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MAN-MADE ENVIRONMENTAL DISASTERS AND THEIR
IMPACT ON ECONOMY; ECONOMIC MODELING BASED ON
BHOPAL GAS DISASTER*

This article examines implications of man-made environmental
hazards on ecosystems, the staggering costs of disasters that are
borne by governments and the private sector, and the short- and
long-term economic collisions that result from anthropogenic
perspective when they occur directly or indirectly. Through the
article, Bhopal gas tragedy will be evaluated as a case study, along
with its various characteristics, to explore the economic,
environmental, and social aspects of man-made disasters and to
provide an efficient and viable strategy for governing and
responding adequately to potential future disasters.

This literature review will discuss current research related to
/0 modeling' in Disaster Management, with a focus on the use of
mathematical models to analyze and predict disaster impacts. At
its core, I/0 modeling is a way of looking at the inputs and outputs
of a system, and using this information to create models that can
be used to predict the behavior and outcomes of the system.

[/0 modeling has been used in a number of different fields,
including economics, engineering,and operations research. The use

* The article is submitted based on the materials discussed during the annual student conference held at Eur-
asia International University on March 2, 2023. // Znnpjwén ubipuywgynid £ 2023 dwpwh 2-hu 6y pwuhw
vhowqgquyht hwdwjuwpwunid wtinh niubiguws nuwunnuuu wdtitwdjw ghnwdnnnih pupwgpnid
putwnpyyus yniptinh hhdwu Ypu:

1 Input-Output (I/0) modeling is a quantitative economic technique used to analyze the relationship and
interdependencies among different sectors of a national economy or different regional economies.

106



FULAG By pwuhw dhowqquiht hwdwjuwpwuh Ne 2,2023

of I/0 modeling in disaster management is relatively new, however,
with research into the topic only beginning in the early 2000s.

Key words: man-made disasters, Bhopal, disaster, economic
impact, I/0 modeling, assessment.

Introduction

Globally speaking, any given system is believed to be in a state of equilibrium
between society, economy, and environment, and there is a bilateral relationship
between underdeveloped economies and environmental vulnerability that increases
the possibility for man-made hazards. An enormously disastrous impact on human
resources, including society’s mental and physical health, is caused by man-made
environmental hazards, which typically occur intentionally or unintentionally due
to human negligence and carelessness when mishandling dangerous equipment
during technological and industrial use caused by failure to detect operational
bottlenecks within the supply chain cycles and due to the non-existence of a
sustainable supply chain. These factors lead to poverty, unemployment, and long-
term social and economic disruption. It must be further emphasized that disasters
have a negative impact on both internal and foreign politics. The study proposes
a conceptual model (table 1) to explain the terminology in the disaster study with
the common causes in an effort to approach a comprehensive overview towards
the essence of anthropogenic events.

Table I: conceptual model for causes and implication of hazards and disasters
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Vulnerability v G Hazard
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Triggering Events
Dynamic Pressures Unsafe Conditions Underlying Cause = Poorly Planned Supply
+ Lack of education | *+ Fragile physical + Poverty Chain
+ Lack of local environment + Resource +  Failed Economic System
investments + Dangerous deficiencies
+ Population locations
expansion * Low levels of
+ Urbanization income
+ Environmental
degradation
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Failed ”
[ Ect::':omic r_‘J:I‘j Environmental
Vi g
System ulnerability

According to the model, a hazard is something that should be distinguished
from a disaster trigger by having a dysfunctional supply chain and an economy
with diminished strength. The hazard intensifies thepossibility of vulnerability and
triggers disaster when combined with potential economic, environmental, and

107



Pwuphqu Unghwnwud

societal issues as underlying cause and effect factors.

A failed economic system, on the other hand, refers to an undeveloped or
emerging system that, when combined with environmental vulnerabilities, leads
to environmental disasters. This study speculates that disaster, environmental
vulnerability, and a failed economic system are all interconnected.

Resilience in the economic system is a central topic in the disaster impacts’
assessment and mitigation. Through numerous literatures economic resilience has
been categorized as static economic resilience as well as dynamic economic
resilience. While the static resilience defines the ability of a system to maintain
function when shocked, dynamic resilience has been introduced as accelerating
recovery of a disaster or shock. Subsequent objectives of the article involve
suggesting a methodology to achieve a state of economic resilience, facilitating
autonomous recovery of the economy while addressing long-lasting impacts on
its long-term economic health.

Man-Made Environmental Disasters; Cause and Effects

The common causative elements, and intensifying factors aftermath the
disasters have been discussed through this study within two categories based on
the suggested conceptual model (table 1): economic, and environmental factors.

Environmental Factors

1. Fragile physical environment fostering disaster’s adverse effects.

2. Populating in potentially harmful areas adjacent to hazardous stations
(settlement patterns).

3. Environmental degradation reducing the effectiveness of ecosystem to
mitigate the risk of disasters (lowering environmental capacity).

4. Over exploitation of environmental resources with ramifications of climate
change, habitat destruction, degraded ecosystem services, and intensified
impact of desertification and droughts.?

Environmental Impacts

1. Capacity reduction of environment to meet social, and ecological objectives
inducing vulnerability to pursuant hazards with high level of intensity and
frequency.

2. Damage caused to land, water, air pollution, contribution to climate
change, loss of biodiversity, deforestation, desertification, wild land fires,
and ozone depletion.

3. Loss of natural defense for combating the natural hazards.

Economic Factors

1. Poverty resulting in negligence of hazard factors.

2. Resource deficiencies leading to usage of non-qualified operators/experts/
apparatus.

2 An Overview of Environment and Disaster Risk Reduction in the Arab Region, 2015.
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No

Low-income level out-turning society more vulnerable towards loss, and
recovery.

Lack of efficacious education in severe disaster recovery process, resulting
in lack of comprehensible knowledge towards the law, and public policy.
Population expansion inducing impoverishment, and promoting economic
deprivation.

Urbanization as an agent for relocation to hazardous industrial locations.
Fragile local economy and lack of robust economic structure reinforcing
dependence on foreigninvestments.

Disaster Economic Effects

1.

2.

w

Considerable downturn in jobs, and community services aftermath the
trauma.

Asset value depreciation related to the cost of repair or replacement
(damage to the households, businesses, governmental properties whose
precise data is difficult to pursue, or measure due to the lack of responsible
organizations, and central government’s avoidance to release the accurate,
and liable information).

Reduction on the investment front which curbs economic productivity.
Interim GDP growth due to the shock aftermath of the trauma provoking
the agile reconstruction therefore as growth; however, the long-term GDP
growth correlates to the significance of trauma, when there is a mild
incident GDP continues to increase over time, whilst after a noticeable
disaster GDP decreases due to the inefficient investment usage, nonetheless,
the general direction of economic impact seems to be negative over time
(Halkos, Managi, and Tzeremes, 2015, p. 9-10).

Reduction in consumption due to the asset value loss lowering the overall
life quality.

Perturbation in dynamic equilibrium due to the relationship between
socio-economical units.

Method

This review paper examined the Bhopal gas tragedy as a human-caused
catastrophe, exploring various factors leading to the disaster before it occurred
and the consequences that followed. The focus was on analyzing the immediate
and prolonged economic repercussions of the incident. By utilizing the Bhopal gas
disaster as a case study, this research aimed to provide a comprehensive
understanding of the broader aspects of anthropogenic disasters.

Consequently, for assessing both short-, and long-run economic effects, the
information was gathered over a 3l-year period from 137 countries, including
high-income, upper-middle-income, lower-middle- income, and lower-income
nations. This information by the count of disaster events within each country, is
sourced from the Emergency Events Database (EM-DAT) maintained by the Centre
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for Research on the Epidemiology of Disasters (Halkos, Managi, and Tzeremes,
2015, p. 3).

This dataset served as supplementary information for the study to delve more
into cause-and-effect relationship of a disaster.

By means of empirical investigations, this research aims to explore the
detrimental impact of disasters on economies. It will analyze various variables
including payroll, GDP, employment, and the viability of manufacturing enterprises.
These studies will scrutinize the alterations observed in industrial sectors and the
overall economy due to disruptions in the supply of goods characterized by limited
sustainability (ripple effect?).

Furthermore, this study will introduce Input-Output (I/0) modeling as an
efficient approach to quantifying the economic aftermath of anthropogenic
disasters, thereby enhancing the efficiency of disaster management. It is necessary
to acknowledge that the data collected from these disasters might have undergone
distortion orchestrated by governmental bodies, and political interference,
potentially influencing the final outcomes of the calculations.

Additionally, considering that man-made disasters can arise intentionally, the
scarcity of comprehensive data and the intricacies of tracing the enduring
repercussions of these disasters may leave the data susceptible to misinterpretation,
impeding the conduct of comprehensive research. As a result, some of the long-
lasting outcomes could inadvertently be disregarded in the research analysis.

Economic Disaster Impact Analysis

This study draws Figure 1 from a comparison between production efficiency
level changes and disaster occurrence (natural and man-made) over a long period
of time to better understand the economic effects of disasters. The review will
discuss the Bhopal gas disaster as an environmental/economic shock according to
its pre-disaster causal impacts and post-disaster outcomes. Hence, the input-output
technique will be covered in the study as leveraging instruments.

This graph demonstrates that when there is creative reconstruction (providing
opportunities for new industries, replacing outdated infrastructure) following the
disaster, the high-income countries increased their production efficiency with a
higher score in comparison to the low- income countries (target countries for
anthropogenic disasters) with a similar trend. It’s necessary to take into account
that the number of disaster occurrence has been evacuated from the data to
achieve the stimulation result for the low frequency and high-density hazards.

There are other studies (empirical studies) suggest evaluation of disaster’s
impact on payroll*, GDP, employment, and establishment of survival in
manufacturing economies. These studies examine how industry, and total economy
level have changed by a disruption in supplies of goods with low sustainability

3 The ripple effect occurs when a disruption in the supply chain cascades downstream to impact supply chain
performance, as opposed to remaining localized.
4 Payroll includes all forms of compensation received through government or foreign nations.
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(ripple effect) which results in payroll, GDP, and employment decline. Disasters
rarely have a significant macroeconomic impact, since the national economy is
too big to be significantly disrupted beyond a short period of time (Thomas and
Helgeson, 2021, p. 1).
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Figure I: efficiency level of different countries

For examination of this hypothesis, we have considered data gathered over a
one-year period in USA, concerning the hazard impact on supply chain disruptions,
and business associated losses on payroll, GDP, employment, and survival/creation
of establishment. Following the analysis ofthis study we also consider the supply
chain resilience defined as the “capability of supply chain to respond quickly to
unexpected events so as to restore operations to the previous performance level
or even a new and better one”. Many studies using input-output analysis (I/0),
social accounting metric (SAM), and computable general equilibrium (CGE®) suggest
that hazards do not always affect the macroeconomic growth negatively, and in
some cases disaster show positive growth effects® in some areas.

Following the effect of 6 hypotheseshas been measured and analyzed through
a primal (production function) approach using linear regression to indicate the
relationship between hazards, and dependent variables (GDP, employment, payroll,
and establishments) although, their relationship is not linear.

1. Hazards have a negative impact on payroll, supported by a relatively small
impact where a decrease in payroll is intended to represent an overall
decrease in labor.

2. Hazards have a negative impact on economic output not supported by the

5 CGE models incorporate price changes using SAM, and 10 data.
6 Positive growth results from replacing damaged goods, while the negative impact results from damage to
the infrastructure.
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Elasticity

-0.004

-0.008

measurement, which mayresult in challenges to estimate accurate and precise
damage levels.

Hazards have a negative impact on employment not supported by the analysis
due to the probable imprecision in damage resulting in a lack of significance.
The models used in the study with strong significance imply that labor goes
down either through a job loss or employee productivity, reducing GDP by
3.9%. Hazards in the upstream supply chain have a negative effect on payroll
and output locally.

Hazards in the upstream supply chain have a negative effect on employment
locally; according to the measurements by the study, there is a high correlation
between decreasing the employments by 8.6% in the manufacturing industry
and 3% in the total economy (correlation coefficient between the elasticities
for total payroll and total employments is 0.963).

Risks in the upstream supply chain drive some businesses out, and/or prevent
new businesses from opening up locally, but this is not supported by research,
which means that even though risk-related supply-chain damages reduce
economic activity, they do not cause businesses to close or stop from opening
up. (Thomas and Helgeson, 2021, p.12)
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Figure. 2: elasticity in supply chain other variables at mean

Table 2: Stimulation and results summary

Simulation and results summary.

Model  Dependent Variable ~ Adjusted R>  Observations  Simulated Impact of Local Damage (2006-2016) Simulated Impact of Supply Chain Damage

Est. 95% Confidence Interval Est. 95% Confidence Interval
1 PRman 0.9919 22518 - - - —2.9% —5.2% —-0.6%
2 GDPgoops 0.9749 23878 - - - -3.9% —6.8% -0.1%
3 0.9893 20981 - - - —8.6% —10.6% -6.7%
4 ESTuman 0.9914 8669 - - - - - -
5 PR 0.9973 27183 0.0% -0.7% 0.6% EBBE -54% -3.2%
6 GDPa1 0.9966 29985 - - - - - -
Z EMPpy; 0.9980 30131 - - - -3.0% -3.9% -2.2%
8 ESTav, 0.9997 13 487 - - - - - -
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The elasticity of the supply chain operations, therefore, leads to a significant
decrease in GDP growth due to a reduction in productive employment.

Case Study; Bhopal Gas Disaster

The Bhopal gas tragedy cited as the world’s worst industrial disaster happened
in 1984 in Union Carbide Corporation (UCC) a pesticide plant located in Bhopal city
of India manufacturing Sevin, a pesticide commonly used throughout Asia. The
catastrophe placed as a result of introduction of water to methyl isocyanate gas
(MIC) and setting off chemical reaction released an approximate amount of 42 tons
of poisonous gas into atmosphere, exposing more than 500000 people to toxic gases.
The official death toll reported 3000 whilst the unofficial rate estimated 8000-10000
(Bogart, 1989), later NY times reported the fatality rate reached to 14000 people as
a result of chronic disease. There are, undoubtedly, still people in the community
dealing with the long-term physiological and genetic effects of the calamity. The
Indian government, the US government, United Carbide, and the employees who
oversaw the operations were all charged in this complicated case.

Review on Incident

The accident occurred amidst India’s recurring droughts and poverty,
particularly in the Northeast. Bhopal was chosen as the site due to its central
location and transport access, despite initial relocation suggestions. A decline in
profitability led UCIL, a UCL subsidiary, to decide on closing and selling the plant
in July 1984, while safety measures were compromised weeks prior. The disaster
resulted from poor hazard management, safety practices, and risk perception.

Environmental Aspects of Bhopal Gas Disaster

UCC faced $470 million, however, it didn’t compensate for environmental
damage. The incident led to widespread toxic chemical contamination in soil and
water, causing severe health problems including cancer. Greepeace org’s study
shows ongoing pollution of soil, water, and breast milk, posing serious health risks
for current and future generations (Nair, 2005, p. 6-10).

Toxins spread through the tropics and food chain, burdening bodies. UCC left
around 700 tons of corroded waste on the factory premises, worsening victims’
suffering. Studies by Greenpeace (1999) and government agencies confirmed
hazardous substances like mercury and pesticides in the waste. Further, an
investigation found over 20 tons of HCH, a harmful pollutant linked to health
disorders. NEERI identified the factory as a high-concentration toxic waste site
(Nair, 2005, p. 11-12).

Environmental Actions and Policy Making

As a response to the environmental post-disaster issues, the Indian government
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required Environmental Impact Assessment statements for any central approval of
projects for emission or effluent standards. The statements prepared by committees
should contain expert analysis of eco-system and water resource management.

In response to the disaster, the Ministry of Environment and Forest (MoEF) has
developed strengthening India’s commitment to the environment. Under this new
act, the MoEF was given overall responsibility for administrating and enforcing
environmental laws, and policies, and integrating environmental strategies into all
industrial developments (Broughton, 2005, p. 4).

Further, law actions developed in order to restrict the amount of hazardous
material which can be stored within a facility.

Economic Aspect

According to a study published in the Journal of Management Science (Marcus
et. Al. 1991), stockresponded positively to defensive activities by the management,
rather than accommodative moves by managers toward the victims. By
accommodating signals, such as the settlement of $470 million and acceptance
of problems within company (UCC), the stock reacted in a negative way
(shareholders responding positively to defensive signals) (Nair, 2005, p. 7).

For an economic review of the incident, the study has used two indicators,
industrial production” index (IP), and stock prices® to track the progress of
chemical industry before and after the Bhopal incident and hence the potential
impact on economy.

1-Industrial production (IP) impact: as shown in figure 4, the index for chemical
industry dropped between 1984, and 1985 due to the Bhopal incident probable to
the changes in perception toward risk measurements of this industry (sharp drop
is evident from the graph); however, passing 1985 the index begins to increase
and continues to grow dramatically between 1985, and 1997 (Saraf, 2005, p. 279).
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Figure 4: Industrial Index for chemical industry

7 Industrial production index (IP) measures the real output of the manufacturing, mining, electricity, and gas
utilities complied by the United States Federal Reserve Board
8 Stock prices of major chemical industries in the United States and India as indicator of their performance
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2-To analyze the stock price changes, the study used the stock prices of major
chemical industries in the United States, and India as indicator of their performance,
it can be seen from these graphs (figure 5, 6) that chemical industry in spite of
increased regulation and public opposition grew steadily over the past two decades
after the incident, and approached a stable economy.
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Figure. 5: Stock price for a few US chemical industries
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Figure. 6: Stock prices for a few Indian industries
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As seen, stock prices probably increased due to more drawn attention towards
the chemical industry resulting in more investment (Saraf, 2005, p. 279-280).

1/0 MODEL

The basic demand-driven Leontief model gained recognition in the multi-
sector economy as a representative static balance between supply and demand at
both levels of intermediate and final exchange. Under the assumption of perfect
equilibrium between supply and demand, the following equation to express each
sector’s output across an economy exists:

x=Ax+f

As the conventional demand-driven Leontief model determines the production
level necessary for each industry by the backward propagation of exogenously
assigned values of final demand, x gathers the entire output, and A is the total
coefficient matrix of the mode (Galbusera, 2018, p. 187-188). This model disregards
potential supply chain restrictions and assumes infinite supply elasticity® with
respect to demand.

The representation formula also includes preset technical (input) coefficients,
which ensure that each sector uses inputs in specific amounts to carry out its
productive tasks. One unit of output must be produced from each input in a
defined quantity according to the Leontief production function. With the aim of
evaluating changes in elements that are exogenous to the model of that economy,
this model is a multiplier-based analysis. The traditional I/0 economy representation
enables the incorporation of empirical data relevant to an economic region and
its information exchanges with other regions, which has been a key factor in
success over the years. However, additional critique asserts that the model’s
perfect input sustainability assumption is false and the supply-driven formulation
is feasible in the event of minor disturbances.

Besides the static representation model, dynamic extensions have been
introduced to the formulation of supply-demand as following:

x(t) = A(t)x(t) + B(t)x(2) + f()"

where the technical coefficient has been stated as a function of time in A(t)
and as a capital function matrix in B(t) (potentially singular). The non-linear I/0
formulation, which takes into account the complexity of many real production
processes, and the mixed /0 model, which aims to take into account supply
constraints more thoroughly than traditional Leontief techniques by utilizing the
concept of purchasing coefficients, as two of the aforementioned aspects
(Galbusera, 2018, p. 189).

9 Supply elasticity refers to the responsiveness of the quantity supplied of a good or service to changes in
its price.

10 f(t) represents the vector of exogenous inputs or final demand at a specific time “t” in the Leontief in-
put-output model.
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Disaster Representation in 1/0 Framework

Impact analysis is certainly one of the many common usages of I/0 models,
as was previously established. This article focuses on a few of the key issues
representing the disaster and its subsequent economic impacts. While initial costs
and both short-term and long-term growth effects have been considered as some
of the key features, some indirect effects of critical hazards, such as the forward
propagation of supply perturbation, different roles for replaceable and irreplaceable
components with potential substitution coefficients, and the potential presence
of both negative and positive impacts resulting from a hazard, such as immediate
triggering, have not always been captured by I/0 techniques. Further, while
exploiting the /0 supply-demand approaches, the disasters have been interpreted
in terms of perturbations to demand and supply on their ensemble.

The major debate relates to the /0 framework assessing the disequilibrium
economic setting induced by a major disaster, and an aspect of interest concerns
the relationship between post- disaster economic actions and economic growth.
Hence, the plausibility that adverse events mayhave negligible macro-economic
impacts or trigger positive economic counter effects is also under theoretical and
empirical investigation, and there is the existing possibility that consistent
magnitude may lead to minor macroeconomic consequences.

The development of technology might hasten long-term economic growth.
Managing the post- disaster decisions, the availability of spare production capacity,
and creative destruction, which are long-term losses resulting from a disaster, can
lead to poverty traps.

Loss Assessment in I/0 Model

The /0 model’s loss assessment revolves around the shock impact location
and shock wave propagation path, in regard to shock impact localization which is
associated with the exogenous variables including demand-, supply-, or mixed-
type. In the demand-side disruptions which are incontinuity of the demand-driven
nature of the standard Leontief model, a large portion of the literature concentrates
on the demand disruptions with the assumption of persistence in the demand- side
perturbation, even though demand-driven models are not free from risks. Hence,
estimating the economic consequences of a negative demand shock through 1/0
models may induce some issues related to the double-counting" of impacts on
total output and labor income (Galbusera, 2018, p. 190).

A supply shock should be viewed as a disruption to the internal demand in
the study of supply- side perturbations in the context of /0 models to adequately
analyze the propagation effects of perturbations. Physical damage, inventory loss
as an internal constraint, and restricted input

availability for production as an external constraint can all be used to describe

11 Double-counting of losses for instance emphasize the importance of evaluating the indirect costs in terms
of value added.
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supply-side change. It’s important to note that supply perturbations are different
from the typical I/0 model’s allocation logic. Supply restrictions are more
accurately taken into account in mixed-sided perturbations, which merge demand
and supply-side disturbances. Both the forward and backward effects of the direct
decrease in supply of its output have been taken into account.In consideration of
backward, and forward linkages and propagation through Leontief the sectoral
perturbation is obtained as:

Ax = LAF'?
where AF acknowledged as demand perturbation (Galbusera, 2018, p. 190).

Conclusion

While occurring less frequently than natural disasters, man-made disasters
resulting from human activities pose significant threats to communities. The Bhopal
gas incident continues to be a warning sign once ignored, and it still continues
to remain the most catastrophic industrial event happened throughout mankind’s
history. This researchstudy aimed to provide condensed overview for underlying
causing factors of man-made disasters, and their consequent effects on the state
of the economy, and environment of target nations. The secondary objective was
to introduce the importance of modeling the anthropogenic disasters, and to
suggest potential approaches for achieving economic models.

Every business setup has the potential for an industrial or technological risk,
but this article made the case that risk, a weakening economy, and a deteriorated
environment all have an intensifying effect on one another, and a conceptual
model was introduced accordingly. Additionally, we looked at how a low-
performance supply chain affects the economy as a whole.

Further, the study concentrated on the economic damages to the society by
analyzing twoseparate studies for evaluating the overall function of the economy
by aftermath of the event, one using data gathered from different countries
evaluating GDP changes, and the second one using industrial efficiency and stock
prices index in US and India.

While examining the disaster effect using GDP, it’s evident that GDP grew over
the years of study; however, it’s seen that there is a certain threshold level that
affects countries negatively in GDP. Meanwhile, IP index, and stock prices study
derived a conclusion that affected countries (the US, and India) continue to
increase in the indexes after a shocking drop during the year aftermath of the
disaster. Putting aside the long-term economic effect drawn from disaster, it’s
important to consider that countries’ reaction to the disaster recovery will depend
strongly on the social, economic, and preparedness level for the reduction of the
disaster repercussions. Therefore, consensus models and tools for the disaster
assessment are required.

Exploiting the increasing volume of data available and fostering estimation

12 L represents the inverse matrix or the coefficient matrix of production coefficients.
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capabilities; integrating the 1/0 analysis framework with other techniques e.g. CGE,
stochastic analysis, and other technological models will better tackle the challenges
of global supply chains, and the economic state aftermath of the trauma. The
study further introduced the link between /0 modeling and assessing economic
losses from disasters, highlighting its effectiveness in analyzing impacts based on
hazard data to identify risks, response efficacy, and mitigation strategies for
potential disaster impacts, emphasizing the need for future research to enhance
the accuracy and applicability of I/0 models as economic assessment tools for
disaster management across various stages and cycles of governance.
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Pwuphqu Unghwnwud

®wuphqu Unghunud
Gypwupw dhowqquypli hwdwjuwpuwith
Cpowuwdl plplurupynul dwghuppuapupuyh tphpnpn Yrupupruuwbinguhh

SGIVLNLNGP YT &Y, BUNLNATPEYEL WLESLENE B HELS
U2FHESNR3NRLE SUSEUNRE3EL MU, SuSEUMLULL
UNTGLANT 2P U b o ARZNNUEL GU2P UAGSh d /U

Unyu hnnjuwop nuntduwuhpnud § Eynhwdwupgtiph ypw dwpnne Ynnuhg
wnwowgws puwywhywuwuu uywnuwhputiph wqnbgnipiniup, Junw-
wnpnipyniuubiph b dwutwynp hwnygwsh Ynnihg Ypwsd puwjuu wnbtinubinh
snjuyhu swluutipp, huswtiu twl jupdwdwdytin b tpupudwdytin munb-
uwwt wqntignipiniuutinn, npnup wnwowunid tu dwpnnt Ynndhg ninnuyh
Juu wuninnujh wgnbgnipjuu htmbwupny: {nnuonid Fhnwywih quqh
nn ptipgnipiup nthunwupyynd £ npytiu pidwunhl ntuntduwuhpnipynia hp
wwppbp punipugptpny’ niuntdtwuphpbne mbkfutwoht wntnutph munbiuw-
Juu, ptwyuwhywuwwu b unghwjuuwu Ynnutpp, husybu twle winwownptijnt
wpryniuwybn b Jhuunowly junwywpdwt nwquuyjuwunpnipinia b hwdwpdtp
wndwquup wywgu huwpuwynp wnbwnubpht:

dhpmnonipjuu by puuwplyti tu wntnutph junwjupdwu dty 170
(Untnpwyhuw/tGpuyhtu) dnplijuynpdwu htim juyywd pupwghly htnwgn-
wnipniuutpp’ Yhuwmpnuwuwny ptwljuwu wntnubtph wgnbtignipimup Ytpne-
obnt b juujummbutjn hwdwp dwpbdunhuljuu dnnbjutinh ogumwugnpsdwu
Yypw: Cun Empjuu /0 (Untnpuwjhu/tp) dnnpbjuynpnudp  hwdwupgh
uninptipu ni G ptpp nhnwpybne b wyn ntintuunynipinitup ogunwgnpstine
hwdwnp dnnbjutp uwmtinétynt dhong L, npp Jupnn Gu oquwugnpédyly
hwdwlunpgh Juppwaghstu ni wpyniuputinn juufuunmbiubne hwdwn:

/0 (Uninpuyhu/bpp) dnnbjuynpmidu ogunnugnpoyty L mwppbp ninpunut-
pnid, ubipwnjw] wunbtiuvwghwnipiniup, dupnwpwghunipniup b gnpéwn-
twluwu htmwgnunipniuutpp: Yuniwdbuwyuhy, wnbwmubph junwupdwu
utio I/70 (Untnpwyhu/tip) Unnjuynpdwt ogunugnpénidp hwdbdwwnwpwp unp
tiplunype £, pwuh np wyu phdwh ytpwptipju himwgnunnipiniuutinp ujuy by
tu dhwju 2000-wjwuutiph uyqphu:

Lhduwpwntip. wnbfuuwshu wnbwubp, Fhnww), wnbtin, wnuntuwluu
wqnbignipiniu, /0 dnnbjuynpnid, guwhwwnnud:
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On. adpec: parisa.moghaddam2022@gmail.com

TEXHOI'EHHO-3KOJ/IOTMYECKHE KATACTPO®bI U UX BJIMAHHUE HA
IKOHOMUKY; SKOHOMHUYECKOE MOJE/IMPOBAHHUE HA OCHOBE
I'A30BOU KATACTPO®bl B BXOIIAJIE

B maHHOI CTaTbe pacCMaTPUBAIOTCS TOCTEACTBUS aHTPOIIOTEHHBIX KOJIOTH-
YECKHUX KaTacTpod s SKOCHUCTEM, IIOKOBbIE U3IEPKKU OT CTUXUAHBIX OEICTBHMA,
KOTOpble HECYT IPaBUTE/IbCTBA U YAaCTHBIM CEKTOpP, a TaKKe KPaTKOCPOYHbIE U
HOOITOCPOYHbIE SKOHOMUUYECKHE TMOCTIeACTBUS MPSIMOro TG0 KOCBEHHOI'O aHTPO-
IMTOTE€HHOT0 BO3ENCTBUA.

OCHOBHBIM 00'BEKTOM HCCIIEIOBAHHsI CTAHOBUTCSI Ta30Basl Tpareausl B bxorarte,
paccMaTpHuBaeMasl Kak TeMaTH4YecKoe HcciiefioBaHue. Llenblo sBisieTcss u3ydyeHue
SKOHOMUYECKHX, DKOIOTMYECKHUX W COLMA/IbHBIX aCIIEKTOB TEXHOTE€HHBIX KaTa-
cTpoc Wi pazpaboTKu p(PeKTUBHBIX CTpaTerwil yIpaBiieHUs] W aJleKBAaTHOT'O
pearupoBaHus Ha OGyayIye MOTeHIMalTbHble KPU3HUCHI.

B aTOM 0630pe uTeparypbl OYyT 06CYKAATbCS TEKYIIHE UCCIIEJOBaHUsI, CBSI-
3aHHbIEe C MofenupoBaHueM 1/0 («BXogHble AaHHbIe/BBIXOOHbIEC JaHHBIE») B YIIpaB-
JIEHNY CTUXWUHUHBIMHU OeICTBHUIMH, C YIIOPOM Ha HCIIOTb30BaHUE MaTeMaTHYeCKUX
Moperner i aHaji3a U MPOTHO3UPOBAHUS TOCIEACTBUN CTUXUNHBIX OENCTBUIA.
[To cBoeli cyTu MopenvpoBaHue /0 («BXOmHbIE HaHHbIE/BBIXOAHbIE JaHHbBIEY») —
9TO Crocob pacCMOTPeHHs] BXOAHBIX M BBIXOJHBIX MAHHBIX CUCTEMBI U HUCIIOTb30-
BaHUs 9TOH MH(OPMALIMH 71l CO3[IaHUST MOJieSiel, KOTOpPbIe MOKHO HCITOTb30BaTh
0715 TIPOTHO3UPOBAHUS TIOBEJIEHUST U Pe3y/IbTaTOB CUCTEMBI.

Mopenupoanue /0 («BXO[IHbIE JIaHHbIE/BBIXOJIHbIE IaHHbIE») UCIIOTb30BAIOCh
B Pa3NMMYHBIX 06/1aCTsIX, BK/IIOYAs 9KOHOMUKY, HHKEHEepHOe Hef0 U B OlepaLioH-
HBIX HccrneqoBaHusX. OfHaKO MCITONIb30BaHNe MofenrpoBanus /0 («BXogHbIe JaH-
Hble/BbIXOIHbIE [JaHHbIE») B YIPaBIEHUH CTUXUHHBIMA OECTBUSIMH SIBIISETCS
OTHOCHTE/IbHO HOBBIM SBJIEHHEM, T.K. HCCIIEA0BaHUs 10 9TOH TeMe Ha4a/liuCh TOJIb—
kKo B Havdaize 2000-x romos.

KroueBble ciioBa: TeXHOTeHHbIE KaTacTpodbl, Bxortan, KaTacTpoda, 9KOHO-
MUYeCKHe TI0CIIE[CTBYsI, MOJIEJTUPOBAaHUE BBOJA-BbIBOIA, OLIEHKA.

Znnwop Judpwgpnipiniu b utipuywgyty® 2023p. dwjhuh 23-hi:
Cnnuwsp hwuduyly b gpufunudwt’ 2023p. hniuhuh 5-hu:
LZnnpJuwot punmuygly B nmygugpmpyut’ 2023p. ubynbdptph 25-hi:
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