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Abstract 
People from around the world visit Bali Island, Indonesia for its sandy coastlines, 
mountainous tropical forests and distinctive culture. Recent nourishment and shoreline 
maintenance activities within island tourism hubs highlight the weak regulatory 
framework and lack of technical experience of coastal managers, a common theme 
among developing coastal nations. The inability to design and regulate sustainable 
tourism infrastructure with consideration for the dynamics of the coastline exacerbates 
the already ineffective zoning regulations. Sumber Sari Village located in the Melaya 
district of Bali exhibits sparse tourism, yielding appeal to outside development. This 
study assesses the coastal dynamics of Sumber Sari coast by use of historical satellite 
imagery, beach sediment analyses and field observations. Results indicate beach 
sediments originate inland and enter the beach environment via coastal streams then 
transported northward via alongshore transport, all of which occurring under a relatively 
short time period. The short residence time of beach sediments implies a reduction in 
sediment load to the coast would result in erosion within a relatively short time period.  
 
Introduction 

Three billion people inhabit the world’s coastal environments and this number is 
expected to double by 2025, continuing to make coastlines the most densely populated regions 
of the world. Coastal development is often linked with economic benefits associated with food 
production and transportation. Tourism also plays an integral role in coastal development and is 
one of the fastest growing sectors in the global economy (Creel 2003). The rapid economic 
interest and thus growth in developing coastal regions for tourism can not only lead to increased 
environmental degradation, but also the construction of poorly designed infrastructures with little 
consideration given to the dynamic nature of the coastlines. Climate change and its effects on 
sea level rise and increased occurrences of natural disaster events only exacerbate these 
concerns in coastal development. 
 

Southeast Asia sees some of the highest growth rates amongst the world’s coastal 
regions. Bali Island, one of thousands of islands constituting the Indonesian archipelago, 
provides an interesting case study in terms of environmental management. Consistent with 
much of Indonesia, Bali faces issues with depleted fisheries, water scarcity and marine pollution 
(Beller 1990). There exists a positive linkage between these apparent environmental issues and 
the burgeoning tourism industry; natural resources are unable to keep pace with demand.  

The population of Bali is 4.22 million residents with a population density of 673 people 
per square kilometer. Approximately three million tourists (not including Indonesian nationals) 
visited Bali in 2013, constituting its primary economic resource (Atmodjo 2013, [Figure 1]) and 
affirming its reputation as an international vacation destination. In addition, the ministry of 
tourism hopes to achieve a 15% increase in foreign arrivals by 2019, suggesting Bali is unlikely 
too see any curb in growth in the near future (Rachman 2015).   
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Figure 1: Tourism arrivals to Bali from 2009 to 2013 

 
 
Background:  
 
The southern tourist hubs of Bali such as Kuta Beach, Seminyak and Nusa Dua have seen 
rapid growth since the 1970s [Figure 2]. The rapid increase in development coupled with 
essentially non-existent regulatory framework and coastal zone management plans resulted in 
the degradation of the beach environment (Onaka 2012) [Figure 3]. To the Balinese people a 
beach provides more than economic benefits, but also plays a significant role in cultural and 
religious activities. Coastal communities under rapid tourism development need to recognize the 
potential external causes of beach erosion and after-effects for building within the coastal area. 
An understanding of the causes and effects associated with coastal dynamics will ideally 
facilitate community-based management of coastal zones so that economic growth and cultural 
activeness can be sustained.    
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 Figure 2: Bali tourist hub areas and BCP project sites.  
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Figure 3: Eroded Shorelines in Southern Bali. 
 
 
 
 
 
 
 
Purpose 
In this project, I analyze the coastal dynamics operating along the Sumber Sari coast. It stands 
apparent weak technical knowledge with regard to coastal geomorphology hinders local 
government’s ability to establish effective zoning policies. A health assessment of the 
community’s sand shoreline--the community's most valuable asset—could enable community 
leaders to manage this asset sustainably. This study also addresses questions and inquiries put 
forth by community members and possible investor(s) regarding what they perceive as solutions 
to a eroding shoreline (specifically the use of groins adjacent to beach properties and the 
potential of a beach nourishment project). This study intends to provide pertinent information to 
investors, community members, and especially environmental managers. A clear gap in 
technical knowledge of beach dynamics exists within Bali and this project intends to fill some of 
that gap for at least one community.  
Key Questions:  

• What is the present coastal dynamic nature of the Sumber Sari coastline? 
• What are possible external causes for erosion or accretion? 
• What are the geomorphological effects for hard and soft beach maintenance? 

 
Balinese and Indonesian Coastal Regulations 

Tourism development has already consumed 30% of the Bali coastline and concerns of 
eroding shorelines are expanding throughout the island. Given the Tourism Board’s goal of 
increasing tourism to Bali, this percentage is likely to grow in coming years (Prep Survey 2013). 
Despite the well-established tourism industry beginning in the 1970s, obvious gaps within 
coastal management exist both in the government, but also perhaps equally importantly within 
the private hotel and lodging industry. Aside from the technical aspect, there is also uncertainty 
as to which government agencies and at what level (federal, provincial, village) are responsible 
for coastal zoning management and maintenance. This lack in technical knowledge 
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compounded with a murky demarcation of government responsibilities then impedes on the 
ability to develop appropriate regulations and policies to manage coastal users. In the year 
2000, the Indonesian government sought foreign consultation to address issues with coastal 
zone management.  

The “Conservation Beach Project” (CBP) ongoing since 2000, amid the first project of its 
kind on the island of Bali undertaken by the Indonesian Government as Official Development 
Assistance financed by Japan since 2000. The intent of the project is the “conservation of 
property, tourism, Balinese culture and society, and the coastal environment” (Prep Survey 
2013). Utilizing modern technology and methods, the study found anthropogenic-induced 
causes of erosion and also identified unclear management objectives amongst levels of 
government. In an attempt decrease erosion and ‘conserve’ the beach, hard and soft 
nourishment activities were performed at the cost of 4.6 million USD with a lifespan of ranging 
from 8-10 years (Prep Survey 2013).  

 
The CBP identified the following external causes for beach erosion within the southern 

tourist hubs (in some cases it was a combination of the following [Prep Survey 2013]): 
-Mining of coral from the adjacent fringe reef—increasing wave energy and alongshore 

transport (in essence increasing the out-flux causing a sand deficit). 
-Mining sand from beach for building materials.  
-Mining sand from the mouths of nearby coastal streams—decreasing the sediment 

influx to the area (while out-flux remains constant).  
-Construction of dams and increased water withdrawals—decreasing sediment load thus 

decreasing sediment flux to coast [Figure 4] 
-Encroachment of hard structures within newly nourished beach area—increasing the 

scour around newly erected buildings.  
-Construction of groins creating a sand deficit on the down drift beach area.  
These activities that serve as external causes of erosion are directly linked to rates of 

development because aggregate mining mostly serves as raw material for construction projects 
on or near the coast. Therefore it is likely for these activities to occur in areas of the island 
where coastal development is at its early stages. Providing technical information and 
engineering consultation, the project team continues to remedy the erosional issues by 
nourishment and hard maintenance (Prep Survey 2013 [Figure 5]).  
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 Figure 4: Dam construction Bali, 1975-2010 

 
 

  
Figure 5: Pre and post nourishment by BCP at Kuta Beach (break waters in distance).  
 
 
 
Study Area--Sumber Sari Village 

The specific study area encompasses a two-kilometer section of coastline adjacent to 
the village of Sumber Sari, located in the Melaya district of the Jembrana regency [Figure 6]. 
Relative to the other coastal communities and regencies in Bali, Melaya and Sumber Sari 
exhibit little in the way of tourism infrastructure development (the third least populated regency 
in Bali). The region’s pristine character, beachfront and coastal views make foreign and 
domestic investment appealing. Given the population growth on the island and the 
government’s continued interest in developing tourism, future infrastructure expansion appears 
inevitable along Sumber Sari. 
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Figure 6: Sumber Sari Village in West Bali 
 

The village of Sumber Sari population contains approximately 1,500 full time residents 
with an economy based on small scale-agriculture and fisheries [Figure 6]. Currently, tourism 
remains a small economic driver for the village, but likely to change given the growth rates of 
the island. Ten villas in the village facilitate the small tourism industry, all of which were 
constructed within the last 5 years using western building and architectural design (“non-
traditional” concrete buildings are regulated differently than “traditional” style buildings under 
local building codes) [Figure 6]. Despite the village receiving relatively little influence in terms of 
western development, the first westerners to purchase land in the village instill a philosophy of 
permaculture and sustainable practices. Village leaders within the community political system 
(“Adat”), take kindly to the eco-concept, though not classically trained in the sciences. There 
exists an awareness of erosion and its possible effects on a beachside community. Presently 
however, a clear lack of understanding amongst these community environmental managers as 
to how and why erosion along a coastline occurs. Thus, this report will provide a resource to 
better guide community coastal managers in making decisions that will encourage the longevity 
of their coastline.  
 

 
Figure 6A : Sumber Sari beach provides   Figure 6B: Beach side villas compose a small  
access for fisherman and transportation.    A small tourism industry.  
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Bali Zoning Policy 
 Outward inconsistencies within the zoning policies of Indonesia and Bali could be in part 
due to Indonesian government structure. At the provincial level, the “beach conserve area” or 
public corridor is defined as the “distance from built property to the waterline” (Prep Survey 
2013). The “waterline” fluctuates due to tidal cycles thus not clearly defined within this 
regulation. “Structures except those structures, which will support “beach recreation activities, 
beach protection, fishing or port activities” remain prohibited in the Beach Conserve Area” (Prep 
Survey 2013 [No.16/2009]). Therefore any structure supporting beach recreation and tourism 
remains permissible, leaving legal room for facilities such as swimming pools and beach 
equipment rentals. The demarcation of the beach conserve area remains subject to 
interpretation and has little consideration for the dynamic nature of a coastline. Essentially, the 
beachfront property owner can dictate their property boundaries by virtue of constructing a 
building, clearly a problem for discouraging building near the shoreline.  
 Bali also regulates against converting or developing agricultural land, wetlands and 
certain riparian zones that hold religious significance (Putra 2014). Despite attempts to prevent 
a net loss of the Balinese “greenbelts” government officials often issue building permits to earn 
income from the permitting fees. These inland land uses and conversions hold potential to 
dictate the geomorphology of the coastlines downstream (Syvistki et al 2005).  
 While the zoning restrictions stand defined under provincial law, communities can 
assume their own set of rules at the village level. Building permits require the signature from the 
community “Adat” (an elected religious organizer) and “Administrator” (appointed judiciary 
position) before construction can begin, accordingly community leaders stand highly influential 
in regulating where and what types of development occurs [Figure 7]. In the case of Sumber 
Sari village, community leaders enforce the seemingly ambiguous law as prohibiting all non-
traditional (concrete laden) structures within 100 meters of the waterline.  
 
 

 
Figure 7: Indonesian and Balinese Government Structure.  
 
Geology of Bali and Indonesia 

National	(Indonesia)	

Provincial	(Bali)	

Regency	(Jembrana)	

District	(Melaya)	

Village	
(Sumber	Sari)	 “Banjar	Adat”	

“Banjar	Administrative”	
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The inner arc islands also known as the Lesser Sunda Islands are a relatively simple geologic 
feature considering the complexity of the southern Indonesia region. The emergence of these 
islands 2-3 million years ago relates to the subduction of the Indo-Australian plate underneath 
the Asian continent along the Java trench [Figure 8]. The chain of “young” volcanic islands are 
mostly composed of aged reef limestone and other sedimentary material that has eroded from 
parent rock. Bali is mostly composed of lower tertiary sediments intruded and overlain with 
plutonic and volcanic rock (Wheller et al1986). The subduction of the oceanic crust under the 
Asia plate relates to the high level of volcanism associated with the greater and Lesser Sunda 
Islands. Three major volcanic complexes dominate the skyline on the island of Bali: Buyun, 
Batur, and Agung. The less active Mt. Buyun, and Mt. Batur were formed around 100 kya, while 
Mt. Agung a stratovolcano, marks the highest point on the island with an elevation of 10,308 
feet and most famous for its 1963 plinian eruption spreading freshly formed volcanic sediments 
across the island (Bemmelen 1949). The geologic history of the island reveals a crucial 
component for determining not only sediment sources, but also sediment sinks.  
 

   
Figure 8: Tectonic description and crust type of Lesser Sunda Islands and Indonesia. (Doust & 
Lijmbach 1997) 
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Figure 9: Rock types of Bali. Upstream of Sumber Sari rock formations composed of conglomerates, 
sandstones, reef material (blue) as well as volcanic lavas, breccia and tufts (striped green) (Geiger 2014). 
 
Sediment reservoirs 

Due to conservation of mass, the sand that constitutes a beach must have some spatial 
and temporal origin—the moment and location when the grain broke from the parent material. 
Likewise, if a beach is experiencing erosion (a net loss of mass), their must be mechanical 
energy acting upon the sediment and changing location—possibly deposited offshore by being 
abraded into smaller fragments. By identifying the pathways linking the sediment sources and 
sinks, educated inferences are made on causes of erosion or accretion (Figure 10). By 
understanding the rate at which sediment moves through these reservoirs, inferences are made 
about the time scale in which a perturbation to the fluxes would result in accretion or erosion. In 
essence, the rate and flux balance determines whether a shoreline is eroding or accreting and 
the rate at which it is doing so.  
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Figure 10: Relation of sediment flux to shoreline equilibrium (erosion). 

 
Alongshore Transport—A sediment pathway 

Sediment is able to move along a coastline by alongshore transport. Alongshore 
sediment transport (AST) refers to the movement of sediments parallel to shore due to the 
combined energy of waves, tides, and wind. The level of AST that occurs is related to the angle 
in which the wave approaches a shoreline and its subsequent refraction. All other factors being 
equal, AST reaches a maximum when wave angles approach 45 degrees (Ashton et al 2001). 
Other factors contributing to the extent of AST are grain size, wave energy and beach profile 
(King 2005). On a yearly timescale, the net direction of AST is contingent on the net wave 
climate of a given coastline. The accretion or erosion tendencies of a beach are not necessarily 
associated solely with wave climates, but also with connectivity between of sediment sources 
and sinks. Thus, the net flux of sediment into or out of a section of shoreline determines a 
beaches equilibrium state [Figure 10].  
 
Initial Observational Inferences 
 Upon initial remote inspection, there exists three possibilities regarding the sediment 
sources of the Sumber Sari coastline: 1) coastal streams (both ephemeral and perennial), 2) 
biologically sourced sediments from the near shore coral reef, 3) a rocky headland on the 
southern beach extent [Figure 11]. The orientation of the spit indicates wave climate and net 
northward AST, indicating an important coastal sediment pathway. Given the volcanism in the 
area, volcanic sediment of Sumber Sari beach could be abraded into finer grain sizes, lending 
themselves to transported offshore via the littoral cell or transported northward via alongshore 
transport, [Figure 12]. 
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Figure 11: Possible sources of sediment to the Sumber Sari coast.  

 
Figure 12: Possible sediment sources and pathways to the Sumber Sari coast 
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Grains Characteristics and Coastal Geomorphology 
 
Grain Size effects on AST and Beach Profile 
 Within coastal geomorphology, we devise coarser sediment beaches assume steeper 
profile slopes and finer grain beaches tend exhibit a flatter beach profile (King 2005). In terms of 
alongshore transport and the ability for sediment grains to be transported along a shoreline, 
most conclude AST decreases as grain size increases assuming similar grain densities [Figure 
13]. For grain sizes to be moved via alongshore transport, vertical turbulence must be sufficient 
to counteract the grain’s fall velocity (King 2005). Likewise, a grain composed of more dense 
material will also exhibit a greater fall velocity, requiring high turbulence to counteract fall 
velocity lessening alongshore transport and increasing the bed slope angle (Setyandito et al. 
2012). In essence, a larger and/or denser sand grain will require more energy to be moved via 
alongshore transport than a smaller or less dense sand grain.  
 

         
Figure 13: Settling velocity relationship to grain size (Pidwirny 2006). 

 
Grain Origin 

Compositions of coastal sediments are reflective of the composition of parent material in 
which the sediment originates. Similarly, we can assert with some level of confidence that the 
grain size of sediments are proportional to the rigor of the physical processes present in the 
environment upstream from the areas of deposition (Davis and Fitzgerald 2004). Knowing the 
angularity or roundness of sediment grains we can infer the relative time and distance involved 
in the transportation of the grain from the parent material [Figure 14]. Thus, sediments 
displaying high angularity are presumably “younger” than those sediments with low angularity 
provided the energy and time necessary to modify the grain shape.  
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Figure 14: Angularity of sediment and relationship to weathering.  

 
 
Methods and Research Approach 
 
To understand the coastal dynamics of Sumber Sari, small-scale observations regarding grain 
characteristics are made to identify sediment sources, sinks, pathways and the rate at which 
sediment moves through the system. Likewise, large-scale observations identified likely 
sources, pathways and sinks. The findings of these two types of observations reinforce one 
another producing inferences about a section of shoreline with respect to coastal dynamics 

(Figure 15)  
Figure 15: Research Approach 
 
 Large-Scale Observation Methods 
 
Alongshore Transport in Sumber Sari  

Historical aerial photographs (Google Earth) and field observations provide information 
about the dynamics of the Sumber Sari coast, as well as overall layout of the western Bali 
region. These images and observations indicate possible sources, sinks and pathways, provide 
a general idea of land use as well as available fetch allowing for wave formation. Initial 
observations both on the ground and using aerial photographs suggests occurrence of net AST 
likely in the northerly direction due to the orientation of flying spits.   
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Small-Scale Methods 
 
Identifying Sediment Sources 

At first glance, there are three primary explanations for where the sediment originates on 
the Sumber Sari coastline: 1) Rocky headland 2) nearby coral reef 3) nearby coastal stream. To 
identify sediment origin, the use of a microscope is used to understand 1) grain color (aiding in 
indicating origin), 2) grain angularity providing relative age and grain residence time of sediment 
by use of a modified version of Gazzi-Dickinson point-count method, (Dickinson 1970) 3) grain 
size distribution (utilizing a Beckmann-Coulter sediment analyzer). Grain color, angularity and 
size prove to be useful information when understanding sediment sources and sinks, but also 
the pathway environments.  
Non-native sediments effect to the Sumber Sari coastline 

A potential investor and tourism developer (from outside the village) expresses great 
interest in Sumber Sari as a site for resort development. The developer make clear if the firm 
were to move ahead with building a resort, a beach nourishment project would be undertaken. 
This nourishment would differ than most in because the goal is not to counteract the effects of 
erosion of the beach. Rather, the developer expresses concern with the aesthetics and 
marketability of beaches with dark sand, so light colored sand would be placed in front of the 
resort area to provide the desired aesthetics. The prospect of introducing non-native sand to 
Sumber Sari then raises the question as to how such a project could affect the coastal dynamics 
of the region.  
A comparison of Beach Sands 

To assess the potential effects of adding non-native sand to the Sumber Sari, sand grain 
analyses performed on sediments present in Sumber Sari as well as sediments from the 
nourished resort beach, to provide a comparative analysis [Figure 16]. The non-native material 
bears the desired characteristics (lightly colored) and presently used by a beach resort in the 
nearest tourism hub (in the town of Pemuteran). If nourishment by resort developers were to 
occur, in all likelihood the same borrow material would be used if not, material that bears similar 
characteristics. Based on these differences in grain characteristics, inferences can be made on 
the parent material, relative age, and how AST might be affected by the introduction of non-
native sand.   
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Figure 16: Image of resort beach with non-native fill sand (note small groins) and the Sumber Sari Beach.  
 
 
 
Results 
Large-Scale Observations: Alongshore Transport, Sources and Sinks 

Despite being a low energy shoreline due to the limited fetch (50 km) in the Java 
Straight, wave climate remains an important component with regard to AST in Sumber Sari. The 
apparent flying spit at the terminus of the river mouth suggests alongshore transport occurs in 
the Northward direction on the Sumber Sari coast. Despite the coastline’s relatively low energy, 
oncoming waves display sufficient strength to move sediments along the beach. Utilizing 
historical aerial photographs dating back to 2003, there appears to be little evidence supporting 
a net gain or loss in the sediment along the coast [Figure 17]. While the flying spit length has 
certainly shrunk and the river path supports some type of avulsion event since 2003, the areas 
down-drift of the river mouth do not appear to be pro-grading nor eroding (at least at a 
discernable rate,) suggesting the coast meets an equilibrium state. Field observations confirm 
the plausibility of sediment exiting the shore system by being abraded, producing finer silts that 
are likely swept off into the offshore environment or being transported further along the coast to 
settle in lower energy areas. Aerial images as well as discussion with community leaders 
reinforce the notion of little change to land use has occurred within the past decades—an 
important management consideration if coastal streams provide the primary sediment source.  
 

  
Sumber Sari Coast 11.24.2003     9.28.2008 
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2.20.2011      5.29.2014 

 
Figure 17: Historical and current aerial photographs of the Sumber Sari coast provided by Google Earth.  

  
 
 
 
 
 
Small-Scale Observations/Results: Sediment Sources-Analyses of Native Sand 
 

The sediment of Sumber Sari sediment exhibits high angularity, poor roundedness, and 
poor sortedness when compared to that of the non-native fill sand [Figures 18, 19, 20]. 
Likewise, the Sumber Sari beach sediment displays less proportion of white grains (likely 
marine fragments or limestone), suggesting neither the nearby headlands nor the nearby coral 
reef to be the primary source for beach sediment along the Sumber Sari coast. The angularity 
and sortedness suggests the Sumber Sari sand experiences little residence time, for the neither 
river nor beach waves are given ample time to increase the sand roundedness through 
saltation.  

The non-native fill sand however, more well sorted and rounded than the Sumber Sari 
sediment, suggesting this sand is comparatively “older” and has been modified by way of wave 
energy for a greater period of time than that of the native Sumber Sari sand. Possibly, the resort 
sand at its original depositional environment (unknown) experienced high wave energy, was 
eventually swept ashore over a relatively slow process, allowing a longer time for saltation to 
occur. These differences in angularity and roundedness suggest the sediment residence time in 
the two beach environments differ significantly.  

The difference in grain color composition can be attributed to the sediments origins: the 
nonnative sand has a higher composition of biogenic ally-sourced sediments whereas the native 
Sumber Sari sand exhibits characteristics of volcanic origin, consistent with field observations of 
northern Bali, a coastline with shallow nearby coastal coral reefs and greater fetch, suggestive 
for a higher energy coastline.  
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Given, the topographic relief of the region [Figure 22], the nature of monsoonal rains 
[Figure 21] experienced for 5 months of the year, coupled with the sediments exhibiting volcanic 
origins, high angularity, and poor sortedness, suggests the primary sediment source for the 
Sumber Sari coastline to be the coastal stream. The relative steep elevation gradient in Western 
Bali combined with monsoonal rains supports the notion that the Indonesian streams are 
efficient transporters of sediment under relatively short timespans. The high rates of sediment 
loading are not only witnessed in Bali, but also in Indonesia as whole. The climate, geologic 
history and systematic monsoonal rains of the Indonesian archipelago provide Indonesian rivers 
with some of the heaviest sediment loads worldwide (Syvitski et al. 2005). Thus, the inference 
that the coastal stream in the primary sediment source fits well within the region as a whole, 
emphasizing the importance of beach stability and its relation to river sediment loads not only 
within Bali, but also Indonesia. 

 
 

     
 Figures 18: Microscope image of compared sands presenting examples “high angularity” (left) and “low 
angularity” (right).  
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Figure 19: Sand grain characteristics of native Sumber Sari sand and non-native fill sand from resort beach. 
 

 
Figure 20: Non-Native beach and Sumber Sari beach sand grain size distribution. 
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Figure 21: Average seasonal precipitation and temperature in Bali. 

  
 

 
Figure 22: Topography of Bali (arrow displays study area) 
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Conclusions: Sediment Sources and Sinks.  

 

 
Implications for management 

The large and small-scale findings suggest the stream to be the primary source of 
sediment to the Sumber Sari coast, and the sediment characteristics indicate a short residence 
time. The stream likely experiences highly variable flow given the monsoonal rains, thus 
severing the sediment source would result in the erosion of the Sumber Sari coastline within a 
relatively short time-span.  
Effects of decreasing sediment loads 
 If community environmental managers hope to ensure the longevity of the shoreline and 
avoid erosion, the in flux of sediments need be maintained. Damming, increased water with-
drawls, diversions, changes in upstream land use, or any activity that decreases the streams 
sediment load would result in the erosion of the Sumber Sari coast under a short time period. A 

Figure 23: Conclusion 
1) Parent material is broken via physical weathering in mountainous interior creating 

sediment. 
2) Grains are transported from inland to coast via stream.  
3) Sediments are deposited at river terminus then smeared northward via 

alongshore transport.  
4) Volcanic sand is abraded into smaller sediments, transported offshore or 

northward. 
The topography, geologic history and precipitations patterns reinforce project 
observations suggesting the process occurs over a relatively short timespan—an 
important factor for coastal management.   
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reduction in the outward flux of sediment in theory could decrease erosion, but there exists no 
practical way of decreasing the outward flux. Though groins and breakwaters often viewed as a 
viable method to slow net out-flux of sediment within a beach extent. While breakwaters and 
groynes can decrease net sediment out flux, it comes with a loss of aesthetics and significant 
effects to those down drift from the structure.  
 
Implementing hard structures as proposed by community members 

The addition of groins, breakwaters or seawalls should be perceived at treatments rather 
than cures for shoreline retreat. In Bali, groins are utilized under the Bali Beach Conservation 
Project and were implemented along with nourishment activity [Figure 25]. Other resort areas 
implement privately funded small groynes in attempt to keep every grain on the shore face 
[Figure 16]. Groynes decrease alongshore transport, causing sediments to be trapped on the 
upstream side causing the beach to pro-grade seaward. Groynes however, also are proven to 
detract from the aesthetics of a beach environment (Prep Survey 2013) and are typically utilized 
under dire circumstances.  
 Members of the Sumber Sari community expressed interest in the use of groynes to as a 
way to sustainably manage the beach width especially given their understanding of sea level 
rise. Western beachfront homeowners as well as villagers understand these practices to be a 
legitimate and sustainable method for counteracting shoreline retreat. Unbeknownst to Sumber 
Sari villagers and westerners alike, there exist downstream effects for by implementing groins 
along the coast.  
 Given the alongshore transport in the northerly direction, it is likely the installation of the 
groyne would cause a net gain of sediment on the southern side, adjacent to the homeowners 
property. The severing of the sediment pathway and alongshore transport would result in the 
erosion of the beach face on the north side. This could prove problematic because people live 
on the down-drift side of the proposed groyne site. Erosion at these areas would likely result in 
greater over washing events, could impede on transportation via the beach, and detract from 
the aesthetics of the beach environment and possibly create conflict. Externalizing these costs 
on to those downstream of the groyne is permitted under Bali coastal management policy, but is 
certainly ill advised.  
Nourishment 
  Nourishing with non-native sand that exhibits similar characteristics to the sand that was 
sampled, or sand with significantly larger grain size distribution than the native sand would likely 
result in a groin effect. Because the larger grain sizes require more energy to be moved via 
alongshore transport and the wave climate is constant, these larger grains would have a longer 
residence time on the Sumber Sari coast. This bump in the shoreline would result in a decrease 
in alongshore transport, likely accreting sand on the up-drift side, and forming a sand deficit on 
the down-drift side (FIGURE 24). This groin effect-sand deficit would prove problematic for 
those down-drift in a similar manner of an actual hard groyne (Figure Groins at Kuta).  
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Figure 24: Groynes trap sand on the up drift side while creating erosion on the down drift side 
(crd.bc.ca). 

 
Figure 25: Nourishment and breakwaters installed by BCP in south Bali (Prep Survey 2013).  
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Discussion 

Developing countries such as Indonesia traditionally give little attention to the 
importance of coastal processes primarily due to the lack of technical experience—evidence in 
weak or nonexistent regulatory framework. Only when these processes, namely erosional 
events, significantly impact economic well being of the region do governments and coastal 
managers view it as an environmental issue. Costly nourishment and shoreline maintenance 
projects while common and perhaps viable in developed countries; nourishment in Bali remains 
an impractical response for addressing shoreline erosion. There is an opportunity cost 
associated with partaking in such an intensive management scheme when the root of the 
problem is not the erosion, but the spatial and economic connection to the erosional event. In 
developing countries such as Indonesia, these funds and effort be better spent elsewhere, 
perhaps education and other public services.  

While identifying a problem with erosion is relatively straightforward, developing 
solutions is far more complex; solutions are not typically rooted the erosional event itself, but 
rather the infrastructural planning (or lack thereof) or other external causes occurring years 
prior. In this sense, coastal managers are given the task not of managing the coast as much as 
they are responsible for managing the people that live alongside it. However, as highlighted in 
the case of Bali and Sumber Sari, there exists an important linkage between human activities 
inland and the coastal geomorphology. Given coastal development rates along the coast in Bali 
and population growth in Indonesia, these responsibilities will only increase in importance.  
 Community level environmental managers in the village of Sumber Sari will continue to 
be faced with decisions that will impact sustainability of its most valuable environmental 
resource—the beach. These environmental managers hold the potential to lead by example for 
other coastal villages in Bali. There ability to issue building permits apply sound coastal and 
riparian zoning practices could initiate a paradigm shift amongst the island, providing a lasting 
impact on how the island perceives sustainable coastal management.  
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