO HAWTH TaKoi
VHTETPaIbHBII [I0Ka3aTe/lb, KOTOPBIil OTparkasl ObI COCTOSIHIIE BCEIl CUCTEMBI 1eTMKOM ¥ ObIT ObI
qYBCTBUTE/IEH K KPUTMYECKIM M3MEHEHNIM BO BCEX ee Ba>KHENIINX YacTsaX. MBI paccMaTpyuBaeM
B 9TOM KOHTEKCTe OJJHOBPEMEHHO MOpCKMe I Ha3eMHble 3KOCUCTEMBI, B3aMMOJENCTBYIOIye
MeXZly co60li dYepe3 OalaHC YIJIEKNC/IOrO Trasa BaTMocdepe, HAXOHACh B OOPATHOI CBA3N
C KIMMATH4YeCKUMU (aKToOpaMy, M3MeHss] KNUCIOTHOCTb BOJBI, TEMIIEPATypy M CKOPOCThb
¢dorocuHTe3a, MPOJYKTUBHOCTb CpPefbl, CKOPOCTb KPYTOBOPOTA BEIIECTB, YCTIOBMS Cpefbl.
B xadecTBe mpuMepa Ha3eMHOJ 9KOCMCTEeMbl MbI pacCMaTpuBaeM MOJie/Ib ITOYBBI, A B Ka4yeCTBe
IpyMepa MOPCKOJ 3KOCUCTEeMbl — MOfeNb HOMYAALMN ATIaHTUYeCKoit Tpeckyu B CeBepHOM
Mope. Obe Mopenu paspabaTbIBAIOTCSA MapajlleNIbHO, 9(PQPEeKTVBHO B3aMMCTBYIOTCS MOAXOJBI
¥ IOMOTAIOT pa3paboTKe CUCTEMBI paHHEr0 OOHapy)XeHNA OOIMMX IIPU3HAKOB CMEHBI PEKJIMOB
B 9KOCUCTEMax.

7 AM. Tarquis, J. L. M. P. de Lima, W. F. Krajewski, Q. Cheng, and H. Gaonac’h
Nonlin. Processes Geophys., 18, 899-902, https://doi.org/10.5194/npg-18-899-2011, 2011

8 BLLi. Why is the holistic approach becoming so important in landscape ecology? Landscape and Urban Planning 50 (1), 27-41, 2000.
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Hasemnas gyacrp: Ilousa
JlIsT TOYBEHHOJ 3KOCUCTEMBI TeTepOTpodHOe [bIXaHue, T.e. IOTOK YITIEKMUCIOTO Tasa,
obpasyromuiics B pe3yabraTe  IIpolecca  ABIXaHUS  MMUKPOOPIaHM3MOB/pPa3IOXKeHM s/
TpaHcOpMaIV MUKPOOPTaHM3MaMy OPTaHMYECKOTO BElleCTBa B II0YBE, MOXKET OBITh IPUHSAT
3a JHTErpa/JbHBbI/l IIOKa3aTe/lb ee COCTOSHMA ¥ GYHKUVMOHMPOBAHUA. AKTUBHOCTb VI COCTaB
IOYBEHHOTO MUKPOOOIIEHO3a B3alMOCBsI3aHA C XMMMYECKMM CTPOEHMEM CyOCTpaToB, WX
bu3MYecKUM COCTOsIHMEM (JMCIIePCHOCTh, CMIa afcopOIuMy Ha MUHEpPaJTbHBIX YacTUIAX,
OKKJTIOfiMpoBaHue/pusndecKas HeJOCTYIHOCTb) ¥ GUBNIECKUMY U XUMWYECKMMHU YCIOBUSMMU
IOYBEHHON cpefbl (IIOTHOCTb, pasMep M KOHQUIypaunys IIOpOBOTO IPOCTPAHCTBA,
pacmpeziesieHNs BOABI ¥ BO3[[yXa B IIOPaXx, MOTEHIINAJI/OCTYIIHOCTb IOYBEHHOI B/Iary, EMKOCTb
kaToHHoro o6mena IITIK, Hamuume mnMTaTeIbHBIX 91E€MEHTOB B PaCTBOPUMBIX (opMax,
KJC/IOTHOCTD, OKMC/IMTETbHO-BOCCTAHOBUTEIbHBIN ITOTEHLIMAT, WHTEHCUBHOCTM IPUTOKA
9KCYJAaTOB KOpHeil pacTeHmil). ITombITKM Iepexofa OT MOJEIMPOBAHMA MUKPOCKONMYECKUX
IIPOIIECCOB, IPOTEKAILINX Ha TpaHMUIaX pasfgena (a3 BIOYBE B CBA3K C OMONTOTMYECKO
aKTVBHOCTBIO JBIXaHUA IIOYBBI U TPaHCPOpMAIell OPraHMYeCKOro BELIeCTBA, K IIOTYYCHIIO
I7100a/IbHBIX 3aBUCUMOCTEI /ISl IOTOKOB YITIEKMCIIOTO rasa IIPY M3MEHEHMM KIMMAaTUYeCKUX
CLIeHapyeB HaYJMHAIOT ITOSAB/IATbCA .

B cenmbCcKOX03sIICTBEHHBIX 9KOCUCTEMaX COCTOSIHNE VM HAIlPaBIEHHOCTb IIPOIIECCOB 3aBUCUT He
TOJIBKO OT K/IMMATta, HO U Jia>ke B OOJIbIIIeN CTeIIeHM, OT aHTPOIIOTeHHOII HaTPy3KM Ha ITIOOPO/ye
NOoYBbl (MEHAWOIIE) IPONYKUMOHHBI Ipomecc). IIpm srom d¢umsnmyeckme u XMMudeckue
HOKasaTeIy He SABIAITCA eCTeCTBEHHBIM B3alIMOOOYCTIOBIEHHBIM € MUKPOOOLEHO30M
pasBUTVEM, OHU U3MEHSIOTCS OBICTpee, YeM B eCTECTBEHHOI Cpefie 3a CYeT MAaHUITYIMPOBaHNUs
VIMU 4YeJIOBEeKOM (pbIX/IeHMe ¥ IaB/IeHJe OT MHOTOYVIC/IEHHBIX IIPOXOJOB TEXHMKY, OpOIIEHIE,
BHeCEHJe XMMWYECKUX YHOOpEeHMII ¥ MeIMOPAHTOB). B 3TOM crydae MMKpPOOOILIEHO3 yXKe He
ABJISAETCA JIBUTATelleM IIPOLIECCOB, a CKOpee IPUCIOCAbIuBaeTcss K OBICTPOMEHSIOMMMCS
YCTIOBUSIM 1, B Iy4llIeM CTy4ae, IPOTUBOAECTBYET, BOCCTAHABINBAS YCIOBUS IO OIITUMAIbHBIX
pacTeHusAM. VI B aTOM cnydae AuHaMuKa GU3NKO-XMMIYECKIX CBOCTB IIOUBBI MOXKET CTYXXUTb
HOKasaTesleM CKOPOCTY U HAaIIPaBIeHHOCTY IIPOLIECCOB M3MEHEHSOIMX (aKTOpbI IIOXOPOANs
IpU TEKYIeil cucTeMe 3eMenenus. Hanpumep, pasinoskeHne OpraHndecKux BeleCcTB 3MeHseT
COpOILIVIOHHBIE CBOJCTBA IOBEPXHOCTY OPraHO-MMHEPATbHBIX IOYBEHHBIX YaCTHIL, KOTOpbIE
omnpenensoT OypepHY0 eMKOCTb HMUTATETbHBIX 97IEMEHTOB U CKOPOCTb MX BBICBOOOXKMEHMS,
KaTa/TNTUYeCKYI0 aKTVBHOCTD (PePMEHTOB 1 SKOTOTMYECK I 3a IV THBII IOTEHIIA/I B OTHOLIEHWN
TOKCMYHBIX BelljecTB. MoJienMpoBaHyue AMHAMUKI CBOJICTB HOBEPXHOCTY ITOYBEHHBIX YacCTUIL,
u30TepMbl copbryy, mouBeHHOi OI'X, MOXXeT MO3BOMUTH IOHATH HAIpaB/IeHUe IPOLECCOB
TpaHCOpMAIY OPraHMYECKOro BeljecTBa (MpUOMVDKEHNe K KPUTUYECKOJ TOYKe Hadasa
flerpajjalliyi MIM €ro BOCCTAHOBJIEHME), HAIpaB/eHue W3MEHEHMs BOJOY/ep>KUBaloIel
CITIOCOOHOCTY, BOZOIIPOHMI[AEMOCTI M BOJJOIIPOYHOCTY AT PeraTHON CTPYKTYPbL, 00eCIIeudrBaloIux
OITVYMA/BHYIO IVIOTHOCTD ¥ BO3AYXOHOCHYIO TIOPUCTOCTD 1L PasBUTHS KOpHeit. 11 GaKTOpbI
ABNAITCA (aKTOpaMy IUIOKOPOAMS M MX AMHAMUKa odeHb MH(popMmaTuBHA. MopenupoBaHye
3aBUCSALIE OT HIX, B CBOIO OYepelb, AMHAMMUKI IOYBEHHOTO AbIXaHM I, KaK CBA3YIOIETO Pa3Hble
010KV CHCTEMBI TIPOLiecca, II03BOJIsIET IIO/TyYaTh BpeMeHHbIe CepUY C PasINIHbIMY CLieHapUsAMU

Evans S.E, Dieckmann U., Franklin O. and Kaiser C. Synergistic effects of diffusion and microbial physiology reproduce the Birch effect in a micro-scale
model // Soil Biology and Biochemistry 2016. V.93, pp.28-37




KJIMMaTM4YeCKOTO, ITIOTOJHOTO M aHTPOIIOTEHHOTO BO3JEVCTBUSA M pa3pabOTKM CHUCTEMBI
paHHero OOHApyXXeHMs IIPU3HAKOB CMEHBI PEXMMOB (YHKIVOHMPOBAHMS 3KOCUCTEMBI.
Banupanusa BpeMeHHBIX CepUil MO IPEAIIONAraeTCsA NOCPEACTBOM CTALlMIOHAPHOTO II0JIEBOTO
HellpepbIBHOIO MOHUTOPMHTA IOTOKA IIOYBEHHOTO JIbIXaHMA U €T0 M30TOIMHOTO COCTaBa.

O6uas KoHuenyus MoOenUPoBaAHUT
PaspabaTpIBaeMast CuicTeMa paHHero 0OHapY>KeH s IPU3HAKOB KPUTUIECKIX ISMEHEHMI B peXXUMe
(GYHKIMOHMPOBAHNS IIOYBEHHOTO IIOKPOBa CONEP>KUT B OCHOBE KOMIUIEKCHYIO (u3mdeckn
000CHOBAaHHYIO MaTeMaTIYeCKyI0 MOJe/Ib MEXaHUCTIYECKOTO OIVCAHNUA ITOYBEHHBIX IIPOIIECCOB,
JAIOIIY0 AMHAMMKY MX [TOKa3aTesiell Ha pasHOM MacITabe BpeMeHM (OT CYTOK 10 COTeH j1eT). Mopienb
OCHOBaHa Ha MOJIe/IV IIOYBEHHOTO arperara'’, ¢ pasje/ieHueM IpolieccoB TPAHCIIOPTA II0 IpoduIIio,
IPUBOMSIINX K IIepepacIipefie/leHNI0 GpU3NKO-XMMIYECKIX IIapaMeTPOB CPeJibl, U TpaHchOopMaun
OpraHNYeCcKOTOBeIlleCTBAB pe3y/ibraTe MMKpoOHOropocta. [TocenHee N3MeH AT COCTaBIIOYBEHHBIX
TPaHy/IO-IeHCUMeTPUIeCKMX (PppaKIiniit, OpeneAIoLINX IOKaIbHbIE BO3YXO0- I BOJOIIPOBOIIIE
CBOJICTBA IOYBBHI (IZIOTHOCTD, IOPUCTOCTD, K03(pPuIMeHTH BaaronpoBogHocTy u auddysnn),
obecrieurBasi CAaMOCOITIACOBAHHOCTD MOJIE/IN TTOYBbI IIOCPEICTBOM MHOXKECTBA OOPAaTHBIX CBS3EIL.
Pa3pabaTbIBaeMast MOJIEIb CBA3bIBALT:

a) IIPOLIeCC POCTa MUKPOOPraHM3MOB 1 TpaHcopMmary GpaKiyii OpraHNIeCcKOro BellecTBa;

b) mpomuecc pocTa pacteHns u noTpebIeHNe TUTATE/TbHBIX BEllleCTB, BhIJje/IEHe 9KCYJaTOB;

C) 3aBUCUMOCTY (9KCIIPeCC-METOJbI) /ISl IOKATBHBIX CBOVICTB IIOYBBI OT JIETKO M3MepsieMbIX
MOHVTOPVHTOBBIX JaHHBIX:

¢usnyeckux (KOHCTaHTBI OCHOBHON ruppodusmdeckoir xapakrepuctuknu (OI'X) u peosno-

TUYecKye Ipefenbl, Ipo(uIb IIIOTHOCTY, yAe/lbHas IIOBEPXHOCTD, BUIBI IOPUCTOCTH,

BO3[JyXOIIPOHMI]AEMOCTb, aTPeraTHbIl ¥ MUKPOArperaTHbIl COCTaB, BOXOYCTOMYMBOCTD

CTPYKTYPBI); XMMUYIECKUX (EMKOCTb KaTMOHHOTO OOMEHa, CTelleHb I'yMU(MKAIWN, IUPO-

($h0OHOCTD OPraHNYeCKOTO BelleCTBa, CofiepyKaHle HEKOTOPBIX IIUTATe/TbHBIX 97IEMEHTOB,

UX TOJBIDKHBIX (GopM); Omomormdeckux (HEKOTOpbIe IOKasaTeny OMOTOTMYECKOl aKTUB-

HOCTM, aMMOHM(UIIMPYIOLIasi aKTUBHOCTD, PABHOMEPHOCTD Pas/IOXKeHNs CIIeKTpa CyOcTpa-

TOB U TJ.);

- B CJIy4ae eCTeCTBEHHOJ! 9BOJIIOL[MY IIOYBBI 3TV CBOJICTBA IOYBBI 9BOMIOLVOHNPYIOT BMECTe
c mporeccamu a) u b);

- B CJIy4ae CebCKO-X03s/ICTBEHHOTO MCIIO/Ib30BAHMISI 9T CBOIICTBA Ka>K/IbIil pa3 0OHOBIISIOTCS
BBIYVIC/ICHVIEM VI3 MOHUTOPVHIOBBIX JJAHHBIX;

d) mporecc TpaHcmopra, AamliyMe HPOCTPAHCTBEHHOE IlepepacipefeneHye QpuanuecKmnx
U XMIMMYeCKUX [ToKas3aTesiell cpefpl (cofiepykaHye KUCTOPOa, BOAbI, TEMIIEpaTyphbl, IMTATE/TIbHBIX
BeIleCTB, IOYBEHHOII MaCChI);

Bxopnble mapaMeTpbl MOJEI:

1) MoHUTOpPMHTOBBIE JaHHBIE: TorofiHble (ocanku, AP, cHe>XXHOCTD 3UMBI); MOpdoIorYecKue
(matel a3 pocta, cocTossHMe (PUTOLEHO3a); pusndeckye (IIpodUIN TEMIIEPATYpPHl, BIAXKHOCTH,
57IEKTPOIPOBOLHOCTY, TBEPHAOCTY, BO3LYXOIPOHMIAEMOCT), KapThl penbeda, a3 pasBuTHS,
uHpekca 3eneHoctn 6uomaccet NDWI, pacripefiesieHust CHEXXHOTO IIOKPOBa

Vasilyeva N. A., Ingtem ]. G. and Silaev, D. A. Nonlinear Dynamical Model of Microorganism Growth in Soil // Computational Mathematics and Model-
ing. Springer Verlag, 2016. V. 27 Ne 2. P. 172-180
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2) BazoBble mapaMeTpsl /151 aAANITALIV MOZIE/IV K APYTOMY TUITY ITOYBBI, PETMOHY IIPUMEHEHIS:
KuMaTudeckue, arpopusndeckue (OI'X, nsorepma agcop61imu, BOZOYCTONYNBOCTD CTPYKTYPBI,
Cofiep>KaHUe TpaHyIo-IeHCUMETpUYecKMX ¢pakumin); Xummudeckyme (JaHHBIE arpoXMM
o0cCreOBaHNs, AMANA30H W3MEPEHUIl COflep)KaHMsI OCHOBHBIX IUTATETbHBIX 3/IEMEHTOB
Yl IOJBVDKHBIX (OpM, 3/IeMEHTHBIN COCTaB (GpaKimil), COCTaB OPraHMYECKOro BelecTBa
KOHTPOJIBHOTO 00pasia);

BrIxomHbIe JaHHBIE MOJETN
[IpOrHo3 IMHAMUKY OYBEHHBIX IOKa3aTeIel:

— CpaBHeHUe TEKYLIMX BeMYIH C ONITMMa/IbHBIMY AMalla30HAMU 3HAUYeHMIT, KOPPEKTUPOBKA
IMaIIa30HOB ONTUMAIbHOCTH, BBISBJIEHIE CUTBHO OTK/TOHSIOIIVIXCS

— JIo/ITOCPOYHBIIT NTPOTHO3 3HAYEHUII MOYBEHHBIX IIOKas3aTesell, CKOPOCTell KPyTroBOPOTa,
CKOpocTell TpaHCHOopMaLIV MeXLy Pa3HBIMI OopMaMu

— IIpuemsl perynmupoBaHus HoKasaresei: CeBOOOOPOTBI, pacyeT ONTUMA/IbHBIX 103 BHECEHN S
ynobpeHuit
I1pOrHO3 MPOAYKTMBHOCTI 9KOCUCTEMBIL:

— KpaTkocpouHbIii 1 JONTOCPOYHbII TPOrHO3 TPOLYKTUBHOCTI
— OleHKa PUCKOB IIOTEPU YPOXKas B TEKYIEM CE30HE
PanHee oOHapy>xeHMe IIPU3HAKOB M3MEHEHVS MHOTOJIIETHEr0 peXXuMma (YHKIIMOHWPOBAHNSA

SKOCUCTEMDbI

Management advice on pem

decompaction/croprotation

OM quality
EWS

Inverse problem for heat transfer
Obtaining profile distribution and
dynamics for thermal diffusivity D

|

physical
EWS

-

Refit of pF-curve considering
dynamic OM quality
in case DP deviates from
Fromthe other side measurement
correlate D with hardness
and moisture

Introducing implicitly OM quality

Correlate D with bulk

density and moisture ,
. Compare with Compare with

direct optimum

measurement range for
control soil

Imitprc?vmg it w':; Decompaction potential
lelaliselt oz eleefe claifzl integral soil physical-chemical characteristic
(C content, DP = f(pF-curve);
air-permeability and
waterstability of soil)

Express density through pF-curve = f(density, SSA,
monitoring properties: kinetics of drying, implicit Calculating
Density = f(hardness, OM quality) water-
moisture, C, air- supply
permeability, waterstability)

ITnau-cxema uccnedosanuti no nonyueHu paHHux NPpU3HaKo06 cMeHvl peixuma
us3 4iu3u1co-xumuuecxux ceoticmea nousl

Mopckasd yactb: [lonynanusa aTTaHTUYeCKOM TPeCKU

[l1st momynAuMy prI6 OCHOBHBIM MHTETPA/IbHBIM IIOKa3aTesleM sIBJIsIeTCsl Ouomacca puib, Uay-
VX Ha HepecT (spawning stock biomass — SSB). 9ToT mokasaTenb onpenenseTcs KOIM4eCTBOM
PBIO, cpefHelt Maccoit 0cobert pasIMIHbIX BO3PACTOB 1 JIO/el PbI6 B HOM YIS, KOTOPbIE JAI0T
IIOTOMCTBO B JAHHOM Bo3pacTe. B Teopum, 61oMacca gfocTuraeT MakKCMMaaIbHOTO 3HAYEH A, PaB-




HOTO BMECTMMOCTY 9KOIOTMYECKOI HUIIN /ISl JAHHOTO BMJA, IIPU KOTOPOM CKOPOCTD IIPUPOCTA
paBHa Hy/0. [I/Is1 Ka)k[J0il IONMy/IALMA CYLIeCTBYeT, 3aBUCALINE OT 0COOeHHOCTeNl 61oornye-
CKOTO LIMKJIa pbI0, 3Ha4YeHMe SSB mpyu KOTOpoM IpupocT 6110Macchl HONMY/IALNY MaKCUMaJIeH. DT
3HayeHue (MSY) Ba)KHO /151 IPOMBIIIEHHOTO PHIOOIOBCTBA, HOCKO/MBKY IO/ iepyKaHyie IOy Isi-
UV Ha 5TOM YpOBHE IO3BOJIAET MIONTYyYaTh MAKCUMAaIbHBINI BO3SMOXKHBIN Y/IOB B JOITOCPOYHOI
HepCIeKTHBe.

Omnmn a¢ddexT ommcpIBaeT MOTOKNUTEIBHO-00PATHYIO CBA3b MEX[AY INPUPOCTOM IOIMY/IALUN
B pacyeTe Ha OffHY OCOOb ¥ YMCIIEHHOCTBIO momyisanuu. Takum o6pa3oM, B OTIMYME OT CIIy-
9asi KOMIICHCAIIIOHHOTO pOCTa NONY/IAnuy (HauOoIbIINii IPUPOCT IpU MO} YMCTIEHHOCTN),
MHTEHCUBHBIIT BBIJIOB MOXXET IPUBECTYU K CHIDKEHUIO YMCIEHHOCTU HIDKE KPUTUIECKOTO 3Ha-
YeHV, HUKe KOTOPOro MONY/IANNA He BOCCTAHABIMBACTCA Jake IIPY IIOJTHOM IIpeKpalleHVN
BBIIOBA. [I/151 IpejoTBpalieH s TOZOOHOI CUTyaly He0OOXO[MMO 3HATh MUHUMAJIBHYIO YNUCTIEH-
HOCTb IIOM /LA, TPV KOTOPOII ellje BO3MOYKEH IOIOKUTETbHBIN IIPUPOCT YUCTIEHHOCTH.
HenocpencTBeHHDIT MOHUTOPYHT YMCTIEHHOCTY ¥ BO3PACTHOTO COCTaBa IO/ PBIO, @ TAKXKe
Ba)KHEJIINX [TapaMeTPOB UX OMOTOIMYEeCKOro IVK/Ia (eCTeCTBEHHAA CMEPTHOCTD, JONA PbIO, MY-
VX Ha HepeCT U CPefHsAA Macca 0COOU B 3aBUCHMOCTY OT BO3PACTa) SIB/ISIETCS TPYAOEMKOII 3aj1a-
4elf 11 Ha IPaKTHKe OCYIeCTB/IATCA TOBKO B HeOOIbIIOM 06 beMe. [1151 OLleHKM ITOTHOY 6110MacChI
u SSB nonynAnuy npuMeHsII0TCs pasindHble MO BO3PACTHON CTPYKTYPbI, KOTOPbIE MCIIOTIb-
3YI0T IaHHbIE O BBIIOBE 3a JJIVITE/IbHBI EPUOJ B COYETAHNM C OTPAHMYEHHBIMY JAHHBIMU HEIIO-
CpefCTBEHHOTO MOHUTOPUHTA. B TaKMX MOJIE/SAX KOTMYECTBO HEM3BECTHBIX U ITAPAMETPOB OOBITHO
IIPEeBbIIIAET KOMMYECTBO JOCTYITHBIX JaHHBIX, I09TOMY TPeOYIOTCS JOIIOTHUTETbHBIE ITPEII0IoXKe-
HYISI, HAIIPUMeED, B, VICIIOZIb3YeMOJ1 B HACTOsIIIjee BPeMsI /IS OLIeHKY HOIY/IALIMY U BBIZAuy KBOT Ha
BBIIOB aT/IAHTMYECKOI TPECKY, MOJIe/IV OCHOBHBIM ITPEATIONIOKEHNEM SIB/IeTCsl TpeboBaHMe MaK-
CYMyMa BPeMeHHOJ KOppeJsuy ImapaMeTpoB Mofenu. I1ofgo6HbIe MOfeny XOpOIN Ji/isl OLeHKM
3aI1acoB PBIOBI ¥ BBIYVIC/IEHNUSI PeTlePHBIX Touek MSY, HO He CIIOCOOHBI 1aBaTh JONMTOCPOYHBII IIPO-
THO3, IIOCKOJIbKY OHM TTIOJTHOCTBIO 3aBYCUMBI OT IAHHBIX MOHMTOPJHTA.

O6uas KoHuenyus MoOenUPoBaAHUT
[l1s1 pa3pabOTKM METOZIOB paHHEro OOHAPY>KeHMs CMEHbI PeXVMa IMHAMUKI ITOIY/IALNNA PbIO
HeoOXofMa MaTeMaTu4eckas MOfie/ib O YISV, KOTopasi 60/iee IIOTHO YYNThIBAET 3BECTHBIE
Ouorornyeckye MeXaHM3MBbl, BIVAIONINE Ha POXXAAeMOCTb, CMEPTHOCTb U POCT 0co0eli, ¥ Ipn
3TOM TpeOyeT MOHUTOPMHTOBBIX JAHHBIX TOJIBKO JIJIs TapaMeTPU3aLiy, I03BOJIsIs TeHepUPOBATh
[IMHHBbIE BPeMEHHbIe CepyUy Pa3INYHBIX MHTEIPATIbHBIX ITapaMeTPOB MONMyIALNY (HaIpuMep,
SSB, oTHOWIEHME PO>K/JAEMOCTB/CMEPTHOCTD U T.J].) B 3aBUCUMOCTY OT CTPaTerny BbIIOBA 1 KJIN-
MaTMYeCKVX CIleHapyeB. B Mopeny y4mnThIBalOTCA CIefylolye HelyHeliHble 9P QeKThl: 3aMel-
JIeHVe BOCIIPOM3BOACTBA Npy HM3KOI IToTHOCTM nomynauyy (Omnu addexT) n yBenndeHne
CMEepPTHOCTY IIpY OOJIBIION IVIOTHOCTY (KOHKYPEHIUA 3a Pecypchbl). Mozienb CBA3bIBAET MEX/Y
co6011 pas3nMYHble XapaKTePUCTVKM IO Y/IALUN:

1) YncneHHOCTD 0co6ell BCceX BO3PAcTOB BO BCe TOABI — OCHOBHAS «BHYTPEHHAA» BeMYNHA,
BbIYNC/IIEMAsA B MOJETINL.

2) Dons ocobelit, UAYIMX Ha HepecT: B ucTopuveckmnii mepmnoy, M3BeCTHa B KaXK/ bl T'OfI, IIPU
IIPOTHO3MPOBAHUM UCIIONIb3YETCA CpEefHEE 32 UICTOPUYECKIUIL IEPUOT,

3) CMepTHOCTb M3BeCTHA B MICTOPMYECKUII IepHOf], NPU IPOTHOSMPOBAHUN WCIIONb3YeTCs
byHKUIM 0011eiT 6110MaCcChl, yYUThIBAIOLIAs] OTPAaHIYeHHbIE PeCYPCHI.

4) CpepHuit BeC OJHON 0COOM B 3aBUCMMOCTM OT TOJja ¥ BO3pacTa: B ICTOPUYECKUIT TIEPUOT
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U3BECTEH, IPY IPOTHO3MPOBAHNUY T€HEPUPYETCsI CKOPPENMPOBAHHBIM a/ITOPUTMOM CTY4aifHOTO
OMy>KaHMsI, TapaMeTPU30BaHHBIM Ha MICTOPUYECKUX JaHHBIX.

5) SSB — BBIYMC/IACTCS, IPY ITAPAMETPU3ALIUI CPAaBHUBACTCS C UCTOPUIECKVIMIU TaHHBIMIL

6) OyHKIMA peKpyTMeHTa (KONMMYeCTBO MaJbKOB, JOXKMBIINX [0 Bo3pacTa 1 roj B 3aBUCHK-
MocTy OoT SSB) — BbIOMpaeTcss C y4eToM OMONIOTMYEeCKUX MEXaHU3MOB, ITapaMeTpusyeTcs Ha
MICTOPUYECKMX AaHHBIX pe3ynbrupyloiero (SSB). Ilpennoxennass Hamy QYHKIVS peKPyTMeHTa,
II0 CPAaBHEHNIO C ONMCAHHBIMY paHee B IMTepaType IO3BOMsET TOUHEe OINCATh MCTOPUYECKIe
JlaHHBIE 11 VIMEET JIBa YCTOVMYVMBBIX COCTOSIHVSA C BBICOKOU M HU3KOJ YVMC/IEHHOCTDIO MOy,
IIpenmonaraercs, 4T0 6MOIOTMYeCKe OCOOCHHOCT Pas3INIHbIX HOMY/IALMI PbIO YIUTHIBAIOTCS
B 00111l CTPYKType MOJeNI, a Pas/iudisi B CBOICTBAaX OKPY>KAIoLIell Cpefibl MOT'YT ObITb HACTPO-
eHbl K03 uIeHTaMy IpefTaraeMoil GyHKINM peKpyTMEHTa.

7) BepoATHOCTD BbIJIOBA OJHOI 0COOM B 3aBICHMOCTY OT TOfja M BO3pacTa — M3BECTHA B UICTO-
PUYeCKIIT TIePHOf, OTIpefieNsIeTCs CTpaTeryeli BbUIOBA P IPOTHO3MPOBAHMUIL.

BxopmHble mapaMeTpbl MOMeIN:

DVindopmanua o pusnmdecknx (akTopax cpembl (TeMIepaType OKeaHa, COMEHOCTM, KIIC-
JIOTHOCTY), KONMM4YecTBe (UTO- I 300IUIAHKTOHA, IIOTOAHBIE VI KJIMMATH4ecKye JaHHBIe,
nHpOpMaIys O IJIAaHaX BBIIOBA Ha Oy/yliee M cTpaTerus GOpMUpPOBaHNS ITUX ITAHOB.
2)BxopHble mapaMeTpsl I afalTalVy MOAEIYM K APYroii HONY/IALIVY WIM BURY PbIO:
VHdopmarys o KonMu4yecTBe BBIJIOBIEHHOI PbIObI pa3HBIX BO3PACTOB B MCTOPMYECKUIT IIEPIOT
HaOJTIOfIeHMIT, TaHHBIe 00 0COOEHHOCTAX OMO/IOTMYEeCKOro IVIK/Ia PBIO, IIO/TyYeHHbIe B pe3y/IbTaTe
HaOJIIOIeHNIT M/ MOZe/MPOBaHys, MHGOpMaLKs 0 TPOPUIECKUX LETsIX, B KOTOPbIX Y4aCTBYyeT
HONY/IANVA pbl6, QYHKIVA peKpyTMeHTa.

BoixogHbIe TaHHbIE MOEN
IIporHo3 IMHAMUKY IO Y/ISIIIA:

— CpaBHeHNMe TEKYIIEro COCTOAHMUA TONYALUM C pellepHbIMM TOYKaMM, OL€eHKa PMCKOB
KPUTUYECKOTO MA/IeHNA MONY/IALMUY IPY 3aJaHHO CTPAaTerny BbUIOBA, MMHUMAJIBHO JOIYCTH-
Mas 9UCTI€HHOCTD MOMY/IALUMN.

— Jlonrocpo4HbIN IPOrHO3 AMHAMMKM MO IALMN, BpPEMS BOCCTAHOBJIEHM A IIOC/IE KOJIIaIica

— Perynmmuposanns nonynAnuy poi6: KBOTHI Ha BBUIOB KaK pacCMaTpUBaeMOro BIa pbI0, TaK
U IPYTUX, MOPCKUX OPTAHU3MOB, CBSI3aHHBIX C HUM TPOPUIECKOI LIeTIbI0
IIpOrHo3 IPOAYKTUBHOCTY SKOCUCTEMBL:

— KparkocpouHblIil 11 ZOATOCPOYHBIN IPOTHO3 MPOAYKTUBHOCTY, MaKCYMA/IbHBIN CTaOVIb-
HBIi1 Y/IOB.
Pannee o6Hapy>XeHMe TPU3HAKOB M3MEHEHN A MHOTO/IETHET0 pesk1iMa QYHKIIMOHMPOBAHMA 9KO-

CUCTEMDI

KoHuenus paHHero o6Hapy keHus NIPU3HAKOB CMEHBI PeXXNMOB B 3Kocucremax (EWS):

OcHOBHBIE 1IE/IN:

1. ITpenckasaHme KOMIANICOB NOMYIALMMA.

2. BpluncieHue IOpOroBOro 3Ha4eHM A OMOMACChI IIPY KOTOPOM KOJIIATICA IO Y/IALUN MOKHO
u3 6exarb ITyTeM IBMEeHEHNA CTpaTern BbIIOBA.

3. BerumcrieHue NOpOrOBBIX 3HAUEHUI (peIePHBIX TOYEK) U3 JUHAMIYECKOTO HEPAaBHOBECHOTO
Ipoliecca B OT/IMYME OT CTAaTMYeCKMX 3HAYEHM], IOy YeHHbIX M3 aHa/IM3a PAaBHOBECHBIX CO-




CTOSIHMII MOJIe/IY TIPY TIOCTOSHHBIX BHENIHUX YCTIOBUAX.
4. AHanu3 BIUAHMSA CTpPAaTeruy BbIIOBA Ha IpefcKasyeMocTh Komnancos (EWS) n puaaMimye-
CKJie pelepHble TOYKIL.

Yacrs 1. MogennpoBanue pasnnmyHbIX TUIIOB KONIANCOB, MX KaTeropu3anusa BMeCTe C COOT-
BETCTBYIOIIMMM CTPATernsAMM, BbIsABICHNE NOX0KNX XapaKTePUCTUK B Ka)XK/I0W KaTeropun
cTparerui
a) aITOPUTM C/IyYaiflHOTO ONMy>XAaHWA, TeHePUPYOIINII BCe BO3MOXKHBIE CTPATEIMM BBITIOBA,
COCTOAIIME U3 MHOXXECTBA IIJITAHOB
b) anroputm pasbueHys1 BpeMEeHHON cepuy Ha Y4acTKM KOJJIaIca, BOCCTAHOB/IEHMS, U CTaOW/Ib-
HOTO COCTOAHMA MONYTALNM; KaTeTrOpu3anysA KOIIAIICOB
¢) nonydeHne 060061enHoit Metoponorny EWS nocpencrsom:

i) aHa/MM3a BpeMEHHBIX Cepuil HOM YAV Y COOTBETCTBYIOIUX CTPATETNIi, KOTOpPbIEe IIPUBE/IN
K OTCYTCTBMIO KOJIJIAIICA, KOJIIATICY C BOCCTAHOBJIEHMEM VIV KOJITATICY 6€3 BOCCTAHOBJICHN S

ii) BBIAB/IEHNS IOXOXKVIX XapaKTEPUCTUK BPeMEHHBIX CEpPUI ¥ COOTBETCTBYIOIUX CTPATeTit
B Pa3HbBIX KaTeropuAx

iii) cpaBHeHMe pe3y/nbTAaTOB IONTYYEHHBIX IIPM VICIIONb30BAaHUY PasHBIX QYHKIUII peKpyT-
MeHTa (¢ pasnuaabIM Onmnu-addexrom)

V) CpaBHEHUe pe3yJIbTaTOB IpPY Pa3INYHBIX KO3(QUIVEHTaX B IIpefjaraeMoil QyHKINK
pPeKpyTMeHTa (MMUTAUS PasINYHbIX MOMY/IALNI TPECKI)

Yacrs II. Onpepenenne noporoBpIX 3HaAYEHNI IAPaMETPOB CTPATernu

1. Ilonyd4eHre 4acTOTHI KOIIAIICOB KaK (PYHKIMM ITapaMeTpa CTpaTeruyl BbUIOBA, ONIpee/ieHue
HOPOTOBOTO 3HAYEHUS

2. AHanus BpeMeHHBIX cepuii 06e3 KO/IIaIcoB (Bblllle IOPOroBOro 3HaueHus1) Ha mpepmer EWS.
O1eHKa BO3MOXXHOCTY 0OHAPY)KeH s IIOPOTOBOTO 3HAYEH NI IIPY NPUOIVKEHNY K HEMY B 3a
BUCUMOCTY OT PacCTOSTHYA.

3. AHanmM3 XapaKTepUCTUK KOJIANCOB M COOTBETCTBYIOIIMX CTpaTeruii (4acToTa KOJIAICOB,
pacmpepeeHe 1o KaTeropysM, BpeMs BOCCTAHOBJIEHUA U T.JI.) P IIPUOIVKEHUN
K IIOPOTOBOMY 3HAYEHMIO.

4. CpaBHeHME pe3y/IbTAaTOB, IOTYYEHHBIX I PA3IMYHBIX QYHKIMIT peKPyTMEHTA U pasind-
HBIX 3HaueHU koo unuenta Omnu-sddexra B mpefIo>KeHHON PYHKINY PEKPYyTMEHTA.
[Ipennonosxerne: CuUTHaIBI paHHETO OOHapy>keHus OymyT paboTaThb, eIy MOJEIb IIPAaBUIBHO
OIMCBIBAET 001IMe OMOIOrYecKyie MeXaHM3MBI, Jaske eCy 3Ha4eHVs1 K09 UIIMEeHTOB B MOie/
CIJIBHO OT/INYAIOTCA OT PeaIbHbIX MIV HEKOTOPbIE IPOIeCCHI He YUNTHIBAIOTCS, €C/IU 9TO He BIIUACT
Ha o011111e CBOJICTBA AUHAMMKY SSB, KOTOpbIe NCTIONB3YIOTCS MK ITOCTpoeHn Metogonorun EWS.

Yacrs III. Crparerna ynpapieHns

[Ipenmaraercss MeTofyKa BbIOOpa 6€30MacHBIX 1 SKOHOMUYECKY BBITOJHBIX ITAPAaMETPOB CTpaTe-
TUM BBIJIOBA HA OCHOBE MOJTYYEHHOI NH(OPMAIUN O PUCKe U1 BO3MO>KHOCTM IIpeficKa3aHms KO-
JIAIICOB B 3aBUCHMOCTY OT COCTOSIHUA HOIY/IALVIN, KOTOPas MOXeT OBITh VICIIO/Ib30BAHMS IS
IIOCTPOEHN A IIJTAHOB BbIIOBA.

B ciydae, ecnmu Mopenb NpaBWIBHO ONIVICBIBAaeT OOIIe MeXaHV3MBI (BO3pacTHas CTPYKTypa,
GYHKIMS peKpPYTMEHTa M KOHKYPEHIIVSA 3a peCypChl) OHAa MOXKET OBITh IPYMeHeHa K Pa3/IMIHbIM
MOy /IALVSAM.
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Workshop Program
7 of August, Monday — Participants arrival, arranged taxi to Metropol Hotel (Teatralnyi proezd, 2)

8 of August, Tuesday — «Modeling complex dynamic systems»

9.00 - 9.30 Welcome talk (Director in charge Igor Y. Savin). General excursion in the institute bout
research activity.

9.30-10.15 A multi-objective calibration of RothC within the GLUE framework: an example of the
equifinality inherent to first-order SOC model structures (Dr. Lorenzo Manichetti, Swidish Uni-
versity of Agricultural Sciences)

Coftee-break

10.45-11.30 Review on modeling approaches to estimate soil carbon fluxes and stocks and risks
of regime shifts induced by climate change (Dr. Fernando Moyano, Georg-August University of
Goettingen)

11.30-12.15 Mathematical modeling of regime shifts in soils (Dr. Nadezda Vasilyeva, Interdisci-
plinary Laboratory for Mathematical Modeling of Soil Systems, Dokuchaev Soil Science Institute)

Lunch (at Grabli, 10 min walk)

13.30-14.15 Regime shifts in fish populations (Anna-Marie Winter, Center for Ecological and Evo-
lutionary Synthesis, University of Oslo and Economics and Natural Resources Group, Wageningen
University)

Coftee-break

14.45-15.30 Review on modeling complexity in ecosystems (Prof. Bai-Lian Larry Li, Ecological
complexity and modeling, University of California)

Coffee/snacks

(optional) 18.00-19.30 River boat (Radisson) with a dinner and city sightseeing overview

9 of August, Wednesday — «Early warning signals of regime shifts in ecosystems»

9.00-9.45 Early warning signals of regime shifts in time series of data from financial markets (Dr.
Elena Rovenskaya, Advanced Systems Analysis, International Institute for Applied Systems Anal-
ysis)

9.45-10.30 Applicability of time series of soil monitoring data for development of early warning
signals methodology for prediction of critical changes in soils (Taras Vasiliev, Interdisciplinary
Laboratory for Mathematical Modeling of Soil Systems, Dokuchaev Soil Science Institute)
Coftee-break

11.00-11.45 Analysis of modelled time series of fish population under different scenarios of com-
mercial exploitation and development of methodology for detection of early warning signals of
regime shifts (Dr. Artem Vladimirov, Interdisciplinary Laboratory for Mathematical Modeling of
Soil Systems, Dokuchaev Soil Science Institute)

Lunch (at Varenichnaya, 10 m walk)

13.30-14.15 Solving optimal control problems for commercially exploited ecosystems on example
of fish population (Dr. Ludmila Artemyeva, Optimal Control Department, Faculty of Computa-
tional Mathematics and Cybernetics, Lomonosov Moscow State University).

14.15-15.00 Review on drought risks in ecological systems (Prof. Ana Maria Tarquis, Complex
systems group, Educational Innovation Group RiskMetrics, Research Center for the Management
of Agricultural and Environmental Risks, Department of Applied Mathematics, Universidad
Politécnica de Madrid).




15.00-16.00 Round table 1. Discussion of existing EWS methods (statistical approaches, their
applicability and limitation). Potential applications of mechanistic dynamic models of complexity
in ecosystems for development of early warning signal methodology.

Coffee/Snacks

16.30-18.00 Excursion to Tretyakovskaya gallery with official English speaking guide. (5 min walk
from the workshop)

19.00 Social dinner at Restaurant

10 of August, Thursday — Feedbacks and summary.

9.00-10.30 Round table 2. Conclusions, feedback and ideas for development of early warning sig-
nal methodology to predict regime shifts in ecosystems using mathematical modeling of complex
dynamics.

Coffee-break

11.00-12.30 Round table. Actual questions in ecosystem modeling. Formulation of scientific
research topics interesting for joint international collaborations.

12.30-13.00 Workshop together photographing and short interviews (2-3 minutes).

Lunch

14.00 Drive to Lomonosov Moscow State University

15.00-16.30 Excursion to Lomonosov Moscow State University Earth Museum and the viewing
point from Rotonda.

19.00 Ballet «Sleeping beauty» of Summer Ballet Seasons in Russian Academic Youth Theatre
(RAMT), Theatre square, 2 (next to the Bolshoi theatre). Tickets booked and provided to interested
participants.

11 of August, Friday. Participants departure. Arranged taxi from the Hotel to airport.




Participants
Project leader of marine group Prof. Nils Christian Stenseth, Head of CEES: «Review on com-
plexity and nonlinearities in marine ecosystems»
Research interests

Population biology (ecology and genetic structuring);
large-scale ecological and evolutionary patterns; effects
(ecology and evolution) of climate variation; terrestrial,
marine and freshwater systems, including vector-borne
infectious diseases with an environmental reservoir.
Above all I am, in various settings, working on merging
ecological and evolutionary thinking as well as better
understanding the feedback-loop between ecology and
evolution: ecology causes evolution through ecological-

ly-based selective pressure, and when evolution occurs,
the ecological interactions within the ecosystem may change — potentially leading to a modified
ecologically-based selective pressure.

Background

I am a Core Member, Research Professor and the Chair of CEES at the University of Oslo. In addi-
tion, I am Professor II at both the University of Agder and the Norwegian University of Science and
Technology (NTNU).

My research interests span a broad spectrum of ecological and evolutionary topics, most of which
are rooted in population biology. Before the early 1990s, much of my work was purely theoretical.
Later, I adopted the research strategy of «asking» available data what the underlying ecological or
evolutionary process might most likely be — all within a theoretical perspective. I strongly favour
comparative studies — by comparing similar features between different (but comparable) systems,
we typically learn more than we otherwise would have done. Variations in population densities
in time and space — and the underlying demographic processes — have been a main interest of
mine over the years. An important example is the interdependent relationship between density-de-
pendent and density-independent processes, where the ecological effect of climate is an important
example of the latter.

Most of my work relates to basic issues. (I have never claimed that my research is of any immedi-
ate use, although I do hope it will be in the long run.) However, I find great pleasure in working
on more applied issues as well; I have never been ashamed of my research being of practical use
here and now. These applied interests have brought me into work on pest control (e.g., rodents in
Africa), harvesting (marine and terrestrial), bio-economics (e.g., the ecological dynamics of dry-
land pastoral systems) and epidemiology (Plague).

I am convinced that it is helpful to try to understand what has happened in the past, in preparing
for what might happen in the future, e.g., ecological and evolutionary effects of climate change. For
this reason, I value the existence of long-term time series — and the analysis of them.

I love interacting with colleagues, and find great pleasure in building and maintaining teams. I am
an ISI highly cited researcher.




Besides being an active scientist I am also a public advocate for science, actively participating in
the discussions on how best to structure and strengthen the scientific community. I am an elected
member of The Norwegian Academy of Science and Letters (DN'VA); I was the vice-president/pres-

ident of that Academy 2009-2014. I am also an elected member/fellow of several other academies,
including the National Academy of Sciences (Washington, US), French Académie des Sciences, the

Russian Academy of Sciences, Finnish Society of Sciences and Letters, Academia Europaea, the

Royal Norwegian Society of Science and Letters and Agder Academy of Science and Letters. I have

been awarded honorary doctorates (Doctor Honoris Causa) at the University of Antwerpen, Bel-
gium (2001) and at the Ecole Normale Supéreure, Lyon, France (2011), and I am honorary Professor
at Addis Ababa University in Ethiopia. I am a Chevalier (Knight) in the French National Order of
the Legion of Honour.

During the period 2012 to 2015 I served as the President of the International Biological Union
(IUBS). Currently I am a member of the Scientific Council of the European Research Council
(ERC) as well as the Editor-in-Chief of Climate Research.

Project leader: Dr. Anne Maria Eikeset, researcher at
CEES, TerMARisk

My main interests are modeling in the interface between
ecology, evolution and economics on how natural resources,
as common pool resources embedded in social-ecologi-
cal systems, adapt to exploitation and climate change. In
particular I have focused on marine ecosystems and fish,
from individual level to population level, to communities.
I develop models to study how eco-evolutionary dynamics
and economics interact in a changing environment; like
under climate change, or under more abrupt perturbations,
oil spills. For example, I use these models to study multi-

: ple scenarios for (optimal) harvest rules under different
objectives and regulatlons (like harvest control rules in commercial fisheries). I am also working
on time-series modeling, like state-space models, to study the mechanisms and how uncertainty
affects the fish species adaptive capacity. Most of my work has been done for the Barents Sea, in the
Arctic region.

I have since 2012 been a member of the Levin Lab at Princeton University and is currently a Visit-
ing Associate Research Scholar, Department of Ecology and Evolutionary Biology, Princeton Uni-
versity.

Invited external expert: Prof. Ana Maria Tarquis Alfonso: «Review on drought risks in
ecological systems»

She is a professor in Applied Mathematics at Universidad Politécnica de Madrid (UPM) and Gen-
eral Secretary of CEIGRAM (Research Center for the Management of Agricultural and Environ-
mental Risks). She has been teaching Mathematics at UPM under different graduate programs, as
well as PhD courses and recently Master’s courses once that the Bologna plan was implemented in
Spain. Her research interests have been applying powerful mathematical tools in agriculture and
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environmental research to address problems in a different
way and see what progress can be made. In this sense, beside
the application of classical Statistics and Modeling anal-
ysis, she has been using Lindenmayer systems (L-systems)
in plant growth, fractal/multifractal and wavelet analysis
in soils and time series studies, Barabasi networks and het-
erogeneous preferential attachment networks to several sys-
tems, artificial networks and fractal filters in image analysis.

ABSTRACT
Ecological systems are generally considered among the most
complex because they are characterized by a large number of

diverse components, nonlinear interactions, scale multiplic- _
ity, and temporal/spatial heterogeneity. Hierarchy theory, as well as empirical evidence, suggests
that complexity often takes the form of modularity in structure and functionality. Therefore, pow-
erful tools should be applied to understanding complex ecological systems.

Drought is, by itself, a complex phenomenon, which is difficult to define. The term is used to refer to
deficiency in rainfall, soil moisture, vegetation greenness, ecological conditions or socio economic
conditions, and different drought types can be inferred. It is considered as one of the major natural
hazards in south Europe with a significant impact on agriculture, environment, society and econ-
omy. Droughts affect sustainability of agriculture and may result in environmental degradation of
a region, which is one of the factors contributing to the vulnerability of agriculture.

Risk management is part of a farmers» business strategy since production is subject to many uncer-
tainties that could threaten returns or even the viability of farms. The sources of risk in agro-eco-
systems are numerous and diverse. The prevalence of sources of risk that affect many farmers at
once, such as weather-related hazards, is specific to agriculture. Some weather related risks such
as drought have a systemic component in that they affect most farmers within an entire region or
country. There is no doubt that agriculture, as an economic sector, is therefore most vulnerable and
most exposed to climate extremes.

In this talk, we will show different drought cases studied pointing out the need to apply com-
plex systems concepts to understand the dynamic of such agro-ecosystems. The design of drought
insurance will be a direct application of this approach.

Invited external expert: Prof. Bai-Lian Larry Li: «Review
on modeling complexity in ecosystems»

Much of the effort in 20th-century biological research has
been aimed at reducing biological phenomena to the behav-
ior of molecules. Despite the enormous success of this
approach, a discrete biological function can only rarely be
attributed to an individual molecule. Most biological func-
tions arise from complex interactions among many compo-
nents. Our increasing understanding of complex systems
demands that 2lIst century biological research advances
beyond reductionism.

Using this holistic mechanistic view and a highly-quantita-




tive, modeling approach to biological and ecological systems, research conducted in Dr. Li’s lab-
oratory addresses questions that include but are not limited to: How do biological and ecological
systems self-organize? What are the origins and mechanisms of emergence of scaling from indi-
vidual to landscape levels (especially on emergence of dynamic scaling)? And what are the physical
bases of non-equilibrium biological and ecological systems? We use mathematical, statistical, and
computational modeling approaches as a way of exploring and answering these questions. These
modeling approaches help identify general principles and basic mechanisms governing emerging
properties of biological and ecological systems at multiple temporal and spatial scales based on
energetic, thermodynamic and information considerations.

We also apply complex systems theories and modeling approaches to very applied ecological prob-
lems in conservation biology, biological invasion, restoration ecology, ecological monitoring and
assessment, global change, and sustainable development.

Recently, I have some interests on the development of multi-scale modeling to incorporate genomic,
proteomic and metabolomic data, along with information on the associated biochemical and phys-
iological mechanisms and pathways that control and influence biological and ecological processes.
Basically, it’s kind of model hopefully to link genes to ecosystems. I have been looking into some
minimal models for complex dynamics in cellular processes, genetic regulatory networks, noise in
gene expression and its consequence for cellular behavior, etc.

Nonlinear dynamics and chaotic and complex systems constitute some of the most fascinating
developments of late twentieth century mathematics and physics. The implications have changed
our understanding of important phenomena in almost every field of science, including ecology.
This talk will introduce some of our recent work on complexity and chaos in the Spatio-temporal
dynamics of marine ecosystems. The dynamics of these biological communities exhibit an inter-
play between processes acting on a scale from hundreds of meters to kilometers, controlled by
biology, and processes acting on a scale from dozens to hundreds of kilometers, dominated by the
heterogeneity of hydrophysical fields. We focus on how biological processes affect spatio-temporal
pattern formation and explain why the heterogeneity of the species spatial distribution can not
always be reduced to the heterogeneity of the aquatic environment.

Invited external expert: Dr. Fernando Moyano: «Review
on modeling approaches to estimate soil carbon fluxes
and stocks and risks of regime shifts induced by climate
change»

Dr. Fernando Moyano is a researcher and lecturer in the
Bioclimatology group of the University of Gottingen. He is
interested in the interactions between ecosystems, land-use,
climate change and society. More specifically, his research
focuses on understanding the response of soil organic mat-
ter to environmental change in diverse ecosystems. After
studying Biology at the University of Cordoba, Argentina,
Dr. Moyano obtained a PhD degree (Dr. rer. nat) working at
the Max Planck Institute for Biogeochemistry in Jena, Ger-

many, where he explored the factors affecting soil respira-




tion fluxes in cropland and forested areas and quantified their connection with above ground CO2
assimilation and temperature variability. He later moved to France where he was employed by the
Centre national de la recherche scientifique (CNRS) and later by the Laboratoire des Sciences du
Climat et de ’Environnement (LSCE). His work in France involved research and modeling of the
response of soil organic matter decomposition to variations in temperature and moisture, relying
on combined statistical and theoretical approaches. At the LSCE he contributed to developing the
Orchidee land surface model. In addition to teaching, his current work at the University of Goet-
tingen focuses on the development of mechanistic models simulating processes of soil C dynamics
combined with understanding the effects of land use change at various biogeochemical levels. Dr.
Moyano is a collaborator within EFForTS, a multidisciplinary project that looks at the effects of oil
palm plantations replacing primary forests in Indonesia.

Abstract

The carbon cycle and climate are tightly connected, not only by human emissions of fossil carbon,
but also by C sinks and sources over various types of planetary surfaces. In average, land use change
results in large amounts of CO2 emitted to the atmosphere, but land vegetation can also takes up
CO2, partially offsetting the overall increases in atmospheric concentrations. The role of soils in
determining past and future changes in flows and stocks is still highly uncertain as a result of their
complex nature, strong spatial variability and difficulty in directly measuring soil processes. Thus,
most soil C models rely on highly simplified representations of decomposition processes driving
soil C accumulation and turnover, since more realistic but more complex models cannot be prop-
erly validated. However, a significant amount of research is being done to improve soil models
by making them more mechanistic, i.e. more closely based on established theory. These models
tend to be non-linear and result in complex responses of soil C to different drivers. While many
simulations lead to highly improbable outcomes, others show behaviors that are more consistent
with field or laboratory observations. Recent meta-analysis of field observations have shown that
the response of soil C to increases in temperature depends on the ecosystem type. This behavior is
also reflected in newer models that incorporate microbial and enzymatic dynamics. Interactions
have also been observed between temperature and moisture effects. These have been successfully
simulated by explicitly including diffusion in soils, resulting in future predictions that again con-
trast with conventional model predictions. A better understanding of the mechanisms responsible
for soil C stabilization will require a combination of theory development, further observations
and modelling tools that allow an integration of both. The continued development of models com-
bined with an increasing availability of data will lead to better validated models, helping reduce the
uncertainties still associated with the long term response of soils to climate and land use change.

Invited external expert: Dr. Lorenzo Manichetti: «A multi-objective calibration of RothC
within the GLUE framework: an example of the equifinality inherent to first-order SOC model
structures»

Dr. Lorenzo Menichetti is a researcher in the group of Ecosystem Ecology in SLU University in
Uppsala (Sweden). He is interested in understanding soil ecosystems as a whole, and this interest
evolved naturally toward modelling in recent years. His knowledge base developed around the
carbon cycle and its interactions with biotic and abiotic components. A parallel fascination for
epistemology brought in an interest for models as hypotheses, and between noise and signal he got
particularly attracted by the former.




He graduated in 2006 in Tropical Agriculture at the Uni-
versity of Florence (Italy) with a thesis on the influence of
termites on soil biogeochemical cycles. After a period work-
ing in private sector, first as agronomist and then as project
manager, he started to study for a PhD in soil science in SLU
University (Uppsala), where he received it in 2014. The stud-
ies were mainly focused on C isotopes, but there he started
developing there a side interest for modelling and uncer-
tainty analysis. He then had one really short experience as
postdoc in Cranfield University (UK), working with signal
processing in soil proximal sensing. This was followed by a

second postdoc at the Climate and Air Pollution group in
Agroscope Ziirich (Switzerland), more specifically on soil
organic carbon (SOC) modelling where he sharpened the tools he developed during the PhD stud-
ies. He recently headed back to Sweden, in the same institution and partially same group as during
the PhD studies, but this time with more clear ideas about his interest and more specifically working
on soil models. He is at the moment following two project, one more experimental about modelling
the influence of wild deer on nutrient fluxes between ecosystems, and another focused on maintain-
ing and extending the SOC model developed in SLU Uppsala, ICBM.

His modelling style, probably influenced by his teachers, is oriented toward minimalism and char-
acterized by a pretty liberal use of Occam’s razor.

Abstract

Authors: Lorenzo Menichettil", Claudia Cagnarini'?

The vast majority of current soil organic carbon (SOC) models or modules are based on similar
structures all implementing first-order kinetics. In order to represent the paradigm of chemical
SOC recalcitrance within these structures, most of these models utilize a set of relatively arbitrary
C «pools», each with a different decay constant. These structures are far from being minimalistic,
and they usually lead to many interactions between the parameters (mostly decay constants with
input and humification rates). The effect of these interactions on model parameterization is defined
in the literature as equifinality, a word expressing the rather intuitive concept that one particular
predicted value by a particular model structure can be generated by many combinations of param-
eters (parameter sets) which, due to the interactions, can differ substantially the one from the other.

This has the consequence of widening the uncertainty bounds of model predictions, or, in case of
calibrations still based on the search of a single optimum, unrealistic predictions depending on
local conditions.

In this study we selected RothC, one of the most widely used SOC models, as a target for an explo-
ration based on the GLUE framework" based on multi-decadal data from a Swiss long term exper-
iment (ZOFE, located in Ziirich). In an attempt to reduce model uncertainty and overcome the
expected equifinality, we introduced a multi-objective calibration based on several variable, cali-

sty University, Uppsala, Sweden
12 Bangor University, Bangor, UK

13 Beven, K., & Binley, A. (2014). GLUE: 20 years on. Hydrological Processes, 28(24), 5897-5918. https://doi.org/10.1002/hyp.10082
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brating 1) against SOC time series, 2) against SOC time series and soil respiration measurements
from the literature, 3) against SOC time series and biomass measurements from the literature 4)
against SOC time series and a Zimmerman'’s fractionation results from the literature.

All these criteria defined several multidimensional model spaces (where the dimensions where
defined by parameters and fitness indicators), within which results were analyzed and presented.

In general the model resulted quite undetermined, and the impact of the additional criteria on the
parameterization uncertainty was really low if detectable at all, confirming some limitations inher-
ent to representing SOC decay with structures based on first-order kinetics.

Invited external expert: Prof. Grabarnik Pavel Yakovlevich
Laboratory head of Ecosystems Modeling, Institute of
physical-chemical and biological problems of soil science
Russian Academy of Science, Puschino

I.p.— M.H., 3aBeAyIOIuMil 1abopaTopyell MOAeTPOBAHNS
aKocucTeM VHCTUTYTa PUSMKO-XVMIYECKNX ¥ OMoIornye-
ckux npo6nem nousosenenus PAH, Ilymuno, Poccus
Buorpadus

1979 — 3akoH4YMN (aKyabTeT NPUKIALHON MaTeMaTu-
KJ-TIPOLIECCOB  yTpaB/IeHNs JIeHMHTpajgcKkoro rocypap-
CTBEHHOTO YHUBEpPCUTETA

1992 — samuTu KaHAUAATCKYIO AUCCEPTALMIO Ha TEMY
«O1eHNBaHMe ITapaMeTPOB IPOCTPAHCTBEHHBIX TOYEYHBIX

IIPOLIECCOB MapKOBCKOTO THUIIa»
2013 — samuTUNA JOKTOPCKYIO JMCCEpTAlMI0 Ha TeMy «MopenupoBaHue U METOAbI CTaTUCTH-
YECKOTO aHa/IN3a MPOCTPAHCTBEHHOM CTPYKTYPBI JPEBOCTOEB Ha OCHOBE C/Iy4YallHbIX TOYEYHbBIX

IOJIEN»
¢ 1979 — corpypHuk VIHCTUTYTa PUBUMKO-XMMIYECKNX U OMOTOTMYeCcKIX IpobIeM oYBoBefie-
Hua PAH

Hayunbie naTepecsl

MaTtemarudeckoe MOIE/IMPOBaHNE JIECHBIX 9KOCVCTEM, MOAE/IVPOBaHNe IPOCTPAHCTBEHHO pac-
Ipefie/IeHHBIX CUCTeM B3aMMOJEICTBYIOIMX 00beKTOB; IIPOCTPAHCTBEHHAs CTaTUCTIKA, CTOXa-
CTMYeCKasi reoMeTpusi, 00paboTKa n306pakeHnit, 6aitlecOBCKMe METOIBI aHA/IN3a CTOXACTUYECUX
MoJieTIell, aHa/IN3 YyBCTBUTETBHOCTY U HEOIIPefIe/IEHHOCTY MOJIe/IbHBIX CHUCTEM

Dr. Elena Rovenskaya: «Early warning signals of regime shifts in time series of data from
financial markets»

Elena Rovenskaya is the Program Director of the Advanced Systems Analysis (ASA) Program at the
International Institute for Applied Systems Analysis. She is also a Research Scholar at the Optimal
Control Department of the Faculty of Computational Mathematics and Cybernetics, Lomonosov
Moscow State University, Russia. Her scientific interests lie in the fields of theory of optimal con-
trol, ill-posed problems and economic-environmental modeling.




Dr. Rovenskaya graduated in 2003 from the Faculty of
Physics, Lomonosov Moscow State University, Russia. She
received her PhD in 2006 from the Faculty of Computational
Mathematics and Cybernetics, Lomonosov Moscow State
University, Russia. The title of her PhD thesis was «On solv-
ing the problem of finding the optimal compatibility param-
eter value for a class of equations in a normalized space.» In
2005, Dr. Rovenskaya participated in IIASA’s Young Scien-
tists Summer Program and since 2006, she has been collabo-

rating with the Dynamic Systems Program and later with its
successor, Advanced Systems Analysis Program. In 2013, she

ﬂ was appointed Acting Program Leader for the ASA Program
and in 2014, she became the Director of the ASA Program.
Dr. Rovenskaya’s current research is focusing on modeling of optimal forest management, explor-

ing systemic risks in ecological networks, modeling economic growth with environmental con-
straints and agent-based modeling of regional development.

Abstract

With this approach based on machine learning and pattern recognition, we investigate whether
pre-cursors of certain events can be identified in time series. The developed algorithm must be
calibrated («trained») based on past data when an event of interest occurred. The algorithm relies
on a random process describing the occurrence of positive and negative signals in a time series
preceding the event in question. After calibration, it is able to «see» patterns in the times series,
which indicate the probability of the event to occur over a specified time horizon. We demonstrate
the applicability of the algorithm for the case study of financial crises over last 40 years.

Dr. Ludmila Artemyeva: «Solving optimal control problems for commercially exploited
ecosystems on example of fish population»

—— Liudmila Artemyeva is an assistant professor at the Optimal
Control Department of the Faculty of Computational Math-
ematics and Cybernetics, Lomonosov Moscow State Uni-
versity, Russia. Her main fields of scientific interest include
optimization methods, optimal control theory. She teaches
optimization methods, linear optimal control theory, multi-
criteria optimization theory, optimal control of heating rod.
Liudmila Artemyeva also supervise bachelor and master
students.
Dr. Artemyeva graduated from the Faculty of Computa-
tional Mathematics and Cybernetics, Lomonosov Moscow
State University, Russia. In 2013, she received her PhD in

- "1 mathematics. The title of her thesis is «Searching for an
equilibrium point in two-person saddle point games».
Her current scientific work is focused on optimization problems with dynamics, described by par-
tial differential equations, especially on multicriteria optimization in ecological systems.




Aprempbesa JltogMuaa AHaTONbeBHA PabOTaET B JO/DKHOCTM acCUCTeHTa Ha Kadeape OnTuManb-
HOTO yIpaB/eHNs (axynibTeTa BprumcimTenbHON MaTeMaTuKM U KuOepHeTMKM MOCKOBCKOTO
rOCyJZapCTBEHHOTO yHMBepcurera umeHu M.B. JloMmoHocoBa. B 06/macTh HaydHBIX MHTEpPECOB
AptembeBoii JI. A. BXOZAT MeTOAB! ONTMMU3AINY, ONTUMaIbHOE yrpasineHue. Ha dakynbprere
accuCTeHT ApTeMbeBa INpenofaeT TakKue IMpefMeThl Kak «MeTonpl onTuMmusanum», «/InHernnas
TeOpMs ONTMMAIBHOTO yIIpaB/leHNUA», «MHOrOKpuTepuanbHasd ONTUMU3ALUA», «ONTUManbHOE
yIIpaBJ/ieH/e HarPeBOM CTepP>KHsI». TakyKe acCHCTEHT ApTeMbeBa PYKOBOJUT BBITYCKHBIMM Pado-
TaMM CTYyIEeHTOB 6akajlaBpuara I MaruCTpaTyphl.

Aprembesa JI. A. ¢ oTmumeM 3aKOHUMIA PAKyTbTET BBIYNCTUTENIBHON MaTEMAaTUKIU U KubepHe-
K. B 2013 rogy ycnenino sammuTuiaa guccepTaluyio Ha TeMy «MeTopbl MOMCKa TOYKM paBHOBE-
CUA B CEJJIOBBIX UTPAX ABYX JINI».

B HacTosiiee BpeMs uccieoBanusi ApreMbeBoii JI. A. OcBsIeHbI pa3paboTKe METOJIOB pellle-
HIA 3aJja4 ONTMMAJIbHOTO YIIPAaBAeHUA IIPOLiecCaMy, ONMChIBAEMBIMI YPAaBHEHMAMM B YaCTHBIX
MIPOM3BOAHBIX, U1, B YaCTHOCTH, 3aJja4 MHOTOKPUTEPUAIbHON ONTUMM3ALNN 9KOTOTMIECKUX IIPO-
11eCCOB.

Abstract

Optimal harvesting of biological renewable population (such as fish and trees) is one of the clas-
sic problems of resource economics''®. While trying to solve this problem an important question
is the level of biological detail and complexity of the chosen model that are sufficient for various
purposes. Today exist a range of population models such as exponential population growth, logis-
tic equation as model of population dynamics and recently there has been a growing interest in
extending classic fishery models to cover multiple species and metapopulations and to include the
age-structure of the population.

In a present work, the age-structured population model' described by the linear partial differential
equation is considered. This model consists of the evolutionary equation, the boundary condi-
tion which is known as fertility equation and the initial condition. The goal is to find the control
function that satisfies the model and optimizes several utility functions (economic and ecological
utility functions). The presence of several functions is since fishery management handles typically
with multiple objectives, in most cases conflicting (maximizing fishing yields, minimizing ecolog-
ical impacts). In this case we cannot find the optimal solution in a common way. We need to find
specific equilibrium solutions.

To solve the problem, we can use the following scheme. First of all it is needed to formulate the
problem in a form which is mostly convenient for applying analytical methods. Than it is needed to
propose a step-by-step scheme how to find the Pareto frontier. Also, it is needed to propose a differ-
ence scheme to solve numerically the dynamic equation. In the method mentioned above can arise
next challenges. First of all, it is the possibility to find the analytical solution in dynamic model?
How should we value employment, fish stock in the water, etc. What to do if we receive inaccurate
input data? Do we need to use in this case specific regularization methods?

' G.C. Plourde. A simple model of replenishable resource expoitation. Am. Econom. Rev. 60, 518-522.1970.

15 . Koen. Optimal harvesting of renewable resources. JOTA. 58, 83-91. 1988

1 01li Tahvonen. Economics of harvesting age-structured fish population. Journal of environmental economics and management. 2009. 58. pp.

281-299.
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3afayy ONTMMAIbHOTO YIpPABIEHMS [/ KOMMeEpPUYeCK) SKCITyaTMPyeMbIX 3SKOTOTMYeCKUX
CUCTeM, Ha IIpUMepe PHIOHBIX IOMYIALINIL.

Bomnpoc ontumanbHOTO moTpeO/IeHns OMONMOrMYecKyt BO30OHOB/IAEMBIX PeCypcoB, TaKUX Kak,
PBIOHBIE VIV JIECHBIE PeCypChl, SIBISETCS OFHOM M3 KIACCHMYECKMX 3aJad SKOHOMMUKU pecyp-
coB'”*. IIpu pemeHNy TakMX 3a/jad BaXKHBIM AB/IACTCA BOIIPOC BBIOOPA JO/DKHOTO YPOBHSA JeTa-
nu3anuy 61107IOTMYECKOTo MPOLecca, YIIU NHaYe TOBOPsI, OMOMIOruecKoil MOfieny, KoTopas oyzeT
B JJOCTaTOYHOI J/Is1 KOHKPETHOI 3ajjauyl CTeleHM ONMCBIBATh npouecc. Ha ceropHAMHMIT leHDb
CYIIeCTBYeT Lie/IbIN PSf HONY/IALVOHHBIX MOJIeTIel, Cpefil KOTOPBIX, 9KCIIOHEHIIa/IbHA A MOJIe/Tb
pOCTa, JIOTYCTIYECKOe YpaBHEHME, B IIOC/IeHee BpeMs HabmofgaeTcss 60MbIIoi MHTepeC K pas-
BUTHIO KJIACCUYECKMX MOJI/Ieil C IIe/IbI0 Y4eCTh MHOTOBUOBYIO CTPYKTYPY, a TAK)XKe BKITIOYNUTD
CTPYKTYPUPOBAHHOCTD IIOMY/IALUIL TI0 BO3PACTY.

B Hacrosimeit paboTe paccMaTpuBaeTCs CTPYKTYPMPOBAaHHAs 110 BO3PACTy MOZENb’, KOTopas
OIMCBIBAETCA YpaBHEHMEM B YaCTHBIX IPOM3BOJIHBIX IIEPBOTO TOPsA/KA C HEMOKa/IbHBIM Kpae-
BBIM ycnoBueM. Heo6Xxon1Mo HaliTy ONTMMaIbHOE YIIPaBIeHNe — BBITIOB, KOTOPBIN Y/IOBTIETBO-
pseT MOJeNN, U IIPY 9TO ONTUMUSUPYET pAL PYHKIMOHAIOB (3KOHOMIYECKIE VI SKOJIOTMYeCcKue
KpuUTepuu KadecTsa). Hammume HecKonMbK1X QYHKIIVOHATIOB 00YC/IaBIMBaETCsl HEOOXOAMMOCTBIO
OIITMMM3AIVY HeCKOIBKMX (YHKIMOHAIOB, YaCTO IIPOTHBOpEYANINX APYT APYTY (MaKCUMU3U-
poBaTh MpUOBITb, MUHVMM3MPOBATh SKO/IOrMYeckue rnorepu). Ilpy Takoil MOCTaHOBKe 3ajadun
OIITMMAJIbHOE pellleHVie B 0OBIYHOM CMBICTIE MOYKET VI He CYIIeCTBOBATD, /I B 3TOM C/Iydae HeoOXo-
AVIMO UCKATh pelleHVe B OIIpefie/IeHHOM CMBICTIE.

Il pelieHNA MOCTaBIEHHO 3a/jau IIpeJIaraeTcsa BOCIONb30BaThCA cefyolel cxemoit. CHa-
Yajia Heo6xoaMo chOpMYIMpPOBaTh 3ajiady B Hauboee YLOOHOM /ISl IIPMMeHEeHN s aHaIuTIde-
CKUX MeTOHoB Bupie. [lanee HeoOXORMMO BBIPAOOTATh MOIIATOBYIO CXeMy IOMCKa Touek Ilapero
VICXOMIHOV 3aiaun. Tak>ke HEOOXOAVMO IPENIOKUTD YNCIEHHYIO CXeMYy pelleHNsA YpaBHEHUs
B YaCTHBIX IIPOM3BOAHBIX. IIpy Mogo6HOM IOAXOe MOTYT BOSHMKHYTD C/IEYIONINe CTIOKHOCTIL.
Bo3MOXXHO /11 HaiiTH pellleHMe YpaBHeHMs aHaIUTHIecKn? Kak B MOJenu y4uThBaTh pabodyio
CHJTY, ICXOTHOE KOIYeCTBO PBIOLI B BOZIE ¥ TOZI0OHbIE TapaMeTpbl. UTO fle/laTh C HETOYHO 3a/jaH-
HBIMU BXOJHBIMU TaHHBIMI? HeoOXORMMO /1M MCTIONIB30BaTh METOABI PETY/IApU3ALU?

Anna-Marie Winter: «Regime shifts in a fish population model»

I am a PhD student at the Centre for Ecological and Evolutionary Synthesis (CEES) at the Univer-
sity of Oslo, with Professor Nils Christian Stenseth (CEES), Dr. Anne Maria Eikeset (CEES) and
Dr. Andries Peter Richter (Environmental Economics and Natural Resources Group, Wageningen
Research Centre and University, Netherlands) as my supervisors.

My scientific interest lies in feedback effects between anthropogenic activity and natural resource
dynamics in aquatic systems and I am especially intrigued by those interactions that lead to a col-
lapse of the resource.

In my PhD research, I focus on how climatic drivers (e.g. increase in sea surface temperature or
acidification of the ocean) interact with harvesting pressure (e.g. by fishing pressure, gear selectiv-
ity or open access of a fishery) and erode the resilience of a fish population and its ability to recover
from collapse. Recovery potential is particularly reduced if the fish population’s recruitment is

7 G.C. Plourde. A simple model of replenishable resource expoitation. Am. Econom. Rev. 60, 518-522.1970.

18 C. Koen. Optimal harvesting of renewable resources. JOTA. 58, 83-91. 1988
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impaired by e.g. an Allee effect: Below a certain biomass
threshold individual growth rate and thus the population’s
potential to replenish is decreased, even when fishing pres-
sure is reduced. Reversion of such a regime shift pose a major
challenge for fisheries management. With theoretical popu-
lation models I aim to study the system’s behavior precedent
such a regime shift, to then identify indicators signaling the
proximity of a possible collapse. The project TerM ARisk was
found to bring together mathematicians and natural scien-
tists to study this challenge of regime shift anticipation.

TerMARisk also reflects my joy to work together with sci-
entists from different nationalities and disciplines. I believe in inclusiveness and accessibility of
research and appreciate when reaching an audience beyond.

Abstract
Regime shifts in fish population

Regime shifts in marine systems are often discussed on an ecosystem level, where an unbalance in
species interactions often caused by fishing, leads to the persistent ecosystem change.

Here I focus on regime shifts in fish communities and populations, which lead to a low abundance
or collapsed state as an alternative regime that is stabilized by different feed-back mechanisms. In
particular, I focus on size-selective feeding and density-dependence as an underlying feed-back
mechanism. For example, in the Baltic Sea, the fishing of Atlantic cod and the resultant lack of
top-down control of its prey population dynamics lead in a different prey size structure, with less
individuals suitable to predation. Thus, Atlantic cod is remained at small population size owing to
food shortage.

Besides the prey-size preference, the negative density dependence of the cod’s prey hampers its
recovery. The prey fish released from top-down control replenishes fast and outcompetes the juve-
nile cod.

The Allee effect is a case of a positive density dependence at small population size. Individual
growth rate and thus also the population’s renewal capacity is reduced below a certain biomass
threshold. If the population is reduced below the Allee threshold, it will degrade towards collapse
even if the fishing pressure is removed.

Preventing and reverting such a regime-shift is a major challenge for fisheries management, because
fish population are exposed to a multitude of stressors, which interact and are not stable in time.
Climate and fishing pressure are rising and likely to increase the occurrence of unwanted regime
shifts. This poses an additional challenge for rebuilding strategies of fisheries, which are already
vulnerable due to e.g. fishing induced body size-truncation and demographic instability.




Project leader of terrestrial group: Dr. Nadezda A. Vasilyeva: «Mathematical modeling of

regime shifts in soils»

My research interests are in the area of nonlinear dynamics
in complex self-organizing systems and feedbacks in bio-
spheric processes. I have been working on modeling mech-
anisms of macroscale soil structure genesis and degradation
driven by soil organic matter transformations by microor-
ganisms. I am very interested two broaden my ecosystems
research vision. This excellent opportunity is provided now
by NordForsk supported Nordic-Russian collaboration
project «Multidisciplinary approach two anticipate critical
regime shifts in terrestrial and marine systems at risk» (Ter-
MARIisk). The project was initiated by Anna-Marie Winter
between CEES and our Interdisciplinary Laboratory for
Mathematical Modeling of Soil Systems That Dokuchaev
Soil Science Institute in Moscow, Russia (ILMMSS).

As apostdoc I have experienced teamwork in international research projects at the French National
Center for Scientific Research (CNRS) with a research project on soil organic carbon stabiliza-
tion process and sensitivity two climate change. As well, as a visiting postdoc in the University of
Zurich with research on black carbon stabilization of soil organic matter, and the University of
Pennsylvania, Philadelphia with soil organic matter study using thermal analysis.

As educational background I have obtained PhD at the Lomonosov Moscow State University, Rus-
sia, Department of Soil Physics and Reclamation, together with MS in Soil Science Department and
BS in Applied Mathematics and Informatics, specializing in mathematical modeling and numeri-
cal methods at the Department of Mathematical Physics.

Within TerMARisk project I am supervising a master student Maria Zaitzeva from ILMMSS. I
work together with Dr. Artem Vladimirov from ILMMSS and Anna-Marie Winter from CEES on
developing early-warning signals of predicting critical regime shifts in ecosystems under supervi-
sion of Prof. Nils Stenseth and Dr. Anne Maria Eikeset.

Abstract

To describe soil aggregate structure formation and organic matter (OM) transformation processes
resulting from soil microbial activity it is necessary to model competition in microbial commu-
nity for various substrates considering priming-effects and other nonlinear processes. Especially
interesting is self-organization of microbial community and its habitat*’, now as well in the context
of considering competition and physical environmental factors while upscaling to model macro-
scopic fluxes of carbon dioxide from soils with changing climate?. Earlier we have developed a
multiscale 1D dynamic model of microbial growth and C cycle, applied to a spherically-symmet-
rical soil aggregate and soil profile?’, where we showed the emergence of pore-space structure as a

20 Young I. M. and Crawford J. W. Interactions and Self-Organization in the Soil-Microbe Complex // Science 2004. V.304, Issue 5677, pp. 1634-1637

2L Evans S.E, Dieckmann U., Franklin O. and Kaiser C. Synergistic effects of diffusion and microbial physiology reproduce the Birch effect in a micro-scale
model // Soil Biology and Biochemistry 2016. V.93, pp.28-37

2 Vasilyeva N. A., Ingtem ]. G. and Silaev, D. A. Nonlinear Dynamical Model of Microorganism Growth in Soil // Computational Mathematics and Model-
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result of interactions between microbes, OM, temperature, water and oxygen. In the present study
we propose the development of the model for a 2D case, needed for modelling effects of landscape
heterogeneity, phytocenosis and rhizosphere boundaries on evolution of soil cover heterogeneity.
We are looking for solutions in which at the same time are realized different dynamic regimes in
different spatial domains. Proposed is a multiscale modeling of spatial patterns in dynamic regimes
of microbial competition in soil and formation of soil structure as a result of microbial transfor-
mation of OM. Previous concept of OM states cycling is extended on the basement of experimen-
tal data about physical soil fractionation (with minimal disturbance of chemical structure), i.e.
granulo-densimetric fractions (on particle density and size), long-term field experiments to obtain
stable OM pool and laboratory incubation experiments of soil respiration in series of moisture and
temperature. Thus, OM transformation is modelled in a particulate/free state and organo-mineral/
adsorbed state onto mineral, each comprised of labile and stable pools, with age-structure and
feedbacks between fractions and their rates of decomposition (density-dependence/priming-ef-
fect). Model solutions are found in which simultaneously in different parts of space realized are
chaotic oscillations, stationary domains and regular waves of microbial population and OM.
Since soil microbes are driving changes in their environment then if complex self-organized struc-
ture of microbe community realizes that lasts enough long then the trace there are leaving with
their life cycle can be a mechanism, responsible for formation of soil physical structure at different
space-time scales.

A6cTpaxr.

MaTtemarudeckoe MOJieTPOBaHe CMEHbI PEXXVIMOB B II0YBaX

[l omycaHMA IIPOLIECCOB arperaTroobpasoBaHMs U TpaHCHOPMALMM OPraHMYECKOTO Bellje-
crBa (OB), AABAAIOMINXCS Pe3yIbTATOM aKTVBHOCTH IIOYBEHHBIX MUKPOOPTaHM3MOB HEOOXO MO
MOJIeIPOBaHe KOHKYPEHI[MU Pa3TMYHBIX BUOB MUKPOOPTaHM3MOB 3 pas/IfyHble BUMBI CY0-
CTPATOB C yY4eTOM IIpaiiMUHTIA U APYTUX HEMMHENHbIX mporjeccoB. OcoOblil MHTepec MpeiCcTaB-
JIsIeT CaMOOPTraHM3aIVs KM3HEAesATe/IbHOCTY MUKPOOOLIeHO3a U eT0 Cpefibl 00UTaHUs>, Telepb
y>Ke U B KOHTEKCTe y4eTa KOHKYpeHIuu U ¢pusndeckux GaKkTOPOB Cpefbl Py Iepexofie K Mojie-
JIVPOBAHNIO MaKPOCKOIIYECKIX IIOTOKOB YTJIEKVIC/IOTO Ia3a 113 II0YBLI C MI3MEHEHMeM KMaTa™?,
Panee HaMu 6blTa paspaboTaHa OHOMepHas MHOTOMAcCIITabHas AMHaMM4YecKas MOJielb pOCTa
NOYBEHHBIX MMKPOOPTaHM3MOB U KPYTOBOPOTA YITIEPOJia, IIpMMeHNMas K chepriecKn-cuMMe-
TPUYHOMY IIOYBEHHOMY arperary My IOYBeHHOMY npoduio®, rje 6bla moaydeHa caMoopra-
HU3aIyA IOPOBOTO IPOCTPAHCTBA IOYBHI B pe3y/IbTaTe B3ayIMOAEVICTBIA IIOYBEHHBIX MUKPOOP-
raHusmoB, OB, Temneparypsl, BOfbl 1 KUCTIOpoaa. B HacTosIelr paboTe IpefIoKeHO pasBUTHe
MOJIe/IV Ha JIByMEepHBIIl C/Ty4ail, HeOOX0AIMOe I/ MOe/MPOBaHVA BIVAHNA HEOGHOPOSHOCTH
naHpmadTa, TPAaHUI] PaCTUTENbHBIX COOOIeCTB ¥ pr3ocepHbIX IpaHMI] Ha (OpMUpOBaHUe
HeCTPOTHI IIOYBEHHOT'O IOKPOBa. MBI MIlleM pelIeHM s, B KOTOPBIX OHOBPEMEHHO pean3yoTcs
pasHble AVHAMUYeCKIe PeXUMBI B Pa3HbIX 00/1acTsAX ImpocTpaHcTBa. [IpefcTaBreHo MHOroMac-
mrabHOe MOZIe/IpOBaHYe IIPOCTPAHCTBEHHBIX ITATTEPHOB AMHAMIYECKUX PEXXVIIMOB KOHKYPEH-
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IVl MUKPOOPIaHM3MOB B ITIOYBe U POPMIUPOBAHNA IIOYBEHHON CTPYKTYPhI B pe3y/IbTaTe TPaHC-
¢dopmanny Mukpobamu nousenHoro OB. IIpexxHsis KoHIenIys Kpyroopora cocrosuuit OB
pacipeHa Ha OCHOBAHO Ha SKCIEPVMEHTA/IbHBIX JAHHBIX 0 pr3nueckoM (paKIVIOHVPOBAHNN
MOYBBI (C MUHUMA/IBHBIM HapylIeHNMeM XVMUYeCKOrO CTPOeHUsd), T.e. IPAHy/IOo-leHCuMeTpude-
ckuMy ppakiuAMM (110 IVIOTHOCTY U pa3Mepy YacTHIL), MHOTO/IETHMX IIO/IEBBIX 9KCIIEPYMEHTaX
10 TToNTy4YeHuIo cTabunbHOro OB 1 1ab0paTOPHBIX MHKYOAIMAX MOYBEHHOTO AbIXaHNS B CEPUSIX
TeMIepaTypsl U BTaXHOCTH. TakuM 06pas3os, Tpanchopmanns OB mopenupyeTcs B cBOOOTHOM
U aficOpOMpOBaHHOM Ha MMHEpajaX COCTOSHUY, BK/IIOYAs JIETKO- VI TPY/JHOROCTYIIHBIE ITYJIBL,
C BO3PACTHOV CTPYKTYPOIl ¥ y4eTOM B3a¥IMHOTO BIIVAHMA PPaKLMil HA CKOPOCTD X Pas3/IOKeHNA
(mpaitmunr-addexr). HaiieHs! perieHns MOfenyt B KOTOPBIX OJHOBPEMEHHO B Pa3HBIX 00/TacTsX
IPOCTPAHCTBA PeaU3yTCA XaOTUYeCKue KoebaH!s, CTal[OHapHble 00/IaCTy VI pery/sApHble
BOJIHBI IONY/IALINIA MUKPOOPIaHM3MOB M OPTaHMYECKOTO BEIEeCTBA.

IToCKObKY MUKPOOPTaHU3MBI B IIOYBE CIIOCOOHBI MEHATD CBOVICTBA CBOETO OKPY>KEHM S, TO €CIIN
peanusyerca CIOKHasA CaMOOpPraHM3alMsA MMUKPOOPTaHM3MOB B CTPYKTYPbl, KOTOpPbIE CYyIIle-
CTBYIOT JIOCTaTOYHO JJO/ITO, TO OCTaB/IAEMbIN MU CJIE]] B IIPOLECCE KXUSHENEATETbHOCTY MOXKET
OBITH MeXaHM3MOM, OTBeYaoNM 3a GopMupoBaHIe GU3NIECKON CTPYKTYPBI IIOYBBI HA PasHBIX
IPOCTPaHCTBEHHO-BPEMEHHBIX MacIITabax.

Dr. Artem Vladimirov: «Analysis of modelled time series of fish population under different
scenarios of commercial exploitation and development of methodology for detection of early

warning signals of regime shifts»

As a researcher in Dokuchaev Soil Science Institute, Inter-
disciplinary Laboratory for Mathematical Modeling of Soil
Systems I participate in the project TerMARisk: a multi-
disciplinary approach to anticipate critical regime shifts in
ecosystems — deriving management guidance for terrestrial
and marine systems at risk. The goals of this project include
developing methodology for predicting collapse in ecosys-
tems under harvesting pressure and finding similarities in
behavior of marine and terrestrial ecosystems.

My research interests include mathematical modeling and
analysis of complex behavior and self-organization in eco-
systems alongside with condensed matter theory, magne-

tism and general problems of numerical and mathematical
modehng I got my PhD in theoretical physics in 2010 from Joint Institute for Nuclear Research,
Dubna, Russia. Since then I work on theory of condensed matter, in particular, magnetism and
spin fluctuations in strongly correlated electronic systems. In 2015 I started to work on mathe-
matical modeling of soil organic matter transformation and microbial growth in collaboration
with Dr. Nadezda Vasilyeva from Dokuchaev Soil Science Institute, Moscow, Russia, and in 2016
I joined Interdisciplinary Laboratory for Mathematical Modeling of Soil Systems (ILMMSS) under
supervision of Dr. Nadezda Vasilyeva, as it was created.

Abstract
Marine fish populations are part of ecosystems with many complex non-linear feedbacks, which
may prohibit population recovery after it is declined below certain threshold due do commercial
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fishing, as it happened with north-western (Canadian) population of Atlantic cod[l]. Nature of
such feedbacks and population level at which recovery is inhibited are unknown. Even direct mea-
surement of current population state and precise control of fishing rates are often not possible. To
avoid collapses of other fish population in the future, it is important to predict them in advance,
so necessary action can be taken to avoid collapse. This is a challenging task, because mechanisms,
that will lead to collapse of the particular population have not yet been observed, thus method-
ology of collapse prediction should be based on general properties of population dynamics. Pure
statistical approach to reveal early warning signals cannot be applied here, because there is not
enough historical data available. We propose to supplement statistical approach with quite general
model of fish population dynamics, which can be parameterized on historical data and then used
to generate time series for all possible range of unknown parameters, so collapse probability can
be estimated. Age structured model for Atlantic cod population dynamics with non-linear effects
is proposed for this purpose. Model features new stock-recruitment function which is chosen con-
sidering biological mechanisms of fish spawning process, and allows to describe historical pop-
ulation dynamics and population collapses better then commonly used functions. Also, density
dependence for natural mortality and correlated random process for fish weight are proposed for
predictions. Long time series of fish population are generated, using different fishing strategies
and analyzed for population collapses. Collapse probability, recovery time, steepness of decline
and recovery, growth rate and birth/death ratio, age structure of population are analyzed as func-
tions of fishing strategy parameters. Individual collapses and their corresponding fishing strategies
are extracted from time series. We categorize fishing strategies according to resulting population
dynamics: does not lead to a collapse, leads to a collapse with recovery, leads to a collapse without
recovery, and look for common features of each category.

Taras Vasiliev: «Applicability of time series of soil monitoring data for development of early
warning signals methodology for prediction of critical changes in soils»

I am a research associate in the V. V. Dokuchaev Soil Science
Institute, Interdisciplinary Laboratory for Mathematical
Modeling of Soil Systems, where I take part in the devel-
opment of integrated architecture «field to laboratory» for
soil field and experimental data mining and analysis sys-
tem, currently being tested and implemented in the Insti-
tute. I am responsible for the development of cartographic
data base and its integration with soil data system in the Soil
Data Center of the Institute. My professional expertise is in
simulation and experimental data analysis in high-energy
physics.

I also started working on a project «Monitoring soil fertil-

ity factors and analysis of organic matter transformations»
in the newly formed (2017) «Laboratory of Agroinformation analysis» (specialized department of
Skoltech in our Institute), where I participate in soil data analysis and developing of a physical
properties block for mathematical model of soil fertility.

My research interested are in the development of control-and-measurement systems for studying
such complex systems as soil, soil data analysis for automation and raising efficiency of the exper-
imental research.




51 ABnAIOCH HAYYHBIM COTPYAHVKOM B MEXIVCLMUIUINHAPHOI 1a00paTOpmuy MaTeMaTI4eCKOro
MOJIe/TMPOBaHM ITOYBEeHHBIX cucTeM [TouBeHHOrO MHCTUTYTA UM. B. B. [JokyuyaeBa. YuacTByio
B pa3paboTKe MHTET PUPOBAHHOI ApPXUTEKTYPbI «OT MO 1O TabOpaTOpum» AjIsi CUCTEMBI cOopa
Y aHa/IM3a IIO/IEBBIX M 9KCIIEPMMEHTA/IbHBIX IMOYBEHHBIX HaHHBIX SoilDrive, Haxopsmascs
B HACTOAILIMII MOMEHT Ha 3Talle TeCTMPOBAaHNUA U BHeipeHuA B VIHcTuTyTe. Bemy paspaboTky
KapTorpaduyeckoil 6a3bl JaHHBIX U €e MHTETPUPOBaHME C CUCTEMOJ IOYBEHHBIX TaHHBIX
SoilDrive B IlenTpe ITouBeHHbIX [JaHHBIX VIHCTUTYTA. MoOJI TpOodeccroHaNIbHBII ONBIT B 0671a-
CTM 9KCIIEPYMEHTAIbHOI (U3UKe 9TeMEeHTaPHBIX YaCTULI.

Takoxe g Hauan paboTaTh Ha co3faHHOI B 2017 ropy 6a3oBoit Kadenpe «ArporHPOpPMALIOH-
Horo aHanusa» CKONATeX B HauleM VIHTUTyTe HajJ NMpPOeKTOM «MOHMUTOPUMHT (GaKTOPOB I10Y-
BEHHOTO IIOZOPOAYA Y aHA/IN3 TPaHCPOPMALY IIOYBEHHOT'O OPTaHNYECKOTO BEIeCTBa», I7e
s y4aCTBYIO B aHa/I3€ TOYBEHHBIX JAHHBIX U pa3paboTKe 6710Ka PU3NIECKMX CBOVICTB MOJIE/IN
IO OPOAMSL.

Mowu Hay4HbIe MHTepechl B pa3paboTKe MOAXONOB /ISl L[e/IOCTHOTO M3Y4YeHNUsI CIIOXKHBIX IPU-
POZHBIX CUCTEM ¥ CAMUX KOHTPO/IbHO-M3MEPUTE/NTbHBIX KOMIUIEKCOB, PAa3BUTHUY IOYBEHHOTO
aHa/mM3a JaHHBIX ISl aBTOMATM3aL[MM ¥ HOBBIIIEHMS 3G(EKTUBHOCTH IKCIEPUMEHTATbHBIX
MCCIeIOBaHUIA.

Abstract

Under heavy agricultural land use soil bulk density is a highly dynamic soil property since it is
forced externally by multiple heavy wheel pressure. Bulk density affects basic soil hydrological
properties influencing soil respiration® and thus is needed for the soil respiration model to update
physical environment parameters in a profile. Compaction is the most rapid change in physical
properties of heavily used agricultural soils. It alone can be the driver of changes in the whole
ecosystem. We suggest that decompaction potential of the soil should be monitored to anticipate
critical (irreversible) change in soil properties.

Although in the framework of a soil respiration model (Terrestrial part Soil: General modelling
framework) soil organic matter quality is addressed, currently in only physical fractions (granu-
lo-densimetric fractions, i.e. in size and density) are considered for organic matter states in organic
matter transformations part of the model. In the research plan for deriving early-warning signals
in soils (scheme 2 in the General modelling framework) we propose the approach to extract infor-
mation on organic matter transformations in terms of its quality using such an integral character-
istic of physical-chemical soil properties as decompaction potential (DP). Decompaction potential
is proposed to be modelled from monitoring data of soil physical properties for which fast mea-
suring methods are available in three steps: i) modelling soil bulk density as a function of (profiles
of temperature, moisture, resistance to penetration, air-permeability and water-stability) and total
organic carbon (TOC) content (monitored every 3-5 years). Model is based on solving inverse
problem for heat transfer and further introducing correlations of thermal conductivity with bulk
density and above-listed properties; ii) modelling pF-curve (basic soil hydrological characteris-
tic) from bulk density, specific surface area (SSA) and soil drying kinetics with parametrization
on direct measurements of soil pF-curve. pF-curve is useful directly for calculating available for
plants water budget; iii) modelling decompaction potential from pF-curve with parametrization
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A Don, ... Biogeosciences 9 (3), 1173-1182

i)




on kinetics of soil shrinking-swelling. In this way, the resulting model of decompaction poten-
tial implicitly contains in its coefficients of correlation with soil water-stability, SSA, drying and
shrinking-swelling kinetics.

DP values can be compared to the typical value for soil DP range and thus give an early-warning
signal for physical condition — approaching irreversible compaction state of soil. Time period for
decompaction can be continuously estimated providing advice on crop-rotation length for man-
agement to avoid critical regime shift.

From the other side, comparing simulated DP with direct measurements by simple shrinking-swell-
ing analysis in case of deviation will give information of the change in soil quality coefficients, and
its dynamics can be followed by refit of pF-curve.

To develop the concept we used temperature, moisture, water-permeability and compaction pro-
files of undisturbed steppe soil and highly compacted 60 years bare fallow soil. Currently, this
concept is being tested in the ongoing project on «Monitoring soil fertility and soil organic matter
transformation» along with spatial variability of agrochemical report data as EWS.

Maria Zaitseva

I am a junior research associate in the V. V. Dokuchaev Soil
Science Institute, Interdisciplinary Laboratory for Mathe-
matical Modeling of Soil Systems. I got my master’s educa-
tion in 2017 at the Faculty of Computational Mathematics
and Cybernetics of Moscow State University. My scientific
interest lies in studying chaotic dynamics in systems of dif-
ferential equations. Exploring chaotic behavior, scenario of
transition to chaos, cascades of bifurcations, singular attrac-
tors is what I am focused on in scientific research. The most
interesting part of TerM ARisk project for me is to study ter-
restrial and marine systems resilience and collapse detect-

ability.

S Mmapmmii Hay4HbBI COTPYAHUK MEXUCUUIUIHAPHOM
NabOpaTOpUM MaTeMaTM4eCKOTO MOJIeTMPOBAHNSA IOYBEHHBIX c1cTeM [I0YBEHHOrO MHCTUTYTA
umeHu B.B. [lokyuaeBa. B 2017 ropy OKOHYM/IA MarucTparypy ¢akyabTeTa BBIYVMCIUTETBHON
MaTeMaTuky 1 KnbepHeTrku MI'Y. Mon HayuHbIe MHTepeChl CBA3aHbI C M3yIeHNEM XaOTIYeCKOIi
IMHAMUKN B CUCTeMax fuddepeHIanbHbIX ypaBHeHNI. CaMasa MHTepecHas 4acTh ITPOeKTa
TerMARisk g1 MeHs — M3y4YeHUe MOAXONOB K OOHAPYXKEHNIO MIPU3HAKOB KPUTUYECKNX M3Me-
HEHUI B SKOCUCTEMAX.




Useful information
Organizing committee contacts:

Nadezda Vasilyeva +7 926 372 86 12 nadezda.vasilyeva@gmail.com
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Taras Vasiliev +7 926 352 40 87 tarasvasiliev44@gmail.com
Maria Zaitseva +7 926 600 08 57 mf.zaitseva@gmail.com

http://ilmmss.github.io
http://www.mn.uio.no/cees
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