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Abstract: Nowadays, our living environment is becoming more and more complex and, the complexity can be found in almost all the 

aspects of our daily activities Agroecosystems are good examples of complex systems, and the control of insect invasion is essential in 

pest management activities. Species distribution modeling(SDM) is a widely used modelling approach that predict the distribution of 

insect pest across geographical location. Despite their ability to predict the different zone suitable for the spatial dispersion of insects, 

there are unable to tell us about the time the invasion may occur in these location. this is why a new spatiotemporal algorithm is 

proposed to improve prediction of insect invasion. Afterward the algorithm is implemented and some simulation case of its application 

are presented. 
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1. INTRODUCTION 
 

Nowadays, our living environment is becoming more and 

more complex and, the complexity can be found in almost all 

the aspects of our daily activities; this include sport [1–3] 

economy and finance[4–6] , politics[7] , health, society[8],  

agriculture[9–11] etc. There is no formal definition about 

what a system is, but it can be defined as a collection of 

interdependent elements organized for the achievement of a 

goal. Many real world systems, including living 

microorganisms, human society and many others are better 

understood when looked at as complex system where useful 

knowledge derive from the interaction among components of 

the system [12].  Complex systems increase the complexity 

and the uncertainty of understanding and interpretation for 

managers and policy maker when analyzing underlining 

processes to make decisions. 

Understanding underlining processes in complex systems is of 

paramount importance as it will help for early detection of 

wrong behaviors of the system and understand why it does not 

behave as expected. Mathematical and computational 

modeling has become the keys approach to represent these 

systems using models and simulations [13–16]. However, the 

skills and knowledge required for designing useful 

mathematical model are not common into many researches 

team especially those related to fields of medical, biological 

or agricultural sciences. Therefore, the best approach consists 

to embed these processes into a Decision Support 

System(DSS)[15,17] to assist policies makers simulate and 

analyze real world problems[18] DSS is defined as interactive 

computer-based systems that help decision makers utilize data 

and model to solve unstructured problems[19,20]; Sprague 

and Carlson, 1982). It became a complete area of research in 

the middle of 1970[21] and has since gradually gained a lot of 

attention among scientific community. 

Agroecosystems are good examples of complex systems and, 

it represents a cropping expanses well adapted to a particular 

geographic region[22]. The definition usually depend on the 

context and the purpose but put emphasis on elements that 

include the geographic area, weather pattern, natural 

resources, cropping pattern and products [22]. The 

development and maintenance of a good agroecosystem 

requires to preserve complex interactions and dynamics 

among its keys components. This include: water, terrain and 

soils, climate, nutrients and also living organisms(Crops, 

human, animals) ,[22]. The complexity of these interaction 

make agroecosystems one of the most difficult complex 

system to analyze and understand for all the stakeholders 

involved. Indeed, insects are central to the performance of 

many agroecosystem processes. The structure and social 

organization of insect colonies have been explored in many 

way as a complex system[9–11]. However, it is in their role as 

herbivores that conflicts arise with agricultural production due 

to direct consumption of cultivated crops and indirect damage 

by plant virus transmission or spoilage of potential yield[23].. 

To avoid or reduce damage on crops, farmers apply chemical 

pesticides against pests. Despite its ability to quickly suppress 

pest, the use of chemical pesticide presents too many 

disadvantages as it pollutes air water and soil; it contributes to 

the development of resistance among the target pest[24] 

people applying these pesticides are sometime exposed to 

dangerous concentration of chemical which affect their health 

[25].  

Having a good production require the implementation of 

efficient pest management strategies. The farmers, who play 

the key role in the system need to quickly adjust themselves to 

handle farming activities which are becoming more and more 

complex. Being an excellent crop producer also require the 

abilities to embed some agro ecological concepts and 

principles for the management of agricultural systems. This 

implies optimizing the interactions between plants, animals, 

humans and the environment while considering the social 

aspect that need to be addressed for a sustainable food system. 

Hence, natural biodiversity of agroecosystem must be studied 

as a complex system with the goal to understand, predict and 

take advantage of the self-emerging behavior from various 

interactions of the components of the system. This indeed, is 

not an easy task and therefore require the collaboration among 
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farmers, researchers and extension officers to develop tools to 

easy or improve decisions making process. 

2. PROBLEM STATEMENT 
Pest management activities/practice are essential for the 

survival of agroecosystems, and for the success of agricultural 

production; therefore, require rapid adoption of modern 

strategies and approaches to monitor insect invasion. The 

attempt to protect plant from insect’s pest is centered too 

much on the insect instead of looking at all the interacting 

component of the agricultural system.  

Species distribution modeling(SDM) is a widely used 

modelling approach that predict the distribution of insect pest 

across geographical location using climate data such 

temperature, relative humidity, precipitation. These climate 

data are combined with physiological information of the 

species of concern, generally obtained from location where 

the pest was collected while successfully developing and 

reproduce. Maxent and Climex are the two famous software 

serving as tool to design SDM. Despite their ability to predict 

the different zone suitable for the spatial dispersion of insects, 

there are unable to tell us about the time the invasion may 

occur in these location. Therefore, the challenge being 

addressed here consists to propose a new algorithm to predict 

the spatiotemporal dispersal of a given pest. This will improve 

the previous one by not providing only the spatial prediction 

about where the pest can invade, but will also provide a 

temporal prediction about when that invasion will occur. 

3. ALGORITHM DESCRIPTION  
The proposed algorithm is based on cellular automat(CA). 

The reason of this choice is because the states of the CA will 

allow to enumerate the different states of the process of insect 

invasion. The rules of the CA will ease the design of the 

mechanism for insect dynamic of dispersal. Moreover, the 

properties of the neighborhood offer by the CA allow to adjust 

the flight ability of the targeted insect for a better prediction 

of the invasion. Let Susceptible(S), Exposed(E) and Invaded 

(I) the three possible state of a given location during the 

process of insect invasion. Susceptible locations are area 

where the insect has never crossed by or settled to reproduce 

and cause damage on crops. Exposed is the state of locations 

by where the best transit to reach a location with suitable 

environmental conditions; and finally Invaded location are 

those where environmental condition are affordable, therefore, 

the pest settle and cause damage on agricultural crops. The 

main environmental factor considered here are temperature, 

relative humidity, vegetation, presence of the host plant. 

 

 

Figure 1: State transition diagram for insect dispersal 

Based on these different states and the environmental factors, 

the new algorithm was proposed and presented as follows: 
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Step1: estimate the neighborhood of all location in the Area of interest. 

Parameters: 

AreaOfInterest: Represent the area of interest to simulate the dynamic of insect invasion 

Distance. Represent the flight ability of the insect within a simulation time step. 

Output. A text file with neighborhood of each location within the Area of Interest. 

 

       neighborhoodDataFile = neighborhoodReg(AreaOfInterest distance) 

Step2:  simulate the propagation of the invasion form a starting location. 

Parameters: 

 VegetatioinDdatafile: Represent values of vegetation within the area of interest 

initLocation: The initial invaded location from where the spread stats 

filecible:  represent the already known invaded location within area of interest 

neighborhoodDataFile: Represent the neighborhood file obtained in step 1. 

RelHumdityDatafile: Represent values of relative humidity within the area of interest 

fileTemperature: Represent values of temperature within the area of interest 

SimulationDuration: A number giving the number of time step to be done during simulation. 

 

function V = insectPropagation(VegetatioinDdatafile, initLocation, filecible, 

 neighborhoodDataFile, RelHumdityDatafile, fileTemperature, SimulationDuration) 

Begin 

Initialisation of parameter threshold. 

  NDVIThreshold; TempThreshold; RhThreshold  

i = 1 

for i=1 to : SimulationDuration 

 Update Neighborhood of infected location 

For each j in  {location in Neighborhood} do 

  If (NDVI(j)>= NDVIThreshold) then 

   {ExposedLocation}  {ExposedLocation} + location(i) 

  End 

  IF (NDVI(j)>= NDVIThreshold and RHumidity(j)>= HumdThreshold and Temperature (j)>= 

TempThreshold) 

   {InvadedLocation}  {InvadedLocation} + location(i) 

  End IF 

  If  (TomatoPoduction(j)== high or TomatoPoduction(j)== Very high ) 

   {InvadedLocation}  {InvadedLocation} + location(i) 

  End IF 

EndFor 

EndFor 

End 

Algorithm spatiotemporal dynamic insect invasion 
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3.1 Algorithm implementation and 

simulation 
MATLAB (R2010a, The Math-Works) was used as 

programming language to implement the algorithm and 

proceed with simulations. Mapping Toolbox™ implement a 

lot of algorithm useful for handling and analyzing geospatial 

data. Once the implementation of the algorithm was done, the 

function was used to simulate the invasion of an invasive 

insect pest named Tuta absoluta (Meyrick 1917) both in 

Africa and Asia. The algorithm successfully predicted that the 

pest will invade the southern part of Africa in 2017 and was 

later confirmed by Visser et al. (2017) in one of their resent 

work.[26]. Fig.2 bellow summarize the result of simulation 

obtained using our algorithm. 

 
Figure 2: Simulation of the algorithm to predict tuta absoluta 

invasion in Africa 

4. DISCUSSION AND CONCLUSION 
The protection of agricultural crops against insect pests 

require new approaches that will ease the prediction in time 

when the invasion may reach a given location. Most of the 

currently existing techniques focus more on estimating 

suitable location for the development and the survival of the 

pest based on the presence data recorded of the pest. 

The algorithm presented here has the advantage to be able to 

predict also the suitable locations for insect survival. To do 

that it only requires as input parameter to select those that 

favor the establishment of the pest and therefore, proceed with 

simulation into the area of concern. Once of the key benefice 

of the algorithm is the flexibility it offers for the input 

parameter which can help during simulation to analyze the 

effect of one climate factor on another one. The 

implementation was done to allow the user during simulation 

to cancel or the effect of one input parameter.  

After showing satisfactory result for predicting the dynamic of 

invasion in Africa, it would be great to explore how the 

algorithm perform on other continent such Asia for example 

where the pest is still in progress. Moreover, given that the 

application was done in this case on a very large scale space 

and on a pest with very high ability of flight, some text also 

has to be done on small scale land. The main challenge here 

will definitely be the availability of relate data. 

Despite providing satisfactory result, this algorithm can still 

be improved. The rules of the CA can be updated in a way 

such it can take into account the phenology of the targeted 

insect. This main advantage doing that will be the 

improvement of the efficacy in prediction the time of invasion 

from one location to another. Moreover, other platform 

dealing with the prediction of insect invasion should consider 

the inclusion of the approach presented in their platforms.  
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