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Abstract

:

Land use and land cover (LULC) change causes biodiversity decline through loss, alteration, and fragmentation of habitats. There are uncertainties on how LULC will change in the future and the effect of such change on biodiversity. In this paper we applied the Land Change Modeler (LCM) and Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) Scenario Generator tool to develop three spatially explicit LULC future scenarios from 2015 to 2030 in the Pulang Pisau district of Central Kalimantan, Indonesia. The district is experiencing a rapid loss of biodiversity as a result of unprecedented LULC changes. Further, we used the InVEST Habitat Quality model to map habitat quality as a proxy to biodiversity in each of the scenarios. We find habitat quality decline is largest in a scenario where past trends of LULC change continue, followed by a scenario with planned agricultural expansion. Alternately, a conservation-oriented scenario results in significant improvements in habitat quality for biodiversity. This information can support in developing appropriate land use policy for biodiversity conservation in Indonesia.
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1. Introduction


Human societies have been built on using biodiversity and thus value biodiversity for its intrinsic worth and its contribution toward the production of various ecosystem goods and services (ESs) that contribute to human well-being [1,2]. Biodiversity also stabilizes the delivery of ecosystem services through time [3,4]. However, many activities crucial for subsistence living have led to biodiversity loss [2,5]. Among these activities is the human-induced land use and land cover (LULC) change that causes biodiversity decline through the loss, alteration, and fragmentation of habitats [6,7]. Land use has been identified as the leading driver of global biodiversity change by the year 2100 [8]. This is of concern not only for the ecosystems but also for human well-being, as loss of biodiversity also translates to loss of many important ecosystem goods and services. In the future, the world will face new interconnected land use challenges resulting from the anticipated increased in the demand for goods and services from limited land resources. [9]. Land managers and policymakers are increasingly concerned about how to improve land management with a minimum impact on biodiversity and corresponding ecosystems. However, there is a significant gap in our understanding of the spatial and temporal ecology of biodiversity and ecosystem goods and services. This, in turn, impedes our ability to manage landscapes sustainably [10]. Several global initiatives such as the Millenium Ecosystem Assessment (MA), the Intergovernmental Panel on Biodiversity and the Ecosystem Services (IPBES), and The Economics of Ecosystems and Biodiversity (TEEB) have emphasized the need to assess biodiversity and ecosystems to develop strategies for promoting human and ecological welfare [2,11,12].



In this context, the notion of developing LULC scenarios with a subsequent assessment of changes in biodiversity and ecosystem services is gaining momentum. Scenarios provide insights into the future through visual representations based on assumptions or data trajectories. The information on the potential outcomes of alternative scenarios can be an important tool while making difficult policy decisions [13]. These scenarios can communicate associated benefits and tradeoffs to policymakers and land planners and managers [10,14,15,16]. They show that spatial and temporal changes in LULC can be used to assess biodiversity and ESs and the trade-offs that occur between different land uses. Advances in modeling software systems have made it possible to develop future scenarios and map biodiversity from different land use scenarios [17,18,19]. A wide range of approaches are available to model LULC change scenarios ranging from machine learning approaches, cellular approaches, economic approaches, agent-based approaches, and hybrid approaches [20]. While measuring and valuing biodiversity has progressed [21], it remains a challenging task [8,12]. One way to assess biodiversity is to spatially model habitat quality [22]. However, this process requires incorporating many properties of the ecosystem, which are complex. Further, traditional terrestrial data collection methods have proved to be extremely time and resource-consuming [22,23,24]. There are also accessibility difficulties in many valuable habitats [22]. In addressing these challenges, models based on geographic information systems (GIS) offer varying strengths and weaknesses to the processing of LULC changes and biodiversity [20,25]. The methods for habitat quality analysis have evolved into an active community with wide-scale operational applications [26].



Many studies have modeled LULC changes and their effects on biodiversity. However, in developing countries like Indonesia, with usually limited data availability, modeling approaches are in their infancy. Moreover, no study has explicitly focused on LULC changes and biodiversity at both the local and landscape scales in Indonesia. This study is the first application of GIS-based integrated modeling tools in the assessment of biodiversity at a landscape scale in the district. In this paper, we use the Land Change Modeler (LCM) and InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) Scenario Generator to develop alternative LULC scenarios. Further, we used the InVEST Habitat Quality model to assess habitat quality under each of the scenarios. The specific aim was to develop three alternative LULC scenarios and assess the spatial distribution of biodiversity under each of them. The Pulang Pisau district of Central Kalimantan province in Indonesia was used as a case study. Central Kalimantan hosts a wide diversity of flora and fauna [27]. However, the rich biodiversity in the province of Kalimantan is declining at an unprecedented rate due to rapid LULC changes, mainly forest conversion caused by land-based economic development (mainly the establishment of oil palm plantations) [28]. Oil palm expansion and deforestation in Central Kalimantan is one of the highest in Indonesia [29] During the period of 1990–2005, at least 56% of oil palm expansion in Indonesia came from forest conversion [30]. The comparison of the land cover map of Pulang Pisau between 2006 and 2015 shows that about 15% of the converted forests during this time came from new oil palm plantations. In the future, further economic development poses an additional threat to the biodiversity in the district. The information on the impact of possible LULC changes on biodiversity will help policymakers formulate appropriate land use policy.




2. Methods


2.1.Study Area


The district of Pulang Pisau is in the southeast part of Central Kalimantan province, Indonesia. The district is bordered by Katingan district in the west, Kapuas district in the east, Gunung Mas district in the north, and the Java Sea in the south (Figure 1). The geographic position is between 113°30′00″–114°15′00″ East longitude and 1°32′00″–3°28′00″ South Latitude [31]. The district’s tropical climate is characterized by high relative humidity (75–87.4%) and a temperature range of 20 °C to 35.8 °C. The topography ranges from coastal and peat swamps in the south to highlands in the north. Almost 30% of the total land area is covered by peat swamp forests. The ecosystem’s carbon storage potential and rich biodiversity makes it the most important land cover type for conservation in the district. The typical land use pattern in the district is oil palm plantations and farmland, each covering almost 10% of the district area.



A significant amount of the district’s peatlands is degraded due to human activities such as drainage and land conversion [32]. However, the remaining pristine peat swamp forests sustain high biodiversity. The rich biodiversity of the district includes many indigenous species of trees along with 63 recorded mammal species (including nine primate species) [33]. Sebangau National Park protects almost a quarter of Pulang Pisau district. The park provides a natural habitat to a variety of endangered species, such as the orangutan (Pongo pygmaeus), clouded leopard (Neofelis diardi), probiscus monkey (Nasalis larvatus), gibbon (Hylobates spp.), malayan sun bear (Helarctos malayanus), hornbills (Rhinoplax vigil, Buceros spps) [27,34,35].




2.2. Models and Tools


We used three spatially explicit modeling softwares and ArcGIS 10.3 to prepare and process the geospatial data. Clark Lab’s Land Change Modeler for ArcGIS Software Extension (2.0) (LCM) and an open-source Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) The Rule-Based Scenario Generator version 3.4.0 (https://www.naturalcapitalproject.org/invest/) was used to develop LULC scenarios for the year 2030. LCM uses historical datasets and drivers of change variables in the form of maps. The InVEST Scenario Generator uses data on the land use transition patterns and land suitability factors to develop future maps. Finally, the InVEST Habitat Quality model was used to map habitat quality as a proxy for biodiversity. InVEST Habitat Quality uses different data parameters; impact and distance of threats and sensitivity and accessibility of habitats to threats. The conceptual framework of the study is shown in Figure 2.



2.2.1. Scenario Modeling


We defined three LULC scenarios and extrapolated them to the year 2030: business-as-usual (BAU), development, and conservation. In the BAU scenario, we assumed the continuation of past LULC transitions. We compared and analyzed LULC maps produced by the Ministry of Environment and Forestry of Indonesia in 2006 and 2015 (Appendix A). The maps were produced by digitation processes and visual interpretation using Landsat data with a spatial resolution of 30 m. LCM showed significant LULC change in the district. Forest cover decreased by almost 22% and was converted to open lands (60%), swampy bushes (35%), and oil palm plantations (15%). This suggests increasing levels of deforestation and forest degradation. We held consultation meetings with representatives from the main government and non-government conservation bodies and academic institutions in the district. This included experts from the Department of Forestry, Environmental Agency of Central Kalimantan, WWF—Indonesia, Forestry Department—Universitas Muhammadiyah, and the Institute for Land Use and Agricultural Research—University of Palangkaraya. We also held discussions with local farmers and staff from the Sebangau National Park. Our discussions with stakeholders revealed that increased demand and rising prices for agricultural products such as palm oil are key drivers of past land use change. Further, stakeholders suggested that the lack of efficient land use planning makes the BAU scenario highly plausible in the future. We defined the development scenario (DS) as a state in which the government seeks to maximize economic profit through the expansion of exploitative land uses, such as oil palm plantations. We used the oil palm license map as indicative of expansion zones. In this scenario, conservation is not an important land use goal and thus the environmental protection and regulation laws are reduced.



Finally, in the conservation scenario (CS), we assumed that the objective of land management is to protect, conserve, and restore forests. It reflects the interest of government and conservation agencies in preventing the further loss of forests and restoring the degraded forests and lands. A discussion was held with representatives from the Indonesian Ministry of Environment and Forestry, Environment Agency of Central Kalimantan and WWF Indonesia, which are the local conservation organizations in Central Kalimantan. We discussed past LULC transitions and the BAU scenario and asked what transitions would occur under a conservation-oriented policy. Additionally, we discussed the likelihood of forest restoration under the plan developed by the Peatland Restoration Agency (Badan Restorasi Gambut/BRG), a government agency established by the President of Indonesia in 2016 to restore 2.4 million hectares of degraded peatlands in the seven provinces of Indonesia.



Land Change Modeler (LCM)


We used the Land Change Modeler (LCM) to develop LULC maps for the BAU scenario. LCM projects LULC based on a synthesis of historical land change information (raster maps) and the researcher’s knowledge of the drivers of change [36]. A change analysis was performed by supplying LCM with the LULC raster maps from 2006 and 2015 as input. Based on the analysis, we selected five sub-model transitions to determine changes with a high transition potential—from forests to oil palm, forests to open land, forests to swampy bushes, swampy bushes to farmlands, and swampy bush to oil palm in the transition potential fields.



Furthermore, we added the potential change driver variables in the form of raster maps for primary roads, secondary roads, drainage canals, and settlements (Appendix A). We converted the vector datasets for these drivers to rasters using the Euclidean distance method. In the transition, sub-model structure fields we selected the role as static and the operation distance for each driver as variable. The transition sub-model was run with a multi-layer perceptron (MLP) neural network, which offers the strongest capabilities [37]. The change was predicted using the Markov Chain change demand modeling parameter with soft prediction.




InVEST Scenario Generator


We used the InVEST model to develop spatial maps for both the development and conservation scenarios. The model combines multi-criteria evaluation methods, overlay analysis, and expert knowledge to project alternative futures [37]. We combined the stakeholder input on the percentage change and transition likelihood of the LULC cover types and the land suitability factors to generate future LULC maps. Transition likelihood is the measure of the likelihood of a land parcel (pixels) to change from one LULC type to another. Based on the historical LULC change patterns, transition likelihoods were measured on the scale of 0 to 10 (0 meaning a very low likelihood and 10 meaning high likelihood). We collected the transition likelihood of LULC through expert consultations. The transition likelihood input for both the DS and CS is provided in Appendix B (Table A2). We used the restoration map of the Peatland Restoration Agency as the land suitability factor for the CS, as it shows the government’s priority areas for forest restoration. For the DS, we took the map of the issued oil palm licenses from Global Forest Watch as the land suitability layer for oil palm expansion.





2.2.2. Habitat Quality Modeling


InVEST Habitat Quality Model


The InVEST Habitat Quality model uses habitat quality as a proxy for biodiversity and spatially estimates the extent of habitat quality within a landscape [38]. It assumes that LULC types with higher habitat quality indicate a richness of native species, while types with lower habitat quality indicate the opposite. It combines information on habitat suitability and threats to biodiversity to produce habitat quality maps. It considers habitat quality as the function of four factors: (i) the relative impact of each threat; (ii) the relative sensitivity of each habitat type to each threat; (iii) the distance between habitats and sources of threats; and (iv) the degree to which the land is legally protected. We used the maps of farmlands, oil palm, settlements, roads, and drainage canals in the district as threat layers for the model.



The impact of each threat on the habitat quality in a grid cell was determined using four factors. First, the relative impact of each threat on habitat quality was determined to capture the different damage potentials of each threat i.e., the threat’s weight (wt) is the relative impact score to all threats. If the drainage canal has a weight of 1 and the secondary road has a weight of 0.5, then the drainage canal degrades habitat twice as much as the secondary road. Second, we determined the maximum effective distance of the threat to degrade habitat. For this, a threat-mitigating factor was assigned, which represents the distance between the habitat and the threat, and the impact of the threat.



Third, we determined the level of accessibility of each threat to the habitat (βx), which assumes the impact of the threat on habitat decreases with less accessibility of the threat to habitat. If βx ∈ [0,1] indicate the level of accessibility in the grid cell x, then 1 indicates complete accessibility and 0 indicates no accessibility. Fourth, we determined the sensitivity (Sjr) of each habitat to the threats. If Sjr ∈ [0,1] indicate the sensitivity of habitat type j to the threat r, the values closer to 1 indicate greater sensitivity to the threat. For example, a forest habitat may suffer more degradation from an adjacent oil palm plantation (higher sensitivity) than from disturbances caused by settlements (lower sensitivity). The input data for the InVEST Habitat Quality Model is provided in Appendix C.







3. Results


3.1. LULC Maps Under the Future Scenarios


The results from the LCM and InVEST Scenario Generator made it possible to compare and analyze the spatial changes in the LULC under the different scenarios. The LULC map for BAU shows two dominant LULC changes, namely the expansion of oil palm by up to 60% and of open lands by up to 75% (Table 1). These expansions come mainly at the expense of forests and swampy bushes, which spread as far as the border of the protected area (Figure 3). In the development scenario, in which a 30% expansion of oil palm is estimated within the permit zones (areas where oil palm licenses are issued), the loss of forests is prevented. However, some patches of swampy bushes are still lost to oil palm development. Finally, under the CS, in which forest cover increase is envisioned within the zones of the restoration plan, forest cover increases by 20% at the expense of oil palm plantations and open lands.




3.2. Biodiversity and Habitat Quality


The results of the InVEST Habitat Quality model show a relative habitat quality score in a range of zero to one, where zero implies low habitat quality and one high habitat quality. Habitat quality maps show a large spatial variability in habitat quality across the landscape due to the effect of LULC change in each scenario (Figure 4). The average value of the habitat quality of each cell across the landscape implies that the decline in biodiversity will be higher in BAU (23.4% lower habitat quality than baseline) than the DS (12.6% lower habitat quality than baseline). Alternately, biodiversity in the CS will increase as a result of habitat quality increase by up 12.7% from the baseline (Table 2).



Further, we calculated a more tangible change in habitat quality by categorizing the average relative value of habitat quality of the landscape into four quality classes: no habitat (0), low quality (0–0.5), moderate quality (0.5–0.8), and high quality (0.8–1). Table 3 shows the habitat quality classes under each of the LULC scenarios.



In addition, we observed the relative habitat quality distribution changes inside the protected area. Under the BAU scenario, habitat quality will degrade as much as 4%. In the CS, habitat quality inside the protected area improves by up to 0.85% (Table 4).



The decrease in total habitat quality is due to the loss of habitats (e.g., forests and swampy bushes) and the increase in threats to habitats (i.e., increase in the proximity of threats to biodiversity). Comparing habitat quality scores indicates the areas with the highest biodiversity conservation potentials and those susceptible to biodiversity loss due to land use changes.





4. Discussion and Conclusions


The authors modeled LULC changes and analyzed their effects on biodiversity under three different LULC scenarios. LCM and the InVEST Scenario Generator were used to model LULC, while the InVEST Habitat Quality tool was used to determine the effects on biodiversity. The study demonstrated that the trend of LULC change in the district will continue to be exacerbated in the BAU scenario, resulting in a higher loss of habitat quality for biodiversity. This loss is also well pronounced in the protected areas. Although agricultural expansion (development scenario) will result in lower habitat loss than the BAU scenario, there is a notable decrease in habitat quality due to external threats from surrounding anthropogenic land use practices. On the other hand, the LULC changes in the conservation scenario, which envision forest restoration, improve habitat quality for biodiversity. This shows that in terms of biodiversity, the regulated oil palm expansion in the DS is better off than BAU, where the oil palm expansion follows past trends. Also, if the government implements the restoration plan it will significantly improve habitat quality and biodiversity in the district. In summary, the continuing LULC changes will have a significant impact on the habitat quality and biodiversity in the district. This loss of biodiversity could be halted by implementing conservation measures such as the restoration of degraded lands.



The habitat quality modeling using scenarios in this study is comparable to other studies. [15,39,40,41]. Three scenarios were developed for a forested landscape in Iran, with business-as-usual, protection-based zoning, and collaborative zoning to map biodiversity changes to inform policymakers in the region [15]. The researchers held consultative meetings with conservation bodies in the region to develop scenarios that reflected changes in protected area boundaries in the landscape. Their results showed that excluding areas that are vulnerable to degradation from protection and establishing new protection in high quality forest cover resulted in an increase in high quality habitats in the landscape. In another study, the impact of land use change on biodiversity was assessed in five planned land reconfiguration futures, namely irrigated cropping, biodiversity and environmental planting, grazing, perennial horticulture, and agroforestry [41]. The investigators used the InVEST Habitat Quality model and demonstrated spatial approaches to classifying landscapes for habitat quality based on the size, density, and distribution of native vegetation in the landscape. A study in China modeled land use change and its effect on biodiversity conservation using two land use management scenarios [42]. The investigators developed scenarios based on the protection levels of the local government plans and projected biodiversity at local and regional scales.



We used an integrated modeling approach for scenario building, which is a distinguishable feature of this study. We modeled the LULC changes using statistical projection and vision-based scenario building processes. While the LCM used LULC from two points in time to project a future LULC based on the drivers of land cover change, the InVEST scenario generator simplified the process of modeling the future by using input from stakeholders and land suitability factors. However, there are several limitations to using the scenario-based approach for modeling biodiversity changes. First, although scenarios help to develop understanding of plausible future LULC, they are based on assumptions and do not represent an absolute future outcome. Second, the study considered LULC as a driving force of changes in biodiversity. However, many other important drivers influence biodiversity such as hunting, pollution and climate change, which are not captured in the model. In addition, other indirect factors, such as the market price of agricultural goods, which influence demand (and thus the need for an extension of plantations), were not incorporated in this study due to model limitations. As the models used in this study are not iterative and no validation was performed, there could be uncertainties regarding the results of this study. Therefore, where time and data are available, validation through field studies and more detailed finer resolution assessments would be suitable.



This study demonstrates a GIS-based integrated modeling approach to analyze the spatial pattern of LULC change under different scenarios and the resulting effects on habitat quality. Since the models can be used with readily available datasets, these methods could be used for rapid biodiversity assessments in data-poor regions like Indonesia. This study provides a real-world application of modeling to better inform land use planning and policies. The use of spatial tools to illustrate explicit LULC changes and their impact on habitat quality is useful in making land use management decisions. The conservation scenario in this study also provides a general guide to land managers and planners for the conservation of the pristine habitats in the district. Further, the approach of involving stakeholders contributes to sensitizing them to the impacts of LULC changes. During consultations, stakeholders were encouraged to develop appropriate land use management decisions for landscape-level conservation. The stakeholders also iterated that government persistence in biodiversity conservation and technical and financial support from the donor agencies is needed to implement the restoration plan. The findings of this study serve as a feasibility analysis based on a biophysical assessment of habitat quality. Further validation through review and in-depth field studies is recommended. Although biodiversity conservation results in improvements in many ESs there are several tradeoffs. Thus, it is essential to explore the synergies and tradeoffs between biodiversity and ecosystem services in landscape level planning. We recommend further studies on other important ecosystem services in the district to improve the findings of this study.
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Table A1. Data source and description.






Table A1. Data source and description.





	Data
	Description





	LULC raster for 2006 and 2015
	The raster maps for 2006 and 2015 (Landsat 8) obtained from the Ministry of Environment and Forestry, Indonesia were recoded into 8 classes with IDs (shown in brackets): Shrubland (1), Farmlands (2), Forests (3), Mangrove forests (4), Oil palm (5), Open land (6), Swampy bush (7), and Water bodies (8).



	Threat raster
	The raster threats to biodiversity were defined as primary and secondary roads, farmlands, oil palm plantations, settlements, and drainage canals. The maps for threats were acquired through the existing LULC maps and various government departments, research centers, and conservation agencies.



	Oil palm license map
	The license map for oil palm plantations depicted the area of the landscape where the license for commercial oil palm plantations have been issued. The map was acquired through the Global Forest Watch ArcGIS portal.



	Habitat suitability score
	The habitat suitability scores range from 0 to 1. 0 represents non-habitat land use type, and 1 represents perfect habitat [38]. Habitat suitability score was determined through secondary sources, stakeholder consultation, and expert knowledge.



	Sensitivity of habitat types of each threat
	Sensitivity values range from 0 to 1; where 0 represents no sensitivity to a threat and 1 represents the greatest sensitivity. The score for sensitivity was determined through expert knowledge and secondary sources [38,41].



	Half-saturation constant
	The InVEST habitat model uses a half-saturation curve to develop habitat quality values from habitat degradation scores. The half-saturation constant was set as 0.5, which is equal to the grid cell degradation score that returns a pixel habitat value of 0.5 [38].
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Table A2. Input data for the InVEST Scenario Generator.






Table A2. Input data for the InVEST Scenario Generator.





	
ID

	
Name

	
Shrubland

	
Farmland

	
Forest

	
Angrove

	
Oil Palm

	
Open Land

	
Swampy Bush

	
Water Body

	
% Change

	
Proximity






	
CS Transition Table.




	
1

	
Shrubland

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	




	
2

	
Farmland

	
0

	
0

	
0

	
0

	
0

	
0

	
3

	
0

	
0

	




	
3

	
Forest

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
20

	




	
4

	
Mangrove

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	




	
5

	
Oil palm

	
0

	
0

	
10

	
0

	
0

	
0

	
6

	
0

	
0

	




	
6

	
Open land

	
4

	
0

	
8

	
0

	
0

	
0

	
5

	
0

	
0

	




	
7

	
Swampy bush

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
10

	




	
8

	
Water body

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	




	
DS Transition Table




	
1

	
Shrubland

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	




	
2

	
Farmland

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
10

	




	
3

	
Forest

	
0

	
0

	
0

	
0

	
10

	
0

	
0

	
0

	
0

	




	
4

	
Mangrove

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	




	
5

	
Oil palm

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
30

	




	
6

	
Open land

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	




	
7

	
Swampy bush

	
0

	
10

	
0

	
0

	
8

	
10

	
0

	
0

	
0

	




	
8

	
Water body

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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Figure A1. Land Suitability Maps used for the Scenarios. 
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Table A3. BAU Transition Matrix.






Table A3. BAU Transition Matrix.





	
BAU—Transition Matrix (Developed from Results of LCM)




	
ID

	
Name

	
Shrubland

	
Farmland

	
Forest

	
Mangrove

	
Oil Palm

	
Open Land

	
Swampy Bush

	
Water Body

	
% Change






	
3

	
Forest

	
0

	
0

	
0

	
0

	
22

	
78

	
0

	
0

	
−14




	
5

	
Oil palm

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
59




	
6

	
Open land

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
75




	
7

	
Swampy bush

	
0

	
0

	
0

	
0

	
30

	
70

	
0

	
0

	
−33










Appendix C. Input Data for the InVEST Habitat Quality Model
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Table A4. Maximum distance, habitat suitability, relative sensitivity of habitats to threats (higher numbers indicate more habitat suitability and more sensitivity to threats).






Table A4. Maximum distance, habitat suitability, relative sensitivity of habitats to threats (higher numbers indicate more habitat suitability and more sensitivity to threats).





	
Threats (r)

	
Maximum Effective Distance of Threat (drmax) (in km)

	
Weight (wt)

	
Land Use/Cover Classes Considered as Habitats




	
Shrubland

	
Forest

	
Mangrove

	
Swampy Bush

	
Farm Lands

	
Oil Palm




	
Habitat Suitability Score




	
0.4

	
1

	
0.8

	
1

	
0.2

	
0.1




	
Sensitivity of Habitats to Threats (Sjr)






	
Agriculture

	
4

	
0.8

	
0.6

	
0.7

	
0.6

	
0.6

	
0

	
0




	
Settlements

	
5

	
1

	
0.5

	
0.8

	
0.5

	
0.7

	
0.5

	
0.5




	
Small roads

	
1

	
0.5

	
0.3

	
0.4

	
0.3

	
0.4

	
0.4

	
0.5




	
Large roads

	
3

	
0.7

	
0.7

	
0.8

	
0.7

	
0.7

	
0.5

	
0.5




	
Canals

	
2

	
0.6

	
0.4

	
0.6

	
0.5

	
0.5

	
0.4

	
0.5








Source: [38,39,40,41,42,43,44].
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Figure 1. Map of the study area in Pulang Pisau district, in Central Kalimantan. 
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Figure 2. Conceptual framework showing the overall process associated with this study. 
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Figure 3. Land use and land cover (LULC) under different scenarios. 






Figure 3. Land use and land cover (LULC) under different scenarios.



[image: Land 07 00057 g003]







[image: Land 07 00057 g004 550] 





Figure 4. Spatial distribution of habitat quality in Baseline, BAU, DS, and CS. 
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Table 1. Area change according to land use and land cover (LULC) type.
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LULC Type

	
Area in ha (Percentage Change)




	
2015

	
2030




	
Baseline

	
BAU

	
DS

	
CS






	
Farmland

	
93,019

	
94,028 (1.2)

	
102,322 (10.0)

	
91,019 (−2.2)




	
Forest

	
267,207

	
227,301 (−14.9)

	
265,486 (−0.6)

	
320,650 (20.0)




	
Oil palm

	
74,812

	
119,126 (59.2)

	
97,252 (28.9)

	
16,400 (−78.0)




	
Open land

	
147,430

	
258,450 (75.3)

	
138,135 (−6.3)

	
115,523 (−21.6)




	
Swampy bush

	
341,356

	
225,853 (−33.8)

	
320,626 (−6.2)

	
375,489 (10.0)
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Table 2. Landscape habitat quality score (Low 0—High 1) and habitat quality percentage change from baseline (in brackets).
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	Baseline
	BAU
	DS
	CS





	0.66
	0.51 (−23.4%)
	0.58 (−12.6%)
	0.75 (+12.7%)
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Table 3. Habitat quality classes under the LULC scenarios.
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Habitat Quality Classes

	
Percentage of Landscape




	
Baseline

	
BAU

	
DS

	
CS






	
No habitat

	
15.74

	
26.45

	
14.84

	
12.66




	
Low quality

	
18.82

	
23.10

	
21.88

	
13.45




	
Moderate quality

	
6.75

	
6.72

	
6.81

	
6.84




	
High quality

	
58.72

	
43.73

	
56.55

	
67.17
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Table 4. Percentage change in habitat quality in the protected area.
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	SNo.
	Scenario
	Percentage Change in Habitat Quality in the Protected Area





	1
	BAU
	−4.09



	2
	DS
	−0.04



	3
	CS
	+0.85
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