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Abstract. North Kendeng Mountain is an area with abundant limestone reserves, presenting tremendous 
potential for various applications, such as cement production, cosmetics, paint, and other commercial products. 
The region also serves as water resource storage, widely utilized for household use and crop irrigation. This 
unique combination of resources has created a contentious conflict between the local people supported by 
academicians, the government, and investors. The government and investors advocate the exploitation of the 
area’s potential for commercial gains, favoring its use for industrial purposes. Meanwhile, the local people and 
academicians strongly advocate for conservation due to its environmental significance. To address these issues, 
a Strategic Environmental Assessment (SEA) was carried out for the North Kendeng ecosystem and revealed 
that the current spatial planning and mid-term development plans proposed by the provincial government 
and related regency governments leaned toward natural resource utilization, with a focus on mining activities. 
Therefore, this study aims to analyze the effect of implementing the government’s policy and planning on water 
environmental carrying capacity (WECC). This is a descriptive study, which collected data using informal 
interviews, observation, and literature review. The qualitative data on development policy were analyzed with 
content analysis techniques, including descriptive, interpretative, and explanative. A comparison analysis 
was carried out to determine the interaction between the proposed development activities and the existing 
environmental condition based on WECC results, as well as to assess the policy orientation in North Kendeng 
Mountain Area. After comparing water demand and availability both with and without the government’s 
policy, the results showed that the condition of WECC was deficient for all regencies, except the Lamongan 
regency. This indicated that the implemented regulation potentially worsened water deficits in all regencies. It 
was suggested that revising policy and updating planning were required to achieve sustainable utilization of the 
North Kendeng Mountain Area. 
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1.	  Introduction
The significance of environmental consideration in 

development policy is widely acknowledged as a crucial 
aspect of the decision-making and legal processes. However, 
in reality, it appears to have limited influence in driving 
development and planning decisions (Hadi et al., 2019). The 
current trend of development still prefers maximizing profit 
and growth, while disregarding the detrimental impact 
on natural resources. This attitude has led to a concerning 
negative correlation between natural resource abundance 
and growth (Sachs & Warner, 2001). According to a previous 
study, countries with abundant resources often experience 
various failures in the manufacturing industry (Amiri et al., 
2019). One pivotal aspect that demands immediate attention 
from stakeholders is the concept of environmental carrying 
capacity. It is imperative to recognize and respect the threshold 
of mineral exploitation (Świąder et al., 2020), with particular 
emphasis on water, which stands as the most crucial element.

Water supply is undeniably the most crucial element 
for sustaining human livelihood, apart from the natural 
system. Despite its importance as a vital resource, ensuring 
its continued availability and maintaining sustainability has 
become a subject of concern, especially amidst the push for 
economic growth-oriented development. Water is an essential 
element of life, which maintains a stable quantity on the 
planet, but its consumable form has increasingly become 
scarce (Marganingrum, 2018). 

Urban development is posing a significant threat to 
water reserves. The process of urbanization is marked by the 
expansion of built-up areas (Rudiarto et al., 2018). The need 
for rapid development has increased the demand in cement 
industries, where limestone are the most valuable primary 
resource. Consequently, limestone quarrying and industry 
have experienced unprecedented growth to support the “effort 
to prosperity” process. Limestone offer numerous benefits, 
such as producing additional material for purifying metals, 
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creating cosmetic products, producing papers and other office 
supplies, and manufacturing foods and medicine (Bliss et al., 
2012). Limestone mining industry has become one of the 
most preferable activities due to its economic profit potential 
through export activities while also fulfilling local needs. This 
has led to the intense exploration and exploitation of areas 
with abundant limestone reserves, leading to degradation due 
to the unsustainable pattern of natural resource utilization. 

Several studies reported that this industry caused various 
environmental hazards (Ganapathi & Phukan, 2020), such as 
chemical and physical depletion of water resources (Masood et 
al., 2020), as limestones are stored in the karstic area, serving 
as the natural water reservoir. According to a recent report, 
the salinity of River Ribble, Yorkshire Dales National Park has 
increased due to intense limestone quarrying activities, but the 
impact is still complying with the regulation (Warren, 2013). 
However, this activity still affects water flow and reduces 
water table, both on the surface and in the groundwater of 
this famous salmon river. A study in East Jaintia Hills (9% 
of India’s limestone reserve) showed that limestone mining 
caused deforestation, land degradation, pollution of surface 
water, and water scarcity. Despite the provision of employment 
opportunities and increased income for local people, this area 
still experienced acute water shortages, especially in the dry 
season, as well as increases in pH, EC, TDS, total hardness, 
alkalinity, calcium and sulphate concentrations (Eugene, 2014). 
In the Ashaka Area, Northeastern Nigeria, limestone mining 
and processing led to the accumulation of high concentrations 
of carbonate and bicarbonate from hand-dug wells, boreholes, 
surface water, mine ponds, and wastewater samples. This 
pollution is caused by the dissolution and weathering of 
bedrock, while the content of fluoride and heavy metals is due 
to the industry’s activities (IA et al., 2016). Previous studies 
also established a connection between limestone mining and 
water shortages. The primary issues in Manihalla Village, 
Pakistan are dust and water shortages due to the industry 
(Haseeb et al., 2018). The reference cited in the study supports 
this finding that these problems are likely caused by limestone 
quarrying activities. 

Development process as a political phenomenon 
necessitates an examination of changes in water carrying 
due to policy implementation, but this field is currently 
unexplored. Previous reports on water environmental 
carrying capacity (WECC) primarily focused on developing 
multi-temporal carrying capacity studies (Lu et al., 2017), 
creating spatial analysis (Zhou et al., 2017), and combining 
various mathematical models (Kang & Xu, 2012; Lu et al., 
2017; Marganingrum, 2018; Y. Wang et al., 2018), or involving 
uncertainties using probability analysis method (Liu et al., 
2012). Although existing studies often combine qualitative 
indicators in their calculation, the integration of both 
qualitative and quantitative analysis remains rare.

WECC is one of the most important tools in achieving 
sustainable development in a region (Kang & Xu, 2012). 
Furthermore, it is a crucial aspect in the issuance of permits 
for activities or programs. Derived from the well-known 
sustainable development paradigm, carrying capacity analysis 
is a vital component in development policy-making process, 
employed in environmental impact analysis to ensure 
sustainability through environmental planning and water 
pollutant control (Faludi, 2000; Liu et al., 2012). Various 
factors influence WECC, including the characteristics of 

water environmental and pollutants, as well as the spatial 
patterns of the pollutants (Liu et al., 2012). The application of a 
mathematical method aids in quantifying whether an activity’s 
impact is still within environmental threshold or exceeding 
it. The main consideration is that the exponential growth of 
the human population requires a finite number of natural 
resources. Economic growth and development still depend on 
the ability and availability of natural resources (Meadows et al., 
1972). Living within the constraints of natural limits is crucial 
as denying these limits can lead to disastrous consequences 
(Heinberg, 2018; Price, 1999). Vital resources, such as clean air 
for the lungs, nutritious foods to meet the need of the guts, and 
adequate water to hydrate the cells human body, are essential 
for human survival (Glasson & Marshall, 2007).

WECC is the most comprehensive method among the 
three dimensions in assessing water carrying capacity, with 
the other two being resources and ecology. Water resources 
carrying capacity is focused on inventorying potential 
resources that could be used for human life (Dou et al., 2015; 
Du et al., 2011; Naimi Ait-Aoudia & Berezowska-Azzag, 2016; 
Xiao-qing et al., 2012). Furthermore, the ecological dimension 
focuses on analyzing the natural system of water flow and 
recharge, regardless of technology and innovations (S. Wang et 
al., 2014). WECC is often considered the most comprehensive 
dimension as it integrates both natural and man-made aspects 
(Dsikowitzky et al., 2018; Jia, Cai, Chen, & Zeng, 2018; Kang & 
Xu, 2012; Lu et al., 2017; T. Wang & Xu, 2015).

WECC-based limestone mining phenomenon analysis has 
been studied in several regions, such as India, Nigeria, Pakistan, 
and China, but none has been carried out in Kendeng Karst, 
Indonesia. Previous studies in the Kendeng Region primarily 
focused on community movement (Hadi, Purnaweni, et al., 
2020; Rokhmad, 2020), Strategic Environmental Assessment 
(SEA) (Hadi, Buchori, et al., 2020; Hadi et al., 2019), and 
petrographic analysis, which revealed a good quality reservoir 
and potential oil reserves Kendeng Karst (Rusdi et al., 2019). 
These studies were carried out to analyze policy of WECC, 
which referred to the ability of water to accept organic waste 
without polluting them, thereby maintaining the ecological 
balance (Wulandari, 2020). This is important because the 
local community still depends on Kendeng Karst the major 
supplier of clean water for agriculture and household needs, 
but mining activities in the area have caused flooding and 
landslides (Mojo et al., 2017). Therefore, this study aims to: 
(1) analyze development policy orientation in understanding 
how policy is directed towards conservation or utilization; (2) 
assess the impact of the existing policy towards the threat of 
water carrying capacity in limestone-abundant area; and (3) 
develop policy recommendation to ensure water security for 
the future generations.

The discussion in this paper article follows this structure: 
The background of the study, including the description of 
its urgency, is explained in this Introduction section. The 
following section describes the data, finding, and data analysis 
technique used in this study. Section 3 discusses all the results 
and their relevance with other studies. Within the third 
section, the structure follows the aim as mentioned in the 
previous paragraph. Furthermore, all the key points and the 
recommendation for future studies and future development 
policy are presented in detail in the Conclusion section. All the 
references are also mentioned in the last section (Section 5).  
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2. 	 The Methods
Study Area

According to recent reports, Java Island accounts for a total 
of 55% of Indonesian national cement consumption (Lestari, 
2022; Subiyanto, 2020). The island has 11,000 kilometers of 
limestone mountain, a tenth of all national’s potential, which 
made limestone industries a growing sector on this island 
(Suhendra, 2017). As the demand for construction increased, 
the region had become one of the most preferred locations 
for limestone mining industry, the main resource of cement 
production.

One of the most important limestone mountain was 
located in the North Kendeng Mountain, as shown in Figure 
1. The area administratively lied on two different provincial 
authorities, namely Central Java and East Java. Furthermore, 
it was specifically located around seven regencies, including 
Pati, Grobogan, Rembang, and Blora in Central Java, as well 
as Bojonegoro, Tuban, and Lamongan in East Java. Based 
on previous reports, these provinces had an area of 80,604 
km2 (BPS, 2021; Setyaningrum, 2022), while the Kendeng 
Mountain were 250 km long, with a maximum width of 40 
km. Therefore, the maximum area reached 10,000 km2 or 12% 
of the total area of the two provinces.

As shown in Figure 1, there were six karstic formations 
(written in the map as KBAK or Kawasan Bentang Alam Karst/
Karst Landscape Area) in the North Kendeng Mountains, which 
were named based on the regency they were situated upon, 
namely (1) KBAK Gresik/Lamongan; (2) KBAK Lamongan; 
(3) KBAK Rembang; (4) KBAK Rembang Blora; (5) KBAK 
Sukolilo; and (6) KBAK Tuban. The karst landscape area or the 
KBAK was also defined as part of the geological protected area 
that was included in the protected area  (Ministry of Energy 
and Mineral Resources of the Republic of Indonesia, 2012).

Figure 1. Map of Karst Landscape Area (Kawasan Bentang Alam Karst/KBAK) in North Kendeng Mountains
Source: Analysed from Ministry of Energy and Mineral Resources of the Republic of Indonesia (2023)

The karstic formations in this region were rich in 
limestone, which was indicated by the number of conical hills, 
the emergence of springs in rock crevices, and underground 
river flows with cave passages as corridors. Springs and 
underground river systems in the karst area of North Kendeng 
were eternal due to the process of active karst formation in this 
area, as evidenced by the presence of several springs (Wacana 
et al., 2011). The region also provides water storage for potable 
water and irrigation resources for local people. According 
to the official mining area map from the Ministry of Energy 
and Mineral Resources of the Republic of Indonesia, almost 
all the karstic areas in the North Kendeng Mountain were 
permitted for mining. As shown in Figure 2 below, a total  of 
96.15% or 2,029.83 sq km were dashed with purple fill color, 
indicating the Wilayah Pertambangan or Mining Area, which 
was defined as a region with the potential for mining. This 
region also accounted for approximately 5% of all areas of 
the regencies in Central Java, Indonesia. However, only 41.19 
sq km was registered as Wilayah Izin Usaha Pertambangan/
WIUP or Mining Permit Area, a permit that was often given to 
corporations. The remaining 4% was stipulated as a protected 
forest area and forest area permitted for utilization.

This was a descriptive study, involving a qualitative 
analysis, which explored the incorporation of WECC into 
development policy. The method used was qualitative both 
in terms of substance and data availability. The qualitative 
method was chosen because it intertwined the substances of 
policy and WECC as well as the result of consultation with 
the considered theories. The scope of the study included 
policy taken by the government regarding the North Kendeng 
Mountain area and environmental and social implications of 
the implemented policy. 
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Figure 2. Map of Mining Permit Area in North Kendeng Mountains
Source: Mining Permit Map, Ministry of Energy and Mineral Resources of the Republic of Indonesia (2022a, 2022b) accessed 

from https://geoportal.esdm.go.id/minerba/ on 27th of February 2023 127
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Data Analysis and Collection Techniques

The data used in this study are presented in Table 1 below. 
Development plans (DP), spatial plans (SP), and SEA, which 
were implemented in the study area through the government’s 
open data access website were collected. The programs, 
projects, and land utilization were reviewed qualitatively to 
portray the tendency. To understand the context, interview 
was conducted with government officials, experts, and some 
key informants from mining-impacted area.

For spatial data, the data were delineated based on the 
ecological boundary of the North Kendeng Mountain Region, 
as shown in Figure 1. However, due to data availability 
limitation, the regency delineation (region-based) data for 

the statistical related information, which had no spatial 
distribution information were also used.

After the data was collected, this study conducted a 
content analysis. This technique was commonly used to 
evaluate development policy. Content analysis was formerly 
used as a tool to understand how a theoretical concept was 
being interpreted into policy (Handayani et al., 2019), the 
comprehensiveness of policy in addressing environmental 
hazards (Hamdani et al., 2020), the capability of strategic 
planning in resolving land degradation (Oliveira et al., 2018), 
and developing inclusive recommendation in updating smart 
city strategies (Bednarska-Olejniczak et al., 2019). 

Table 1. Development Policy

Name of Document Types of 
Document* Source Level

Strategic Environmental Assessment of Utilization and 
Management of North Kendeng Mountain Area, 2017

SEA Executive Office of the President 
& Ministry of Environmental and 
Forestry, Republic of Indonesia (2017)

National

Ministry of Energy and Mineral Resources Number 
0398/K/40/MEM/2005 Concerning Designation of the 
Sukolilo Karst Landscape Area, Central Java 

R Ministry of Energy and Mineral 
Resources of the Republic of 
Indonesia (2005)

National

Ministerial Decree of Energy and Mineral Resources no 
2641/K/40/MEM/2014 on the KBAK (Karst Natural Area) 
of Sukolilo (part North Kendeng area)

R Ministry of Energy and Mineral 
Resources of the Republic of 
Indonesia (2014)

National

Government Regulation (PP) No. 13 of 2017 Amendments 
to Government Regulation Number 26 of 2008 Concerning 
National Spatial Plans

SP President of the Republic of Indonesia 
(2017)

National

Decree of the Minister of Energy and Mineral Resources 
of the Republic of Indonesia Number 92.K/MB.01/
MEM.B/2022 Concerning Mining Areas of East Java 
Province

SD (Ministry of Energy and Mineral 
Resources of the Republic of 
Indonesia, 2022a) 

Province

Decree of the Minister of Energy and Mineral Resources 
of the Republic of Indonesia Number 95.K/MB.01/
MEM.B/2022 Concerning Mining Areas of Central Java 
Province

SD Ministry of Energy and Mineral 
Resources of the Republic of 
Indonesia (2022b) 

Province

Regulation of the President of the Republic of Indonesia 
Number 28 of 2012 Concerning the Java-Bali Island Spatial 
Plan

SP President of the Republic of Indonesia 
(2012)

Regional 
(Islands)

Central Java Provincial Regulation Number 6 of 2010 
Concerning Provincial Spatial Planning 2009-2029

SP Provincial Government of Central 
Java, Republic of Indonesia (2010)

Province

Regional Regulation of East Java Province Number 5 of 
2012 Concerning Spatial Planning for East Java Province 
2011-2031

SP East Java Provincial Government, 
Republic of Indonesia (2012)

Province

Regional Regulation of Rembang Regency Number 14 of 
2011 Concerning Spatial Plans for Rembang Regency 2011-
2031

SP Rembang Regency Government, 
Republic of Indonesia (2011)

Regency

Regional Regulation of Rembang Regency Number 1 of 
2010 Concerning the Long Term Development Plan of 
Rembang Regency 2005-2025

DP Rembang Regency Government, 
Republic of Indonesia (2010)

Rembang Regency Regional Regulation Number 2 of 2016 
Concerning the 2016-2021 Rembang Regency Medium-
Term Development Plan

DP Rembang Regency Government, 
Republic of Indonesia (2016)

Regency

Pati Regency Regional Regulation Number 05 of 2011 
Concerning Pati Regency Spatial Planning 2010-2030

SP Pati Regency Government, Republic 
of Indonesia (2011)

Province
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Name of Document Types of 
Document* Source Level

Grobogan Regency Regional Regulation Number 07 of 
2012 Concerning the Grobogan Regency Spatial Plan for 
2011-2031

SP Grobogan Regency Government, 
Republic of Indonesia (2012)

Regency

Grobogan Regency Regional Regulation Number 11 of 
2007 Concerning the Long-Term Development Plan for 
Grobogan Regency 2005-2025

DP Grobogan Regency Government, 
Republic of Indonesia (2007)

Regency

Grobogan Regency Regional Regulation Number 10 of 
2016 Concerning the Medium-Term Development Plan for 
the Grobogan Region of Grobogan Regency for 2016-2021

DP Grobogan Regency Government, 
Republic of Indonesia (2016)

Regency

Regional Regulation of Blora Regency Number 18 of 2011 
Concerning Spatial Planning for Blora Regency 2011-2031

SP Blora Regency Government, Republic 
of Indonesia (2011)

Regency

Regional Regulation of Blora Regency Number 7 of 2011 
Concerning Long-Term Development Plans for Blora 
Regency 2005-2025

DP Blora Regency Government, Republic 
of Indonesia (2011a)

Regency

Tuban Regency Regional Regulation Number 09 of 2012 
Concerning Spatial Plans for Tuban Regency 2012-2032

SP Tuban Regency Government, 
Republic of Indonesia (2012)

Regency

Regional Regulation of Tuban Regency Number 05 of 2014 
Concerning the Long-Term Regional Development Plan of 
Tuban Regency 2005-2025

DP Tuban Regency Government, 
Republic of Indonesia (2014)

Regency

Tuban Regency Regional Regulation Number 24 of 
2016 Concerning the Tuban Regency Medium Term 
Development Plan 2016-2021

DP Tuban Regency Government, 
Republic of Indonesia (2016)

Regional Regulation of Bojonegoro Regency Number 26 
of 2011 Concerning Spatial Plans for Bojonegoro Regency 
2011-2031

SP Bojonegoro Regency Government, 
Republic of Indonesia (2011)

Regency

*DP : Development Planning ; SP : Spatial Plan ; SEA : Strategic Environmental Assessment ; R : Regulation ; SD : Spatial Data

Source: Author’s analysis (2023)

3. 	 Result and Discussion 
Development Policy Orientation

Development was an act of maximizing the region’s 
potential to enhance its prosperity. Furthermore, it covered 
various policy planning processes from various stakeholders 
and institutions. In Indonesia, development was also 
constructed as a multi-level process. There were, (i) national 
level; (ii) provincial level; (iii) municipal level; which often 
need to be detailed into (iv) special zone; (v) district; and 
(vi) village. The decision-making process mentioned above 
could be categorized as hierarchically structured, top-down 
decision-making from a centralized authority with a short-
term orientation (M. B. Monteiro & Partidário, 2017). 

Dunn (2000) reiterated that the kinds of decisions made 
by the government were linked with values guiding the process. 
In Indonesia, values perceived to be agreed upon nationwide 
were promulgated in Article 33 of the Constitutional Law 1945, 
that natural resources and any biodiversity upon it are utilized 
for the people’s prosperity. The Constitution further mandated 
that the national economy must be based on the principle of 
sustainability, environmental friendliness, and self-sufficiency. 
This law was then considered as the national’s basic value on 
economics and development. The well-known sustainable 
development values revealed that any development measures 
were not just for the people, but also for environmental’s 
sustainability. 

At policy and plan levels, the orientation of development 
had been more geared towards natural resource utilization 

rather than conservation. However, the regulation strictly 
stated how land utilization must consider environmental 
capacity condition. This could be seen in spatial planning at 
the national, provincial, and local levels regarding the North 
Kendeng Mountain Area in Central and East Java, where more 
space was allocated for mining. 

The two policy that were predicted to cause environmental 
degradation, such as water shortage, included spatial planning 
(RTRW) and mid-term regional development planning 
(RPJMD). National spatial planning of Java and Bali revealed 
that the area of Juwana, Jepara, Kudus, Pati, Rembang, and 
Blora in Central Java was excellent for agriculture, mining, 
and fisheries. Meanwhile, the area of Tuban and Bojonegoro 
in East Java was excellent for tourism, industry, plantations, 
agriculture, fisheries, and mining. Central Java spatial planning 
(article 80) allocated these regions with an orientation 
towards mining activity. This was also true for East Java where 
Bojonegoro, Tuban, and Lamongan were used for mining.  

According to recent reports, the mid-term provincial 
development planning (RPJMD) for the seven regencies did 
not address the following issues (1) risks of drought, flood, and 
illegal mining; (2) utilization and natural resource conservation 
was more oriented toward commodity development, often 
at the expense of environment; (3) did not take into account 
the land-use changes and environmental degradation that 
had occurred over the past twenty years; (4) the problems 
of water shortages had been addressed using infrastructure 
development rather than improving the function of the river 
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basin, (5) the issue of agricultural land for food sustainability, 
even though the economic basis of all regencies was 
agriculture, (6) include policy dealing with illegal utilization 
of natural resources; and (7) space for public participation in 
the decision-making process was actually available, but it was 
treated as a procedural tool and not as a substantial one, where 
the relevant aspiration and interest were incorporated in the 
decision making.

This mechanism of decision-making was substantially 
categorized as hierarchically structured, top-down with 
centralized authority, and short-term orientation (M. B. 
Monteiro & Partidário, 2017). Hadi (2018) noted that Mid-term 
Regional Development Planning of Central Java and adjacent 
regencies tended to utilize this area for mining and other uses, 
and did not address environmental issues, specifically water 
shortages and massive land use changes causing changes in 
land cover, as well as heightened vulnerability and risk of 
environmental disaster.

Although the dichotomy between utilization for 
the economy and ecological conservation was outdated 
(Vörösmarty et al., 2018), the bias in developing natural 
resources at the expense of environmental degradation 
remained prevalent in current policy and practice. This was 
found in nature curse discourse where development policy 
tended to maximize the profit gained from natural resource 
utilization. However, the actual process caused degradation 
and the inhabitants did not get the prosperity desired. In 
mining industry, there was a new perspective intertwining this 
dichotomy. Sustainable mining capacity was a concept where 
economic profit was being maximized, while the ecological 
loss was minimized (Masood et al., 2020).

This kind of biased decision could be caused by 
socioeconomic conditions, as reported by Sheehy-Skeffington 
(2020). Choosing utilization or economic rationality over 
conservation or ecological rationality seemed more efficient in 
the short term. Meanwhile, it could increase urbanized activity 
that acted as environmental stressor (Duh et al., 2008), leading 
to increased environmental problems (Daly, 1977). 

Decision-making processes that chose ecological benefits 
over economic rationality could only be achieved when 
humans had no other choice than to preserve the ecosystems. 
One such example could be the spikes in risk affecting the 
sustainability of human life. This perception was regarded as 
framing effect theory, stating that human decision-making 
processes were influenced by how the risk was framed and 
perceived. The higher the risk that could potentially affect 
people, the higher they tended to take proactive actions and 
make decisions adapting to the situations (Bhattachan et al., 
2018).

The natural resource utilization for economic growth and 
development or economic rationality was not often detrimental 
as it was perceived. Furthermore, it could help to rationalize 
and simplify the complexity involved in environmental 
decision-making (Sedjo et al., 2007). This included quantifying 
environmental benefits by assessing the total economic value of 
forest conservation that could intertwine ecological rationality 
based on profitable activity for the ecosystem (Loomis et al., 
2019). To take advantage of economic rationality, any method 
using a rational decision-making process must consider 
habitat sustainability as a priority to create a long-life period 
of human activity (Peng et al., 2019).

Transparency and inclusiveness in decision-making were 
also important principles to prevent this bias. Specifically, 

preventing a region from experiencing a nature curse 
involved providing an economic opportunity, which was 
environmentally sustainable and accepted by the local people 
(Lawer et al., 2017).

In the context of mining industry, apart from portraying 
the concept of sustainable mining capacity, it was also 
important to understand how the industry could achieve 
sustainable development. A review by Monteiro et al. (2019) 
concluded that mining sector could possibly contribute to at 
least three goals, namely (1) increasing job promotions (Goal 
8); (2) reducing poverty (SDGs 1); and (3) decreasing hunger 
(SDGs 2). Meanwhile, it was emphasized that as this industry 
could not restore the environment, it could not help regions 
to achieve Goal 13, involving the impacts and crises caused by 
climate change.

Development policy must integrate economic, social, 
and environmental aspects theoretically and normatively. 
However, the implementation expressed in spatial planning 
and mid-term development planning, and also in programs 
and activities, was inconsistent with this principle. To keep 
policy on track toward sustainable development, there was 
a need to conduct studies on how this concept was being 
implemented to give input, recommendations, or revisions.

Impacts of Existing Policy towards Threatening WECC
At present, water resources in the North Kendeng 

Mountain area was stable, but still vulnerable (Hadi, 2018). 
The role of this karstic area in the natural water cycle was to 
regulate the absorption, storage, and release of rainwater. This 
natural process was expected to increase the stability of water 
availability. As shown in Figure 4, there were six groundwater 
basins or Cekungan Air Tanah/CAT in the North Kendeng 
Mountain Area, including (1) CAT Kudus; (2) CAT Lasem; 
(3) CAT Panceng; (4) CAT Surabaya-Lamongan; (5) CAT 
Tuban; and (6) CAT Watuputih. This showed the importance 
of mountain area being preserved as it had the role of serving 
as water recharge system for several regions.

The impact of development policy that overlooked 
WECC had been experienced in recent days. As reported by 
local people, there was flooding in early January 2023 in some 
areas around the North Kendeng Mountains. In Pati Regency, 
the flooding impacted more than 3,000 hectares of rice fields, 
leading to crop failure (Sumandoyo, 2023). However, during 
the dry season, it was observed that the rainfall rate decreased. 
The seasonal water shortage often occurred in areas where the 
people is highly relying on the karstic springwater for their 
daily needs and livelihood. 

According to the Rembang Regency Statistical Bureau, the 
yearly average rainfall data fluctuated, and the trend showed 
a slight decrease from 2016 onwards (as shown in Figure 
5). The data released by the National Agency on Disaster 
Management (2021) revealed that all regencies of the North 
Kendeng Mountain were at high risk for flooding, flash floods, 
and landslides, as shown in Table 2.

According to water balance analysis conducted at the 
study area by comparing the exponential projection of 
water demand/needs based on spatial planning with water 
availability from various sources (surface water, groundwater, 
water springs, etc), the SEA study predicted that in 2040, all 
regencies was likely to experience a deficit, as shown in the 
Table 3 below (Executive Office of the President & Ministry 
of Environment and Forestry, RI, 2017). Furthermore, the 
condition of WECC comparing the demand and availability 
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Figure 4. Spatial distribution of Groundwater Basin in North Kendeng Mountains Area
Source: Analyzed from the Groundwater Basin Map from the Ministry of Energy and Mineral Resources of the Republic of 

Indonesia (2017) as accessed from EMR’s Geoportal https://geoportal.esdm.go.id/geologi/ 

Figure 5. Average Yearly Rainfall Data of Rembang Regency
Source: Agriculture and Food Service of Rembang Regency as published in Rembang Regency Statistic Bureau’s Official Website 

(https://rembangkab.bps.go.id/ accessed on 20th of March 2023)

both without policy and planning for all regencies had a 
deficit, except Lamongan regency. Analysis showed that the 
trend of deficit increased from 2015, 2020 to 2030, and 2040. 
The table also showed the condition of WECC with policy 
and planning, where the deficiency worsened for all regencies 
except Grobogan. Based on recent reports, Lamongan was 
likely to be greatly impacted in 2040.

These results were consistent with previous studies that 
Tuban Regency could experience water deficit in the future 
if the proposed plan related to development of the North 
Kendeng Mountain Area was implemented (LPPM IPB & 
Tuban Regency Government, Republic of Indonesia, 2014). As 
predicted by the official water resource agency, water needs in 
this area were likely to exceed availability by 2027 (Balai Besar 
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Table 2. Disaster Profile in North Kendeng Mountains Area

Regency Disaster-impacted population (%)
Flood Drought Extreme Weather Landslide Forest Fires

Blora 44,17% 100,00% 66,11% 0,55% 32,93%
Grobogan 23,63% 100,00% 54,91% 0,43% 20,29%
Pati 53,41% 100,00% 49,14% 1,49% 18,91%
Rembang 80,50% 100,00% 46,37% 2,37% 23,94%
Bojonegoro 53,42% 100,00% 41,16% 0,70% 23,80%
Lamongan 45,44% 100,00% 35,17% 0,01% 15,40%
Tuban 72,40% 100,00% 15,86% 0,59% 28,43%

Source: Impacted population data per disaster taken from Indonesia Disaster Profile 2021 (National Disaster Agency, Republic of 
Indonesia, 2021), and Population Data is taken from Yearly Population Statistics (Statistic Bureau of Central Java, 2022; Statistic 

Bureau of East Java, 2023), percentage data is analyzed by authors by dividing impacted population with total population.

Table 3 Condition and prediction of WECC (million m3/year) for domestic and irrigation uses for seven regencies in the districts 
covering the North Kendeng Mountain Area with the scenario of Policy, Planning, and Program (PPP), and without PPP.
Regencies Grobogan Pati Rembang Blora Bojonegoro Tuban Lamongan Total

Without PPP
Availability* 941.1 804.0 1,243.7 2,216.9 416.1 2,464.6 378.7 8,465.0

Demand 2015** 1,172.5 1,265.4 1,740.9 2,375.7 535.5 2,937.4 360.2 10,387.6
Demand 2020 1,192.7 1,276.7 1,738.5 2,394.9 539.5 2,960.1 362.6 10,465.0
Demand 2030 1,245.5 1,307.2 1,735.3 2,446.0 550.0 3,020.7 369.2 10,673.9
Demand 2040 1,301.7 1,341.1 1,736.5 2,501.6 561.3 3,085.6 376.4 10,904.2
WECC 2015 -231.4 -461.4 -497.2 -158.8 -119.4 -472.8 18.5 -1,922.6
WECC 2020 -251.6 -472.8 -494.8 -178.0 -123.,4 -495.5 16.0 -2,000.0
WECC 2030 -304.4 -503.2 -491.7 -229.1 -133.9 -556.1 9.4 -2,208.9
WECC 2040 -360.6 -537.1 -492.8 -284.7 -145.2 -621.0 2.2 -2,439.2

With PPP
Demand 2020 1,187.,8 1,278.1 1,739.6 2,396.8 541.5 2,971.4 364.1 10,479.3
Demand 2030 1,228.3 1,312.9 1,739.6 2,454.5 557.5 3,063.2 374.9 10,730.8
Demand 2040 1,272.6 1,351.9 1,745.1 2,517.3 575.2 3,165.2 387.2 11,014.6
WECC 2020 -246.7 -474.2 -495.9 -179.9 -125.4 -506.8 14.5 -2,014.3
WECC 2030 -287.2 -508.9 -495.9 -237.6 -141.4 -598.6 3.7 -2,265.7
WECC 2040 -331.5 -548.0 -501.4 -300.4 -159.0 -700.7 -8.5 -2,549.6

*Assumed in this study that the rainfall depth data for water availability is around 2,000-2,800 mm/year (Balai Besar Wilayah 
Sungai Pemali-Juana, 2010)
**The demand analysis is conducted through population exponential projection and land use area changes as stated in spatial 
plan (Executive Office of the President & Ministry of Environment and Forestry, RI, 2017)12/17/2015 2:51:00 PM

Source: Executive Office of the President & Ministry of Environment and Forestry, Republic of Indonesia (2017)

Wilayah Sungai Pemali-Juana, 2010). These findings were 
also in line with Malakooti (2012) that choosing economic 
rationality over ecological rationality seemed more efficient in 
the short term, but caused problems in the middle and long 
term. 

SEA studies reported by the Executive Office of the 
President & Ministry of Environment and Forestry, Republic of 
Indonesia (2017) found that the potential for land use change 
in the North Kendeng area reached 132,480 hectares. This 
indicated that approximately 48% of the area was likely to be 
used for mining. This was expected to decrease the infiltration 
coefficient of water by 30%. The SEA study also reported that 
water resource at North Kendeng was currently utilized for 

irrigation (60%) and domestic use (40%). Based on predictions, 
the potential of water loss for domestic use and agriculture 
needs reached 262,959,035 and 394,438,552 cubic meters per 
year, respectively. The loss recorded from crop failure was 
predicted at Rp (Indonesian Currency) 1,377,229,581,704 per 
year for agricultural land of 27,545 hectares.

These facts corresponded with the flash flood occurring 
in Pati and Rembang, in December 2022. The flood was as 
deep as 1-2 meters, impacting more than 4,000 houses, and 
lasting for more than two weeks (Utami, 2023; Yasa, 2023). 
The impacted neighborhood is presented in Figure 6 below. 
This disaster caused crop failure with a loss estimation of 123 
billion rupiahs or 8.2 million USD (Utami, 2023). According to 
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local experts and environmentalists, this flood was caused by 
mining activity, which disrupted the forest and its ecosystem 
in North Kendeng Mountain (Salam, 2023; Wicaksono, 2023).

Policy recommendations
WECC as an assessment tool had been derived into the 

Indonesian development policy legal process. Sustainable 
development had been adopted as policy for development 
in Indonesia since 1982 by promulgating Act 4 of 1982 on 
Basic Principles of Environmental Management. The spirit 
of sustainable development had also been internalized in 
the broad outlines of State Policy, the National Development 
Program, and the Long-term Development Plan. According to 
Article 34 par. 4 of Law Number 26/2007 on Spatial Planning, 
any kind of space utilization must be compatible with the 
carrying capacity of the environment. Although the concept 
of WECC was well derived into regulation, the regulation was 
already prepared to force any development policy to become 
aware of environmental conditions. However, several studies 
often found that there was a gap between what must be done 
and what was actually done. 

Santoso et al., (2014) reported that integrating SEA and 
spatial planning was challenging as it involved two different 
stakeholders and institutions. The results also revealed 
that the SEA could not fully describe how environmental 
carrying capacity accommodated any land utilization plan. 
This problematic integration influenced Hadi et al., (2019) 
to consider SEA as a powerless document that was lacking in 
influence.

According to recent reports, there were already efforts 
to create changes in the existing development policy. This 
was carried out by the local community who were aware 
that this policy did not have transparency or inclusiveness, 
which were considered the important aspects of preventing 
nature curse (Hadi, Purnaweni, et al., 2020). Although they 
were internally divided into two major groups, the first group 
supported or rejected mining industry-oriented development 
policy. The second group preferred to allocate policy towards 
environmental conservation rather than being exploited 
for economic growth (Hadi, Purnaweni, et al., 2020). The 
community stated that mining industry in their area already 
had bad impacts, such as water shortages (Hidayatullah et 
al., 2016), and floods. This result of socio-spatial learning had 
driven them to continue pursuing any conceivable way to 
deconstruct and change the orientation of development policy.

Although the academicians, legal aid institutions, and 
several other environmental conservation organizations had 
been joining the force and struggling for more than 10 years 
(Sumandoyo, 2023), they could not still change policy. Mining 
industry had obtained permission to carry out their various 
activities. This was not considered a failure but showed that 
the local people had the ability and endurance to fight for the 
sake of environmental sustainability. However, the people’s 
participation was not included in the decision-making process. 
The inclusiveness of the decision-making process must be 
improved to ensure that programs or orientations mentioned 
in development policy was more grounded and accepted by 
the local community.

 136
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A similar pattern had also been shown in another case, 

where a private company named PT TMS (Tambang Mas 
Sangihe or Gold Mining Sangihe) corporation based in 
Canada obtained an operation permit using environmental 
license issued in September 2020 by the Ministry of Mining 
and Energy and from the Office of Environment of North 
Sulawesi Province Government. As reported by Prasetyadi 
(2021, 2022, 2023), the environmental permit was sued by 
the local community to the Administrative Court for two 
reasons. First, Sangihe Island, where the gold mining was 
located, was a small Island, with a land area of only 73,698 
hectares. This area was not suitable for mining because it 
could be adversely degraded, thereby affecting local people 
working as fishermen. Second, the issuance of environmental 
permit had legal defects because the process of making 
Environmental Impact Assessment (EIA) was not followed by 
public participation as required by the Act no 32 of 2009 on 
environmental protection and management. The lawsuit by 
the local community was granted by the Administrative Court 
in Jakarta and strengthened by the decision of the Supreme 
Court dated January 2022. However, after the decision of the 
Administrative and Supreme Courts, the Ministry of Mining 
and Energy submitted an appeal. This was an indication the 
issuance of the permit was inappropriate and the decision did 
not align with sustainable development principles. Compared 
to the North Kendeng case, the issuance of environmental 
permit and operational permit by the government at Sangihe 
showed that they were more economically oriented.

According to Act number 11 of 2020 on Job Creation Law 
(JCL), which amended 74 regulations to facilitate the ease of 
doing business, development policy was more oriented toward 
economic growth. As noted by Hadi et al., (2023), in promoting 
investment, the Indonesian government simplified the business 
license procedure by providing an exemption on previously 
existing procedures. Project proponents were exempted from 
the obligation to conduct EIA if their projects were aligned 
with the land utilization policy expressed in a detailed spatial 
plan. This policy potentially threatened environmental 
sustainability because only 10 regencies and cities in Indonesia 
were equipped with detailed SP. Furthermore, environmental 
carrying capacity and capability as observed from the North 
Kendeng Mountains case, were rarely incorporated into spatial 
planning. The requirements were considered an obstacle in 
initiating business due to its high cost and long procedure. 
The JCL changed policy by issuing an operational license 
without an EIA. It was predicted that the implementation of 
JCL could increase environmental degradation and resource 
depletion, thereby contributing to global greenhouse gas 
emissions. Another evidence that spatial planning was not 
based on environmental carrying capacity was observed in 
Pati Regency. Local residents of the North Kendeng Mountain 
area opposed the plan to build a cement factory in the region. 
The community believed that the area was water reservoir 
irrigating hundred hectares of rice fields and provided water 
for household use. However, the area was eventually allocated 
for mining in Pati Regency 2011-2031 spatial plan.  

4. 	 Conclusion 
In conclusion, WECC in all regencies in North 

Kendeng Mountain was likely to become more deficit and 
worsen in 2030 and 2040 if the current policy and planning 
were implemented. All regencies, specifically the districts 
bordering the North Kendeng Mountain Area, were at high 

risk of ecological disasters, such as flooding, flash floods, and 
landslides. Consequently, these policy must be revised to limit 
mining activities in the region below environmental threshold. 
Increasing emphasis on restoring and restabilizing degraded 
land for water recharge function was also required to shift 
development orientation from natural resources utilization 
to conservation as the North Kendeng Mountain Area was 
originally stipulated as a protected area. Based on the nature of 
development policy as a political process, there was a need to 
portray the political situation of the region. The social network 
of elite and key stakeholders could also help in understanding 
this issue. There was a more advanced discussion on water 
carrying capacity, where the threshold was considered a 
dynamic value rather than a fixed limit. This study considered 
carrying capacity as a fixed value, indicating the need for 
further exploration of how policy could affect the dynamics 
of the threshold. 
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