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Abstract  
Possibility of expert estimation of risk appearance a Brown rat (Rattus norvegicus Berk) in 

buildings and adjoining territory are shown depending on a geographical position, a season of 

year, appointment of served object, its sanitary and engineering condition and also depending on 

an overall performance of pest control system, including, qualifications of the operator. As a 

result, pest risk can be estimated for buildings and territory within the limits of a relative scale 

from 0 to 1. 
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Pests appearance probability assessment in enterprises, that are very important in social and 

economic sense, largely determines the entire program for preventing such an event, in other 

words, it enables to elaborate the most correct pest control program.  

 

The pest appearance assessment within the facility includes such factors as:  

1) determining the probability of the event 

 the assessment of contents of the natural or forced mortality, 

 the assessment of the operator’s qualification; 

2) determining the possibility assessment of the repeated facility colonization  

- parameters of the reproduction and immigration, 

- assessment of the environmental capacity, determining the pests population. 

 

The attempt to solve this task (using the Norway rat Rattus norvegicus Berk as an example) was 

made by us earlier using experimentally obtained data (Rylnikov, Tuchkova, 2012). 

Expert assessment is used in cases when the data collection requires huge costs, and the usual 

analytical methods are not applicable. The expert assessment with calculating the arithmetical 

weighted average is widely used in many fields, such as economy, education, ecology (Orlov, 

2004), for pest risk quantitative assessment when solving plants protection problem (Orlinsky, 

2005; European and Mediterranean Plant Protection Organization, 2011). 

The present publication is based on assessments made by the single expert – by the author. The 

results of the research, performed by the author for the time period of more than 30 years and set 
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forth in the monograph “The Norway Rat” (Rylnikov, 2010), form the basis for the 

interindividual expert assessment. The author considers that it will be correct to repeat these 

assessment by means of consecutive involvement of not less than 5 experts, as the expert 

assessment theory requires using the offered scheme. 

 

 

 

Material and methodology  

 

The arithmetical weighted average assessment was realized according to the following equation: 

 

   
 
 

  , where     are the discrete sequence variants, and   
 

      is the variants frequency (Kremer, 2007, pp. 272). 
 
The arithmetical weighted average assessment within the enterprise territorial borders (within the 

yard territory) 

 

The interindividual expert assessment results* were used as the discrete sequence variants with 

setting proper grade ratings in the range of 0 - 3 by the integral numbers.  

The expert assessment results* were also used as the variants frequency using preference relation 

vectors method (the expert had been analyzing the whole set of alternate variants and had been 

choosing the most preferable ones) with setting grade rankings in the range of 0 - 1. 

 

The arithmetical weighted average assessment in the separate enterprise business units borders  

 

The interindividual expert assessment results* were used as the discrete sequence variants with 

setting grade rankings in the range of 0 - 3 by the integral numbers. 

We propose to use experimental assessments data as the variants frequency, for instance, the 

abundance assessments (the share of bitten baits, the number of rodents falling in traps, the share 

of tracked up detection areas, etc.). 

 

-------- 



*The expert assessment — the procedure of getting the problem assessment on the basis of  

experts opinion for the purpose of the following decision (choice) making (Wikipedia). 

--------- 

 

Stage 1. The assessment of factors value (frequency, importance), that are favorable for pests 

colonization of the facility, in relation to each other. 

  

We will assign the integral weight as equal to one. 

 

Stage 2.The assessment of the factors real situation that favorable for domestic pests occupation 

of the facility. 

 

The factors real situation assessment is realized by means of expert assessment using the three 

degrees (grades) system.  

 

Stage 3. The weighted average assessment. 

The weight is multiplied by the real state for each factor. The product is the weighted assessment 

of this factor. The weighted average assessment is obtained by means of summing up the 

weighted assessments of all the factors. The relative weighted average is calculated by means of 

the last assessment division by maximum value that characterizes this factor appearance (in case 

the degree obtained during the assessment of this number is three).  

 

Stage 4. The pest-risk probability assessment. 

P(Zi) is calculated by means of multiplying the value determining the pests appearance 

probability P(Yi), by the value of damage from their activity P(Ui). P(Ui) may be expressed in 

multiplication of pests relative quantity (the share of eaten bait, the number of captured species, 

etc.) and  the size of damage from one species. The size of damage P(Ui) and pest-risk P(Zi) are 

expressed in shares from 0 to 1.  

 

The pest-risk probability is set for each pest type.  

P(Zi)  = P(Yi) × P(Ui), with due account for events Yi,  Ui (independently) 

 

The integrated pest-risk P(Z)= ∑ (i=1,...8) P(Zi) ─ ∏(i=1,...8)P(Zi) is calculated with due 

account to events (independently) Z1, ...Zi 



Stage 4. Risk threshold assessment 

That means the intervals of the P(Zi) values, that are to be followed by the specific actions, such 

as: 

1) monitoring (the current observations); 

2) the existing conditions analysis, the problem areas selection; 

3) the held activities adjustment (preventive and annihilative); 

4) immediate actions. 

It should be mentioned that the risk threshold value is to be specific for each type of the problem 

biological species. Moreover, the corrective actions may vary depending on the current 

conditions.  

Due to the particular danger grade of the Norway Rat, the risk threshold is set up in case of one 

species presence. 

We will carry out the probability assessment for the facility pest colonization and pest-risk 

assessment in case of that event with the use of Norway Rat (Rattus norvegicus Berk.) as an 

example. 

 

The results of the realized work  

 

For the facility Norway Rat colonization probability assessment by importance in the first place 

we put such a factor as facility category that is determined by the activity type, such as: industry 

alimentary (1), municipal (2), nursery (3), medical and preventive (4), industry non-alimentary 

(5), transport (6), other (Table 1), that primarily determines the conditions, favorable for rat 

colonization. Category 1 and 2 facilities may be referred to the highly favorable, category 3 and 

4 — to favorable, category 5 and 6 — to less favorable. 

 

Table 1. Facility category 

unfavorable less favorable favorable highly favorable 

0 1 2 3 

 

in the second place we put the facility sanitary-engineering condition, that determines the rat’s 

environment capacity on a second-priority basis and may be changed without changing the 

activity area (Table 2), 

 

Table 2. Environment capacity 

Non Small Middle Large 



0 1 2 3 

 

in the third place we put the operator qualification. 

 

Table 3. The operator’s activities inefficiency level assessment  

Non Low Middle High 

0 1 2 3 

 

 

The degree (grade) selection from Tables 1, 2 and 3 is to be performed according to the expert 

assessments. The higher the qualification, the higher the probability that the facility will be free 

from rats, even in cases of bad facility sanitary-engineering conditions with the maximum 

favorable factors for the given species. The rats appearance probability within the facility is 

indeed a very important factor, first of all, as a potential for reproduction–related population 

growth; however, it is successfully controllable by all other factors, that’s why it has been put on 

the forth place.  

It is well-known that the Norway Rat transport-related delivery probability (except marine) 

(immigration by means of passive infiltration) is almost equal to zero: however, the Norway Rat 

facility colonization that originates from the neighbouring territories (immigration by means of 

active infiltration) is very likely to happen — the fifth place. 

It should be mentioned that depending on the geographic latitude and the season the weight of 

the forth and fifth factors may be changed in favour of the latter one, for instance, in autumn (in 

the mid latitudes) the rats population increase (due to seasonal migration) can dramatically 

exceed the reproduction-related increase, the intensity of which decreases (Table 4).   

 

Table 4. Rats reproduction intensity during different seasons  

Spring Summer Autumn Winter  

3 3 2 1 

 

During the period of 1 year the highest probability of the facility colonization (due to 

reproduction and immigration at the same time) is observed in spring and summer, the 

colonization probability decreases in autumn, and it is the least in winter (Table 5).   

 

Table 5. Rats facility occupation probability during different seasons  

Spring Summer Autumn Winter  

3 3 2 1 

 

In different geographic latitudes the rats facility colonization probability (either due to 

reproduction, or due to immigration by means of active infiltration) also differs: the highest 

probability is observed in middle and, especially, in southern latitudes, the lowest – in northern 

ones (Table 6).  



 

Table 6. Rats facility occupation probability in different geographical latitudes 

Northern Middle Southern  

1 2 3 

 

Rats detection within the facility (in cases of rats destruction) will depend on forced mortality 

rate (rats destruction effectiveness) (Table 7). 

 

Table 7. Rats detection probability with due account to forced population decrease by one of the 

methods  

Anticoagulant Acute action poisons  Anticoagulant +acute Anticoagulant 

+traps 

2 1 3 3 

 

The highest rats population decrease may be expected from using anticoagulants, combined with 

acute lethality poisons or traps, The lowest may be expected when using only acute lethality 

poisons. 

Using the expert assessments data, we will build up the rats mortality probability figures matrix 

(concerning the common trends) (Table 8):  

 

Table 8. The Norway rats mortality probability concerning the season, latitude and destruction 

method (average expert assessment) 

  

 

 

 

P(X|E)  Anticoagulant

s 

Acute Combi 

Winter  North 0,9 0,7 1 

 Middle 0,8 0,6 0,9 

 South 0,7 0,5 0,9 

 

Spring 

North 0,7 0,6 ≤ 0,8 

 Middle 0,6 0,5 0,7 

 South ≤ 0,5 ≤ 0,4 ≤ 0.6 

 

Summer 

North 0,7 0,6 0,8 

 Middle 0,6 0,5 0,7 

 South ≤ 0,5 ≤ 0,4 ≤ 0,6 

 

Autumn 

North 0,8 0,7 0,9 

 Middle 0,7 0,6 0,8 

 South ≤ 0,6 ≤ 0,5 ≤ 0,7 

 

 

Taking into account that the rats mortality probability (d) is the inverse value (to survival 



probability) (l), provided that d=1-l, it is possible to estimate the following ratios. The highest 

rats mortality probability, i.e. P(X|E)=1, will be set in accordance with the lowest rats survival 

probability, i.e. 0 grades; P(X|E)=0,8-0,9 will correspond to grade 1, P(X|E)=0,6-0,7 will 

correspond to grade 2, P(X|E) ≤ 0,5 will correspond to grade 3. 

We can use these values in the “Survival probability” graph of the Table 9, in which factors, 

determining the rat facility occupation probability, P(Y) are also taken into account. 

 

Table 9. The assessment of the factors that are favourable for the Norway rat facility colonizatio 

(Rattus norvegicus Berk.) 

Risk factors Weight (frequency)* Assessmen

t 

Weighted 

assessment 

1 2 3 4 

Local factors    

The environment capacity (the facility 

profile) /non-alimentary, medical, 

nursery; municipal, alimentary (below - 

above, 0-3 grades) 

0,25 3 0,75 

The environment capacity (concerning 

the facility condition) (below - above, 

0-3 grades) 

0,20 2 0,4 

The average operator’s activity  

inefficiency (below - above, 0-3 

grades) 

0,17 2 0,34 

The survival probability (below - 

above, 0-3 grades) 

0,12 1 0,12 

The passive delivery probability by 

transport (below - above, 0-3 grades) 

0,00 0 0,00 

The active infiltration probability 

(below - above, 0-3 grades) 

0,05 2 0,10 

The reproduction probability 0,05 2 0,10 

Global factors    

The occupation probability by the 

season (winter-summer-autumn-spring; 

0-3 grades) 

The occupation probability by the 

latitude (below - above, 0-3 grades) 

0,08 

 

0,08 

3 

 

3 

0,24 

 

0,24 

The total assessment 1,0 18 2,29 

The facility occupation probability, 

P(Y) 

0,76=2,29:3 

 

*the weights sum is always equal to 1,0 

 

In this case the average weighted assessment, equal to 2,29, shows that the facility colonization 

probability value is set as above average (comparing to the highest  – 3 grades - 0,76). 

 

The experimental confirmation of the assumption may be given on the basis of rodents relative 

colonization assessments (Table 10).  



 
Table 10. The assessment of factors, favourable for the Norway rat (Rattus norvegicus Berk.) 

colonization of the separate business units of the serviced facility (below - above, 0-3 grades) 

Names of the facility’s business units Weight (frequency)* Environment 

capacity 

assessment ** 

Weighted 

assessment 

Yard territory 0,10 3 0,30 

Food raw material warehouse 0,20 2 0,40 

Mix preparation workshop 0,15 2 0,30 

Packaging workshop 0,15 3 0,45 

Finished product warehouse 0,20 1 0,20 

Food waste collecting warehouse 0,20 2 0,40 

The total assessment 1,0 11 2,00 

The facility’s business units occupation 

probability weighted average  

0,67=2,00:3 

 

*The frequency is expressed in shares: 

- the assessments of the relative rodents population   

(the share of activated traps from the total amount of traps set); 

- monitoring the baits ; 

(the share of bitten baits from the total amount of baits that were set), 

- the track-detection areas that were placed in the control and destructive trap containers; 

(the share of the tracked up detection areas out of the total amount of placed containers). 

**The environment capacity assessment is expressed in grades (Table 2). 

 

The pest-risk calculation 

Even one rat per 1000 square kilometres may bring damage, that can be assessed as 1 grade, two 

unisexual rats – as 3 grades.  

Let P(Y)=0,8-1 to conform the highest damage, i.e. 3 grades; P(Y)=0,7-0,5 will correspond to 

grade 2 , P(Y)=0,4-0,2 will correspond to grade 2,  P(Y) = 0- 0,1 will correspond to grade 0  

 

If the presence of one rat brings damage of 0,85, then the pest-risk size will be equal to 

P(Y)×P(X|E)=0,64×0,85=0,54. 

 

Discussion 

 

The proposed assessment scheme must pass verification tests for practical expert assessment 

applicability for specific facilities by qualified experts that we are looking to cooperate with.  
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