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This paper deals with examples of manifestations of the hysteresis effects in supplier-consumer relationships of local 

companies operating in different types of market structures. The interaction between supplier and consumer is seen as a dynamic 

process. 

For one of the Latvian companies with a well-known brand that operates in a market close to oligopolistic, the impact of 

consumers loyalty has been estimated based on Reicheld’s questioning method. The results have shown that relationship between 

the number of loyal consumers and changes in product’s price has the form of the hysteresis loop. The range of increase in price, 

which allows to effectively using the hysteretic characteristics of loyal consumers, is defined. 

For another company that operates in a market close to monopolistic, the relationship between volumes of realization and 

consumers satisfaction is estimated for 11 years long period. Using an additional parameter that takes into account consumers’ 

satisfaction allowed demonstrating nonlinear dynamic processes within the reporting period. These nonlinear processes are 

illustrated using a catastrophe theory.  
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1. Introduction 
 

The research of processes in current business environment leads to a necessity to take into account 

a nonlinear interaction between market participants. The target of marketing and supply chains in logistics 

is delivery of services to consumers. Analysis of consumer feedback allows company – supplier to 

improve their efficiency, especially in imperfect competition the most common in practice [1, 2]. Study 

the features of consumer’s repurchase behaviour in the market helps to achieve his loyalty and to provide 

getting of repeat orders. The influence of consumers’ satisfaction and loyalty, to further interaction with 

the supplier is paid great attention, as in marketing and logistics [3–10]. A detailed analysis of consumer 

behaviour in the market is a separate area of research. In this paper confine ourselves to the simple model 

illustrating the feedbacks that occur in postpurchase period [2] (see Figure 1). 
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Figure 1. The impact of consumer’s response 
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Two branches of the feedback that occur after the purchase reflect the impact of consumer’s response to 

himself and to the supplier. Consumer’s satisfaction on the product stimulates the decision to repeat 
purchases. Dissatisfaction with the purchased product increases the probability of consumer’s switching 

to another supplier. But such a “switching” is not happening at once. Many studies indicate the existence 

of delayed reaction of consumers to change of the product characteristics, t. i. the presence of a hysteresis 

phenomenon [11–20]. The customer’s satisfaction, which leads to loyalty, has an impact on hysteresis lag, 

especially when the process of interaction between supplier and consumer is not limited to a single 

purchase, but continues further [11–15]. In this case it is advisable to study this interaction as a dynamic 
process that has stages of development and reduction. Features of interaction of suppliers and consumers 

in the logistics chain can be described by a nonlinear model with hysteresis. In this case the results become 

more reliable. 

Note that the interaction between suppliers and consumers varies for different types of market structures, 

such as monopolistic competition, oligopoly and monopoly. In imperfect competition, the supplier has the 

possibility of some influence on the market. Therefore, it is important for suppliers to organize effective 
interaction with consumers, taking into account possible nonlinear effects. 

This paper deals with examples of manifestations of the hysteresis effects in supplier-consumer 

relationships of local companies operating in different types of market structures. The aim of this study is to 
analyze the possibility of a hysteresis effect for increasing the efficiency of economic activities of the companies. 

 

2. Hysteretic Models of Consumer’s Behaviour 
 

Consumer’s attitudes towards a certain product are formed, based on his satisfaction with previous 
purchases. The level of attitude in the next period is determined by the weighted combination of current 
levels of satisfaction and attitude [9, 13]: 
 

iiii AASfA +−= ++ )( 11
, (1) 

 

where 
iA  – prepurchase attitude; 

 
1+iA  – revised postpurchase attitude; 

 
1+iS  – immediate postpurchase satisfaction.  

The difference )( 1 ii AS −+  is a cognitive comparison between anticipated satisfaction and received 

satisfaction. Clearly a large set of parameters, such as experience of previous purchases, friends’ attitudes, 
„word of mouth” advertising, etc. has a different impact on the attitude to a product. However, the 
selection for modelling is only one – to determine a parameter with the greatest value for given segment 
of consumers, providing a very useful results for practical application [13]. The deterioration of product’s 

determining parameter leads to customer frustration, but improvement – to satisfaction. For the appearance 

a stable-good or stable-negative attitude to the product, the value of the determining parameter needs to 

overcome a certain threshold. Variation of the parameter in the range between the thresholds is not noticed 

clearly by a consumer preserving its previous attitude about this product. This is the zone of tolerance or 
of consumer’s inertness [15]. The dependence has the form of the hysteresis loop, shown on Figure 2.a 
[12, 13]. There are two branches of the dependence, the choice – on which of them movement occurs – is 

determined by the previous attitude of the consumer. 
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Figure 2. a) The relationship between determining parameter of product and consumer’s attitude; 

b) The nonideal relay, as the simplest hysteretic transducer for modelling of consumer’s behaviour  
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To simulate the behaviour of consumer, who begins to buy a product if the value of a determining 

parameter exceeds a threshold β and stops buying when it falls below the threshold α, a nonideal relay 

with different thresholds can be used (see Figure 2b). Certainly, for consumers with different preferences 

the values of thresholds are different as well. The total behaviour of a number of independent consumers 

can be modelled by a parallel connection of the same number of nonideal relays. Thus, from the reaction 

of consumer with individual characteristics, the reaction of their community in the market can be estimated. 

It is convenient to apply the methods of catastrophe theory for qualitative analysis of the dynamics 

of nonlinear systems with hysteresis. The catastrophe theory illustrates the standard variants in the dynamics 

of systems by a simple topological images [21, 22]. 

In the simplest case a consumer’s loyalty is a function of one parameter – consumer’s cumulative 

satisfaction. A nonlinear relationship between them corresponds to the fold catastrophe [12] (see 

Figure 3). 
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Figure 3. The relationship between customer’s loyalty and his postpurchases cumulative satisfaction 

 

Consumer’s satisfaction is a measure of how products or services supplied by a company meet or 

surpass consumer expectation. Consumer’s loyalty is his commitment to a particular supplier of products 

or services. The relationship between consumer’s loyalty and cumulative satisfaction is nonlinear with 

two thresholds. When the long-term cumulative satisfaction exceeds a certain threshold, consumer’s 

loyalty is growing rapidly, but below the other threshold loyalty decreases, Fig. 3. Between these 

thresholds, the change of satisfaction has little influence on loyalty, which retains its previous value. 

Thus, the consumer has “memory”, which is natural for humans. It is unlikely that a small frustration will 

immediately make a consumer to switch to other products from those which he has used successfully. On 

the other hand, a single purchase, which caused feeling of admiration, is unlikely to lead to an instant 

loyalty. However, a number of “short-term dissatisfactions” can lead to frustration and subsequent 

changes in consumers’ behaviour. But a number of admirations can lead to a belief in the uniqueness of 

the product [9, 12, 13]. Analysis of consumer’s loyalty and satisfaction given a great attention because its 

presence moderates consumers negative reaction to increasing the price of the products or services [7, 8].  

In [12] the model in which consumer’s loyalty is considered as a function of two variables is 

shown. Consumer’s loyalty L, their satisfaction S and transaction costs T are connected by a generalised 

nonlinear function: 

 

03 =⋅−− TLSL . (2) 

 

The surface (2) illustrates the following catastrophe type – a cusp catastrophe (see Figure 4). Consumer’s 

loyalty L is the dependent variable. When transaction costs are low the consumer’s satisfaction has less 

influence on his loyalty to the supplier. For the increased transaction costs the nonlinearity of the system 

increases and the unique relationship between variables S and L is violated. The cusp catastrophe is 

essentially a fold catastrophe that disappears after some point (the cusp point). Splitting parameter in 

this model is a value of transaction costs T, and the normal parameter, correlating with consumer’s 

loyalty L is their cumulative satisfaction S. 

The concept of “catastrophe” includes the abrupt changes in consumer’s loyalty that arises as a 

response to smooth changes of other parameters. These models illustrate the emotional behaviour of 

consumers, change their attitude about product from positive to negative or on the contrary [21].  
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Figure 4. The relationship between consumer’s loyalty L, cumulative satisfaction S and transactions costs T 

 

In practice it is difficult to construct analytical equations for describing the dynamics of real 

economic systems, however, there are indirect features of approaching to the bifurcation point, near which 

a small changes of parameters can cause an abrupt response [21–25]. 

The examples of manifestations of the hysteresis effects in supplier-consumer relationships of local 

companies operating in different types of market structures are considered below. 

 
3. The Effect of Hysteresis in the Consumers Loyalty at Increased Prices  
 

For suppliers who have a known brand, with a limited number of competitors (market structure is 

close to oligopolistic) the impact of consumers loyalty becomes especially important. When consumer 

chooses a product from close of the quality the experience of previous purchases is important. It is typical 

for everyday goods that are purchased regularly. 

To estimate the quantitatively hysteresis manifestation of consumer loyalty the well-known 

Latvian company manufacturing and saling cosmetics has been chosen. High quality products, produced 

in a long time, and a broad sales network enabled the company to acquire a large number of loyal 

consumers. For the category of loyal consumers production manufactured by this company has the 

prestige and they are willing to pay for it. 

The questioning of 350 regular consumers of various ages and from different regions of Latvia has 

been carried out. The questionnaire was aimed to provide answers to the qualitative and quantitative 

parameters of the frequency of purchases, trial and regular shopping, consumer awareness about the 

product, and so on. Questionnaire also included questions to assess the degree of consumer loyalty, which 

made it possible to estimate how much of them were ready for significant changes in pricing policy of the 

company. By F. Reicheld’s method [3], the quantitative evaluation of consumer’s loyalty is carried out 

basing on responses (on a scale of 0 to 10) to the question “What is the probability that you would 

recommend this product to your colleagues and friends?” The percentage of regular consumers between 

such groups as promoters, neutrals and detractors was determined. The results are shown in Table 1. 

 
Table 1. Results of the questioning by the Reicheld’s method 

 

Promoters Neutrals Detractors Net Promoters Score 

34.8 % 60.7 % 4.5 % + 30.3 

10–9 rating 8–7 rating 6–0 rating  
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Thus, the number of loyal consumers (excluding detractors), reached 95.5%, while the index NPS 

(Net Promoter Score) is + 30.3. The obtained value of the index NPS corresponds to the company with 

fast and stable growth that has been observed in real situation at the time of questioning. 

Further more based on the analysis of the questionnaires it has been found out how the price 

increase would cause loyal consumers to switch to another company’s product, and what the subsequent 

reduction would allow them to return. The purpose of this study was to determine the allowable price 

increase, which allowed increasing the part of turnover generated from the company’s loyal consumers 

despite a slight decrease in their number. 

The behaviour of each consumer was modelled nonideal relay with two switching thresholds 

which determine purchase or rejection of purchase. Summarising total output of nonideal relays, which 

reflect opinion of each of the respondents, the overall reaction of the community of loyal consumers to 

changes in price of the product has been determined. Mathematically, the behaviour of the group of loyal 

consumers can be described using the Heaviside function:  
 

N

xH
xy

j∑ −
−=

)(
1)(1

α
 ,                     

N

xH
xy

j∑ −
−=

)(
1)(2

β
, (3) 

 

where: )(1 xy , )(2 xy – functions which describe the relative number of loyal consumers by increasing 

and decreasing prices, respectively; 

x  – price change in relation to the initial; 

jα ,
jβ  – thresholds “off ”and “on” of  j-th consumer with corresponding changes in price; 

N  – the total number of respondents; 

)( jxH α−  – Heaviside function, equals to zero (unity) for negative (positive) argument. 

 

Obtained relationship between the relative number of consumers loyal to the company's products 

from the price changes has the form of the hysteresis loop and is presentedoin Figure 5a. With price 

increasing the number of loyal consumers’ decreases, the decline is on the right branch of the loop. For a 

sufficiently large increase in prices a moment comes when loyal customers no longer remain. During the 

reverse decrease of price the number of loyal consumers increases, the rise is going on the left branch of 

the loop. Of course, such a complete passing loop is abstract, because in practice no supplier would make 

such “fatal” experiments.  
 

           
 

                                                 а)                                                                                      b) 

Figure 5. а) Relationship between the number of loyal consumers and price changes; b) efficiency zone from consumers’ loyalty  

 

The information on continuing purchases when price increases in one and a half times obtained from 

the 6.1% of respondents (the lower part of the loop on Figure 5a), seems to authors overly “emotional”. 
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Probably that with a decrease in prices below the initial, there will be new regular consumers whose 

opinion is not taken into account. Therefore, the left side of the loop corresponding to decrease in price 

below the initial seems to be approaching in practice to a value greater than unity. Marked limitations do 

not reduce the value of the questioning results because the useful for practical application is information 

about keeping the loyalty of a substantial part of the consumers in the initial range of price increases.  

The efficiency zone in price increasing from consumer’s loyalty can be estimated by equation: 
 

1]
)(

1[ ≥
−

−⋅
∑

N

xH
x

jα
.  (4) 

 

Figure 5b shows a fragment of the obtained hysteresis loop corresponding to the initial range of price 

increase and calculated by (4). In both figures the efficiency zone from hysteresis of loyal consumers is 

above the dotted line. As an example, suppose that point A corresponds to the initial situation in which 

loyal consumers form a part of turnover under the current price, taken as a unit. With increasing the price 

by 19% the company loses up to 2% of loyal consumers (point B). But the part of the company's turnover 

corresponding to the “contribution” of loyal consumers increased by 16.62%. In case of excessive increase 

in the prices, for example by 31% (point C), recovery of the number of loyal consumers require a reduction 

in the price well below the initial, because “reverse” movement will occur on the left branch of the hysteresis 

loop (points C-D-E). 

In [8] presented results of a study of consumers’ reaction to price increase for services in public 

catering sphere. It is shown that the existence of loyalty and consumer’s satisfaction moderates negative 

reaction to a price increase. Loyal consumers practically do not notice increased price by up to 15%, which 

is also confirmed by the results of our questionnaire. 

Although the represented studies have been conducted for the company, dealing with production 

and marketing of cosmetic products, it is assumed that the results will be valid in a qualitative form for the 

other companies operating in the market structure close to oligopolistic. In [26] results of computer simulation of 

oligopolistic market structure are presented. The calculated relationships between the demands of product 

from its price, for different transfer rate “word of mouth” also have the form of hysteresis loops. Note that 

the transfer rate “word of mouth” is closely related with the number of “promoters”, determined by Reicheld’s 

method [3, 5]. 

Undoubtedly the market common response to increase in prices of products is manifested in a more 

complicated form, but even this information obtained by a questionnaire, based on the simplified model 

clearly reflects the nonlinear nature of the interaction between supplier and consumer.  

 

4. Effect of Hysteresis Associated With Consumers Satisfaction in a Monopolistic 

Competition  
 

A situation when many companies offer a similar product with a few differencies is common for 

markets with a monopolistic competition. Let’s consider a manifestation of hysteresis associated with 

consumers satisfaction in the absence of a significant number of repeated purchases and, therefore, loyal 

consumers. Similar conditions are observed for the market of plastic windows, which volumes are 

increasing in recent years.  

Figure 6 shows the volumes of windows realisation from 1998 to 2008 of one company producing 

and saling plastic windows. During these years in Latvia the building market had stable growth. 

Therefore, it is difficult to explain decline in volumes of realisations from 2002 to 2005 and abrupt 

increase from 2006. According to data provided by a company the production equipment, number of 

employees and personalities of managers in this period did not change. Let’s try to explain this situation, 

using the theory of catastrophes and the hysteresis phenomenon in consumer’s behaviour. 

New window is not a product of daily demand, and private consumers rarely make repeat 

purchases within several years. For a company focused on the private sector, the direct influence of loyal 

consumers is small. When the parameters of the products on the market have small differences, the consumer 

has a problem of choice of supplier to carry out a single purchase. Under these conditions, even a small 

decrease in product quality and satisfaction of every consumer has a significant influence on volumes  

of realisation of the company, especially at high data transfer rate in the market about the product 

and the company by “word of mouth” [3, 5].  
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Figure 6. Volumes of windows realization from 1998 to 2008 

 

Let us introduce an additional parameter that characterises overall consumers’ satisfaction, which 

is calculated as the ratio of the number of realised windows without reclamations to their total:  

 

iiii NnN /)( −=λ , (5) 

where iN  – the total number of of windows realised in the current year; 

in  – the number of reclamations documented this year. 

A sufficiently high price of plastic windows provides a greater degree of involvement of the consumer 

in the purchase process. Therefore, information about the presence of defects or dissatisfaction will be 

voiced and, accordingly, fixed in the journal of reclamations. Undoubtedly, the satisfaction of each consumer 

has a subjective value, the extent of reclamations and nature of defects can vary greatly. However, in  

the opinion of the authors, even such a simplified approach allows estimating the overall satisfaction with 

the company's products on the market for the subject company information on the number of realised 

windows and documented reclamations are shown in Table 2. 

 
Table 2. The number of realized windows and documented reclamations for the period from 1998 to 2008 

 

 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

iN  1680 2390 2550 2630 2210 2050 2290 2770 4950 5540 5720 

in  133 172 191 210 170 139 126 133 188 161 120 

iλ  0.921 0.928 0.925 0.920 0.923 0.932 0.945 0.952 0.962 0.971 0.979 

 

The relationship between customers’ satisfaction
iλ ; the number of realised windows 

iN  and the current 

time in years is constructed according to Table 2 and is shown on Figure 7. The lower branch represents 

the dependence of the number of realised windows from customers’ satisfaction in the period from 1998 

to 2005, and the upper branch – an abrupt increase in realisation since 2006. On a graph the nonlinear 

surface for the qualitative modelling of the market response, based on the approach of catastrophe theory 

is overlaided [12, 13]. For the analysis there are taken into account, in addition, the events that took place 

in the economic activities of the company and in the windows market, in general, which explain the reasons 

for abrupt changes in volumes of realisation.  

During the period from 1998 to 2001, despite the relatively large number of reclamations, a growth 

in sales has been observed. It is connected with the fact that the market was not saturated and the demand 
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exceeded supply in windows. In 2000 company has introduced an innovation – the production of windows 

made from an uncommon for local market and cheaper plastic profiles. Due to the characteristic features 

of new profile a subjective consumers’ satisfaction has decreased. It was also a result of aggressive 

counter-advertising from competitors, undertaken against cheaper windows. The effect was significant, 

due to the small size of the market and high speed transmission of information by “word of mouth”.  

In 2002, volumes of realisation have decreased. The delay of 1–2 years is typical for the market reaction 

to the innovation [14–18].  

Changes in local windows market since 2001 year were significant. Increased production of windows 

has resulted in greater interest of manufacturers of plastic profiles from Western Europe to the Baltic 

countries. Large logistics centers were built in the region, which significantly reduced costs and increased 

the number of companies operating in this market segment. Increased competition plus market saturation, 

led to the significant nonlinearity of its response [12, 13]. 

The typical “fold” on the surface that displays the nonlinear response of the market is formed from 

this time (see Figure 7). The splitting parameter in the model of the process is the saturation of the windows 

market, and the normal parameter, correlated with the volumes of realisation, is customers’ satisfaction. 

Taking into account the large number of reclamations and decrease in sales in 2002, the company 

has returned to more usual for the Latvian consumer profile. Efforts were made for improving product 

quality and after-sale service. However, for a significant increase in sales volumes, despite the steady decline in 

the relative number of reclamations about three years were required (until 2006). By this time the set of 

positive changes has reached some threshold value, and caused a change in consumers’ attitude to the 

products of the company from negative to positive. The abrupt increase in volumes of realisations 

indicates passing a bifurcation point on the surface, displaying the nonlinear response of the market and 

the corresponding to cusp catastrophe. Undoubtedly, such a long lag is a manifestation of hysteresis, i.e., 

market has a “memory” some time keeping their reaction to the current level after changes in the 

characteristics of products. It took such a long time because at the moment of an unsuccessful innovation 

(2000), the window market was close to saturation. At a high saturation of the market, the situation could 

become irreversible. 
 

 
 

Figure 7. The relationship between volumes of windows realisation and consumers satisfaction (according to Table 2) 
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Figure 7 also shows such a general form of the dynamic behaviour of a nonlinear system, as 

the divergence of trajectories close to one another at the starting point. If innovation in 2000 would have 

been successful, or even absent, the curve volumes of realisation would continue to grow at the upper 

surface of the “cusp” as shown by the dashed line. Unsuccessful innovation resulted to a decrease in 

consumers’ satisfaction and volumes of realisation curve, passed at the bottom of the “cusp” to the point 

of bifurcation, in which an abrupt transition to the upper part of the “cusp” has occured. The nonlinearity 

of the market response required for recovery and further growth volumes of realisation to achieve much 

higher consumers satisfaction by the company's products than before. The abrupt increase in volumes of 

realisation was observed at the achieved value of the parameter 
iλ = 0,952, while at 2001 recession began 

at 
iλ = 0.920. This fact clearly confirms the presence of hysteresis. 

Note that the possible software algorithms for cusp catastrophe modelling on the basis of experimental 

or statistic data are given, for example, in [27, 28]. 

Thus, an additional parameter that characterises the consumers satisfaction, allowed explaining 

satisfactorily the clearly expressed decline in volumes of realisation from 2002 to 2005 and abrupt 

increase from 2006. This example shows that the methods of catastrophe theory allow managers to delve 

deeper into the essence of nonlinear phenomena and to determine the most reasonable action.  

 

5. Conclusions 
 

The nonlinear dynamics theory allows us to understand and develop more realistic processes and 

methods in economic models that are mostly nonlinear. The goal of this article is to underline the application 

of hysteresis to economic models. Owing to consumers’ behaviour many aspects of real economic 

systems are hysteretic. The relations between supplier and consumer due to different factors may vary 
within the time in both direction of development and reduction of cooperation. Therefore, in our opinion, 

the traditional relationships in marketing and logistics in the general case should be displayed in the form 

of the hysteresis loop, taking into account the hysteretic response of consumers. 

In considered examples of real situations in the activities of two different Latvian companies 

determining for consumer responses were the changes in price and reducing of satisfaction with product. 

To effectively set price levels as well as to change prices, companies need to understand consumer’s 

reactions to these strategies. Account of the hysteresis phenomenon in the behaviour of loyal consumers 

allows increasing the effectiveness of pricing policy of the company. 

Catastrophe models are useful for modelling situations where both smooth and abrupt adoption 

behaviour are combined. The cusp catastrophe model provides a useful tool for the analysis of several 

phenomena (e.g., hysteresis, divergence, abrupt changes), which are sometimes assumed away in economic 

modelling. 

Note that for both examples, we used data collected in the period of stable economic development 

of Latvia and they are not influenced by an economic crisis that began later. Examples demonstrate 

the effectiveness of the hysteresis model as an instrument of analysis and prediction of nonlinear 

responses of consumers to changes in the market. Understanding and use by managers of companies of 

nonlinear effects occurring in the dynamic processes will allow them to a better decision-making.  
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