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The model describes the dynamic process of desertification - the transition of
land area from one state to another state in condition of the degradation of

pastures and natural recovery:
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where s,(t) - the amount of land being in the moment ¢ on the !

-th stage of degradation (nondestroyed, little destroyed ets) in % of total area,

216000 ha, (@ ,0)=(a],a,) (5,,55,85,5,,V5, V5.V, N,)

- the coefficients of the intensity of the degradation of pastures and its recovery,
- control values, the rate of phitomelioration annual events to restore
the land at time ¢ (% pa),

N pasture load.
> The task management function is the balance of the profits from

sheep farming and costs on the restoration of land:
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I(u) =? a-Nb(t)—ib[ vl.(t)} dt
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Research Objectives
- The development of GIS assessment of
model plots in territory;

- The creation and identification of a
mathematical model of the
transformation of mountain forest steppe
landscapes influenced by anthropogenic
factors and climate change.



Periodic system of systems analysis procedures
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Stages of Systems Analysis: Choosing the best solutions at
different stages
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Commutative diagram of flows of information
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At satellite imagery interpretation and compilation of
landscape map for the study area were used

* mornoepachuyeckas kapma meppumopuu
M 1: 100 000,

* Yugbposas MoOersib peribega,

* KocMu4eckue cHUMKU Landsat 3a pa3Hbie
CEe30HbI U 200k,

* Mamepuaribl CO8€MCKO-MOH20/1bCKOoU
KoMrisiekcHoUu aKkcrieouyuu 1970-1973 ee.

* memMamu4ecKue Kapmhbl MeslIKo2o
mMacwmaba: pacmumersibHocmu,
KOpMO8bIX y2o0uu, rnoye, naHowagpmoes

* Mamepuarsibl cObCmMeeHHbIX
MapuipymHsbix uccrieoogsaHuu 2008-10
aa.

* Mamepuaribl cmayuoHapHbIX
uccriedosaHult MMlHcmumyma 1970-2008
ae.



Relationship of coefficients of similarity for set of
characteristics of geosystems with the height
According to Angara taiga transect data
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BGC location in space of the
first and second eigenvectors.
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Remote data

The northern part of the lake
Hovsgol (Mongolia

with surrounding areas



height distribution
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steepness of the slopes
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Determination of boundaries of homogeneous plots (Landsat,
dotted border, isolated by the method of calculating the Jacobian
determinant)
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Landscape map of the key area
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Main characteristics of the distributions of Geom area at

altitudinal gradient

i Teom P; Xoni Pii B;
1 Tonbyoswtit mynopogustii 0.021 2080 0.49 -0.0122
2 Ioozonvyoeswtii 0.041 1953 0.79 -0.0215
Husicnemaescuwiit 20pHvix yciosuil
3 onmumanvnoz2o pazsumus 0.337 1750 0.37 -0.0101
Huoicnemaesicnolii 20pHo-KOmMA0BUHHBLL YC08UL
4 pedyyuposanroco pazeumus 0.199 1630 0.39 -0.0106
5  Cesepoasuamckuii cmennoi 0.280 1600 0.62 -0.0171
6  Ilenmpanvnoazuamckuil cmennoi 0.122 1600 0.70 -0.0191
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The distribution of Geom area on
height
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linear relationship of different distributions of geom on
occurrence taking into account the displacement of
the modal values (coincidence of modes).
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Substantiation of the mathematical model of the
dynamics of the ecosystems in logarithmic terms
of the existence of unrealized potential

E(x)=-InP(x)=-InP(x+x,)

P(x) _ P(x+x,)

P(x) = [ p,(&)dE

Pml PmZ
Aich) = a[E(x+Ax)—E(x}]= 0,a=1/Ax

Balance the equation for the potential
values

ok
(%), OE(t,x) _
ot 0x

0




Flow models - Continuity equation

%H~ —+dzvvz 0,

v, 0y, 0z 0z
ox dy “ox T ay
0z 0z
v. —+v, — =Kz(x,y)

ox 7 9y



Distribution of wave fronts (analog of
Huygens low)




Rationale for the dynamic model

P(x,y) = p(») expl- exp(-B(»)(x = 1))]

E(x,y) = =InP(x,y) = =In p(y) + exp(-F(»)(x - »))

IEXD) __ gy exp(- () (x = 1)) = - BONEC ) = E, ) ) Eo(3) = In p(y)
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3meHeHne Hepeanm3oBaHHOro noTeHumMana ¢ BblIcoton. bonblune
3Ha4YeHNsA COOTBETCTBYHOT SKOCMCTEMaM C BonbLUen XxapakTepHOM
BbICOTOM (BbICOTHOM XapaKTEPUCTUKON)

B ()
ay

IE(x, ) _ 9p(y)
ay ay o)
—k+|B(y)- a/f;iy) (x - y)}[E(x, »-E, (]

opy) 1 _9E() _ .
awy o) ay

+ exp(=B()(x - y))[/a’(y) _9D) (| -




The distribution function of ecosystems in the territory
(reliability function)

P(x,y) = p(y)expl- exp(-B(»)(x - )]

roe
X — COCTOSAHME (BbICOTa MECTOIMONOXEHUA) CUCTEMDI
C XapaKTepUuCTUKon y;

©o(¥) -pons nnowaan aKkocucTeMbl B nanawadre.

P() = p(y,)exp(=k(y = y,))

The value of y is the value of the distribution mode

dP(x,y
p(x,y) = R (B exp(-B(¥)(x - y))exp|- exp(-B(»)(x - )]
p(y)=ep,(y)/ Dx
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Pacnpenenenus miomaan 3K0OCUCTEM 10 BBICOTE € IArOM
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The scheme of forecasting changes in the distribution
of ecosystems in the warming and cooling of the
climate
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The partial differential equation
), 0E(x,y) . 9E(x.))
ox Ty
ot 0x

=vk —wu(x, y) + KvB(y)(x - p)(E(x,y) - Ey(y))

=k[v—-u(t,x,y)],k =0,0047

t

E(t,x,7) = =In p(y +3,)+ exp(=B(3)(x = 3, = ) x, = [WE)E =, = const

0

Py +x,) = p,exp(—k(y +x,)) = 405.41exp(-0,0047(y + x,)),
L) =, exp(-Ky)/ Dx = exp(1) 1,22 exp(-0,00058y) /100

dN dN NO- AN
=a"=035"",x = [ 0,35— =035(N()- N,) =0,35(N(¢) - 116).
v=a— dtx{ o (N()-N,) (N(@) )

N(l‘) - NacTOuLLHaga Harpy3ka, rosioB ckota Ha KB. kM. PaBHoMepHas no
TeppuTopun.
[paHnYHbIe 3Ha4YeHUs (B pacLUMPEHHOM FOPHO-CTEMHOM Mosce).
Xg=Y,= 1900 mun x, =y, = 1800 m.
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The functional defines income, expenses and losses
per unit area

J =fff{[E(t, x,y)—-E(0,x, y)]Z —cv(t)+ Cu(t, x, y) ydxdydt
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The equation changes in the structure of the landscape
taking into account the heterogeneity of the territory

0E(t,x,y) oy 0E(t,x,y)

=kv—-ku(t,x,y),k =0,0047
ot 0x

05=v(t)<1 15=N()=3



Optimal control strategy
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Results and conclusions

Equation on changes in landscape
structure of the ecosystem is justified
in the form of a mathematical model of
the change of their states under the
influence of variations in climate and
grazing impact taking in account the
heterogeneity of mountainous terrain.

The task of optimal control of grazing
load and ameliorative measures to
facilitate the recovery areas is stated.

OnmumarnbHoe ynpaesieHue
3emMJs1enosib308aHUEM C O2paHU4YeHUem
no epemMeHuU umeem pesietiHblU
Xapakmep ¢ nodoep)xaHUeM Ha
MUHUMYMe nacmO6uwHoU Ha2py3Ku u
MaKcuMyMe MesiuopamueHbIX
Meporpusimuu 8 me4yeHue 60s1bWO20
CPOKa 3KcnJsiyamayuu 20pHbIX cmernedu.

Optimal time-limited control of land
use has relay property and is to
maintain load at a minimum and a
maximum of pasture reclamation
activities during the long time usage of
mountain steppes.
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