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Abstract

Coastal barriers are ubiquitous globally and provide a vital protective role to valuable landforms, habitats
and communities located to landward. Barrier islands are the first line of defense against the action of sea
waves in coastal areas; therefore, assessing their sustainability is very important in integrated coastal zone
planning and management. Global climate change affects this coastline through sea level rise (SLR),
compounded by a decrease in sediment budgets in coastal areas. This study evaluated the spatiotemporal
changes in the coastline of the barrier islands of the Gabric and Jagin deltas during 1984-2024 and
identified the geomorphic response models of these islands based on the model proposed by McBride et
al.,, (1995). In this regard, Landsat satellite imagery from the TM, ETM+ & OLI sensor series,
topographic maps, and ENVI, ERDAS IMAGINE & ArcGIS software have been used. The findings
showed that all eight geomorphic response models presented by McBride et al., (1995) (i.e., lateral
movement, advance, retreat, in-place narrowing, landward rollover, dynamic equilibrium, breakup, and
rotational instability) have formed in the study area; and the advance, retreat, lateral movement, rotational
instability, and in-place narrowing models were the most common examples of geomorphic response of
barrier islands in the study area. Also, the findings showed that wherever the interaction between various
forces acting on the coastline from the land and the sea is manifested, barrier islands usually exhibit more
than one geomorphic response model. Barrier island systems reflected various environmental changes and
are now considered as a warning indicator for examining regional and global changes; therefore, it is
necessary to continue monitoring the geomorphic responses of this area of the country's coasts in order to
plan and manage the coastline and coastal area optimally.

Keywords: Spatio-temporal Analysis, Barrier Island Evolution, Sea Hydrodynamic, Geomorphic Response,
Low-lying Coasts.

Highlight
- The findings showed that the low-lying deltaic coasts of Gabric and Jagin are one of the best areas for
monitoring and identifying various geomorphic response- type models of barrier islands in the country.
- Given the unique characteristics of the study area, it was found that all eight geomorphic response-type
models of barrier islands studied and introduced by McBride et al. (1995) have formed and developed along
the coastline of the Gabrik and Jagin delta fronts.
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Extended Abstract

Introduction

In most of the world’s coastlines, sediment transport occurs as a result of wave breaking. This process leads to
the movement of sediments along the coast, eventually forming a geomorphic landform composed of sand
known as a sand spit. These landforms primarily develop in the direction of dominant wave energy and coastal
currents, extending parallel to the coastline. As these sand spits accumulate and overlap, they give rise to
elongated landforms called barrier islands, which enclose parts of the sea behind them (Mansouri, 2018: 41). In
fact, barrier islands are elongated accumulations of unconsolidated sediments, mainly sand, aligned parallel to
the coast. Portions of these landforms are located within the tidal range and are usually separated from the
mainland by bays, lagoons, or estuarine complexes (Saito, 2005: 117). Although barrier islands occur globally
along many coastlines, they comprise only about 6 to 15 percent of the world's total coastlines (Zenkovich, 1967;
Glaeser, 1978; Fisher, 1982; Pilkey et al., 2009; Stutz and Pilkey, 2011; Otvos, 2012: 39).

Due to the significance of barrier islands (Bls) as the first line of natural defense to protect coastal
communities against storm surges and provisioning of multiple services, considerable interest surrounds their
health/stability for a better regional environment (Feagin et al., 2010; Brantley et al., 2014; Powell et al., 2019;
Kanwal et al., 2021). However, at the same time, these fragile and dynamic coastal features are also vulnerable
to degradation from both natural processes and human interventions (McBride & Byrnes, 1997; Stutz & Pilkey,
2011; Hapke et al., 2013). In particular, SLR affects low(lying coasts and the human societies that occupy these
areas. It is estimated that about 10% of the world’s population live in low lying coastal regions less than 10m
above sea level (Meehl et al., 2005; Ghanavati et al., 2021). In the wake of rising sea levels due to climate
change and increasing human pressures on coastal systems, it is essential to track changes in the geometry, area,
and location of barrier islands, especially those bordering and on the margins of low-lying, developing deltaic
coasts.

Methodology

In this research, various physical and conceptual data and tools were used, including: topographic maps
(Geographical Organization of the Armed Forces, 1970), LANDSAT images of TM, ETM+ & OLI sensors,
Google Earth images, digital elevation model (12.5 m) and field visits. Analytical-descriptive method and the
use of remote sensing were the main research approach. ENVI, ERDAS IMAGINE (v. 2014) & ArcGIS (v. 10.8)
software were conceptual tools that were used for the purpose of processing, analyzing and cartography of the
output maps.

Results and discussion

In this study, the barrier islands located at the base of the Gabric and Jagin deltas were monitored on a spatial -
temporal scale (large-long-term), and the minimum temporal and spatial scales required for their identification
and determination were considered to be 40 years and a length of more than 2.5 km, respectively. Accordingly,
by considering this criterion, sixteen barrier islands were identified, monitored, and modeled in three different
areas. These areas, from east to west, are: the complex of barrier islands located at the base of the Gabric (Area
1) and Jagin (Eastern part - Area 2 and Western part - Area 3) deltas. As this figure showed, barrier islands
number 5-1 form the barrier island complex at the base of the Gabric Delta, and barrier islands numbers 13-6 and
16-14 form the barrier island complex at the eastern and western parts of the base of the Jagin Delta,
respectively.

The rate of changes in the coastline bases of the Gabric and Jagin deltas has been calculated and measured in
three different areas and over the last four decades in five specific time periods.

Based on the research findings, it was revealed that all geomorphic response models presented by McBride et
al., (1995) for barrier islands - lateral movement, advance, retreat, dynamic equilibrium, landward rollover, in-
place narrowing, breakup, and rotational instability - were formed and identifiable along the coastlines of the
studied delta bases between 1984 and 2024.

Due to the influence of various hydrodynamic and hydromorphic factors operating within tidal inlet channels
(estuaries), multiple geomorphic response models can be observed simultaneously across much of the barrier
island zones over different periods. For example, between 1984 and 1990, in Zone 2 of the study area, Barrier
Island No. 10 exhibited counterclockwise rotational instability, along with signs of landward rollover and lateral
migration on the western part of the island.

Based on the findings of Sarvati et al. (2018), the breakup model, which is actually a complementary and
advanced form of the in-place narrowing model and is formed as a continuation of it, occurs at times when the
sea level rise reaches its peak. In other words, as the sea level rise reaches its peak, due to erosion caused by
wave intrusion and seawater intrusion in the region, the in-place narrowing model expands and the size of the
barrier island decreases (Sarvati et al., 2018: 10). Therefore, following the rise in sea level and the occurrence of
erosion and subsidence in the main body of the barrier island, the hydrological connection of the sea with the
lagoon formed behind the islands is established through the communication channels created, and finally the
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breakup model is formed and developed. During this time period, within the area of barrier Island No. 11, the
clockwise rotational instability pattern occurred in response to the creation and development of the breakwater,
causing forward and backward changes around it.

Conclusion

The main aim of this study was to monitor the coastline changes and identify the types of geomorphic response
models of the barrier island complex located in the low-lying deltaic coasts of the Gabric and Jagin using the
method proposed by McBride et al., (1995) over the past four decades. In fact, the main application of
identifying the types of geomorphic response models was to classify the large-scale coastal changes of the
barrier island coastlines. In other words, the main goal of this classification was to assess the trend and pattern of
large-scale coastline changes in order to better understand the regional process-response relationships that
control coastal evolution.

The findings indicated that, although over a long-term spatial-temporal scale, marine hydrodynamic conditions,
particularly relative sea level, appear to be among the most significant controlling factors in the emergence of
various geomorphic response models of barrier islands, the supply and delivery of sediments from terrestrial
sources Vvia rivers also play a substantial role in the formation, development, and evolution of different coastline
geomorphic response models in barrier island systems (Mansouri, 2024: 15).
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