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Abstract: 

The curious nature of man has led to the persistent exploration, exploitation, 

and alteration of the environment which result in the advancement of 

urbanization, industrialization and global development in all areas of human 

endeavour thereby achieving various sustainable developmental goals. The 

endless interaction between man and his environment causes a negative effect 

on the people, economic property and the environment over a period of time. 

Among all the natural disasters, flooding has the biggest damage potential on 

the affected peoples, economy and environment. Flooding is one of the 

commonest and most devastating disasters. But irrespective of the negative 

effects of flood disaster on the society and the economy of the world, the funding 

methods so far cannot withstand the magnitude of worst case scenarios thereby 

bring budgetary pressure on the shoulders of  government. This study depicts a 

two person zero sum pure strategy matrix game between man (human commun

ity/society/corporation/government agency) and nature ~ in the event of flood-

causing natural or behavioural disasters (human behavior precipitated 

disasters). In this game scenario, man was viewed as the human decisioner and 

he was the row player while nature or behavior was the column player such 

that the total payoff function (Ui) of the row player was equated to the total 

payoff function (Vj) of the column player. Hence Ui + Vj = Gij = 0 where Gij is 

the payoff function of the game. This implied that the    budgetary strategy 

choice of the human decisioner was able to withstand the gravity of the flood 

disaster which was the random strategy choice of physical nature or 

behavioural nature as the case may be. The result showed that the human com

munity/society/corporation/government agency was not always adequately 

prepared for the physical or behavioural disaster like seasonal rain flooding. 
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Hence, the natural occurrence (physical or behavioral) takes 

them by surprise, causing huge damages and untold losses of human life and e

conomic property. Based on the findings of the study, we have recommended t

hat the human community/society/corporation/government/government agency 

should always stay prepared for the worst case scenario of flood disaster 

irrespective of the actual severity level thereby making available in a verifiable 

reserve bank account the highest mitigative budgetary value for any physical or 

behavioural disaster outbreak.  

 

Keywords: Mitigative, budgetary decision, pure strategy, game model, flood 

disaster, severity 

 

Introduction 

The curious nature of man has led him to persistent exploration, exploitation, 

and alteration of the natural environment which results in the advancement of 

urbanization, industrialization and global development in all areas of human 

endeavour thereby helping man in achieving various sustainable developmental 

goals. The endless interaction between man and his environment causes a 

negative effect on the affected people, their economic property and their 

environment over a period of time. The impact of this effect on the environment 

results in numerous disasters which includes erosion, fire out-break, oil spillage, 

pollution, diseases, earthquakes etc. especially in developing countries. This 

effect can either be long-term or short-term. Clay and Charlotte (2003) pointed 

that natural disasters are accompanied with shot – term or long- term negative 

effects on economic growth, development and poverty reduction. 

Disaster is a severe interruption that causes the displacement of people, damage 

to property, economic and environmental losses which surpass the affected 

community’s capability of using up their limited resources over a very short or 

long period of time. Disaster can also be described as occurrences occasioning 

penalties which exceed the potential of civil protection and public fitness 

systems to provide compulsory responses in a timely manner (Neumayer, & 

Plümper, 2007).  A situation where a community’s socioeconomic structure and 

environment is jeopardised as a result of exposing the community to unforeseen 

hazards is known as disaster. It is the occurrence of anomalous hazards that 

impact on vulnerable communities or geographical areas, causing large scale 
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damage, disruption of economic activities, possible casualties and leaving the 

affected communities in an extremely abnormal state (Clay &Benson, 2003). 

There are two types of disasters such as natural disasters and manmade disasters 

which are spawned according to their influence and causes (Aribibia, Oweh, 

Uhka & Oruebo, 2019) which are triggered by geophysical, meteorological, 

biological extraterrestrial or climatological hazard (Seaberg, Devine & 

Zhuan,2017). Those disasters caused by natural forces are referred to as natural 

disasters while those disasters caused by man’s activities are called manmade 

disasters or behavioral disasters in the present study.  

Among all the natural disasters, flood has the biggest damage potential on the 

affected people, their economy and the environment. Flood is one of the 

commonest and most devastating disasters. Human activities that do not 

consider the principles of environmental conservation have brought about a 

significant change in the environment and the climate which often advance the 

intensity and frequency of flooding.  Recent studies have shown that 

advancement in economic development has led to a corresponding increase in 

the values of properties subjected to flood disaster (Alexu, 2013).  Flooding can 

be defined as the overflow of water from heavy rainfall or other water sources 

in a particular place or region which cannot be controlled. Flooding can also be 

seen as a situation where the rate at which water flows into a human settlement 

is more than the capacity of the river channels the effect land drainage. Flooding 

is usually experienced during the rainy season that is April to September in 

Nigeria as a result of climate change (Aja & Olaore, 2014). Another factor that 

contributes to flooding is the poor urban planning practices and the non-

existence of environmental infrastructure (Echendu, 2020).  Flooding occurs in 

different forms such as heavy rainfall, melting of snow, breakage of dams, 

overflow of rivers, lakes and coastal flooding, etc.  Irrespective of the negative 

effects of flood disaster on the society and the world economy, the traditional 

funding methods cannot now withstand the magnitude of worst case scenarios 

thereby bringing budgetary search pressure on the resources of government. In 

order to prevent budgetary difficulties there is need for the creation of special 

reserve fund accounts for flood disaster mitigation both for the long term and t

he short term  periods. The essence of the budgetary level is to enable the resp

ondents (human community/society/government/agencies) to mount 

sophisticated and advanced technological programmes for the effective 
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monitoring of risk and relief distribution with necessary information 

dissemination and also cope with the different stages involved in the flood 

disaster mitigation process. The basic reason for the fund is to implement and 

conduct environmental maintenance in the face of the worst case scenario 

mitigation measures (Unterberger & Steininger, 2019). Hence, the researcher 

aimed at modelling the flooding response situation using a pure strategy game 

model for facilitating budgetary planning in the event of severe flood disaster 

problem situation. In this study, the researcher has attempted to construct a 

prototype game theoretic model of the determinable or pure strategy game type, 

suitable for enabling communities, government, business or civil society 

agencies to grapple with the vital public task of evolving a coping strategic 

option for making the imperative budgetary decision choice under uncertainty, 

for instance in the case of flooding. The objectives of the study was specifically 

to construct and solve a determinable or pure strategy matrix game problem 

model representing various seasonal rain flooding disaster severity levels and 

calling for an efficient corporate mitigating budgetary allocation decision 

search. 

A game can be viewed as a situation in which the players have conflicting goals 

and these goals are achieved or missed by each player’s strategic decision 

making which affects the outcome of the game. Game here refers to an abstract 

mathematical model of two or more rational individuals in a rational decision-

making setting with the motive of including only those aspects of the domain 

that are relevant to the decisions that the players have to make (Wooldridge, 

2012). The matrix game is an intentional approximation, aimed at taking 

account of significant features of the interaction and removes the irrelevant 

ones. The matric game consists of a number of players, set of actions or 

strategies, and the associated payoffs. According Kelly (2003) game theory is 

the theory of independent and interdependent decision making that is concerned 

with decision making in a situation where the outcome depends on the decisions 

of two or more players and no single player has total control over the outcome. 

It is the study of mathematical models of conflict and cooperation between 

intelligent rational decision makers (Kose, Erbas & Erkan, 2017).  The matrix 

game can be classified into three basic types on the interactions between the 

players which include; cooperative games, non-cooperative games and mixed-

motive games (Kelly, 2009). Cooperative game theory is the part of game 
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theory that pertains to when competitors can sign binding conduct regulation 

agreements that determine their actions and payoffs (Maskin, 2016). 

Cooperative games are thus the ones in which players are convinced to adopt a 

particular strategy through negotiations and agreements between players.  In 

cooperative games, several players share a mutual goal and they perform better 

as a group than they could ever do individually. On its part a non-cooperative 

game is the opposite of the cooperative game. It is a game necessitating strict 

competition between or among the individual players. Non-cooperative games 

are games in which the players decide on their own strategy to maximise their 

freely desired payoffs. There are mathematical models for interactive strategic 

search in decision science (Damme, 2001). Non-cooperative game theory 

denotes a model in which each player’s behaviors are modelled and these 

behaviors’ are said to be of self-interest. In non-cooperative games, the solution 

concepts predict the outcomes that might arise when the game is played by 

individuals that are rational together. Mixed-motive games consist of partly 

cooperative and partly non-cooperative games.  It is also defined as the science 

of conflict. Conflicting and competitive situations can be presented 

mathematically using the zero sum game. A zero sum game refers to the type 

of game in which the sum of the outcomes of all players is zero. In the course 

of playing the game, the player adopts different strategies. Strategy is the set of 

possible actions that are likely to be adopted by the player at every play instance 

with a definite payoff. It can also be seen as a set of complete algorithms for 

playing the game thereby directing the player on what to do at any given time 

(Prisner, 2014).  Strategies are of two types, such as the pure strategy and the 

mixed strategy.  The pure strategy is a particular strategy that a player chooses 

to play again and again regardless of the other player’s strategy. A pure strategy 

is a situation in which only one specific strategy choice is rational. This 

principle in games of the pure strategy type leads to the best possible selection 

of a strategy for both players. Whenever the game G has a saddle point then 

each player’s optimal strategy becomes what we call a pure strategy. The saddle 

or equilibrium point in game theory is a situation where the maximin value is 

exactly equal to the minimax value. In matrix game theory whenever the 

maximin principle as applied by the row player it yields exactly the same result 

as that yielded by the column player’s application of the minimax principle and 

the result is called the saddle point.      The strategy SR* becomes optimal for 
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the row player R and one and only that one strategy SN* becomes optimal for 

Nature (N) the column player. While mixed strategies are a set of strategies that 

a player chooses on a particular play episode of the game with some fixed 

probability. It is the assignment of a play probability value to each of the 

specific strategies.  

 

Literature Review 

Slavikova (2016) discussed the effect of government flood expenditures: the  

problem of crowding. He concluded that central government flood expenditures 

play an important role in shaping the motivations and future expectations of 

local actors especially the flood mitigation and other protection strategies.   

Hui and Madni (2015) appraised the game theory and risk-based leeved river 

system planning with non-cooperation water resources. The study displays the 

significance of considering the externalities and evolution path of dynamic 

water resource problems to improve decision- making thereby helping 

individuals to avoid some worst outcomes in non-cooperation game situation.  

Alvarez, Xana, Gomez-Rua, Maria and Juan (2019) reviewed risk prevention 

of land flood: a cooperative game theory approach. The study entailed the 

framework for allocating the compensation among particulars based on 

cooperative game theory and taking into account a principle of stability. 

Mobley, Atoba and Highfield (2020) discuss uncertainty in flood mitigation 

practices: assessing the economic benefits of property acquisition and 

evaluation in flood-prone communities and the result showed that the amount 

budgeted for flood disaster mitigation and the way in which the fund is allocated 

do significantly influence the selection of economical and sustainable 

mitigation practices. 

Ishiwarati, (2019) features investment in disaster reduction scale and effective 

investment in flood protection in Asia. The finding depicts that the major flood 

–prone economics in flood protection and investment year with flood protection 

accounting for 0.26% of the total GDP of these economies. 

Ishiwarati and Sasaki (2020) focus on bridging the infrastructure gap in 

investment for flood protection in Asia. They discovered that the financing gap 

between future needs and current investment level is ground USD61 billion or 

USD65 billion when accounting also for climate change effects annually or 

around 0.24 percent of GDP in developing Asia. 
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Unterberger and Steininger (2019) spotlight future public sector flood risk and 

risk sharing arrangements: an assessment for Austria and the result indicates 

that the potential benefits of further public measures to reduce flood risk will 

prove most effective while at once maintaining measures to support flood losses 

when the public infrastructure measures fail. 

 

Methodology 

A game can be defined mathematically as (N, S, gij) where: 

1. N = (P1, P2, P3…, Pk), which is a set of k players or persons playing the game. 

2. SR = (S1, S2, S3…, Si), and SC = (S1, S2, S3 … Sj) are sets of strategies for the 

players 

3. Gij= Payoff function which is the sum of payoffs. In a two-player zero-sum 

game where N=2,  

The occurrence value is determined when the decision maker takes action or 

decision i and nature takes action j or decision j.  

 

Mathematical Formulation (A game Against Nature) 

Based on Wald (1939) minmax criterion, the action or decision (in terms of 

budgetary value) taken by the human decisioner (government) should be the 

one with the maximum security level in order to withstand the worst case 

possible consequence of nature’s random choice.  

Let  

 Bv is the mitigative budgetary value determined by the government’s decision  

Ui is the payoff for Di (the human decisioner) 

Vj  is the payoff for Nj   (nature) 

Gij is the overall payoff function  

 Nj is player j that is nature  

 Sj is the optimal pure strategy (location) that nature chooses in order to 

maximise risk.  

 R(d, s(d)) is the risk associated with the consequence of the decision made by 

nature  

Where Ms(d) is the maximun security level of decision d made by the human 

decision maker (government). Irrespective of the location that nature chooses, 

the outcome generated by decision d will be at least as large as Ms(d).  

VG is the value of the game (saddle point) 
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H is hazard  

E   is exposure 

V is vulnerability  

DiSi= Ui          

         1 

But  

 Ui(d)   =  Bv(d)        

                     = Maximize Bv (Ms) minimise{R(d, s(d)} 

                        2 

The decision maker tries to maximise the objective function thereby minimizing 

or reducing the risk involved.   

Let the state of nature with the highest probability be 

  -Nj (Sj) = Vj                                         

3 

The risk associated with this state of nature is 

            Vj = ΣHEV                                      

                                         =Maxima ∑ R(d, s(d))                                                                               

    = Minimise Bv(Ms) maximise ∑ R(d, s(d)) 

                -NjSj = minimax ∑ R(d, s(d))   

                                                           4 

Where s is one the locations in which the occurrence of flood could cause the 

highest damages of property and loss of life. These locations are controlled, 

managed and determined by Nature (N), player 2   

Furthermore;  

      DiSi = NjSj                     

                        DiSi ‒ NjSj  = 0   

     

5                                                                                              

 

 

Therefore,  

Ui+Vj=0          

  

And the payoff matrix 

   Di (player 1) 
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 S1 S2 S3...  Sn 

 St P P1 P2 P3…  Pn 

    d1 g11 g12 g13 …g1n 

  d2 g21 g22 g23 …g2n 

             d3 g31 g32 g33 …g3n 

    . . . . . 

    . . . . . 

    . . . . . 

   dm gm1 gm2 gm3 gmn 

 

Therefore, Gij the game with payoff satisfies the minimax condition that is 

   Max (Min gmn) = Min ( Max gmn) = VG           

6 

 

Analysis 

The following game data matrix is devoted to the game theoretic conflict 

situation with nature as the impersonal unpredictable (i. e random) strategy 

choice maker or the column player and the government as the human decision 

maker which is the response row player.  

Man-nature pure strategy game theoretic data matrix for flood disaster 

mitigative budgetary planning decision search 

    

Severity 

level 

 

Budgetar

y 

Size (#M) 

A=300,00

0 

I =200,000 

M 

=60,000 

D= 40,000 

A=150

0  

I  = 

1050 

M = 

100 

D =350 

A=500,000 

I =350,000 

M=100,00

0 

D = 50,000 

A=750,000 

I =550,000 

M=140,00

0 

D = 60,000 

A=3,000,00

0 

I =1,350,000 

M= 500, 000 

D=1,150,00

0 

 

 250 

 

1, 1 

30 

 

1, 2 

20 

1, 3 

40 

1, 4 

60 

1, 5 

100 

 

500 

2, 1 

80 

2, 2 

51 

2, 3 

100 

2, 4 

118 

2, 5 

151 

 

1250 

3, 1 

180 

3, 2 

150 

3,3 

220 

3, 4 

250 

3, 5 

450 
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1000 

4, 1 

130 

4,2 

120 

4, 3 

170 

4, 4 

230 

4, 5 

350 

 

750 

5, 1 

110 

5, 2  80 5, 3 

130 

5, 4 

170 

5, 5 

260 

Key: A= affected cases I=injury cases M= missing cases D = Death case 

 

 

 

First, we extract the budgetary matrix game to give it prominence and clarity. 

                                                                                      Row  Maximin minimax 

 

 30    20      40         60      100  100      100 

 80   51  100    118   151                151 

 180   150   220      250   450             450      

 130   120  170     230    350             350 

 110    80     130        170     260                260        

    

Column minimal   30     20     40        60      100   

maximin        100  

The game value 𝑉𝐺  = 100 M 

The saddle point can be found in cell (1, 5) 

The optimal strategy choice probability vector for both players includes 

SD*: v = (0, 0, 0, 0, 1)t for the human decisioner (row player). 

SN*: v= (0, 0, 0, 0, 1) for nature (column player) 

Therefore, this zero sum game for flooding is 

Minimax - maximin = 100 - 100 = 0 

 

Interpretation of Result 

In this game matrix table, we considered the effect of seasonal rain flooding on 

the human community and the damage of personal/public property. Here, the 

human decision maker was looking for the most appropriate budgetary response 

value which he could use to repair the damages occasioned by the seasonal rain 

flooding at different severity levels with a mind relaxed and at ease. The table 

depicts the observed severity of the problem of flooding in a scenario of full-

scale relocation of very highly flooded homeland, communities and property 
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locations with three million (3,000,000.00) persons  were affected, one million, 

three hundred and fifty thousand (1,350,000.00) were injured, five hundred 

thousand (500,000.00) people were missing and one million, one hundred and 

fifty thousand people were found dead with in the location which could be 

mitigated using a budgetary value of one hundred million naira 

(₦100,000,000.00). This implies that the saddle point have the maximum 

security level to withstand any severity scenario that nature might choose. 

While the highest maximum security level is afforded by a budgetary response 

value of four hundred and fifty million naira (₦450,000,000.00) located in cell 

(3, 5) for which the worst case scenario could be solved.  

  

Summary of findings 

The above table depicts a man- nature game situation in which the human 

decision making agency participates as the row player adopting the minimax 

budgetary planning guidance principle of his row-strategy choice making. The 

human agent or agency is assumed to be playing the game against nature. Nature 

is assumed to behave as an impersonal game player who only makes a purely 

random choice of one columnar strategy at each play of the game. The human 

agent or agency proceeds by seeking to actualize the maximin principle while 

at the same time his counterpart always sought to actualize the minimax 

principle of game strategy choice making. The simultaneous working of man’s 

maximin principle and nature’s minimax principle resulted in cell (1,5) as the 

saddle point location of the solution to the game. In summary, the optimal 

strategy for the human agent or agency SD* was the row vector (1, 0, 0, 0, 0)t  

and the column player’s (nature’s) optimal strategy for nature SN
*  was  the 

vector ( 0, 0, 0, 0, 1). The solution to the game in the table above was 100 which 

was the value of the game that has been the most attractive and actively sought 

payoff called the budget size payoff or budgetary size payoff. It was activated 

by nature, the impersonal random choice maker from the columnar strategies. 

Practically, looking at the above table, the human decisioner should be advised 

to be prepared in the game episode to reserve the sum in cell (3, 5) in readiness 

for handing the worst case scenario severity level so that at every other level he 

will relax and still effectively mitigate the problem. That reserve budget level 

was four hundred and fifty million naira (#450,000,000.00) at least as the 

maximum range of flooding disaster mitigative spending.. 
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Conclusion 

In the game in this study, the linear algebraic and logical structure of the game 

was that of the two-person zero-sum game involving man and nature as the 

respective row strategy rational choice maker and the random columnar choice 

maker respectively. The row strategies were actually rows of the optional 

scenario-specific mitigating budgetary allocations. The column strategies for 

nature were flood disaster scenario descriptions complete with a severity status 

specification. Furthermore, the game was designed and constructed to 

determine pure mitigative budgetary decision strategy which therefore was 

bound to have a saddle point. Despite the saddle 

point form of the solution in the flood problem the human community/society/

government/agency was still advised by the human decision maker (possibly a 

consultant) to stay prepared for the worst possible scenario that nature could 

impose on the corporate body concerned. It was judged that being ready for the 

worst possible scenario would enable the government or the concerned agencies 

to cope with all other possible scenarios in a relaxed and convenient manner.  

 

Recommendation 

The findings of this study show that the human community 

/society/government/ agencies should prepare for unforeseen occurrences like 

flood disaster by creating a special account for funding the various 

processes/stages involved in implementing the mitigation measures. The 

study suggests that the human community, society or government agency acqu

ire high technological systems for identification, monitoring and dissemination 

of useful information regarding to the affected areas. 
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