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Abstract: A landscape carrying capacity assessment serves as a critical tool for 
strengthening sustainable natural resource governance within socio-ecological 
systems. This study aimed to evaluate the carrying capacity status of the Sentarum Lake 
Catchment Area and identify key ecological and socioeconomic vulnerabilities. The 
analysis was conducted using a multi-criteria index-based approach aligned with the 
Indonesian Minister of Forestry Regulation No. P.61/Menhut-II/2014, integrating 
cross-sectoral data across five dimensions: land condition, water regime, 
socioeconomic conditions, water infrastructure, and land use patterns. The results 
showed that the carrying capacity was classified as “good,” with an index value of 
78.00. Nevertheless, a phenomenon of pseudo-hydrological stability was identified, in 
which stable flow regimes (flow regime coefficient = 0.50) and high water availability 
(water use index = 0.50) masked functional degradation within the system. This 
condition was reflected in a high annual runoff coefficient (1.50) and increasing flood 
frequency (1.25), indicating declining infiltration capacity. These pressures were 
further exacerbated by the limited proportion of natural vegetation within protected 
areas (45.10%) and high socioeconomic vulnerability (poverty level index = 1.50). 
Overall, the findings indicate a fragile equilibrium in which apparent ecological 
stability conceals emerging hydrological and socioeconomic risks. Without adaptive 
and integrated management interventions, the system is likely to shift toward 
structural degradation. Therefore, strengthening landscape governance requires 
ecosystem-based spatial planning, nature-based mitigation strategies, and inclusive 
local economic development to enhance long-term resilience. 
 
Keywords: Carrying capacity; Ecosystem resilience; Hydrological integrity; Social-
ecological system; Watershed management 

  

Introduction  
 
The Sentarum Lake Catchment Area constitutes a 

complex ecological landscape in Kapuas Hulu Regency, 
composed of tropical rainforests, ancient peat swamp 
forests, and interconnected seasonal lake systems 
(Giesen et al., 2016a; Hidayat et al., 2021). This area 

possesses high ecological value due to the uniqueness of 
its wetland ecosystems and the ancient age of its 
peatland systems, which have developed over long 
geological timescales (Anshari et al., 2004; Giesen et al., 
2016a; Roslinda, 2019; Utami et al., 2025). The Sentarum 
Lake Catchment Area provides essential ecosystem 
services, including regulating functions such as carbon 
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storage and hydrological regulation of the Kapuas River 
(Onrizal et al., 2005), habitat functions supporting 
important and endangered wildlife species (Roslinda, 
2019; Yuniarti et al., 2018), provisioning functions in the 
form of timber, medicinal plants, and forest honey 
(Agustini et al., 2023; Onrizal et al., 2005; Roslinda, 2019), 
as well as cultural services through its potential for 
recreation and ecotourism (Agustini et al., 2023; Astari et 

al., 2023; Yuniarti et al., 2018). 
These ecosystem functions have long supported 

local community livelihoods (Agustini et al., 2023), with 
evidence of human activities dating back to before the 
sixteenth century (Giesen et al., 2016b). However, 
population growth and the intensification of economic 
activities have increasingly exerted pressure on the 
ecosystems of the Sentarum Lake Catchment Area 
(Hidayat et al., 2021; Roslinda, 2019). Previous studies 
have documented the emergence of complex challenges, 
including biophysical degradation such as the 
expansion of degraded lands and increased 
sedimentation (Andryannur et al., 2022; Onrizal et al., 
2005), social conflicts and unequal access to natural 
resources (Yasmi et al., 2007), weak institutional capacity 
for ecosystem management (Hasudungan, 2010; 
Roslinda, 2019), and limited provision of basic 
infrastructure services (Astari et al., 2023; Onrizal et al., 
2005). In the absence of development planning that 
integrates environmental carrying capacity 
considerations, these pressures may accelerate the 
decline of key ecosystem functions, particularly within 
lake and peatland areas. 

The integration of environmental carrying capacity 
assessments into development planning has become a 
critical instrument to ensure that economic development 
does not exceed the ecological limits of resource 
availability and environmental services (Cai et al., 2024; 
Rojikhah et al., 2024). Carrying capacity information 
provides a scientific basis for spatial zoning, investment 
direction, and the formulation of priority development 
programs aligned with ecosystem resilience, while also 
contributing to disaster risk mitigation (Kementerian 
Lingkungan Hidup, 2014). A growing body of research 
demonstrates that carrying capacity analysis has been 
widely applied in agricultural land-use planning 
(Alifatri et al., 2017), fisheries management (Nurlukman 
et al., 2025), and settlement development control 
(Cahyono et al., 2022; Djalil et al., 2023). 

The concept of carrying capacity is closely linked to 
the socio-ecological systems framework, which 
emphasizes the dynamic interactions between ecological 
processes and human systems (Wenpeng et al., 2018). 
Within this framework, resilience theory highlights the 
capacity of ecosystems to absorb disturbances while 
maintaining their core functions and structures (Dakos 
et al., 2022). In watershed systems, this resilience is 

strongly influenced by hydrological integrity, vegetation 
cover, and adaptive land-use management (Lane et al., 
2023; Shiferaw et al., 2025). Therefore, carrying capacity 
should not be interpreted solely as a static indicator but 
also as a reflection of the system’s ability to sustain 
ecological functions under increasing anthropogenic 
pressure (del Monte-Luna et al., 2004). 

Despite its growing application, existing studies on 

carrying capacity have largely relied on aggregated 
indicators that may overlook hidden functional 
degradation within complex watershed systems, 
particularly in wetland-dominated areas. In the 
Sentarum Lake Catchment Area, the application of 
carrying capacity evaluation is further constrained by 
limited cross-sectoral data integration, as existing 
datasets remain fragmented and have been used only 
partially. This limitation creates a critical gap in 
understanding the reliability of carrying-capacity 
indicators in capturing actual ecosystem conditions and 
emerging risks. Therefore, this study aimed to evaluate 
the carrying capacity status of the Sentarum Lake 
Catchment Area using a watershed carrying capacity 
index approach in accordance with the Regulation of the 
Minister of Forestry No. P.61/Menhut-II/2014, by 
integrating official cross-sectoral data. In addition, this 
study seeks to identify hidden vulnerabilities within the 
system. The primary contribution of this study is 
providing an operational carrying capacity database and 
bridging scientific evaluation outcomes with cross-
sectoral decision-making needs for development 
planning at the regency level. 

 

Method  
 
Time and Study Area 

This study was conducted from September to 
December 2025 and was located in the Tawang–Gundal–
Sentarum Sub-Watershed, situated in Kapuas Hulu 
Regency, West Kalimantan Province, Indonesia (Figure 
1). According to West Kalimantan Provincial Regulation 
No. 2 of 2018 on Integrated Watershed Management, the 
area covers approximately 451,429 hectares and 
constitutes an important component of the Sentarum 
Lake hydrological system. Geographically, the study 
area is located between 00°35′42.21″ and 01°21′40.54″ 
North Latitude and between 111°37′12.65″ and 
112°34′47.05″ East Longitude. The landscape represents 
upstream-to-midstream watershed characteristics, 
dominated by wetland ecosystems, peat swamp forests, 
and seasonal lake waters that play a strategic role in 
regulating regional hydrological processes. 

Administratively, the Tawang–Gundal–Sentarum 
Sub-Watershed lies entirely within Kapuas Hulu 
Regency and encompasses 11 districts and 73 villages. 
To the north, the study area directly borders the State of 
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Sarawak, Malaysia, while to the west it borders Sintang 
Regency. To the east, it is bounded by Embaloh Hulu 
and Embaloh Hilir Districts, whereas to the south it 
borders the districts of Bunut Hilir, Jongkong, Selimbau, 
Suhaid, and Semitau. This administrative and 
geographical configuration positions the Tawang–
Gundal–Sentarum Sub-Watershed as a multi-functional 
and multi-stakeholder area, making it a relevant unit of 

analysis for environmental carrying capacity assessment 
and ecosystem-based regional management planning. 

 

 
Figure 1. Location of the Sentarum Lake Catchment area in 

Kapuas Hulu Regency, West Kalimantan Province, Indonesia 

 
Data Collection 

This study employed a cross-sectoral secondary 
data integration approach, utilizing datasets obtained 
from central and local government agencies responsible 
for watershed and natural resource management in 
Kapuas Hulu Regency and West Kalimantan Province, 
Indonesia. The datasets represent the most recent and 

authoritative information available at the time of the 
study and encompass five major aspects: biophysical 
conditions, hydrological characteristics, socioeconomic 
aspects, water resource infrastructure, and land use. 

Data were collected through a systematic review of 
technical reports, official statistical publications, 
geospatial databases, and relevant regulatory and policy 
documents from the respective institutions. To enhance 

data reliability and ensure consistency in interpretation, 
the compilation of secondary data was complemented 
by semi-structured interviews with key informants to 
clarify data acquisition procedures, technical 
assumptions, and temporal and spatial limitations, as 
well as to support triangulation for data validation  
(Kallio et al., 2016; Shoozan et al., 2024). For discharge 
data, field measurements were conducted using the 
velocity-area method (SNI 8066:2015) by dividing the 
Tawang River Estuary cross-section into 10 segments. 
The total discharge (𝑄 total) was calculated by summing 
the discharge of each segment (Qi-n), where the cross-
sectional area of each (𝐴i-n) was determined using the 
trapezoidal formula based on depth data from the depth 
sounder. The surface flow velocity (Vi-n) at one point 
was measured using a current meter and multiplied by 
a correction factor of 0.85 to obtain the average velocity 
(Vi). The discharge of each segment was determined 
through the equation Qi-n (𝑚3/𝑠) = 𝐴i-n × (Vi-n × 0.85). 
All spatial and non-spatial datasets were subsequently 
harmonized, standardized, and integrated into a unified 
database, which served as the primary input for the 
watershed carrying capacity analysis of the Sentarum 
Lake Sub-Watershed. Detailed information on the data 
types, sources, and their respective roles in the analysis 
are presented in Table 1. 

 
Table 1. Types of Data, Data Sources, and Their Use for Carrying Capacity Criteria 
Type of Data Data Source Use in Criteria 

a. Critical land map Kapuas Watershed Management Agency (Balai 
Pengelolaan Daerah Aliran Sungai Kapuas) 

a. Percentage of critical land 
b. Erosion map b. Land management value 
c. Water structure value c. Water structure value 

Sentarum Lake Sub-watershed 
boundary 

Department of Housing, Settlement Areas, Land 
Affairs, and Environment of Kapuas Hulu 

Regency (Dinas Perumahan Rakyat dan Kawasan 
Permukiman, Pertanahan dan Lingkungan Hidup 

Kabupaten Kapuas Hulu) 

Spatial basis of Sentarum Lake Catchment 
Area 

 

Reliable discharge Kalimantan I River Basin Authority (Balai 
Wilayah Sungai Kalimantan I) 

Water availability 
 

Population data Department of Population and Civil Registration 
of Kapuas Hulu Regency (Dinas Kependudukan 

dan Catatan Sipil Kabupaten Kapuas Hulu) 

Water availability 

a. Forest cover Regional Office of Forestry Planning Region III 
(Balai Pemantapan Kawasan Hutan Wilayah III 

Pontianak) 

a. Vegetation cover percentage 
b. Protected areas 

c. Cultivation areas 
b. Forest area  

Urban classification Central Statistics Agency of Indonesia(Badan 
Pusat Statistik Indonesia) 

Urban classification 
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Type of Data Data Source Use in Criteria 

Flood Regional Disaster Management Agency of Kapuas 
Hulu Regency (Badan Penanggulangan Bencana 

Daerah Kabupaten Kapuas Hulu) 

Flood frequency 

Local community watershed 
regulations 

Department of Housing, Settlement Areas, Land 
Affairs, and Environment of Kapuas Hulu 

Regency (Dinas Perumahan Rakyat dan Kawasan 
Permukiman, Pertanahan dan Lingkungan Hidup 

Kabupaten Kapuas Hulu) 
Betung Kerihun and Sentarum Lake National Park 

Authority (Balai Besar Taman Nasional Betung 
Kerihun dan Danau Sentarum) 

Existence and enforcement of local 
regulations 

Community welfare Village and sub-district profile database, Ministry 
of Home Affairs (Kementerian Dalam Negeri) 

Community welfare level 

Annual rainfall Climate Hazards Group InfraRed Precipitation 
with Station data (CHIRPS) 

Annual runoff coefficient 

Runoff discharge Field data collection (velocity-area method) a. Flow regime coefficient 
b. Annual runoff coefficient 

Data Analysis 
Data analysis commenced with spatial validation 

and synchronization to ensure consistency between 
thematic datasets and the administrative boundary of 
Kapuas Hulu Regency. Geospatial analysis was 
performed using overlay techniques to integrate 
thematic layers with the Sentarum Lake Sub-Watershed 

boundary, enabling the extraction of variables, including 
the percentage of critical land, vegetation cover, land 
management performance, and extent of protected and 
cultivated areas. In parallel, tabular data were processed 
using arithmetic operations and descriptive statistical 
analyses to derive the hydrological and socioeconomic 
parameters. 

 
Table 2. Calculation and Assessment of Criteria and Carrying Capacity 
Criteria – Sub-Criteria (Weight and Parameter) Sub-Criteria Value Range Classification Score 

I.  Land Condition (Total Weight = 20) 

a.  Percentage of Critical Land (Weight = 20)   
 

𝑃𝐶𝐿 =
𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝐿𝑎𝑛𝑑 𝐴𝑟𝑒𝑎

𝑆𝑒𝑛𝑡𝑎𝑟𝑢𝑚 𝐶𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 𝐴𝑟𝑒𝑎
 𝑥 100%  

PCL ≤ 5 
5 < PCL ≤ 10 

10 < PCL ≤ 15 
15 < PCL ≤ 20 

PCL > 20 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

b.  Percentage of Vegetation Cover (Weight = 10)   
 

𝑃𝑉𝐶 =
𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑣𝑒𝑟 𝐴𝑟𝑒𝑎

𝑆𝑒𝑛𝑡𝑎𝑟𝑢𝑚 𝐶𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 𝐴𝑟𝑒𝑎
 𝑥 100%  

PVC > 80 
60 < PVC ≤ 80 

 40 < PVC ≤ 60  
20 < PVC ≤ 40 

PVC ≤ 20 

Very Good 
Good 

Moderate 
Poor 

Very Poor 

0.50 
0.75 
1.00 
1.25 
1.50 

c.  Land Use Value (Weight = 10)     
 

LUV = C x P 
 

𝐶 𝑥 𝑃 =  Σ (𝐴𝑖 𝑥 𝐶𝑃𝑖)/𝐴  

CP ≤ 0.10 
0.10 < CP ≤ 0.30 
0.30 < CP ≤ 0.50 
0.50 < CP ≤ 0.70 

IE > 0.70 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

II.  Water System Condition (Total Weight = 20) 

a.  Flow Regime Coefficient (Weight = 5)     
 

𝐹𝑅𝐶 =
𝑄 𝑚𝑎𝑥

𝑄 𝑚𝑖𝑛
   

FRC ≤ 5 
5 < FRC ≤ 10 

10 < FRC ≤ 15 
15 < FRC ≤ 20 

FRC > 20 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

b.  Annual Runoff Coefficient (Weight = 5)    
 

𝐴𝑅𝐶 =
𝑄 𝑎𝑛𝑛𝑢𝑎𝑙

𝑃 𝑎𝑛𝑛𝑢𝑎𝑙
   

ARC ≤ 0.20 
0.20 < ARC ≤ 0.30 
0.30 < ARC ≤ 0.40 

Very Low 
Low 

Moderate 

0.50 
0.75 
1.00 
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Criteria – Sub-Criteria (Weight and Parameter) Sub-Criteria Value Range Classification Score 
0.40 < ARC ≤ 0.50 

ARC > 0.50 
High 

Very High 
1.25 
1.50 

c.  Sediment Load (Weight = 4)    
 

SL = Actual erosion value (A) x Sediment Delivery Ratio 
(SDR)  
 

SL ≤ 5 
5 < SL ≤ 10 

10 < SL ≤ 15 
15 < SL ≤ 20 

SL > 20 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

d.  Flood Frequency (Weight = 2)    
 

Flood Frequency 
Never 

Once in 5 years 
Once in 2 years 

Once every year 
More than once a year 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

e.  Water Use Index (Weight = 4)    
 

𝑊𝑈𝐼 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (𝑄 𝑚3/𝑦𝑒𝑎𝑟)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 (𝑝𝑒𝑜𝑝𝑙𝑒)
  

WUI > 6,800  
5,100 < WUI ≤ 6,800  
3,400 < WUI ≤ 5,100  
1,700 < WUI ≤ 3,400  

WUI < 1,700 

Very Good 
Good 

Moderate 
Poor 

Very Poor 

0.50 
0.75 
1.00 
1.25 
1.50 

III.  Socio-Economic Condition (Total Weight = 20) 

a.  Population Pressure (Weight = 10)    
 

𝑃𝑃 =
𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑟𝑚𝑒𝑟 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠
  

PP > 4.00  
2.00 < PP ≤ 4.00  
1.00 < PP ≤ 2.00  
0.50 < PP ≤ 1.00  

PP < 0.50 

Very High 
High 

Moderate  
Low  

Very Low 

0.50 
0.75 
1.00 
1.25 
1.50 

b.  Community Welfare Level (Weight = 7)   
 

𝐶𝑊𝐿 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑜𝑟 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠
  

CWL ≤ 5  
5 < CWL ≤ 10  

10 < CWL ≤ 20  
20 < CWL ≤ 30  

CWL >30 

Very High 
High 

Moderate  
Low  

Very Low 

0.50 
0.75 
1.00 
1.25 
1.50 

c.  Regulatory Presence and Enforcement (Weight = 3)    
 

Whether or not there are community rules in the 
watershed relating to conservation 

Yes, widely practiced 
Yes, limited practice 

Yes, not practiced 
No regulations 

Regulations exist but are counter-
conservative 

Very Good 
Good 

Moderate 
Poor 

Very Poor 

0.50 
0.75 
1.00 
1.25 
1.50 

IV.  Infrastructure Investment (Total Weight = 10) 

a.  Urban Classification (Weight = 5)     
 
 

The existence and status of the city 

No cities 
Small cities 

Municipalities 
Large cities 

Metropolitan cities 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

b.  Water Infrastructure Value (Weight = 5)   
 

Current value of water structure investments 
(reservoirs, dams, barrages, irrigation channels) 

WIV ≤ Rp. 15 Billion  
15 < WIV ≤ Rp. 30 Billion 
30 < WIV ≤ Rp. 45 Billion 
45 < WIV ≤ Rp. 60 Billion 

WIV > Rp. 60 Billion 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

V.  Spatial Utilization (Total Weight = 10) 

a.  Protected Areas (Weight = 5)    
 

𝑃𝐴 =
𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑟𝑒𝑎

𝑃𝑟𝑜𝑡𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑
  

PA > 70  
45 < PA < 70  
30< PA < 45  
15 < PA < 30  

Very Good 
Good 

Moderate 
Poor 

0.50 
0.75 
1.00 
1.25 
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Criteria – Sub-Criteria (Weight and Parameter) Sub-Criteria Value Range Classification Score 
PA < 15 Very Poor 1.50 

b.  Cultivated Areas (Weight = 5)     
 

𝐶𝐴 =
𝐿𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 𝑤𝑖𝑡ℎ 𝑎 𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 0−25%

𝑃𝑟𝑜𝑡𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑
  

CA >70  
45 < CA < 70  
30 < CA < 45  
15 < CA < 30  

CA < 15 

Very Low 
Low 

Moderate 
High 

Very High 

0.50 
0.75 
1.00 
1.25 
1.50 

Table 3.  Classification of Watershed Carrying Capacity 
Status 
Watershed Carrying Capacity (WCC) Value Category 

WCC ≤ 70 Very Good 
70 < WCC ≤ 90 Good 
90 < WCC ≤ 110 Moderate 
110 < WCC ≤ 130 Poor 
WCC > 130  Very Poor 

 

 
Figure 2. Research flowchart of the carrying capacity 

assessment process in the Sentarum Lake Sub-Watershed 
 

The watershed carrying capacity was assessed 
using a multi-criteria evaluation framework in 
accordance with the Indonesian Minister of Forestry 
Regulation No. P.61/Menhut-II/2014. This framework 
integrates biophysical, hydrological, socio-economic, 
water infrastructure investment, and land-use 
dimensions into a single composite index that represents 
the overall condition and stability of the watershed 
system. Each criterion was transformed into 
standardized scores using a reverse disparity scoring 
system, in which lower scores (0.50) indicate more 
favorable conditions and higher scores (1.50) reflect 
greater environmental pressure. Weighted aggregation 
of sub-criteria produced composite indices for each 
evaluation component (Table 2), and the overall 

watershed carrying capacity status was determined 
based on the final composite weighted score across all 
criteria and sub-criteria, as classified in Table 3. The 
overall research workflow, including data collection, 
integration, analysis, and interpretation processes, is 
illustrated in Figure 2. 
 

Result and Discussion 
 
Assessment of Carrying Capacity Values and Status in the 
Sentarum Lake Sub-Watershed 

Based on the assessment of carrying capacity values 
and status, the composite carrying capacity index for the 
Danau Sentarum Sub-Watershed was 78.00, placing the 
area in the "good" category (Table 4). While this result 
indicated that the landscape was still capable of 
supporting existing pressures, its proximity to the lower 
limit of the "good" category indicated a gradual shift 
away from "very good" conditions (<70) and toward the 
threshold of the "moderate" category (>90). This pattern 
serves as an early warning signal, indicating that 
emerging pressures, if left unmanaged, could 
progressively erode the overall carrying capacity of the 
watershed. 

Analysis of the five evaluation criteria indicated 
that the ecological pillars remained the primary 

stabilizing force within the system. Land conditions and 
water regimes scored 32.50 and 16.50, respectively, 
accounting for approximately 62.8% of the total carrying 
capacity (Table 4). This dominance reflects the continued 
integrity of key biophysical attributes, including a low 
proportion of degraded land, moderate vegetation 
cover, and relatively effective land management 
practices. This finding is consistent with previous 
studies in tropical wetland-dominated watersheds, 
which demonstrate that landscape stability is primarily 
maintained through soil protection and vegetation-
mediated hydrological regulation (Ivory et al., 2019; 
Tarigan et al., 2018). However, the proportion of natural 
vegetation in the Danau Sentarum Sub-Watershed has 
dropped below 50%, indicating that ecological stability 
increasingly relies on favorable management conditions 
rather than structural ecosystem redundancy, which 
may increase sensitivity to future land use changes (Rijal 
et al., 2025). 
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Table 4. Carrying Capacity Assessment and Status 
Criteria / Sub-Criteria Analysis Result Score Weight Value Percentage 

Land Condition (Weight = 40, Max Value = 60)    (32.5) 41.67 
a. Critical Land (%) 5.60 % 0.75 20 15.00  
b. Vegetation Cover (%) 43.50 % 1.00 10 10.00  
c. Land Use Value 0.02 0.75 10 7.50  

Water System Condition (Weight = 10, Max Value = 30)    (16.50) 21.15 
a. Flow Regime Coefficient 4.84 0.50 5 2.50  
b. Annual Runoff Coefficient 0.51 1.50 5 7.50  
c. Sediment Load (ton/ha/year) 2,074 0.50 4 2,00  
d. Flood Frequency (time/year) 1.20 1.25 2 2.50  
e. Water Use Index (m³/capita/year) 28,950.8 0.50 4 2,00  

Socio-Economic Condition (Weight = 20, Max Value = 30)    (17.75) 22.76 
a. Population Pressure (ha/number of farmer families) 11.80 0.50 10 5.00  
b. Community Welfare Level (%) 63.90 1.50 7 10.50  
c. Regulatory Presence and Enforcement Available 0.75 3 2.25  

Water Infrastructure Investment (Weight = 10, Max Value = 15)    (5.00) 6.41 
a. Urban Classification No city 0.50 5 2.50  
b. Water Infrastructure Value (Rp) 412,984,580 0.50 5 2.50  

Spatial Utilization (Weight = 10, Max Value = 15)    (6.25) 8.01 
a. Protected Area (%) 45.10 0.75 5 3.75  
b. Cultivated Area (%) 90.90 0.50 5 2.50  

Total Score    78.00  

Carrying Capacity Status         Good  

Socioeconomic criteria represent the most 
significant constraints on the long-term carrying 
capacity of watersheds. With a score of 17.75, accounting 
for approximately 22.76% of the total index, this 
component fell into the moderate category, highlighting 
the structural imbalance between the ecological integrity 
and human well-being. Despite relatively favorable 
biophysical conditions, the high poverty rate (63.9%) 
indicated that ecosystem services have not been 
effectively translated into sustainable livelihoods. This 
result is in line with previous studies showing that 
socioeconomic vulnerability is a key driver of ecosystem 
degradation, as it promotes short-term, subsistence-
oriented resource use in ecologically sensitive areas 
(Dixon et al., 2003; Lamsal et al., 2015). In the context of 
the Danau Sentarum Sub-Watershed, this mismatch 
underscores that maintaining ecological stability alone is 
insufficient without parallel improvements in local 
economic resilience. 

Conversely, the relatively low scores for water 

infrastructure investment (5.00) and spatial utilization 
(6.25) yield two key interpretations. First, the limited 
contribution of water infrastructure investment 
indicates that hydrological regulation within the 
watershed is predominantly governed by natural 
mechanisms, such as lakes, wetlands, and vegetation 
cover, rather than engineered structures. This suggests 
that large-scale human interventions, including levees, 
dams, and other hydraulic infrastructure, are currently 
minimal or unnecessary. Such systems are commonly 
associated with higher ecological flexibility and lower 
dependence on rigid structural controls, particularly in 

wetland-dominated landscapes. Nevertheless, reliance 
on natural regulatory mechanisms may increase 
vulnerability to future climate extremes, including 
intensified rainfall events or prolonged dry periods 
(Estrela-Segrelles et al., 2024). Simultaneously, spatial 
utilization scores indicate that land use patterns remain 
relatively stable, with cultivation activities largely 
concentrated on flat terrain. However, the declining 
effectiveness of protected areas, reflected in the 
decreasing proportion of intact natural vegetation, has 
the potential to weaken their function as ecological 
buffers (Cheng et al., 2023; Li et al., 2024). This condition 
underscores the need to prioritize the protection and 
restoration of natural vegetation within conservation 
policies to sustain the carrying capacity and long-term 
resilience of the water catchment area, especially Lake 
Sentarum (Tarigan et al., 2018; L. Wang et al., 2025; Yi et 
al., 2023). 

Overall, the carrying capacity profile of the Danau 
Sentarum Sub-Watershed reflected a fragile equilibrium, 

where strong ecological performance partially masked 
emerging hydrological and socioeconomic 
vulnerabilities. Although the landscape currently 
maintains functional stability, increasing runoff 
coefficients and flood frequency indicate early signs of 
hydrological stress, consistent with the phenomenon of 
pseudo-hydrological stability observed in other tropical 
watersheds (Sadhwani et al., 2023). If socioeconomic 
pressures and land-use dynamics are not addressed 
through adaptive ecosystem-based planning, this 
apparent stability could gradually shift towards 
structural degradation (Y. Wang et al., 2022; Wu et al., 
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2025). These findings reinforce and extend previous 
studies emphasizing the importance of integrating 
carrying capacity indicators into regional planning as a 
preventive tool to guide land-use decisions, strengthen 
ecosystem resilience, and reduce long-term 
environmental risks (Mahmud et al., 2021; Setyowati, 
2021; Sriyana, 2018). 
 
Multidimensional Carrying Capacity Paradox of the 
Sentarum Lake Sub-Watershed 

A more detailed examination at the sub-criteria 
level revealed distinct patterns of resilience and 
emerging critical thresholds within the carrying capacity 
system. The multidimensional carrying capacity profile 
of the Sentarum Lake Sub-Watershed, as visualized by 
the radar chart (Figure 3), displays heterogeneous web 
patterns that reflect the contrasting performance among 
individual sub-criteria. In this visualization, values 
extending outward toward 1.50 indicate subcriteria 
experiencing higher pressure or deteriorating 
conditions, whereas values closer to the center (0.50) 
represent lower pressure and more favorable conditions. 

 

 
Figure 3. Multidimensional carrying capacity profile of the 
Sentarum Lake Sub-Watershed. Note: PCL: percentage of 

critical land; PVC: percentage of vegetation cover; LUV: land 
use value; FRC: flow regime coefficient; ARC: annual runoff 

coefficient; SL: sediment load; FF: flood frequency; WUI: 
water use index; PP: population pressure; CWL: community 
welfare level; LR: local regulation; UC: urban classification; 

WIV: water infrastructure value; PA: protected area; CA: 
cultivated area 

 
Among the 15 subcriteria evaluated, the 

distribution of scores ranged from optimal to critical. 
The lowest (best) score of 0.50 was recorded for the flow 
regime coefficient, sediment load, water use index, 
population pressure, urban classification, water 
infrastructure investment and cultivated areas (Table 4). 
Intermediate scores of 0.75 were observed for the 
proportion of critical land, land management 

performance, regulatory presence and enforcement, and 
protected areas. Vegetation cover reached a moderate 
score of 1.00, whereas higher pressure was indicated by 
scores of 1.25 for flood frequency. The most critical 
condition was identified in the community welfare and 
annual runoff coefficient indicator, which reached a 
maximum score of 1.50. The resulting asymmetric radar 
pattern (Figure 3) demonstrates that, despite generally 

favorable conditions across many sub-criteria, 
pronounced deviations occur within the socio-economic 
and annual hydrological dimensions, providing visual 
evidence that the current carrying capacity is already 
under strain in this region. 

The primary resilience of the Sentarum Lake Sub-
Watershed is supported by strong hydrological 
buffering functions and relatively stable demographic 
conditions, as reflected by the predominance of 
subcriteria scoring 0.50. A low-flow regime coefficient 
indicates that the lake–wetland system continues to 
buffer seasonal discharge fluctuations effectively, 
whereas low sediment loads suggest that erosion 
processes remain largely controlled, thereby preventing 
premature sedimentation. These biophysical strengths 
are further reinforced by high per-capita water 
availability, as indicated by the favorable water-use 
index, and low population pressure, which collectively 
limit the anthropogenic stress on the landscape. The 
absence of urban centers, minimal investment in 
hydraulic infrastructure, signaling continued reliance on 
natural hydrological processes (Canteiro et al., 2024), 
and compliance with land use allocation in cultivated 
areas further confirm the integrity of this system. 
Together, these conditions constitute the ecological 
foundation sustaining the current “good” carrying 
capacity status and reflect a landscape that retains a 
degree of self-recovery capacity, a characteristic typical 
of relatively intact wetland-dominated watersheds 
(Lane et al., 2023). 

However, early signs of disturbance emerge within 
land- and governance-related sub-criteria, as reflected 
by scores of 0.75 for critical land proportion, land 
management performance, regulatory enforcement, and 
protected areas. These values indicate that, although 
policy instruments formally exist, supported by local 
watershed forums and customary lake fisheries 
regulations, their effectiveness at the operational level 
remains limited. The presence of critical land and the 
declining effectiveness of protected areas suggest that 
increasingly dynamic land-use demands are gradually 
eroding landscape protection thresholds (Li et al., 2024). 
This condition reflects a transition from an ideal 
conservation state toward a more contested landscape, 
consistent with findings from previous studies 
indicating that increasing land-use pressure 
progressively weakens ecosystem protection thresholds 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 4, 124-137  
 

132 

(Felipe-Lucia et al., 2020; Hillebrand et al., 2020). 
Without strengthened enforcement and consistent land-
use governance, the ecological integrity of protected 
areas is likely to deteriorate further (Brenes et al., 2018; 
Eklund et al., 2017). 

Anthropogenic pressure was more evident in the 
vegetation cover sub-criterion, which recorded a 
moderate score of 1.00. Natural forest cover has declined 

below 50% at the landscape scale, approaching the 
minimum threshold required to maintain effective 
hydrological protection. This reduction signals 
increasing competition for land, particularly for non-
forest uses. If spatial planning is not carefully managed, 
further loss of natural vegetation will not only diminish 
biodiversity habitat but also reduce the forest’s capacity 
to dissipate rainfall energy and regulate runoff. These 
processes are widely recognized as precursors to 
accelerated surface runoff, soil erosion, and hydrological 
instability in tropical watersheds (Artika et al., 2022; 
Tarigan et al., 2018). 

The decline in forest vegetation is closely linked to 
reduced infiltration capacity, as evidenced by the 
instability of annual hydrological indicators. The 
occurrence of flooding more than once per year, 
reflected by an average flood frequency score of 1.25, 
revealed an early indication of the transition from 
infiltration-dominated to surface flow-dominated 
hydrological processes in the watershed. This shift was 
further corroborated by the annual runoff coefficient, 
which reached a maximum score of 1.50, indicating that 
approximately 50% of the annual rainfall was converted 
directly into surface runoff rather than infiltrating into 
the subsurface. These indicators suggest a progressive 
decline in the capacity of the Sentarum Lake landscape 
to regulate water storage and attenuation, signaling the 
gradual loss of its function as a hydrological “sponge”. 
This pattern is consistent with previous studies in 
tropical wetland catchments, which show that 
vegetation loss and land-use change contribute to 
increased surface runoff and reduced infiltration 
capacity (Garza-Díaz et al., 2022; Yang et al., 2022). 

Another most critical vulnerability within the 
carrying capacity profile lies in the socio-economic 
dimension, where community welfare reached the 
maximum score of 1.50. The high poverty rate (63.9% of 
households) indicates a systemic failure to translate 
ecological wealth into sustainable local livelihoods. This 
condition creates a socio-ecological paradox: while 
biophysical conditions remain relatively favorable, local 
communities continue to experience severe economic 
vulnerability. Furthermore, this finding supports 
previous studies indicating that structural poverty is a 
key driver of intensified resource extraction, as 
communities prioritize short-term survival over long-
term sustainability (Barbier, 2010; Wackernagel et al., 

2021). Accordingly, this sub-criterion represents the 
weakest link in the carrying capacity system of the 
Sentarum Lake Sub-Watershed. 

Collectively, the distribution of the subcriteria 
scores confirmed strong functional interdependencies 
within the carrying capacity system. Severe 
socioeconomic stress (1.50) is likely to progressively 
undermine vegetation integrity (1.00), which, in turn, 

weakens land infiltration capacity and elevates annual 
flood risk (1.25). Although primary hydrological 
buffering and demographic conditions currently remain 
favorable (0.50), their long-term resilience is threatened 
by the fragility of the socio-economic foundation. This 
contradiction highlights that low population pressure 
alone does not guarantee equitable benefit distribution. 
Extensively cultivated areas combined with reduced 
forest cover suggest the dominance of large-scale land 
control, which limits local access to resources. 
Consequently, the “good” carrying capacity status 
(index = 78.00) represents a fragile equilibrium in which 
remaining biophysical strengths are increasingly 
challenged by persistent poverty and unequal resource 
access. Therefore, strengthening landscape governance 
cannot rely solely on technical or ecological 
interventions but must holistically integrate ecosystem 
protection with socio-economic restructuring to ensure 
long-term carrying capacity sustainability, which is 
consistent with broader evidence that aligning 
conservation and development objectives is essential for 
durable socio-ecological resilience (Fenta et al., 2023; 
Tang et al., 2022; Wolka et al., 2023). 
 
Implications for Landscape Conservation Governance 

The combination of low population pressure, high 
poverty levels, and declining forest cover within 
protected areas and across the broader landscape 
highlights the urgent need to realign conservation 
strategies with livelihood security. These conditions 
indicate that landscape governance in the Sentarum 
Lake Sub-Watershed must move beyond restrictive 
conservation toward a productive conservation model. 
Forest-like land management through agroforestry-
based systems has emerged as a strategic intervention, 
enabling food production and income generation while 
maintaining vegetation structure and soil infiltration 
functions (Fahad et al., 2022; VijayKumar et al., 2024). By 
integrating local food crops under economically 
valuable tree canopies, agroforestry offers a pathway to 
strengthen household resilience without further forest 
conversion, thereby simultaneously addressing food 
security, poverty alleviation and hydrological 
sustainability (Duffy et al., 2021). 

The limited effectiveness of existing local 
regulations, coupled with declining forest cover outside 
formally protected areas, underscores the importance of 
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strengthening community-based governance (Jenke, 
2024). Landscape governance should prioritize the 
formal recognition of customary rules and community 
agreements through village-level regulations that 
establish locally managed protected zones within non-
forest land areas. Such an approach would empower 
communities to map, monitor, and catchment areas that 
currently fall outside the formal conservation 

frameworks. Community-based conservation not only 
closes governance gaps in degraded buffer areas but also 
enhances participatory monitoring, ensuring that 
conservation measures remain adaptive to dynamic land 
use pressures at the local scale (Funder et al., 2013). 

Despite relatively favorable scores for protected 
areas and vegetation cover, elevated annual runoff 
coefficients and flood frequency reveal structural 
weaknesses in the current spatial planning. These 
indicators confirm that existing land-use allocations 
have failed to compensate for the loss of infiltration 
capacity caused by the degradation of forests. 
Consequently, landscape governance must reorient 
spatial planning priorities toward flat terrain and 
wetland ecosystems that function as critical water-
retention zones, even if they are often perceived as 
suitable for expansion. A moratorium on the further 
conversion of the remaining natural forests is essential 
to restore the landscape’s hydrological “sponge” 
function (Filoso et al., 2017; Peña-Arancibia et al., 2019). 
At the same time, the strong natural hydrological 
buffering capacity of the Sentarum Lake system, 
combined with minimal infrastructure intervention, 
creates a strong rationale for implementing Payment for 
Ecosystem Services (PES) schemes. By providing direct 
economic incentives to local communities to maintain 
ecosystem services, PES can transform conservation 
from a perceived constraint into a viable economic asset, 
thereby aligning poverty reduction with long-term 
landscape resilience (Bell et al., 2018; Le et al., 2024). 

 

Conclusion  

 
This study demonstrates that the Sentarum Lake 

Sub-Watershed is currently characterized by a “good” 
carrying capacity status, yet this condition reflects a 
fragile equilibrium in which strong ecological 
performance masks emerging hydrological and socio-
economic vulnerabilities. The identification of pseudo-
hydrological stability reveals that favorable indicators, 
such as stable flow regimes and high water availability, 
may obscure underlying functional degradation, as 
indicated by a high annual runoff coefficient, increasing 
flood frequency, and declining vegetation cover. In 

addition, the coexistence of low population pressure and 
high poverty levels highlights a significant socio-
ecological imbalance, suggesting that ecosystem services 

have not been effectively translated into local economic 
resilience. Therefore, strengthening landscape 
governance requires the integration of ecosystem-based 
spatial planning, protection and restoration of natural 
vegetation, and the development of inclusive, nature-
based livelihood strategies to ensure long-term socio-
ecological resilience. 
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