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We use a game theoretical approach to model a global partnership inWe use a game-theoretical approach to model a global partnership in
building global earth observation system Our analysis of possiblebuilding global earth observation system. Our analysis of possible
equilibrium solutions shows that only in the case of similar economies weequilibrium solutions shows that only in the case of similar economies we
will observe cooperation behavior (when all invest into global system) andwill observe cooperation behavior (when all invest into global system) and
otherwise we will observe free-riding. However uncertainty inotherwise we will observe free riding. However uncertainty in
environmental risks valuing can provide a strong incentive for free-riders tog p g
cooperate.p

MODELING FRAMEWORKMODELING FRAMEWORK
Aggregated macroeconomic model of a society under the threat of gg g y
extreme events (catastrophes)

GEOSS: Preventive measures to increase society’s welfareGEOSS: Preventive measures to increase society s welfare

Global Partnership: “Investment Game” in multi-society world

MODELMODEL
We consider a stylized neoclassical model of the development of an economy
ff d b d l h d ( d d i [1])affected by random natural hazards (treated as suggested in [1]).
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Here K is the capital stock δ is a capital depreciation rate I is investment and D
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Here Ki is the capital stock, δ is a capital depreciation rate, Ii is investment, and Di
is an extreme event (random variable)is an extreme event (random variable).

KYProduction output in period 0 is divided between investment I1,
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consumption C1, and investment z in the development of prevention measures,
t ll th i d (i 1) t t i di id d b t i t tCIY ; at all other periods (i>1) output is divided between investment

and cons mption
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Extreme event occurs with probability qi causing the loss of fraction d of the
capital stock ⎧ − iqd yprobabilitwith,1
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Probability qi endogenously depends on the preventive measures z:
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Here q is the probability of disasters without any preventive measures and κ is aHere q0 is the probability of disasters without any preventive measures, and κ is a
given positive coefficient characterizing the efficiency of investmentgiven positive coefficient characterizing the efficiency of investment.

S i l l h ti l l i d t i i th ’Social planner chooses consumption level in order to maximize the economy’s
tilit t d l f th i l lf ( i iti i l di t t )utility, expected value of the social welfare (ρ is a positive social discount rate):
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Proposition 1 ([2]) For every the optimization problem has the),0[ 0Kz α∈Proposition 1 ([2]). For every , the optimization problem has the
unique solution

),0[ 0Kz α∈
unique solution
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Optimal investment z in prevention measuresp p
)0[allover)(Maximize KzzW α∈ ).,0[all over)(Maximize 0KzzW α∈

Proposition 2. Optimal investment problem has the unique solution z*.
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then z*=0, otherwise z* is positive (for exact formula see ([2]).t e 0, ot e se s pos t e ( o e act o u a see ([ ])

Corollary Economy refrains from investing in the prevention measures if itsCorollary. Economy refrains from investing in the prevention measures if its
ability to cope with natural hazards ( ) is low or the measure of danger causedKκability to cope with natural hazards ( ) is low, or the measure of danger, caused
by natural hazards ( ) is not high enough)1log( dq −

0Kκ
by natural hazards ( ) is not high enough.)1log(0 dq −
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INVESTMENT GAMEINVESTMENT GAME
Two independent economies both under the threat of natural disastersp

Each of the economies can make an investment (z1 z2) in common preventionEach of the economies can make an investment (z1, z2) in common prevention
measures aimed at mitigating the impact of natural hazards on both economiesmeasures aimed at mitigating the impact of natural hazards on both economies

Each economy is subject the same dynamics as in the previous section but with
it t f t (i di ti b di i d )its own set of parameters (indicating by corresponding indexes).

Effect of joint investments is achieved by the modification of the rule howj y
probability of the occurrence of natural hazards changes after the implementation
of prevention measures
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Each economy is maximizing its own welfare
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This is a non-zero-sum game and we can characterize its equilibriums:

Proposition 3. Investment game problem always has a unique Nash equilibriumProposition 3. Investment game problem always has a unique Nash equilibrium
solution (z1*,z2*).solution (z ,z ).

It can be shown that in the context of perfect knowledge about model’sIt can be shown that in the context of perfect knowledge about model’s
parameters the case when both economies invest (zi*>0) into preventingparameters the case when both economies invest (zi >0) into preventing
measures (we call this cooperative behavior) happens only among similarmeasures (we call this cooperative behavior) happens only among similar
economies Figure 1 shows the example how narrow is the “cooperation zone”economies. Figure 1 shows the example how narrow is the cooperation zone
(economies’ initial capitals must belong to the black area to reveal the(economies initial capitals must belong to the black area to reveal the
cooperative behavior).cooperative behavior).

Figure 1. Figure 2.

However if we take into account uncertainties naturally existing in the model 
(parameters like probability of natural disasters, q0 and their impact on capital 
stock, d) we found that for some of previously non-cooperative economies there 
will appear additional cooperative solutions. Figure 2 shows that 10% uncertainty 
i th b bilit ( ) f i f t l di t l d t th i i fin the probability (q0) of occurring of natural disaster leads to the increasing of 
“ ti ” f Fi 1 th t i G th fi d ib“cooperation zone” of Figure 1 more than twice. Grey area on the figure describes 
the economies where cooperation becomes an optionthe economies where cooperation becomes an option.

CONCLUSIONSCONCLUSIONS

Emergence of a joint GEOSS infrastructure as a Global Partnership is unlikely 
to materialize basing only on economical interests:

“Rich” always pays in its own interest;
Involving “Poor” only under special cases;
F id bl t t bli h l b l i f t tFree-rider problem to establish global infrastructure;

Uncertainty in risk valuing provides an incentive for cooperation;

Arising non-uniqueness of equilibrium solutions leads to necessity of additionalArising non uniqueness of equilibrium solutions leads to necessity of additional 
negotiations between countries to set appropriate investments level.negotiations between countries to set appropriate investments level.
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