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Shannon Entropy-based urban spatial fragmentation to ensure
sustainable development of the urban coastal city: A case study of
Semarang, Indonesia
Dimas Danar Dewa a, Imam Buchori b, *, Anang Wahyu Sejati b, Yan Liu c
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A R T I C L E  I N F O

Keywords:
Shannon Entropy Index
Urban fragmentation
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Sustainable development
Coastal city
Semarang City

A B S T R A C T

This study examines the extent to which the Shannon Entropy Index (H) can be used to ensure ur-
ban growth sustainability by measuring the spatial dispersion pattern of a built-up area. The
Shannon Entropy Index was calculated based on the proximities to the city center (HCC) and the
main road (HMR), which divide the study area into 17 zones. Data from Landsat 5- TM Imagery
2011 and Landsat 8- OLI Imagery 2016 and 2021 were used to extract urban built-up areas
through image classification using the Support Vector Machine (SVM) Algorithm and measure
their growth over time. The results show the normalized Shannon Entropy Index for the proximi-
ties to the city center (HCC′) and the main road (HMR′). HCC′ was found to be 0.93 in 2021 and
increased by 0.44 during 2011–2021, while HMR′ was recorded to be 0.68 in 2021 and increased
by 0.27 during 2011–2021, indicating that urban development in Semarang City has become in-
creasingly fragmented. Among the 17 existing zones, the peri-urban areas of southeast part zones
in Semarang (III-BP and IV-AP) were found to have the largest relative Shannon Entropy Index
(H') of 0.98 and 0.96, respectively, indicating that this area is developing irregularly and spread-
ing out compared to the city center, which is unsustainable built-up area growth. We call for an
integrated space utilization control strategy between the city center and the peri-urban area. Our
study demonstrates the capacity of using the Shannon Entropy Index to detect potential areas of
unsustainable development in a coastal city with diverse development dynamics, which can also
be applied in other coastal cities to prevent unsustainable development.

1. Introduction
In the last decade, urbanization is still a big challenge for urban development in the world, especially in developing countries (Abu

Hatab et al., 2019; Cao et al., 2017; Das et al., 2021; Duque et al., 2019; K and Angadi, 2021; Mohammed et al., 2019). Rapid and un-
controlled population growth is the main cause of continuous urbanization (Cengiz et al., 2022; Dadashpoor et al., 2019; Zhong et al.,
2019). An increase in the population usually determines the growth and direction of urban development (Buchori et al., 2017;
Kinoshita et al., 2008; Sumari et al., 2020), and rapid population growth with limited land resources has been reported to be a chal-
lenge in urban areas (Buchori et al., 2017; Handayani and Rudiarto, 2014; Sejati et al., 2018; Zha et al., 2003). This is also accompa-
nied by urbanization which is characterized by a concentration of urban population (Lakshmana, 2014; Liu et al., 2020; Zambon and

* Corresponding author.
E-mail address: i.buchori@live.undip.ac.id (I. Buchori).

https://doi.org/10.1016/j.rsase.2022.100839
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A B S T R A C T

The Río de la Plata Grasslands (RPG) region is the largest area of the temperate humid and sub-
humid grasslands biome in South America and one of the largest in the world. The region is lo-
cated on fertile soils, generally very suitable for agricultural development, so it is undergoing an
intense land cover change process. Our knowledge of these changes remains incomplete. Most re-
gional-scale studies have been conducted over specific periods, limited subsets of the RGP, coarse
resolution and, in general, used land cover classes that are not readily compatible. In this work
we described and analyzed the land cover changes in the entire RPG region for the first two
decades of the 21st century, especially those related to grasslands loss. We generated annual land
cover maps with 30-m resolution that discriminate between 8 categories: native woody forma-
tion, forest plantation, swampy areas and flooded grassland, grassland, farming, non-vegetated
area, water and non-observed. The map series was evaluated for the years 2001 and 2018 using a
completely independent dataset, selected by stratified randomized sampling. Overall accuracy
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MODIS sensors can monitor spatiotemporal trends in fog and low
cloud cover at 1 km spatial resolution along the U.S. Pacific Coast
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A B S T R A C T

Fog and low cloud cover (FLCC) provide critical moisture for ecosystems along the Pacific Coast during the summer months and it is currently un-
clear how climate change has affected FLCC occurrence. Additionally, FLCC impacts visibility and transportation safety for both road and air traffic.
As such, a method for the monitoring of FLCC is necessary to inform land management decisions for fog-obligate species and to improve transporta-
tion safety, among other applications. Several gaps exist in current FLCC detection methodologies and while the Moderate Resolution Spectrora-
diometer (MODIS) sensor has previously been used to detect fog, its utility has not been validated. In this study, we create a 20 year (2000–2020)
FLCC dataset using the Terra MODIS cloud flags and examine its effectiveness in detecting daily and monthly FLCC presence along the California and
southern Oregon coast for the summer months (June–September). We validate the accuracy of this method using an existing FLCC dataset derived
from Geostationary Operational Environmental Satellite (GOES) observations collected at 15 min intervals from 2000 to 2009. The two FLCC
datasets have a strong linear relationship for FLCC frequency for each summer month, with an average r2 of 0.82 and p-value of <0.01. This strong
relationship demonstrates the ability of Terra MODIS to reliably and accurately detect FLCC. Finally, we demonstrate a case study application of our
FLCC dataset in a time series analysis over five coast redwood (Sequoia sempervirens) state parks in the Big Sur region of coastal California. This case
study highlights the benefits provided by a 1 km resolution FLCC dataset for ecological applications and for monitoring spatiotemporal FLCC pat-
terns across summer months over two decades. Our case study results showed that the number of foggy days fluctuates considerably year-to-year
with no discernible positive or negative trend occurring between 2000 and 2020. Finally, we present a freely-accessible Google Earth Engine applica-
tion to view and download the monthly FLCC data for all summer months for the years 2000–2020. The methods and dataset presented in this paper
provide a means for efficient, daily FLCC monitoring at 1 km2 resolution, as well as the capacity for historical FLCC analyses.

1. Introduction
Fog and low cloud cover (FLCC) play an important role along the western coast of the United States. In coastal environments,

FLCC provides critical moisture for plants through fog drip, and lowers land surface and stream water temperatures by scattering
shortwave radiation and reducing net incoming radiation (Johnstone and Dawson, 2010; Torregrosa et al., 2020). FLCC reduces plant
water demand and evapotranspiration while increasing watershed subsurface recharge and overall increased stream flow (Torregrosa
et al., 2020). FLCC drives species distribution patterns in coastal ecosystems where species such as the coast redwood (Sequoia semper-
virens) often rely on fog to meet the summer portion of their annual water requirements when moisture is otherwise scarce (Dawson
1998; Johnstone and Dawson 2010; Francis et al., 2020). The documented importance of FLCC in coastal ecosystems creates the need
for more information regarding the distribution and spatiotemporal trends of FLCC.
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