
Frontiers in Applied Mathematics and Statistics 01 frontiersin.org

Environmental impact assessment 
with rapid impact assessment 
matrix method: during disaster 
conditions
Sina Abbasi 1, Umar Muhammad Modibbo 2*, 
Hamed Jafari Kolashlou 3, Irfan Ali 4 and Nader Kavousi 5

1 Department of Industrial Engineering, Lahijan Branch, Islamic Azad University, Lahijan, Iran, 
2 Department of Operations Research, Modibbo Adama University, Yola, Nigeria, 3 Department of 
Applied Mathematics, Tabriz University, Tabriz, Iran, 4 Department of Statistics and Operations 
Research, Aligarh Muslim University, Aligarh, India, 5 Department of Industrial Engineering, 
South-Tehran Branch, Islamic Azad University, Tehran, Iran

In the last several decades, Iran’s ecosystem has suffered due to the careless 
usage of natural resources. Cities have grown in an uneven and non-normative 
way, and poor project management has been a major issue, particularly in 
large cities. An even greater number of environmental factors and engineering 
regulations are not relevant to projects. Because of this, in order to ascertain 
a project’s environmental impact, an environmental impact assessment (EIA), 
is required. Using the rapid impact assessment matrix (RIAM) is one method 
of applying it to EIA. Reducing subjectivity brings objectivity and transparency. 
During the COVID-19 pandemic, a thorough EIA was carried out for the Tehran 
project utilizing the RIAM and other possibilities. This research is the first to 
combine the methodology that was discussed during the incident. Through 
the use of the RIAM technique, the environmental impact of COVID-19 was to 
be quantified in this inquiry. The research examined lockdown procedures and 
the COVID-19 pandemic to create an EIA indicator. In a real-world case study 
conducted in Tehran, Iran, the impact of the initiative was evaluated using the 
RIAM methodology during the COVID-19 epidemic. The results demonstrated 
that COVID-19 had both beneficial and harmful effects. Decision-makers 
were effectively informed about the COVID-19 pandemic’s environmental 
consequences on people and the environment, as well as how to minimize 
negative effects, according to the EIA technique that used RIAM. This is the first 
research to integrate the EIA during a crisis, such as the COVID-19 pandemic, 
with the RIAM approach.
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1 Introduction

COVID-19 impacted waste collection and organization in various ways, affecting waste 
segregation and recycling. The raised utilization of single-use plastics is responsible for 
averting the extension of COVID-19 in various sectors since the beginning of the pandemic. 
Waste management problems can be exacerbated by environmentally friendly alternatives to 
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FIGURE 1

Trend chart of the creation of MSW flow rate during and after the COVID-19 period in (A) developed (more industrial) and (B) developing (less 
industrial) societies (city or nation) (25).

single-use plastics (1). Even though multiple initiatives are being taken 
to deal with the increase of MSW and SMW and to prevent infectious 
disease outbreaks, Movable grate burning technology, combined with 
a suitable disinfection process, could be a viable solution to COVID-
19’s waste problem. Waste management systems can be made more 
sustainable if disinfection methods and technological choices are 
chosen appropriately (2). Multiple initiatives are in progress to control 
the spread of infectious diseases, while also managing an increase in 
MSW and SMW. Waste management systems, especially those that 
deal with contaminated waste, can become more sustainable if 
disinfection methods and technology choices are made 
appropriately (1–9).

Using environmental impact assessments (EIAs), a project can 
be  evaluated for its effects on different sectors and activities, and 
finally, solutions are offered based on the results of this assessment 
(10). Since 1975, major construction projects have been required to 
prepare an EIA report by government approvals and legislative 
assemblies to ensure environmental protection and sustainable 
development. The preparation of this report was a requirement of 
national laws after the completion of municipal waste landfill plans 
(11). Increasing amounts of municipal solid waste (MSW) are a 
concern for people all over the world (12). In developing countries, 
urbanization and improving living standards have increased the 
amount and complexity of MSW (13). In the absence of an EIA, a 
MSW disposal site can lead to severe negative environmental impacts. 
Environmental risks from unsanitary landfills, especially within 
hospitals and industries that dispose of waste, resulted in the 
replacement of traditional methods with environmentally sound and 
sustainable ones (14).

During EIA projects, the primary objective is to achieve a better 
knowledge of the existing landfill situation and, based on that, to 
present appropriate enforcement strategies for improving the 
environment and reducing pollution caused by landfills (15). One way 
to assess landfills is through a rapid impact assessment matrix (RIAM) 
(16). As a result of its ability to integrate all parts and parameters, this 
method is ideal for determining a project’s environmental impacts 
rapidly and transparently (17). The use of RIAM is also recommended, 
because of its advantages. This eliminates subjectivity and facilitates 
transparency and objectivity. The process of operation is documented 
concurrently with the EIA for the project, reducing the amount of 
time required for the process (18). As a practical matter, RIAM 

provides an easy way to utilize distinguish procedures; due to each 
cell, a specialist will have information on the magnitude and 
importance of impact, and lastly, the user will be can conclude. RIAM 
uses a range of environmental scores (ES) to calculate the overall 
results that can be compared to each other. The ES is assigned to each 
component and is classified into ranges (19–24).

Figure 1 shows the trend chart of the creation of MSW flow. To 
predict the environmental consequences of any development project, 
an EIA is one of the proven legal and predictive tools. Impact studies 
employ a variety of EIA methods, but not all of them are equally 
effective. EIA methods and their interrelationships are most 
encouraging as a result of the dissemination of information. In 
addition to being time-consuming and costly, conventional EIAs are 
often subjectively biased (26). An EIA based on conventional 
procedures is not sufficient for comprehensively managing 
environmentally sensitive development projects. Consequently, GIS 
provides unbiased and interpretable EIAs that overcome the 
limitations of conventional EIAs. To evaluate road development’s 
environmental impacts, GIS is considered the best technique. The 
waste flow rate in municipal waste management facilities is normally 
predictable and steady, with seasonal fluctuations. Medical waste 
volumes increased dramatically during COVID−19, while MSW 
volumes increased and decreased in different regions (27, 28). 
According to state statistics (29), MSW and organic waste generated 
in New York were both up 3.3 and 13.3% during the COVID−19 
pandemic, respectively (9, 30–39).

Several municipal essential services were disrupted by COVID-19, 
including the management of municipal solid waste (MSW). By 
segregating waste streams and treating them separately, waste and 
waste management can reduce environmental, health, and social 
impacts (40). Depending on disposal activities, MSW and SMW have 
a global warming potential ranging from 0.64 to 520 (kg) carbon 
equivalence/tonne and 52.1–3,730 (kg) carbon equivalence/tonne, 
ordinary. According to Nabavi-pelesaraei et al. (41), MSW disposal 
costs ranged from 90 to $242/tonne, and SMW disposal costs ranged 
from 12 to $1,530/tonne. Impact of zinc oxide doping on the optical, 
surface, and structural characteristics of thin films of titanium dioxide 
(42). Utilizing generative adversarial networks for color correction of 
images (43). Image processing methods for early detection of breast 
cancer (44). Water usage trends and projections in southwest Ethiopia 
(45). Smeein et  al. (46) suggested the approach of spline scaling 
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functions for addressing optimum control problems has been 
optimized. Concentrated on the viability of using a convolutional 
neural network for breast cancer diagnosis by Faris and Badamasi 
(47). Possibility of using a convolutional neural network in 
mammography to identify breast cancer (48).

COVID-19/IT the digital aspect of COVID-19: An Italian image 
with taxonomy and grouping (49). The effect of COVID-19 on the 
virtual learning environment was assessed by Torres Martín et al. (50). 
The COVID-19 period waste management organization is depicted in 
Figure 2.

Uncertainty was first included in EIAs by Cardenas et al. (51). 
Caro-Gonzalez et  al.’s review (52) on the development of EIA 
effectiveness. Using a case study from Colombia, Caro-Gonzalez et al. 
(53) examined the influence of environmental impact statement 
techniques. Insufficient information might lead to uncertainty 
difficulties, as discussed by Kamal and Burkell (54, 55). Loomis and 
Dziedzic (56) assessed the efficacy of EIA systems. A sophisticated 
network method for evaluating the effects on the environment. 
Martínez et al.’s impact assessment (10). For EIA, Pastakia and Jensen 
(57) proposed the quick impact assessment matrix approach. 
Resulting from EIA Forecast Uncertainty regarding post-auditing, 
follow-up, and mitigation (58). Predictions made by EIAs are 
uncertain, necessitating improved communication and more openness 
(59). Research on the efficacy of EIAs and the philosophical 
underpinnings of an integrated (60).

Catalonia and Barcelona, however, have produced less municipal 
waste, respectively, by 16.7 and 25.0%. Some Chinese provinces have 
also produced less MSW (61, 62). SMW was managed by 46 mobile 
waste management plants deployed by the city. Healthcare waste 
generation is expected to increase in Romania, with medical waste 
contributing 10.9 percent, and quarantine waste contributing 17.2 
percent, respectively, to total waste generation. Several regions have 
experienced increases in agricultural waste generation because of 
disruptions in supply chains (SC) and processing facility closures that 
caused perishable foods to spoil (63). Multiple causes and effects led 
to the decrease in MSW during COVID-19. Takeout food and food 
delivered to residences have been packaged with single-use plastics 

following the implementation of quarantine (64). In addition to 
technical, economic, and environmental factors, social acceptance 
contributes to the process as well as the choice of disinfection 
technology (65). As a result of the outbreak, the current waste 
management (WM) systems have been swamped with waste (66). The 
United States reported that COVID-19 generated 530 million tonnes 
of waste in a given year (67). According to estimates, there will 
be 63,000 tonnes of plastic waste produced in Canada from personal 
protective equipment (PPE)related to COVID-19 (68). Tehran 
experienced significant air quality challenges during the excessive 
outbreak. Air quality could be improved by lockdowns and urban 
activity limitations (67). COVID-19 affected urban air quality in a 
variety of ways across countries, but various economic and social 
situations affected responses alternatively, resulting in significant 
environmental justice implications (6). COVID-19 resulted in 
residents of Tehran continuing to work despite the infrequent 
nationwide stay-at-home orders (69). Many developing countries have 
been affected by COVID-19 based on their lifestyles, the kind and 
quantity of waste they produce, and how they manage it. COVID-19 
has been reported to have caused 14,205,416 instances confirmed 
worldwide and 599,716 deaths (69) in Iran, where 269,440 affirmed 
items have resulted in 13,791 deaths. In Iran, solid waste is often 
disposed of in inefficiently managed landfills where waste pickers 
could scavenge for recyclable materials without wearing appropriate 
PPE. Over 18 million metric tons of MSW are produced each year in 
Iran, the 18th most populous country globally (70).

During a medical emergency, Abbasi et al. (71) created the home 
healthcare SC. During the COVID-19 pandemic, Abbasi et al. (72) 
created the green closed-loop supply chain network (GCLSCN). 
Ahmadi et  al.’s study (73) focused on power plant portfolio 
optimization in Iran utilizing renewable energy. To achieve sustainable 
development goals through financial inclusion, Danladi et al. (74) 
investigated cooperative methods for fintech uptake in developing 
nations. A stochastic bi-objective simulation optimization model for 
the plasma SC in the event of a COVID-19 epidemic was proposed by 
Shirazi et al. (75). The literature on green supply chain network design 
(GSCND) with an emphasis on carbon policy was evaluated by Abbasi 

FIGURE 2

The COVID-19 waste management hierarchy (25).
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and Choukolaei (76). A state-of-the-art evaluation of operation 
research models and applications for home healthcare was conducted 
by Goodarzian et al. (77).

Using the COVID-19 outbreak as a case study, Ghasemi et al. (78) 
examined the DEA-based simulation-optimization strategy for 
designing a resilient plasma supply chain network(SCN). Using a real-
world example, Abbasi et al. (79) created a sustainable network for 
recovering end-of-life items during the COVID-19 pandemic. Hospital 
rankings in the COVID-19 epidemic utilizing a novel, integrated 
methodology based on patient satisfaction (80). The GCLSCNs’ reaction 
to different carbon policies during COVID-19 was provided by Abbasi 
and Erdebilli (81). Pricing techniques for hotel searches conducted 
online: a fuzzy inference system process (82). Creating The COVID-19 
pandemic’s sustainable CO2 emissions SC (83).

Using a mix of machine learning and meta-heuristic algorithms 
to design a sustainable bioethanol SCN (84). Evaluation of the 
sustainable SC’s performance in light of the COVID-19 Pandemic, a 
case study from actual life (85). Using a case study of palm oil buying 
businesses, Ahmadi and Peivandizadeh (86) developed a sustainable 
portfolio optimization approach based on Promethean ranking. 
During the COVID-19 pandemic, designing a vaccine SCN with the 
environment in mind (87). Creating a closed-loop, multi-echelon, 
tri-objective, sustainable supply chain (SSC) amid COVID-19 and 
lockdowns (88).

The production-distribution planning issue for multi-product SCs 
was proposed by Khalili-Damghani and Ghasemi (89) considering 
fuzzy mathematical optimization methodologies. Constructing the 
essential item delivery network under COVID-19 and seismically 
unstable situations (90). In the crisis time, Gonzalez et al. (91) created 
a dependable aggregate production planning issue. Utilizing meta-
heuristic algorithms, Goodarzian et al. (92) examined a citrus fruit 
supply chain network taking CO2 emissions into account. Using the 
COVID-19 pandemic when designing the location–routing problem 
for a cold SC (93). In the COVID-19 Era, Abbasi et al. (94) examined 
the model for financial SCNs. COVID-19 medical waste SCN, a fuzzy 
sustainable model (95). An overview of the obstacles and consequences 
of the COVID-19 pandemic for global waste management for a 
sustainable future (96).

2 Literature review

2.1 Waste management during the 
COVID-19

During the COVID-19 pandemic, many cities in the United States 
and Europe banned or restricted municipal solid waste recycling 
centers owing to concerns regarding the spread of the infection (97, 
98). It is also prohibited to separate household waste in countries, for 
instance, Italy, where suspected or affected individuals are isolated or 
cared for at home, thus reducing the amount of recyclable waste 
entering the waste stream. The reduced recycling of waste during the 
pandemic has led to environmental concerns (99). By contrast, waste 
pickers (informal sector) in developing countries separate waste at the 
disposal stage and dump it at landfills. It is very difficult and 
complicated to change the situation in this section. Therefore, 
developing countries are expected to have a greater risk of disease 
transmission from poor waste management (100), making garbage 

collection and waste management programs very important in refugee 
camps and slums (101).

In contrast, disease outbreaks and lockdown rules may force 
citizens to move from their primitive homes to secondary, which may 
put a strain on village WM systems, so equipment and staff capacity 
must be  increased in these areas to improve waste management 
systems. Occasionally, urban waste management is impacted by 
pandemics (102, 103). Isfahanian citizens are discarding more than 
1.49 million plastic gloves and 1.49 million facemasks, which disrupts 
waste composting, and landfilling increases 3.6 times compared to the 
period before COVID-19 (69).

According to past experiences or experiences achieved in other 
countries, infectious disease outbreaks caused a change in waste 
management. Several prior operations were stopped or resumed with 
notable distinctions in provisions resulting in a change in waste 
management (104). A behavioral change like this is essential in 
diminishing the likelihood of disease transmission and preventing the 
transfer of pollution from contaminated waste. The virus may spread to 
the air through compactor waste collection vehicles, for instance (105). 
As a result, waste management will require trucks, human resources, 
and more expenses. Municipal solid waste recycling will likely decrease 
significantly in a pandemic situation because waste recycling is the most 
affected part of WM. Compared to the previous epidemic, COVID-19 
has seen a decrease in the waste-to-material industry (105).

Tehran has increased its landfill capacity by 35% as well (9). Since 
the health protocols have been implemented, the waste management 
system has improved (33). To limit poor waste management that leads 
to damage, there has to be a greater emphasis on the guidelines set out 
in the waste management pandemic conditions (106). Medical waste 
management has been significantly affected by the pandemic. To store, 
collect, and transport this potentially contaminated waste, separate 
pathways have been adopted for storing, collecting, and transporting 
these medical wastes (107). The pandemic has been controlled and 
transmission risks reduced using waste incineration, according to a 
report from a Chinese hospital (108).

2.2 Environmental management during the 
COVID-19

COVID-19 also improved Tehran’s air quality indicators. Also, 
quieter conditions were created in Tehran due to a reduction in 
commercial activity and a reduction in the use of public and private 
transportation. As of now, Tehran is experiencing a reopening of most 
businesses, including restaurants. Social distancing measures are 
encouraged by the government, but the government enforcing them 
in most public places is not strict. Residents wear facemasks and 
follow guidelines for social distancing (109).

COVID-19 has been reduced from spreading from human to 
human according to guidelines issued by the WHO and other national 
disease control centers. Iranian National Headquarters for Managing 
Coronavirus (INHMC) advises the use of PPE-like facemasks for 
everyone. In the act of preventing or controlling the spread of 
COVID-19 in Iran, the Ministry of Health and Medical Education 
formed the INHMC. In defending against COVID-19, every 
governmental and private entity and sector has a responsibility to 
consider necessary administrative measures and collaborate with the 
INHMC (23, 110–112). In preventing the transmission of COVID-19, 
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the INHMC recommends single-use gloves, tissues, aprons, and 
facemasks for medical professionals treating patients with COVID-19. 
Several other service employees have been praised for using facemasks 
and gloves, which include barbers, cooks, taxi drivers, street sweepers, 
and waste collectors (62, 113–117).

A new law is being proposed by the INHMC to require all 
residents to wear facemasks in public areas. On average, 10.78 million 
facemasks were disposed of every day in March 2020. People would 
be discouraged from using PPEs if the price of PPEs in Iran increased 
significantly after COVID-19 spread. In Tehran, every day 1.9 million 
masks and 3.8 million gloves are deleted. In particular, street sweepers 
and waste scavengers are at risk of becoming infected with the viral 
disease from the utilization of PPE. Due to changes in people’s habits 
and the rise in plastic waste, Tehran’s waste production has increased 
in volume and weight since the outbreak of COVID-19. During 
COVID-19 time, people tend to spend more time at home, which 
results in more waste being produced (112, 114, 118).

There has been a rise in the production and use of food waste and 
detergents among Tehran residents. During the pandemic, Tehran 
City’s waste stream has seen a dramatic increase in packaging waste 
from detergents and disinfectants. The literature describes human 
COVID-19 like SARS and MERS COVID-19 have been reported to 
survive up to 9 days on non-living surfaces (119, 120). As a result, most 
people prefer single-use plastics as a safer alternative. As a result of the 
lockdown measures in Tehran, restaurant and grocery store delivery 
staff have increased their use of packaging materials. However, if 
discarded PPEs are not handled properly, they can aggravate health and 
environmental issues. A poor waste management system usually makes 
these environmental hazards more severe in developing countries. A 
typical waste collection truck in Tehran, for example, is equipped with 
a compactor to enable larger collections (112, 121). When COVID-19 
broke out in Iran, compactors for garbage trucks were not restricted or 
recommended. As long as 3 months can pass before landfall leachates 
become contaminated (122). It may result in the spread of COVID-19 in 
Tehran if this strategy for collecting waste is carried out (112).

The environment may be  negatively impacted by COVID-19. 
COVID-19 could have some positive environmental impacts due to 
its reduced energy consumption, according to initial reports. It has 
been observed that the CO2, NO2, and PM2.5 emissions in China have 
been drastically reduced as a result of the halting of the power plant 
and industrial activities also decreased utilization of vehicles, although 
such a short-term decline in emissions would not be a sustainable way 
for the protection of the environment since the outbreak of COVID-19 
has occurred (123).

The social distancing guidelines and PPE were used by 62 and 
23% of Tehran residents, respectively, during March and April. The 
recommended measures are currently followed by only 11% of the 
residents. Due to this, the only positive impact of COVID-19 on the 
environment has disappeared quickly, namely the reduced emissions 
of air pollutants (124, 125).

After the outbreak of COVID-19 in Tehran, cities are prohibited 
from separating and recycling urban waste for districts 6, 21, and 22 of 
Tehran, a pilot source separation program was launched right before the 
COVID-19 pandemic, where people were instructed to store their waste 
in three sealed containers labeled with their names. Every other day, 
organic waste was collected, and every other or twice a week separated 
recyclable wastes were collected. To encourage residents to participate 
in the source separation program, WMOTM paid residents according 

to the weight of the collected recycled waste. COVID-19 also ended this 
pilot program. COVID-19 has not significantly changed Tehran’s waste 
collection procedure except for this pilot program (108, 126, 127).

It has now been declared that Tehran faces several environmental 
challenges related to COVID-19, like the raised utilization of 
particular vehicles versus public transportation, increased water 
utilization, and increased detergent loads in domestic wastewater. 
COVID-19 poses many environmental challenges in Tehran, but solid 
WM is particularly problematic (108). Tehran generates approximately 
one-fifth of all MSW in Iran, according to statistics (70).

2.3 Tehran’s MSW disposal during the 
COVID-19

Before the outbreak of COVID-19, they were separated, composted, 
incinerated, or landfilled. Tehran used to bury/landfill about 4,900 
tonnes of its collected waste every day (62). Additionally, around 200 
tonnes of the collected waste are burnt at Aradkouh every day. 
Nevertheless, the Aradkouh disposal center cannot burn hazardous 
wastes like hospital waste because the associated disposal costs will 
be significantly higher, and no authorized organization is willing to take 
on these expenses. There is an estimated 20–30-fold increase in 
incineration costs for medical wastes in China in comparison to urban 
wastes, mainly due to the need to modify therapy and CO2 control 
systems planned for the standard of quality for general waste. According 
to WHO guidelines, healthcare waste should be treated at temperatures 
between 900 and 1,200°C when incinerated in Germany (128). 
Additionally, the Aradkouh composting facility was able to handle 3,500 
tonnes per day at its nominal capacity. Since the COVID-19 outbreak, 
wastes in Tehran have been buried 34.7% more often (112, 129, 130).

3 Research gaps and motivation of 
research

We describe innovation in the following categories and fill some 
literature gaps:

 • This investigation aimed to measure the environmental impact 
of COVID-19.

 • Analyzed lockdowns and COVID-19 pandemics to develop 
an indicator.

 • During the COVID-19 pandemic, the rapid impact assessment 
matrix approach was utilized to measure the effect of the project.

 • To evaluate the study, we used a real-life case study.
 • Both negative and positive effects were shown to have been 

caused by COVID-19.

4 Environmental impact assessment 
methodology

EIAs serve primarily as a tool for informing decision-makers 
about the environmental impacts of a project on people and the 
environment, as well as to minimize adverse effects resulting from a 
project or a phenomenon such as COVID-19, involving engineering 
and other limitations.
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4.1 Rapid impact assessment matrix

To gain a SRN, we need to have methods and tools to measure the 
environmental impact (EI). The RIAM is a useful tool for the 
performance of an EIA. The impacts of COVID-19 are assessed on 
environmental components, and for each component, a score, which 
is a measure of the component’s expected impact, is determined. There 
are two groups of important evaluation criteria:

(A) Several criteria can have an impact on the final score, and that 
is relevant to the situation. (B) Scores should not be affected by factors 
that are relevant to the situation but are not capable of changing 
individually. There is a simple formula for determining the value 
assigned to each of these criteria groups. In these formulas, you can 
specify the weights of each component based on a defined set of 
criteria. To calculate the score, simply multiply the scores assigned to 
each of the criteria in group (A). To calculate the score of group (B), 
we add the scores of the value criteria. As a result, all values in group 
(B) are considered equally, regardless of their scores. To determine the 
final evaluation score (ES) for the condition, the sum of the scores of 
group (B) is multiplied by the result of group (A) scores.

Below is a description of the process:

 A1 A2 AT( )× ( ) =

 B1 B2 B3 bT( )× ( ) + ( ) =

 AT BT ES( )× ( ) =

Where,

A1 and A2 The group’s individual criteria score (A)

B1–B3 Scores for each of the individual criteria for the group (B)

A All scores (A) are multiplied together

BT A score is calculated by adding all (B) scores together

ES Scoring for the condition according to the assessment

A scale ranging from negative to positive values to zero can 
be  used to assess the positive and negative impacts of group (A) 
criteria. Thus, zero is an “insignificant” or “unchanged” value. In 
group (A), zeros are used to separate unimportant or unchanged 
conditions with a single measure. In group (B) criteria, zero is avoided. 
A zero result for all criteria in group (B) will also result in a zero score 
for the ES. Despite the criteria for group (A) indicating an important 
condition, this condition can still occur. The “unchanged/insignificant” 
score is “1” in group (B) criteria to prevent this.

4.2 Assessment criteria

Instead of changes associated with SC projects, criteria should 
be  determined for both groups based on basic situations that are 
possibly affected. Theoretically, some criteria could be defined, but two 
principles must always be met: As the criterion is universal, it can 
be used in a variety of EIAs. Whether a condition should be treated as 
being in a group (A) or group (B) will depend on the significance of 
the criterion. Table 1 shows the criteria for assessment. In this study, 

five criteria were used in the RIAM. These criteria, together with their 
suitable judgment scores are specific.

4.2.1 Environmental components
There are four categories of environmental components, which are 

as follows:

 Physical/Chemical (PC): Environmental aspects that are physical 
and chemical.

 Biological/Ecological (BE): Environment’s biological  
components.

 Sociological/Cultural (SC): Environmental aspects related 
to humans.

 Economic/Operational (EO): Impacts of environmental change 
on the economy.

4.2.2 Ranges
There are cells in the matrix that show which criteria were used 

when comparing the defined components to the criteria. Scores are set 
for each criterion within each cell. The formula above is used to calculate 
and record each ES number. For a more accurate rating system, ES values 
are grouped into comparable ranges (Scale) without claiming sensitivity. 
As a result of group (A) changes, these conditions are combined with the 
highest or lowest possible scores on group (B) criteria. The conditions are 
defined so that a range of ±5 can be created, and the boundaries of the 
bands in this range can be determined as follows (Table 2).

5 Case study

It was confirmed on 19 February 2020 that Iran had the first cases 
of COVID-19. The data for the assumed case study are used to assess 
the validity of the created environmental model and the functionality of 
the solution approach. The Company’s management provided the data. 
The results of the model were assessed in a real-life case study. By using 
the data for the considered real-life case study, the precision, and 
functionality of the proposed model can be assessed. At last, it should 
be noted that the proposed model is dependable and responsive. This 
case study emphasizes the impact of air pollution, noise pollution, and 
soil and water pollution. We used COVID-19 baseline data as a basis for 
developing matrix alternatives for each environmental component. 
Figure 3 shows the situation of the real case study.

6 Environmental components during 
the COVID-19

6.1 Physical/chemical components

 • PC1: Reducing CO2 emissions because of decreasing recovery  
activities.

 • PC2: Reducing CO2 emissions because of decreasing shipping  
activities.

 • PC3: Increasing medical waste amount.
 • PC4: Increasing PPE waste.
 • PC5: Reducing noise pollution.
 • PC6: Bad effects of COVID-19 on WM.
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6.2 Biological/ecological components

 • BE1: Protection of species of flora and fauna.
 • BE2: Harmful effect on human health.
 • BE3: Densification of the population is reduced.

6.3 Social/cultural components

 • SC1: Outcomes of the modality for healthcare, prevention, and 
control of COVID-19.

 • SC2: There are several job openings regarding COVID-19.
 • SC3: COVID-19 damages caused an average number of  

lost days.

6.4 Economical/operational components

 • EO1: The risk of infection limits manual sorting and recycling.
 • EO2: Separation costs of COVID-19 waste and from normal  

waste.
 • EO3: Hygienic costs.

TABLE 2 RIAM’s range of bands.

Environmental score (ES) Range bands (RB) Scale Description of range band

+72 to +108 +E +5 Major positive change/impact

+36 to +71 +D +4 Significant positive change/impacts

+19 to +35 +C +3 Moderate positive change/impact

+10 to +18 +B +2 Positive change/impact

+1 to +9 +A +1 Slight positive change/impact

0 N 0 No change/status quo/not applicable

−1 to −9 −A −1 Slight negative change/impact

−10 to −18 −B −2 Negative change/impact

−19 to −35 −C −3 Moderate negative change/impact

−36 to −71 −D −4 Significant negative change/impact

−72 to −108 −E −5 Major negative change/impact

TABLE 1 Criteria for assessment.

Description Scale Criteria

A1: The importance of condition 4 Important to national/international interests

3 Important to regional/national interests

2 Important to areas immediately outside local condition

1 Important only to the local condition

0 No Importance

A2: The magnitude of change/effect +3 Major positive benefit

+2 Significant improvement in status quo

+1 Improvement in status quo

0 No change/status quo

-1 The negative change in the status quo

-2 Significant negative disbenefit or change

-3 Major disbenefit or change

B1: Permanence 1 No change/not applicable

2 Temporary

3 Permanent

B2: Reversibility 1 No change/not applicable

2 Reversible

3 Irreversible

B3: Cumulative 1 No change/not applicable

2 Non-cumulative/single

3 Cumulative/synergistic
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The ES is calculated as follows:
(AT)× (BT)=ES
(Importance of condition)×(Magnitude of change/effect) = AT
(Permanence) + (Reversibility) + (Cumulative) = BT
PC1: A1×A2 = 2×(+2), B1 + B2 + B3 = 2 + 2 + 2, ES = +24
PC2: A1×A2 = 2×(+1), B1 + B2 + B3 = 2 + 2 + 2, ES = +12
PC3: A1×A2 = 3×(−1), B1 + B2 + B3 = 3 + 2 + 1, ES = −18
PC4: A1×A2 = 2×(−1), B1 + B2 + B3 = 3 + 2 + 1, ES = −12
PC5: A1×A2 = 1×(+2), B1 + B2 + B3 = 3 + 2 + 1, ES = +12
PC6: A1×A2 = 2×(−1), B1 + B2 + B3 = 3 + 2 + 1, ES = −12
PC1 + PC2 + PC3 + PC4 + PC5 + PC6 ≥ 0
BE1: A1×A2 = 2×(+1), B1 + B2 + B3 = 3 + 2 + 1, ES = +12
BE2: A1×A2 = 4×(−3), B1 + B2 + B3 = 3 + 3 + 3, ES = −108
BE3: A1×A2 = 4×(+3), B1 + B2 + B3 = 3 + 2 + 3, ES = +96
BE1 + BE2 + BE3 ≥ 0
SC1: A1×A2 = 1×(+2), B1 + B2 + B3 = 3 + 2 + 2, ES = +14
SC2: A1×A2 = 3×(+3), B1 + B2 + B3 = 3 + 1 + 1, ES = + 45
SC3: A1×A2 = 3×(−2), B1 + B2 + B3 = 3 + 1 + 1, ES = − 30
SC1 + SC2 + SC3 ≥ 0
EO1: A1×A2 = 4×(+3), B1 + B2 + B3 = 3 + 3 + 3, ES = +108
EO2: A1×A2 = 3×(−2), B1 + B2 + B3 = 2 + 3 + 2, ES = −42
EO3: A1×A2 = 3×(−2), B1 + B2 + B3 = 2 + 3 + 2, ES = −42
EO1 + EO2 + EO3 ≥ 0
Figure  4 illustrates the RIAM results for the PC components. 

Figure 5 shows the RIAM results for the BE components. Figure 6 
shows the RIAM results for the SC components. Figure 7 depicts the 
total results. Figure 8 illustrates RIAM results for the EO components. 
Figure 9 shows the RIAM results for the four components. Although 

COVID-19 has damaged our environment the most important of 
which has been the increase in infectious, hospital, and plastic waste, 
in general as you see in this real case all of the ES has been positive (≥ 
0), and it is shown that RN has been sustainable and greener during 
the pandemic and lockdown periods. So this pandemic helps the 
environment to reconstruct (Tables 3, 4).

7 Conclusion and future 
recommendation

Based on the study’s findings, RIAM is an effective tool for 
decision-makers as it displays the results of different options and can 
produce transparent environmental solutions even with particularly 
complex scenarios. Data from different sectors can be  examined 
within a typical matrix by common significant indicators, which 
provides a clear understanding of major impacts in a multi-
disciplinary EIA. Assessors can rapidly record their judgments by 
following the discipline imposed by the matrix. Several scales are used 
to determine the value of a judgment, ensuring objectivity. Using a 
matrix with outlined components, it is possible to compare the with- 
and without-project conditions, compare different development 
options, and use “what if ” scenarios when planning. Comparing 
alternative development strategies and options can be  achieved 
through multiple matrices that identify the major positive and 
negative effects, show the interim and long-term effects, as well as 
display where mitigation can be implemented and reduce negative 
effects. It is important to note, however, that the initial step in a system 

FIGURE 3

The map real case study in Iran (67).
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is the definition of components, and these definitions are related to the 
specific conditions of the project. In specific stages in a project 
development process, RIAM can serve as an instrument for screening 
and also some methodologies for detailed impact assessment. EISs can 
be evaluated quickly and effectively using this system of checking with 
defined components. The RIAM is an ideal gadget for both Initial 
Environmental Evaluations (IEEs) and recording the findings of a full 
EIA. Due to its simple nature and the ability to use the matrix even 
when data is scarce. In this study, RIAM was found to be a highly 
effective tool for applying a consistent, transparent, and easily 
recordable assessment of the different components of an 
environmental impact assessment. Furthermore, with RIAM, 

strategies can be compared holistically to get a better understanding 
of what is most appropriate for the future. Further studies on other 
environmental projects should be conducted during COVID-19, such 
as waste disposal sites in Tehran. This study was carried out from the 
beginning of the epidemic to its end.

In this investigation, we  focused on the environmental effects 
according to indicators such as the emission of CO2 and other 
dangerous gases, and noise pollution. It has caused ecological 
restoration by reducing pressure in tourism destinations, protecting 
plant and animal species, reducing densely populated areas, and on 
the other hand, increasing medical waste and disposal of protective 
waste and infectious waste along the project in environmental 
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RIAM results for the PC components.
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RIAM results for the BE components.
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dimensions in this issue. The total amount of bad environmental 
effects on the project in the state of coronavirus disease has decreased 
and improved. Also, the average amount of these effects in the 
coronavirus era has improved compared to normal conditions. This 
trend is logical because during the coronavirus era, due to the 
extensive quarantines of the mentioned items, including reducing the 
level of pollutants due to greenhouse gas emissions reduction and CO2 
release and the reduction of a loud environment, the damage to the 
environment has decreased.

Here is a succinct and precise answer to the query based on the 
search results that were found. According to the search results, the 

RIAM approach is a helpful resource for carrying out EIAs of 
different industrial and infrastructural projects, such as parks, 
landfills, and coal mining. Using a systematic evaluation process, 
the RIAM method assesses a project’s positive and negative 
environmental consequences across several components, including 
physical/chemical, biological/ecological, social/cultural, and 
economic/operational elements. This enables decision-makers to 
pinpoint the most important environmental effects and create 
effective mitigation plans. The RIAM technique has been 
successfully used in several studies to evaluate the environmental 
effects of projects under typical operating circumstances. 
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FIGURE 6

RIAM results for the SC components.
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Total results.
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Nevertheless, there is little information about the use of RIAM, 
particularly during disaster crisis.

An EIA would need to take into account any new environmental 
factors that the COVID-19 pandemic may have brought about, such 
as adjustments to resource usage, waste creation, or worker safety 
procedures. The RIAM technique would probably need to 
be modified to take these particular pandemic-related aspects into 
account to analyze environmental consequences during the 
epidemic in a comprehensive manner. In summary, the search 
results do not directly address how the RIAM technique may 
be used during the COVID-19 pandemic, even though it is a useful 
tool for environmental impact assessment. To comprehend the 
applicability and possible adjustments of RIAM for EIAs carried out 

in the context of the ongoing public health emergency, more 
investigation would be required.

Several suggestions can be made for future work. Including the use, 
of the other methods of evaluating the reset environment and 
comparing it with the method used in this paper. Increasing the scope 
of knowledge by examining the number of cities and geographical 
extent. Establishing other new indicators and expanding these indicators.
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TABLE 3 RIAM analysis during the COVID-19 pandemic.

Components ES RB A1 A2 B1 B2 B3

PC1 +24 +C 2 2 2 2 2

PC2 +12 +B 2 1 2 2 2

PC3 −18 −B 3 −1 3 2 1

PC4 −12 −B 2 −1 3 2 1

PC5 +12 +B 1 +2 3 2 1

PC6 −12 −B 2 −1 3 2 1

BE1 +12 +B 2 +1 3 2 1

BE2 −108 −E 4 −3 3 3 3

BE3 +96 +E 4 +3 3 2 3

SC1 +14 +B 1 +2 3 2 2

SC2 +45 +D 3 +3 3 1 1

SC3 −30 −C 3 −2 3 1 1

EO1 +108 +E 4 +3 3 3 3

EO2 −42 −D 3 −2 2 3 2

EO3 −42 −D 3 −2 2 3 2

TABLE 4 COVID-19 RIAM summary scores.

Class −E −D −C −B −A N +A +B +C +D +E

PC 0 0 0 3 0 0 0 2 1 0 0

BE 1 0 0 0 0 0 0 1 0 0 1

SC 0 0 1 0 0 0 0 1 0 1 0

EO 0 2 0 0 0 0 0 0 0 0 1

Total 1 2 1 3 0 0 0 4 1 1 2
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