B Geography and Development

University of Print ISSN: 1735 - 0735 Online ISSN: 2676-7791

Sistan and Baluchestan

Homepage: https://gdij.usb.ac.ir

Environmental Reverse Engineering in Simulation of Dynamic Systems
Case study: Reconstructing the Ancient Environment of Lake Jazmourian

Mousa Kordavani', Mohamadhosein Ramesht®®, Saeed Jahanyan®, Alireza Karimi*

1. Ph.D Student of Physical Geography, Faculty of Geographical Sciences and Planning, University of Isfahan, Isfahan, Iran
E-mail: M.kordavani@geo.ui.ac.ir

2. Professor of Physical Geography, Faculty of Geographical Sciences and Planning, University of Isfahan, Isfahan, Iran
P4 E-mail: M.h.Ramesht@geo.ui.ac.ir

3. Associate Professor of Management, Faculty of Administrative Sciences and Economics, University of Isfahan, Isfahan, Iran
E-mail: s.jahanyan@ase.ui.ac.ir

4. Professor of Soil Science, Agriculture Faculty Ferdowsi University of Mashhad, Mashhad, Iran

E-mail: karimi-a@um.ac.ir

How to Cite: Kordavani, M; Ramesht, M. H; Jahanyan, S; & Karimi, A. (2024). Environmental Reverse
Engineering in Simulation of Dynamic Systems (Case study: Reconstructing the Ancient Environment of
Lake Jazmourian). Geography and Development, 22 (74), 1-24.

[BIe]E http://dx.doi.org/10.22111/GD1J.2023.46023.3541

Received: ABSTRACT

28 June 2023 . . . i . .
Received in revised form: Environmental reverse engineering is a new approach that can be used to obtain a visual
7 October 2023 representation of the ancient environment. This method can convey the message to researchers

Accepted: about the conditions under which it is possible to revive past environments. Dynamic systems that
lljz tl::q;en(;berfOZB rely on current environmental data can be classified based on variable classification and Chaos

uplisned online: . . . . . . .
Theory in Vensim software. This allows for the dynamic algorithm of the relationships between

20 January 2024
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1. Introduction Reverse engineering is one of the methods for

Reconstructing ancient environments has always
been an interesting topic for geomorphology
researchers, providing insight into trend analysis
and the mechanisms of environmental systems. In
recent years, a method called reverse engineering
has been used in simulating natural environments.

recognizing the structures and components of a
system and reconstructing it (Gameros et al, 2015).
The efficiency of reverse engineering has led to an
increase in the application of this method (Sokovic
and Kopac, 2006). Reverse engineering can be used
for various purposes, and in some cases, its goal is
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to re-document old systems (Chikofsky, 1990). In
environmental reverse engineering, the past
conditions are reconstructed, and based on that, the
system's performance can be understood. There are
various methods wused to achieve reverse
engineering. When dealing with  natural
environments, we are faced with complex systems
where their constituent elements interact with each
other, and if one of them changes, unlike other
static systems, the elements do not remain fixed,
and each of them changes in the direction of a new
balance and adaptation. In other words, systems
have dynamic feedback and continuously evaluate
and adapt their dependent elements to the new
conditions as a set of related components.
Therefore, we need a method to recognize
environmental systems that can show us the
dynamics of the system's mechanism and algorithm
of operation.

System dynamics is a methodology based on
feedback systems that has been incorporated into
control theory, and can easily manage the
nonlinearities, time delays, and multiloop structures
of dynamic and complex systems (Bala et al, 2017).
Its capabilities in quantitative simulation have made
it an ideal tool for decision support (Xi and Leng
Poh, 2013). Brooks can be mentioned as the first
geomorphologist who attempted to reconstruct ice
age and interglacial periods on a planetary scale
using reverse engineering (Brooks, 1950). Lake
Jazmourian has undergone seasonal drying due to
climate change and is now an important source of
wind-blown sediment and dust storms in
southeastern Iran (Mohammadi, 2010; Saieedi Far
et al, 2021). On the other hand, according to studies
by Hooke and Monod, ostrich-like birds from the
Struthionidae family used to live around Lake
Jazmourian during the Quaternary period when the
water level was at its highest, and their eggshells
have been found by these researchers, indicating a
rich vegetation cover in the area at that time
(Huckride, 1971; Monod, 1971; Ghorbani, 2017).
Given the problem of dust particles, understanding
the potential response of DSI to the revival of Lake
Jazmourian could help us solve environmental
problems in the region. This study aims to develop

a dynamic model to assess the restoration of Lake
Jazmourian in three main areas:

A) Restoration of environmental conditions in
Lake Jazmourian to understand the potential
response of DSI.

B) Simulation of environmental conditions in Lake
Jazmourian during the period in which it has
experienced different water levels.

C) Evaluation of past scenarios and identification
of the most effective system state against changes
in the lake level.

In other words, the relationship between
fluctuations in the lake level, evaporation, relative
humidity, vegetation cover, and dust storm index is
evaluated and the relationship between these
components in a dynamic system is modeled.

2. Methods and Material
Several stages are defined to achieve the research
objectives.

1. In the first stage, the highest encountered water
level in Lake Jazmurian is determined based on
geomorphological evidence (lacustrine terraces),
the remains of old settlements and their analysis,
and field evidence (analyzing the sediment
samples). Accordingly, the lake's area and volume
were used as the main variables to formulate the
conceptual model of the system dynamics.
Further, the environmental variables, including the
lake level (LL), the lake's dried surface (LdS),
relative humidity of the air (RH), vegetation (Vg),
surfaces prone to dust production (SDP), dust
storm index (DSI), evapotranspiration (EVT),
desertification coefficient (D&G), precipitation
(P), wind speed (U), temperature (T), and surface
soil moisture (SM) were determined.

2. In the second stage, the direction of
relationships  between the variables was
determined, primary variables were identified, and
cause and effect loops (cause loop diagrams
(CLD)) were developed, drawing upon the
relationships between the above variables and
elements.

3. In the third stage, the Vensim analysis system
was applied to classify the variables into 'stock,’
‘flow," and ‘auxiliary’ variables. Moreover, the
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quantitative relationships between all the variables
of the problem were defined based on
experimental data and written  scientific
documents, and the variables' relationship was
coded in a symbolic algorithm.

4. In the fourth stage, the system dynamics
performance was evaluated considering the
symbolic algorithm of its overall structure and
cause-effect loops; and their validity was verified
by applying conditions changes.

3. Results and Discussion

One of the problems and issues in eastern Iran is the
phenomenon of dust-storm. Drought and the
construction of several dams along the rivers leading
to Jazmourian Lake have made the dry bed of this
lake one of the most active sources of dust
production. The question here is, given the existing
background of the lake, how will be the extent and
severity of the dust phenomenon in terms of lake
regeneration. Therefore, we have tried to reconstruct
the past conditions with environmental reverse
engineering and achieve the results of the past
environmental conditions. The results of this
research, which was based on the reverse engineering
method of the environment and the use of the
dynamic system, show that:

i) The restoration of the lake at the level of 405
meters and its stability has a very important role in
controlling and reducing dust so that the dust index is
reduced from the current 2.58 t0 0.7.
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ii) If scenario 2 is used, i.e., the stability of the 390-
meter sea level as the most efficient possible policy
in the direction of dust control, it is able to reduce the
annual average DSI to 1, and this means that the
amount of dust will be reduced by 75%.

4. Conclusion

According to the simulated results, in case of
dewatering and Revitalization of the lake, the current
dry area will be covered and will increase
evaporation and as a result more moisture will be
injected into the air, followed by increased vegetation
and soil surface moisture. This chain of factors will
lead to a significant reduction of dust in the region.
According to the obtained results, it can be said that
by injecting about 100 billion cubic meters of water
into the lake and maintaining and maintaining the
water level at 390 meters with an area of 7 thousand
square kilometers of the lake, it is possible to reduce
the dust in the area by up to 75%. In other words,
based on Chaos Theory and dynamic systems model,
among dozens of factors and environmental
variables, the control thresholds of fine dust in the
region will be possible only by controlling the
volume of one hundred billion cubic meters of the
lake with a surface equivalent to 7000 square
kilometers.
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