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Abstract: According to the Thailand’s National Strategy (2017-2036) and National Reform Plans,
various tools, techniques, or methods are necessary to collect and investigate data for the effective
preservation and protection of the country’s natural resources. We aimed to apply various tools
and methods for integrated coastal management in Thailand. This study used the InVEST models,
including the habitat quality (HQ) and habitat risk assessment (HRA) models, to evaluate the natural
habitat quality and cumulative human activity risk in the Sriracha district and Sichang Islands,
Thailand. The HQ model revealed the presence of abundant ecological services and high quality
natural habitats. We observed habitat degradation in the mooring zone, city area, forests, and
coral reefs, with moderate risk to distinct habitats. Our findings identified two potential scenarios.
Conservation scenarios exhibited a lower HRA ratio compared to current and development scenarios.
Overall, the results showed the effectiveness of the IN'VEST model in evaluating habitat risk under
both present and simulated conditions. Our study highlights the importance of informed management
plans and policy-making processes to achieve planned coastal management goals.
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1. Introduction

Marine and coastal ecosystems worldwide are facing threats from human activities.
These threats are leading to habitat degradation and loss of biodiversity. The implemen-
tation of the scientific method helps to manage the use of natural resources effectively.
Our research applied the INVEST model to assess the habitat risks caused by human ac-
tivities and develop effective strategies for marine spatial planning. The invest model
offers the advantage of being open-source software, possessing resilience, and expand-
ing upon the ecosystem-based management approaches. Furthermore, these services can
provide further justification for the sustainable management and conservation of natural
resources [1]. This integration results in a flexible structure that readily adapts to local
conditions, thereby enhancing its effectiveness in evaluating and improving marine and
coastal management [2].

Sriracha city has the second-highest GDP after Bangkok [3], a crucial sector for the
country’s economy. The district of Sriracha is a Thai coastal area with great potential for
transportation and economic growth [4]. The coastal area provides diverse ecosystem
services, including provisioning, regulating, cultural, recreational, aesthetic, and spiritual
services. The marine ecosystem, with its high biodiversity and productivity, plays a vital
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role in maintaining the balance of land and water ecosystems [5]. Society is experiencing
fundamental shifts as a result of urbanization and economic growth, increasing natural re-
source consumption [6]. In recent years, marine transportation, fishery activities, pollutants
discharges, recreation, renewable energy generation, urbanization, agriculture, and pollu-
tion from industries have all significantly increased in the ocean. These activities continue
to have detrimental effects on the marine environment [7,8]. To understand how future
land-use and land-cover (LULC) changes will affect the environment, it is important to use
multiple models and methods. These tools help estimate the impacts of different factors
that influence the modification of land use and cover in different scenarios [9]. Thailand’s
sea is vital for natural resources, energy, transportation, recreation, tourism, research, and
data storage. To address growing human pressures and conflicts, environmental policies
advocate integrated management of marine biodiversity [10]. Coral ecosystems have sig-
nificance for people in developing countries. These ecosystems provide a range of essential
ecosystem services, including food supply, livelihood opportunities, carbon sequestration,
and storm protection, making them vital resources that must be protected and conserved for
the benefit of both present and future generations [11-13]. Coastal ecosystems, especially
coral reefs, play a crucial role in mitigating the impact of rising human activity in the coastal
zone by providing multiple functions such as wave reduction, sediment retention, erosion
prevention, vertical accretion, and storm surge and debris control [14,15]. However, they
are still vulnerable to human activities [16,17].

1.1. Marine and Coastal Resources

The Sriracha district, located on the eastern coast of the Gulf of Thailand, is character-
ized by hilly terrain that supports agriculture, coastal aquaculture, and industry. Surasak,
Bueng, Nong Kham, and Bang Lamung are subdistricts that make up the Laem Chabang
coastline, where the industrial zone and the country’s most important port are situated [18].
The city of Sriracha has been included in the Eastern Economic Corridor (EEC) development
project area in order to expand Thailand’s market and production base for the free flow of
commodities, services, investment, and labor [19]. The objective of the EEC Development
Plan is to enhance the port’s capability to meet future demand for international maritime
cargo. Furthermore, the abundant nutrient supply from the Bangpakong River into Sriracha
Bay creates an optimal environment for cultivating oysters and green mussels, making it an
attractive location for aquaculture [20], with a seven-kilometer green mussel aquaculture.
Koh Sichang (Sichang Island) is located 12 km off the coast of Sriracha district in the Gulf
of Thailand and is part of the Chonburi province. It is a mountainous island comprised of
nine islands with a total area of around 800,000 square meters and no rivers, streams, or
marshes. There are prominent tourist sites, an important historical site, and a fishing place
in the area. The water area surrounding the Sichang Island is a vital mooring and transfer
goods area for bulk cargo, as well as a site for significant coral research in Thailand.

1.2. Marine and Coastal Resources

Thailand’s marine and coastal system provides essential goods and services such as
food, transportation, and recreation. The Department of Marine and Coastal Resources
(DMCR) defines resources as elements in marine and coastal environments, including
peatlands, wetlands, and estuaries. The Sriracha district and Sichang Island benefit from
abundant resources, supporting coastal communities economically and environmentally.
Furthermore, the marine benthic species in these areas can serve as important indicators
of the overall health and well-being of the marine environment [21]. The coastal region of
Sriracha has the potential to become a hub for coastal aquaculture, playing a crucial part in
the regional economy’s fishery sector. The production of green mussels contributes 51% of
the Inner Gulf of Thailand’s output [22]. Other than aquaculture, tourism is also their pri-
mary industry [23]. Sriracha district and Sichang Island attract tourists with their beautiful
coastline and marine environment. However, certain areas of marine and coastal resources
are sensitive to human activities. Thailand’s coastal regions serve various purposes like
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tourism, recreation, food production, fishing, and hosting research facilities [24]. The littoral
zone is a marine region impacted by tidal and longshore currents, characterized by high
wave energy and abundant oxygen, sunlight, and nutrients. It encompasses coral reefs,
rocky coasts, sandy beaches, and sheltered embayment, each supporting unique flora and
fauna. Thailand’s beaches exhibit different erosion and sediment patterns, creating diverse
habitats and contributing to coastal ecosystems [25-27]. Coral reefs are highly productive
and biodiverse ecosystems that offer humans a plethora of benefits, including seafood,
opportunities for recreation, coastal prevention, and aesthetic and cultural values [28].
Thailand’s coral reef areas spanned about 238 square kilometers across 17 provinces, ac-
cording to the 2018 annual report of the DMCR. Reefs face numerous challenges, including
tourism, dredging, port construction, fishing pressure, marine debris, and coral bleaching
due to climate change and natural disasters. To address these issues, ecosystem-based
management (EBM) frameworks are utilized to manage and preserve ecosystems and their
valuable services [29,30].

1.3. Ecosystem Services in the Demonstration Areas

The marine ecosystem is vital to the overall equilibrium of land and water ecosystems.
As “ecosystem services (ES)”, coastal and marine ecosystems provide numerous important
benefits to their inhabitants [31]. The marine socio-ecosystem offers multiple interconnected
ecosystem services tied to diverse value systems. Considering and articulating these values
effectively is crucial for conserving and sustainably using marine and coastal ecosystem
services amidst rapid socioeconomic and environmental changes [32]. ES valuation is
typically performed on large habitats, whereas a spatially explicit analysis of ecosystem
services at the local scale is required [33,34]. Human activities driven by population
growth and economic expansion have led to a significant deterioration in 60% of global
ecosystem services over the past 50 years. This degradation has negative consequences
for the environment, altering ecological services and compromising human well-being
in terms of safety, health, and social and cultural aspects. Understanding the impact
of human activities on ecosystem services is essential for achieving sustainable habitats
and preserving ecological environments. [35,36]. Initially, the residents of Sriracha and
Koh Sichang districts engaged in fishing and aquaculture due to the sea’s potential to
provide food. Sriracha Bay is still home to green mussel aquaculture, which accounts for
51% of the production in the Inner Gulf of Thailand [22]. Other marine fishing products
include shellfish, squid, and shrimp [37]. According to [27], the sea areas of the district of
Koh Sichang have a complete coral reef, with Porites lutea, Pavona sp., Acropora sp., and
artificial reefs for the restoration of aquatic resources. Sriracha and Sichang Island’s coastal
communities have expanded to meet tourism demands. They offer cultural ecosystem
services through traditional houses, city pillar shrines, shrines, temples, and opportunities
for education and recreation [38].

1.4. Influence of Environmental Factors on Marine and Coastal Resources

Population and economic growth result in more people utilizing marine resources,
putting increased pressure on marine and coastal ecosystems [39]. Thailand’s growing
industrial, tourism, and export sectors have ongoing implications for marine and coastal
resources. The country faces challenges with land use in these areas, as industries, urban
development, and other uses encroach upon and compete for marine and coastal spaces [40].
Illegal, unreported, and unregulated (IUU) fishing, conducted in violation of fishing laws,
poses significant threats to natural resources. The depletion of marine fishery resources
necessitates new approaches to fisheries management. It undermines ecosystem health,
species survival, livelihoods, and sustainable development [41-43]. International trade,
rapid industrialization, local resource depletion, traffic congestion, and the reduction
in trade obstacles are dependent on maritime transportation [44,45]. While moored, it
contributes to global air and water pollution emissions [46]. Since then, over a thousand
species, including human diseases and alien species, have been discovered in ballast
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tanks [47]. The issue of marine pollution in Indonesia is a result of a combination of
factors, including ocean—atmospheric circulation, a high population of coastal communities,
and marine activities [48]. The accumulation of chemicals from the transportation hub
could be harmful to marine animals [49]. Human activities driven by socioeconomic
development have caused significant coastal change. Coastal development has had a
profound impact on ecosystems and biodiversity, although quantitative assessments are
infrequent. [50]. Coastal regions undergoing rapid development are vulnerable to flooding
and the escalation of sediment, nutrient, and pathogen runoff due to the effects of land use
and climate change [51]. Coastal development has degraded mangrove forests, salt marshes,
seagrass meadows, oyster beds, and coral reefs, causing the loss of invaluable ecosystem
goods and services for humans [52]. Southeast Asia’s marine and coastal tourism is thriving
due to its beautiful beaches, coral reefs, islands, and cultural heritage. However, unplanned
development to cater to the rising demand has brought negative consequences. Prioritizing
environmental impact assessment, conservation efforts, and sustainable development,
along with defining and revising planning standards, can help address these issues [53-55].
Increasing tourism and related marine activities degrade coastal ecosystems, resulting in
waste overflow and resource exploitation. Issues like garbage, wastewater, construction,
beach encroachment, sedimentation, and coastal erosion contribute to the deterioration of
beach ecosystems and loss of scenic views [56]. Coastal aquaculture negatively impacts
ecosystems through mangrove conversion, hydrological disruption, and the release of
organic waste into coastal waters [57]. Coastal aquaculture destroys valuable wetlands,
causing land subsidence, acidification, and salinization. It also leads to the loss of crucial
ecosystem services and disrupts mangrove habitats vital for marine organisms [58,59].

1.5. Integrated Coastal Management (ICM)

Integrated coastal management (ICM) aims to achieve a sustainable coast by recog-
nizing interrelationships among coastal and ocean environments is recognized worldwide
since 1992. ICM is a dynamic concept that emphasizes adaptability to meet the diverse
needs of coastal populations and integrates science and policy for effective management
in complex coastal settings. The relationship between ICM and habitat assessment is vi-
tal for sustainable coastal areas; there are recognized interconnections between coastal
and ocean environments [60]. ICM and habitat assessment work together to integrate
science and policy, adapting and evolving to address the complex challenges of coastal
management worldwide [61]. Long-term management tools for the sustainability of marine
and coastal management, such as integrated coastal management (ICM), marine spatial
planning (MSP), marine protected areas (MPAs), and ecosystem-based management (EBM)
principles in diverse ecosystems, highlight the importance of collaboration, stakeholder
involvement, and sustainable practices to ensure the long-term health and well-being of
coastal ecosystems and communities [62,63]. Habitat assessment is crucial for integrated
coastal management (ICM), informing decision-making, setting conservation priorities, and
promoting sustainable practices to balance environmental, social, and economic needs for a
sustainable coast [64,65]. Marine spatial planning (MSP) is a holistic approach to managing
marine and coastal resources, using ocean zoning to balance activities, reduce conflicts, and
preserve ecosystem health for the future [66,67]. Successful ecosystem-based management
relies on understanding the diverse stakeholders and their interests, incorporating scientific
ecological principles. Marine spatial planning (MSP) helps guide the positioning of human
activities, promoting compatibility, reducing conflicts, and minimizing impacts on the
environment [66,68].

Thailand adopted the Convention on Biological Diversity (CBD) in 2003 and the UN
Partnership Framework 2017-2021 in July 2017 to curb sustainable development and pro-
mote Sustainable Development Goal (SDG14: Life Below Water). Currently, Thailand gives
precedence to managing the marine and coastal resources; however, the negative impact of
urbanization, industrialization, and tourism on coastal ecosystems has been steadily increas-
ing [12]. The present condition of development in the Sriracha district—Sichang Island—is
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harmful to near-shore ecosystems such as coral reefs and marine benthic habitats. So, there
is a need to study the tradeoffs between human activities and ecosystem services [2,69].
Stanford University’s Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST)
model provides tools for detecting threats and measuring the impact of human activities
on ecosystems [70-72]. InVEST is an alternate method for managing natural resources
that considers the potential ecosystem services in the coastal environment [73-76] and the
vulnerability of stressor exposure, threat sensitivity, and resilience of the ecosystem [77].
The InVEST habitat quality model assesses habitat extent, vegetation types, and degrada-
tion levels using habitat quality and rarity as indicators of biodiversity. It combines LULC
maps with data on habitat threats and responses [78]. The model uses raster data to assess
habitat degradation by evaluating threats and relationships and calculating suitability and
degradation degrees, providing an overall measure of habitat quality [2]. An assessment
of the HQ model is based on data on key factors such as the threats to the habitats and
the distance from the source of the threat, the sensitivity of the habitat to threats, and its
capacity to form a habitat [72,79]. Construction, agriculture, and tourism pose the greatest
threat to the natural ecosystem as a result of human influence [2,80-84].

The framework for assessing habitat risk can aid in organizing and enhancing the
effectiveness of placing human activities by identifying areas where the combined risk from
multiple activities may harm coastal and marine ecosystems and adjusting the location and
extent of such activities to reduce the risk [70,85,86]. This study aims to classify environ-
mental stressor activities, provide a scientific foundation to support the new method, and
analyze the cumulative impacts of human activity that threaten marine habitats to improve
policy for the preservation, restoration, and marine spatial planning of a sustainable marine
and coastal zone environment.

2. Materials and Methods
2.1. Study Area

The selection of study area is located in Chonburi province, Thailand, which consists
of three subdistricts along the coast of Sriracha district and Kho Sichang district. With
the rapid development in recent decades, Sichang Island and its surrounding sea area
are facing increasingly eco-environmental issues. The total demonstration area, covering
approximately 300 square kilometers, is shown in Figure 1. Spatial information about
coastal and marine areas was collected by analyzing and compiling documents from
various organizations and government publications. The data were organized in InVEST,
GIS, and RS-based Excel files and shapefiles. The majority of analyses of marine habitat
data utilize the data from 2017 to 2020, with the 2020 data extent being the main reference.
The details of land use in the study area are presented in Figure 2. The researcher conducted
a comprehensive survey of the area and collaborated with relevant agencies and locals
through the use of questionnaires or by establishing a system for hearing the opinions of
stakeholders. For example, Provincial Marine and Coastal Resources Committee meetings
provided a platform for stakeholders to collaborate on planning for marine and coastal
spatial management.
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Figure 1. The location of the study area.
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Figure 2. The categories of natural resources (a) and human activities on terrestrial and marine and
coastal zones (b).

2.2. Data Collections and Data Analysis

In this study, the researcher employs the InVEST habitat risk assessment (HRA) model
to assess the current risk and create two future scenarios to assess the potential risks for the
future habitat areas (coral reefs and marine benthic habitats): (1) development of marine and
coastal resources and (2) conservation of marine and coastal resources. Documents from
various organizations and government publications were used to compile this study. The
Land Development Department (LDD) and the Department of Fisheries (DOF) provided
the spatial data on the uses of marine and coastal areas (such as physiographic, biological,
infrastructure, and human use). DMCR provides data on marine ecosystems. For marine
ecology, the majority of data analyses utilize the 2020 data extent and data from 2017 to
2020. The spatial data form was presented using InVEST, GIS, and RS-based Excel files
and shapefiles. The purpose of this study was to identify land uses associated with human
activities, and eight types were identified: coastal development, marine transportation,
cargo mooring, commercial fisheries, local fisheries, aquaculture, recreation, and diving.
Each stressor was assigned a buffer zone, which represents the distance over which the
stressor’s effects extended beyond its actual footprint on the input map [25].

2.3. InVEST Model

InVEST models assess ecosystem services and their impact on human well-being,
accounting for changes in ecosystem structure and function. They consider service delivery,
value, and recipient activities across landscapes [87]. We apply the InVEST (Integrated
Valuation of Ecosystem Services and Tradeoffs) model developed by Sharp et al. (2016) to
assess the ecological impact of land use and marine and coastal changes. This service allows
for the quantification of various ecosystem services such as carbon sequestration, habitat
quality, and habitat risk assessment [88]. We used the IN'VEST model to analyze the effects
of land use and marine/coastal activities on ecosystem services in the study area. Following
the InVEST user manual, we gathered land cover and coastal human activities data and
incorporated them into the model. Local environmental agency data on land-use land cover,
activities, and natural resources were used for parameterization [89,90]. Using the InVEST
model, we were able to analyze the tradeoffs and synergies between different land-use
scenarios and their implications for ecosystem services provisioning [91,92]. The HQ model
combines LULC and biodiversity data to generate habitat quality maps, providing essential
data for initial conservation assessments. It assesses the extent, degradation, and changes
over time of habitat categories in a given area. By considering land-use susceptibility and
severity of threats, the model calculates habitat degradation and estimates habitat quality;
the process is shown in Figure 3 [93].
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Figure 3. The methodology for using INVEST model.

The InVEST habitat risk assessment model informs coastal and marine habitat man-
agement by evaluating the impact of human activities on ecosystem services. It helps
identify areas at risk from climate change and human pressures, aiding conservation priori-
tization [78]. The HRA model can estimate various risks associated with the influences of
human activity on marine and coastal ecosystems, and its resilience component is adaptable
based on the planner’s input [70,94]. It requires two dimensions, resilience, and stressor
overlap properties of the habitat, as can be seen in the process in Figure 3 [76]. Both
exposure (E) and consequence (C) are determined by assigning a rating (typically 1-3,
with 0 = no score) to a set of criteria. The following formula is commonly used in the
scientific literature:

TN, e
ijki X Wikt
N1 M)

i=1 djjy xwijk

Ejkl =

N Cijkl
Li=1 i X Wik @)
N 1

=1 iy xwjji

Cjkl =

where Ejkl is the exposure score specific to habitat j, from stressor k in location [;
Cjkl is the consequence score, ¢;j is the exposure rating criterion i, specific to habitat
j and stressor k and location [; c;jy; is the consequence rating, d;jx; represents the data quality
rating, w;;y; represents the importance of weighing for criterion, and N is the number of
criteria evaluated for each habitat.

The combined exposure and response values produce a risk value for each stressor-
habitat combination in each grid cell. For Euclidean risk calculation, Rjy is the risk to
habitat j caused by stressor k in each location I (i.e., cell [) calculated as the Euclidean
distance from the origin in the exposure-consequence space by using:

Rjy = \/(Cjkl —1)%+ (Ejui — 1)? 3)

Rjx = Ejry x Cjui 4)
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The model quantifies the cumulative risk to each habitat or species from all stressors
at each grid cell. Rj is the cumulative risk for habitat or species j in cell / is the sum of all
risk scores for each habitat or species:

K
Rj =) 4 Rju )

To provide an integrative index of risk across all habitats or species in a grid cell, the
model also calculates ecosystem risk. Ecosystem risk, Ry, for each grid cell / is the sum of
habitat or species risk scores in that cell to assess the cumulative risk to the ecosystem from
multiple stressors. Ecosystem risk will increase with an increasing number of co-occurring
habitats or species:

_ Vv ,
Rl - =1 R]l (6)

where R is the sum of risk scores across all habitats.

The results will be shown on the raster layer, which depicts the habitat-specific risk
from all the stressors in a grid cell into four categories, where 0 = no risk, 1 = low risk,
2 = medium risk, and 3 = high risk. Cells are classified as high risk if they have cumulative
risk scores of more than 66% of the total possible cumulative risk score.

2.4. Correlation Analysis

The given tables provide score values for the InVEST model, which assesses the risk
of habitat degradation and loss due to various threats in marine and coastal ecosystems:
Table 1 shows the scoring weights and maximum impact of different types of threats for
HQ model, Table 2 indicates the sensitivity of each LULC type to different threats, such as
habitat loss and damage to the structure for HRA model, and Table 3 defines and scores the
exposure and consequence criteria for the HRA model.

Table 1. Threat data for HQ model scoring weights and maximum impact distances of threat factors.

Threat Maximum Impact Distance/km Weight Decay
Coastal construction 3 0.5 exponential
Aquaculture 5 0.8 linear
Sea recreation 5 0.5 exponential
Beach recreation 3 0.6 exponential
Cargo mooring 3 1 linear
Diving 3 0.4 linear
Commercial fisheries 3 0.6 exponential
Local fisheries 8 0.8 linear
Marine transportation 1 0.5 linear

Table 2. The sensitivity of LULC types and threat factors.

Threats
LULC : Coastal . Local Marine
Types Habitat Breakwater Construc-  Aquaculture Sea Beac}.l Cargo Diving Cf)mm.ermal Fish- Transporta-
tion ecreation Recreation Mooring Fisheries eries Hon

Sandy shore 1 1 1 0.5 0.5 1 1 0 0 0.5 0
Rocky shore 1 0.7 1 0 0.5 0.8 0.8 0 0 0.5 0
Coral reefs 1 0 1 0.5 0.5 0 1 0.5 1 0.8 0.7
Soft bottom 1 1 0.8 0.8 0.2 0 1 0 0.6 0.4 0.8
Sandy shore 1 1 1 0.5 0.5 1 1 0 0 0.5 0
Rocky shore 1 0.7 1 0 0.5 0.8 0.8 0 0 0.5 0
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Table 3. Definitions and scoring for the exposure and consequence criteria of HRA model.

Criteria Low Risk (1) Medium (2) High (3) No Score (0)

Exposure criteria
Spatial overlap Yes - - N/A
Temporal overla Habitat and stressor co-occur Habitat and stressor co-occur Habitat and stressor co-occur N/A

p p for 04 m/years. for 4-8 m/years. for 8-12 m/years.

Intensity Low intensity Medium intensity High intensity N/A
Management effectiveness Very effective Somewhat effective Not effective, poorly managed N/A
Consequence criteria (sensitivity)

Change in area Low loss in area (0-20%) Medium loss in area (20-50%) High loss in area (50-100%) N/A
Low loss in structure (for Medium loss in structure High loss in structure
- . o . (for biotic habitats, 20-50% (for biotic habitats, 50-100%
. biotic habitats, 0-20% loss in . ; . .
Change in structure densi . X loss in density; loss in density; N/A
ensity; for abiotic habitats, for abiotic habi for abiotic habi
little to no structural damage) or abiotic habitats, or abiotic habitats,
partial structural damage) total structural damage)
Frequency of natural Frequent Intermediate frequency Rare N/A
disturbance rating (daily to weekly) (several times per year) (annually or less often)
Consequence criteria (resilience)
Natural mortality High mortality (e.g., 80% Moderate mortality . 5090
rate rating or higher) (e.g., 20-50%) Low mortality (e.g., 0-20%) N/A
Recruitment Annual or more often Every 1-2 years. Every 2+ years. N/A
Connectivity nghly Connecte.d relative to Medium connectivity Low c'onnectlveﬂy relative to N/A
dispersal distances dispersal distances
Recovery time Less than 1 year. 1-10 years. More than 10 years. N/A

3. Results
3.1. Habitat Quality

This study divided the coastal regions of Sriracha district and Koh Sichang district
into two categories: marine and terrestrial. The terrestrial zone can be categorized into six
primary land-use types (agricultural land, urban area, mine area, pit area, industrial area,
built-up land, and public utility area). The InVEST habitat quality model revealed that the
habitat area of Sriracha coasts consists of deciduous forests, mangrove forests, and marine
benthic habitats (rocky and sandy shore). The current habitat quality is shown in Figure 4.
The red color shows the areas that were suitable to be habitats.

Gulf of Thailand

Gulf of Thailand

Chonburi Province
Sriracha District

’ ) Chonburi Province Legend
’ Sriracha District S ;
arine_quality
Sichang District Legend
: v Value
Terrestrial_quality = High - 1
Value .
e High : 1 [o— T
-Low :0
4 6 Kilometers 15 3 6 Kilometers
P ——f——t—t—{ |\

Figure 4. The outputs of the IN'VEST HQ model are depicted on this map, which indicates the habitats
are acceptable: (a) terrestrial habitat quality; (b) marine habitat quality.

Furthermore, analysis of habitat degradation revealed a range of 0.038 to 0.085 between
terrestrial and marine zones. The habitats are highly susceptible to human activities
and moderately impacted by nearby activities, such as fugitive dust from shipping and
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unloading goods (such as tapioca starch, powdered cement, pellet cement, coal, sugar,
and soybean meal), the disturbance of sediment on the seabed during the anchoring or
mooring of vessels, as well as from the movement of cargo using equipment such as cranes,
conveyors, or loaders, mooring waste, and industrial effects, as shown in Figure 5.

Si Chang district

Gulf of Thailand )

Habitat degradation

Marine Zone

Value
woem High : 0.0847765

— Low:0
£ 17
Terrestrial zone

Value

Sriracha district High : 0.0376012

—_— Low : 0

Figure 5. Map depicting the locations that are sensitive to the effects of human activity.

3.2. Habitat Risk Assessment

The InVEST HRA model was used to analyze the cumulative risks from human
activities in 270 square kilometers of marine and coastal areas. Cells were categorized
as medium risk when their cumulative risk scores ranged from 33% to 66% of the total
possible cumulative risk score, encompassing both single stressors and multiple stressors.
The results in Figure 6 reveal that human activities have a more pronounced impact on
coral reefs compared to other habitats, both in the present situation and the projected
development scenario. Coral reefs are subjected to an increasingly diverse range of threats,
such as overfishing, the development of cargo terminals, constructing a residence, shipping
activities, and climate change. The loss of marine benthic diversity is particularly notable
in coastal regions, primarily due to conflicting utilization of coastal habitats.

The results in Figure 7a show that in the current scenarios, the coral reef area around
the Sichang Island is 97.14% at moderate risk, the sandy shore is 66.67%, the rocky shore
is 73.40%, and the soft bottom is 25.72%. As we created a scenario that may serve as
a guideline for area management and recommended a policy with the effectiveness of
minimizing stress from human activities, we found that allocating marine utilization and
enhancing the effectiveness of policies and measures could reduce cumulative risks by
more than 50%. The simulation of a region to conserve resources and protect marine ecosys-
tems by zoning marine use has the lowest impact on habitats, as determined by ratings
and values.
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Figure 6. The intermediate cumulative effects of human activities on habitat under current, conserva-
tion, and development situations.

As for the results in Figure 7, the most important details in this context are that the
conservation scenario decreased the cumulative risks of the coral reefs by 50.89%, while
the sandy shore decreased to 11.26%, the soft bottom decreased to 0.01%, and the rocky
shore decreased to 19.63%. The simulation scenario increased coastal development and
marine usage to take advantage of the sea area, and the coral reefs were found to be 100%
at moderate risk. The rocky shore area was found to decrease to 68.98%, the sandy shore
decreased to 37.63%, the soft bottom increased to 30.83% from the current risk, and the
coral reefs were discovered to be 100% at moderate risk, as shown in Figure 7c.

By comparing the conservation scenario in Figure 7b with the development scenario in
Figure 7c, it was discovered that allocating marine utilization and improving the effective-
ness of policies and measures can reduce habitat risks by more than 70%. As determined
by ratings and values, the simulation of a region to conserve resources and protect ma-
rine ecosystems by zoning marine use will have the least impact on habitats. The HRA
model’s outputs in Figures 8 and 9 indicate that the current cumulative risk is greatest
in the coral reefs, with a consequence range of 1.92 to 2.12. Section 2.3 describes the
exposure—consequence risk plot for the three scenarios under all stressors. While devel-
oping, the risk plot can indicate shifts in risk from the current (diamonds) to conservation
(square) (triangle). All cells with a risk score above 1.87 (66% of 2.83) would be classified as
“high risk”.
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Figure 7. The cumulative effects of human activities under (a) the current, (b) conservation, and

(c) development.
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Figure 8. The risk plots show the average consequence and exposure under 3 scenarios and the
distribution of range for individual habitats risk in the coastal assessment for each scenario. The
3 level of exposure and consequence are ranked on a scale of 1-3. The maximum risk is 1.88-2.83, the
medium is 0.94-18.7, and the low is 0-0.93. All cells with a risk score greater than 1.87 (66% of 2.83)

would be classified as HIGH risk.
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Figure 9. The output from the IN'VEST HRA model depicts the habitat classified as high, medium,
and low risk from all stressors in (a) the current situation, (b) conservation, and (c) development.

4. Discussion

The coastal regions of Sriracha district and Koh Sichang district were analyzed in this
study and categorized into marine and terrestrial zones. The terrestrial zone was further
classified into six primary land-use types, including agricultural land, urban area, mine and
pit area, industrial area, built-up land, and public utility area. The focus of the analysis was
on the habitat quality of Sriracha coasts to Sichang island, which encompassed deciduous
forests, mangrove forests, coral reefs, and marine benthic habitats (rocky, sandy shore,
and soft bottom). Currently, the study area is controlled refer to Section 17 in the Marine
and Coastal Resources Management Promotion Act, B.E. 2558 (2015) [95]. This measure is
supervised by the Department of Marine and Coastal Resources (DMCR). The theme of
this section emphasizes the significance of safeguarding marine and coastal resources from
substantial harm resulting from human activities [95]. The threat posed by human activities
within the study areas underscores the need for appropriate measures to mitigate such
risks. We utilized the Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) to
assess the natural habitat quality in the demonstration areas. InNVEST models of the Natural
Capital Project are widely used to assess biodiversity and habitat degradation.

Rapid urbanization in certain areas can contribute to a deterioration in the quality
of natural habitats as a result of habitat encroachment and environmental pollution [96].
The rapid growth in seaborne trade and vessel size drives the need for port and harbor
expansion. This expansion leads to the acquisition of new areas and subsequent loss of
terrestrial habitat, with significant implications for the marine ecosystem [97]. For managing
and protecting the coastal and marine environment, it is necessary to collect spatial data
on the location and quantity of human activity, as well as how it impacts marine habitats.
The InVEST HQ model integrates data on land-use/land-cover change and biodiversity
threats to generate a specialized habitat quality map for assessing the biodiversity status
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and habitat quality [98,99]. Our result showed that terrestrial habitat areas would diminish
in the vicinity of intensive urbanization and industrial zones, whereas marine habitat
degradation revealed an ecological decline in mooring areas and coastal aquaculture
zones. Consistent with the study in Hangzhou, China, shows that rapid urbanization has
significant negative effects on habitat quality in various areas [84], and studies in many
countries have shown that the threats posed by humans, such as urbanization, industrial
pollution, and agricultural productivity, can exert ecological pressure on the environment
in numerous ways [2,100].

The InVEST HRA model was utilized to assess the current state and both alternative
scenarios in the marine and coastal zone. Due to the focus areas, there are important
marine transportation areas. The relevant field surveys and document reviews of Sriracha’s
coastline area and Koh Sichang district indicate that, at present, the coastal development
helps to support the country’s economic development in the sector of maritime transport.
According to the annual report of the Marine Department, there are over a hundred thou-
sand ships that anchor each year for loading and unloading goods for import and export
purposes. Additionally, more than 165,000 tourists use passenger boats per year [101].
Currently, marine pollution is a problem, whether it is garbage pollution or sewage and oil
discharges. Furthermore, the discharge of sewage and the impact of marine transportation
have detrimental effects on both the health of coral reefs and benthic habitats. Our result
shows that the cumulative risk in coral reefs is greater than in other habitats. As well as the
marine benthic habitat, the results clearly indicate that there is a cumulative risk in the area
as a cargo mooring and tourist harbor. In addition to the consequences of port and harbor
expansion, the deposition of cargo can pose a threat to benthic habitats, while marine
ecosystems may suffer from the detrimental effects of underwater noise pollution, oil spills,
and the discharge of ballast water [97,102]. The cumulative risk of the coastal seafloor
due to human activities, such as the mooring and transportation areas, contributes to the
decline of the benthic community. Industrial effluent affects habitat conditions, causing a
significant change in the substrate and flow conditions of the water [101]. Marine debris
found in marine environments adversely affects marine fauna, negatively impacting over
1400 species [103-106]. According to the results of the HRA model, relocating the mooring
area, expanding conservation areas, and enhancing regulations and policies can reduce the
impact of all stressors. The analysis examined various management scenarios and found
that zoning the region as ecologically significant would reduce the risk to habitats posed by
human activities [105].

Coastal development may increase the cumulative threat to ecosystems, but executive
management actions have a greater potential to reduce risk through exposure shifts than
through consequence modifications [70,106]. The results of this study can be used as
information to support the preparation of natural resource conservation areas refer to
Sections 18, 20, 22, and 23 in the Marine and Coastal Resources Management Promotion
Act, B.E. 2558 (2015) [95]. The main idea is the interest in the preservation, conservation, and
revival of marine and coastal resources entails the development policies aimed at reducing
the impact on resources while promoting sustainable development for the country. The
integration of risk assessment for coastal and marine habitats and ecosystem models allows
for the evaluation of potential social and economic implications stemming from various
management strategies. Efficient allocation of marine and coastal use areas can mitigate
conflicts among different activities and minimize resource damage. The preservation of
natural habitats plays a crucial role in maintaining the integrity of various resources, thereby
enhancing the well-being of coastal communities engaged in fisheries and tourism [107].
Moreover, well-developed transportation systems contribute to the growth of significant
blue economic zones in the country. Additionally, to achieve the Sustainable Development
Goals by 2030, specifically in SDG 14: Life Below Water, in terms of conserving and
sustainably utilizing the oceans, seas, and marine resources of Thailand.
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5. Conclusions

This study proposed a method for assessing the quality of an ecosystem and estimating
the cumulative risk to habitats posed by human activities. The results indicate that the
region is capable of providing high quality natural habitat and extensive ecological services,
but the ecosystem remains vulnerable to human activity. In the conservation situation
experiment, it is possible to reduce stress and pressure on ecosystems through resource-
aware site designation and efficient management strategies. To significantly reduce the
impact on habitats and the consumption of natural resources, integrated management
involving the government, stakeholders, and local community networks is essential. To
effectively manage marine and coastal resources, researchers should collaborate to study
ecological, economic, and social factors and develop strategies to mitigate the negative
effects of human activity.

This is the first study in Thailand to assess the ecosystem for management using
scientific methods and instruments. The InNVEST model is adaptable for users and can
serve as a guide for the government, associated agencies, and planners to improve marine
management planning policy. Notwithstanding, this study of the demonstration area
exhibits limitations and challenges pertaining to the continuity of data recording, particu-
larly in relation to the data on coastal area changes. The absence of enhancements in the
current data collection practices can lead to contributing to inconsistencies in the outcomes.
Furthermore, the existing studies are insufficient in providing a comprehensive parameter
matrix for the assessment. In the future, all of the data used in the model should be collected
from the current improved data to achieve accurate ecological risk assessment results.
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