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The article is devoted to the problems of risk management in chemical industry enterprises. The 
specificity of chemical production and potential environmental threats from chemical enterprises' 
activities have led to the relevance of research in risk management. Uncontrolled factors of the external 
environment are a serious threat to business entities. In this regard, the proposed operational risk 
indicators' proposed requirements are to ensure the enterprise's informational certainty.  
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INTRODUCTION 

The instability of the economic situation in the 
world increases the information uncertainty of 
financial entities' activities, respectively, 
increasing this activity's risks. Chemical industry 
enterprises are subject to many dangers, primarily 
due to the specifics of production. Due to the rapid 
development of production technologies and 
changes in prices for raw materials, there is a high 
competitive risk concerning chemical enterprises' 
products (Kramin et al. 2013; Bashki & Lesnyc, 
2015). 

For achieving enterprise risk management's 
efficiency needed an integrated risk management 
system. Such a system should consist of an 
integrated approach to assessing the maximum 
number of risk factors for an enterprise's activities 
in a dynamic economic environment. To get a 
holistic view of the risks inherent in chemical 
producers, necessary to systematize the data 
obtained on the enterprise's risk factors (Kar, 
2020). 

When building a risk management system at 
an enterprise, it is necessary to one way or 
another take into account the risks of the entire 
holding and those holding companies with which 
there are contractual relations. Since the 
development of the chemical industry in Russia 
has followed the path of creating large industrial 
and sales holdings, this statement can be 
extended to most Russian chemical enterprises. 

A unified database for the holding company 
about the risks identified in its structural divisions 
is required for comprehensive risk analysis. All 
divisions of the holding should have access to 
such a database (Agapov & Agapova, 2015; 
Girgin, 2019). 

It is essential to note the weak study of 
creating leading risk indicators in the scientific 
literature. In practice, this should become one of 
the priority tasks of risk management. 

Building an effective risk management 
mechanism is currently one of the critical factors 
in an organization's commercial success. With all 
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the variety of research on enterprise risk 
management, there are severe shortcomings in 
creating a risk management mechanism at the 
enterprise. Besides, it is necessary to consider the 
variety of approaches to evaluating risk 
management as a process, as a system, and as a 
mechanism. This multivariance leads to additional 
uncertainties in risk management issues. 
  
MATERIALS AND METHODS 

Effective risk management should be based 
on complete and reliable information, the structure 
and content that satisfy the conditions of 
minimality and sufficiency for making 
management decisions. Also, the information 
obtained must be properly systematized, 
interpreted, which implies the use of risk 
indicators for these purposes. Risk indicators 
indicate the presence of specific threats to the 
activities of an enterprise (Chelisheva, 2011; Hu 
et al., 2016). 

Currently, systems are used to monitor the 
strategic components of the risk management 
program. This system's main difference from the 
previous ones consists of implementing risk 
management from the "before" position and not 
"after the fact". 

In monitoring, it is essential to notice that the 
situation is moving towards an undesirable event, 
to identify the sequence of symptoms of this. It is 
crucial to track when the controlled subsystem is 
approaching or has already passed the point of no 
return, after which the situation ceases to be 
merely threatening but becomes a fait accompli. It 
is no longer necessary to manage the risk but to 
eliminate its consequences (Burningham, 2007). 

Symptoms of the presence of problems (risk) 
can be static (the sight of a fact) and dynamic 
(development of the situation). Different sets of 
symptoms can correspond to the same risk since 
a problem can develop along several trajectories. 
In the scientific literature, the most developed are 
models for assessing an enterprise's financial 
risks, identifying which an analysis of the 
company's financial statements is carried out. 
Assessment of the enterprise's financial condition 
includes horizontal and vertical analysis of the 
enterprise's balance sheet and coefficient 
analysis. 

Thus, the analysis of the enterprise's financial 
condition for identifying risk is insufficient, rather 
than the risk factors are identified, but the events 
that have already occurred (Maček, 2020). 

For developing a system for identification of 
leading risk indicators conducting a wide range of 

studies concerns financial companies, banks, and 
industrial enterprises. In our opinion, insufficient 
attention is still paid to this topic. The risk indicator 
reflects the presence and characteristics of a 
particular risk factor. In this regard, leading risk 
indicators are of particular interest - signals 
indicating the presence of risk factors before an 
event occurs, resulting from which risk events are 
possible (Polteva & Mingalev, 2013; Shin et al. 
2019).  
 
RESULTS AND DISCUSSION 

According to the risk map, the most significant 
risk for chemical enterprises is the risk of 
production interruption due to a sharp decline in 
demand for products. 

This risk is due to many factors. The high 
probability of this risk being realized is expected to 
the country's current economic situation and is 
usually confirmed by the finished product 
indicators. A manufacturing enterprise of any 
industry affiliation is a complex dynamic system 
that includes many functional subsystems. As for 
the chemical industry enterprises, the system 
complexity factor increases due to its specific 
features. 

In general, an enterprise's activities and its 
subsystems can be characterized by hundreds of 
indicators, each representing some information. 
They can be used to solve various enterprise 
management problems. At the same time, it is 
natural to assume that for some specific task - 
enterprise risk management, for example - it is 
possible to single out from this array a particular 
subset of the most significant indicators, 
according to the level of dynamics of changes in 
which one can judge the degree of riskiness of the 
enterprise's economic activity, the presence, 
composition and the significance of risk factors. 
The main task of using risk indicators is to inform 
the enterprise's management about the 
enterprise's activities' current results and the 
threats present at the corresponding point in time. 

Figure 1 shows the flow of information on 
risks in the presence of a single database for the 
holding. This scheme's feature is the active 
participation of the internal control service in 
collecting information about the enterprise's risks. 
Since this service's functional component is the 
verification of the enterprise divisions' activities, it 
is, as it were, an outside observer. During the 
inspection by this service, risk factors may be 
identified that were not noticed by the risk 
managers of the corresponding divisions of the 
holding (Girgin, 2019). 
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Figure 1: Scheme of the flow of information about risks in the presence of a single database. 

 
Analyzing the enterprise's risks, it is 

necessary to assess the enterprise's integral risk, 
the presence of which is indicated by the 
instability of the activity. An essential stage in 
forming a risk management system is the 
proposal of measures, specific risk management 
methods, and financing. 

The methods for managing the most 
significant risks by the risk map are in Table 1. 

Based on the selected objects and risk factors 
of chemical industry enterprises, we propose 
using economic indicators to determine the 
presence of risks (Table 2). Economic indicators 
are systematized that can be calculated from 
operational data as often as required. 

These indicators can act as risk indicators of 
the corresponding risk objects (Kramin et al., 
2013). The indicators are universal, which makes 
it possible to use this template in the chemical 
industry. 

The following requirements for operational risk 
indicators are proposed: 

- risk indicators should be informative and 
should cover the whole variety of operations of an 
economic entity; 

- risk indicators should be provided with 
reliable information necessary for their calculation; 

- when setting normative values for risk 
indicators, it is necessary to comprehensively 
analyze the specifics of the enterprise and the 
current conditions of its functioning; 

- the calculation of indicators should be 
carried out on an ongoing basis using operational, 
relevant information. 

When choosing risk indicators, the following 

problem arises: economic indicators indicate risks 
to business reputation, such as losing key 
personnel, etc., risks that are more subjectively 
assessed based on specific facts. 

There are developed early warning signals 
about problems in the firm. The list was compiled 
to monitor the risks of the bank's clients. Taking 
this list as a basis, we will offer a variant of the 
symptoms (indicators) of the presence of risks for 
chemical enterprises, depending on the group of 
risks. 

We highlight the following symptoms of 
management risks: 

1. Inability of crucial employees to formulate 
the strategy of the enterprise. 

2. Lack of continuity in leadership. 
Let's highlight the following symptoms of 

external risks: 
1. An unexpected change in regional 

leadership. 
2. Problems with competitors who have been 

successful in the recent past. 
3. Raising the refinancing rate by the Central 

Bank. 
4. Negative information from unofficial 

sources about the company's counterparties. 
Increased health hazards for workers 

characterize chemical industries. In the event of a 
breach of production technology or a violation of 
safety regulations or equipment problems, harmful 
substances may increase. And one of the 
indicators of the presence of difficulties in 
production may be an increase in the number of 
occupational diseases than previous periods. 
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Table 1: Conditionality of management methods and financing of the main risks of chemical 
industry enterprises 

№ Risk type Control method Funding method 

1 Risk of production interruption due 
to a sharp decline in demand 

The risk-sharing method (in the 
form of spatial separation) can 

be used if this does not 
contradict the holding's policy in 

terms of spatial isolation of 
hazardous objects 

Loss coverage based on 
government support. Support is 

possible as the chemical 
industry is one of the strategic 

sectors. 

2 Risk of loss of raw materials 
during transportation 

Risk outsourcing method Insurance 

3 Risk of autogenous accidents Loss prevention method - about 
preventive measures 

Insurance 

4 Risk of shutdown due to 
equipment failure 

Risk-sharing method (in the form 
of redundancy) so that it is 

possible to replace inoperative 
equipment 

Insurance, loans to related 
companies 

5 Energy price risk Taking this factor into account 
when planning 

Loss coverage from current 
income 

6 Product price risk Taking this factor into account 
when planning 

Loss coverage from current 
income 

7 Risk of disruption to raw material 
supplies 

Creation of safety stocks of raw 
materials 

Loss coverage from current 
income or from a reserve 

 
Table 2: Comparison of the main objects of risk and general economic indicators 

 
№ Risk object Index Content 

1 Fixed assets Wear rate of production 
equipment,% 

Kwear = Wear/ Initial cost, %. Shows the degree of 
equipment wear to assess technological and 

competitive risks. Indirectly indicates the threat of the 
onset of environmental risk. 

Number of work stoppages 
due to breakdowns during 

the period 

It is better to use the indicator in dynamics for a 
certain number of periods. 

Return on assets of 
equipment 

Cost of products manufactured / average annual 
value of assets. This indicator must be compared 

with similar enterprises in the industry. 

2 Organization 
 personnel 

Staff retirement and 
acceptance rate 

Show the percentage of dropped out and hired 
employees in the average headcount. The coefficient 
calculated over several periods indicates problems in 

the personnel policy of the enterprise (the risk of 
incompetence, abuse, the inefficiency of operations) 

Retirement rate of 
specialized personnel 

Share of dropped out in the average number of 
specialized personnel. More indicative coefficient. It 

is advisable to include qualified workers and 
engineers as technical personnel. 

3 Raw materials 
 and supplies 

Share of defective raw 
materials supplied by 

suppliers for the period 

An increase in the values of these indicators monthly 
will be a signal for a change in contractual relations 

with unscrupulous suppliers. 

The number of supply 
disruptions by a supplier and 
the total number of days of 

delivery delays for the period 

4 Financial 
 condition 

The operational indicator of 
the financial condition is the 

company's cash flow 

Cash flow - the balance of cash receipts and 
payments of the enterprise. Disadvantage - free 

funds are usually used to purchase raw materials 
and pay for services. The "net" receipts to the 

company's settlement accounts in dynamics are also 
indicative. 
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Another clear signal of problems in production 

is the increase in the share of defective products. 
The reasons for this may be different - a change 
in production workers, a violation of production 
technology, a disruption in the operation of 
production equipment. 

From a social point of view, personnel risk 
signals play an essential role. Human capital is 
one of the firm's main assets, and the retention of 
key personnel is an area of particular risk for any 
severe company. At the same time, it is 
challenging to assess personnel risks objectively. 
Retirement rates have already been indicated as 
indicators of personnel risk, but at the same time, 
staff turnover speaks of the consequences of 
existing staff problems. 

The departure of employees is a signal, but it 
is necessary to look for reasons. It can be low 
wages, team atmosphere, and so on. For 
example, conflicts in the team can be a signal of 
personnel risks. 

The essential point is that chemical production 
requires highly qualified specialized personnel. 
Therefore, the enterprise needs to monitor 
personnel's training by secondary technical and 
higher educational institutions as far as possible. 
It is an external source of risk, the consequence 
will be a lack of specialists. The proposed list is 
far from exhaustive and should be supplemented 
as the risk management is being worked on. As 
demonstrated by the author, risk indicators can be 
both objectives - economic indicators indicating 
absolute deviations in the system. There can also 
be subjective signals that cannot be neglected in 
risk management. 

A typical scenario for building a risk 
management system for large chemical 
enterprises is a scheme in which responsibility for 
managing risks in the company's divisions is 
transferred to these divisions' heads. The 
management assesses the critical risks of the 
company once every six months. Undoubtedly, 
this system is characterized by the following 
disadvantages: 

- only the strategic risks of the company are 
revealed. The operational risks of the activities of 
subsidiaries and dependent companies are not 
taken into account; 

- the conflict of interests of the holding's 
divisions is not taken into account, which in itself 
is a source of risk; 

- at the level of industrial enterprises, risk 
management is carried out fragmentarily, not of a 
systemic nature. 

To solve these problems, it is proposed to 
introduce uniform standards in risk management 
in all divisions of the holding structure and the 
development of a single risk management tool, 
universal for each structural division. 

As mentioned above, chemical industry 
enterprises in Russia are characterized by the 
creation of holding structures. Therefore, the risk 
management system for enterprises - members of 
the holding becomes more complicated. 

The following functional diagram of the 
interaction between the holding's risk 
management divisions is proposed when the 
holding has several levels of ownership (Figure 2). 

 

 
Figure 2: Scheme of functional interaction of 

risk management services in a holding 
structure 

The presented diagram illustrates a fragment 
of the general management system since it covers 
only one division of the holding - chemical 
products 1. Still, the main interactions at each 
level are taken into account. In HOLDING, the 
internal audit department is responsible for 
collecting information on risks, while the 
responsibilities for risk management are assigned 
to structural divisions. 

Since the traditional tasks of the internal audit 
department's work are somewhat broader than in 
the risk management system, this department 
should retain the functions of only an additional 
source of information about risks. 

In the proposed scheme at level 2 - 
PARTICIPANT 1, the risk management 
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department, and the internal audit service are 
separated. The internal audit service is left with 
the function of collecting additional information. 

At the 3rd level, direct risk management is 
carried out, subject to the holding's general risk 
management strategy. It is necessary to create an 
analyst position at the enterprise level, a risk 
management coordinator, who will collect 
operational information about enterprise risks, 
develop and implement measures to reduce the 
level of risk. The level 2 risk management 
department should assess the division's risk 
manager's work with the internal control service's 
participation. Since risks arise in all enterprise 
divisions and special qualifications are required to 
identify individual risks, it is advisable to involve 
heads of all structural divisions in risk 
management. 

In this regard, it is proposed to separate the 
responsibilities of the internal audit service and 
the holding's risk management department, 
making the latter responsible for monitoring the 
relevant departments of lower divisions. This 
scheme will make it possible to substantiate the 
risk management mechanism for chemical 
enterprises functionally. 

The organizational basis of the risk 
management mechanism is planned to be a 
management apparatus, consisting of a 
coordinator of work, analysts, and heads of 
departments - experts in their departments' work 
field. The scheme of functioning of the 
management apparatus has already been 
discussed above. 

The management mechanism's information 
basis will be a unified database of enterprise risks 
and a system of crucial risk indicators formed in 
risk management. Critical indicators are 
associated with information transformation - 
identification, risk assessment, and a block of 
control in risk management. 

In the process of primary identification of 
risks, it is possible to systematize patterns based 
on which it is possible to determine risk signals. 
The proposed risk indicators can be used as the 
basis for a threat indication system for each 
specific enterprise. Simultaneously, during the 
operation of the risk management mechanism, 
key indicators are sensitive to self-development. 

CONCLUSION 
Effective risk management should be based 

on complete and reliable information, the structure 
and content that satisfy the conditions of 
minimality and sufficiency for making 

management decisions. The information obtained 
must be properly systematized and interpreted, 
which implies the use of risk indicators for these 
purposes. The following requirements for 
indicators of operational risk are proposed: 
- risk indicators should be informative and cover 
the entire range of operations of an economic 
entity; 
- risk indicators should be provided with reliable 
information necessary for their calculation; 
- when establishing normative values of risk 
indicators, it is necessary to comprehensively 
analyze the specifics of the enterprise and the 
current conditions of its functioning; 
- the calculation of indicators should be carried out 
on an ongoing basis using operational 
information. 
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