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Abstract 

Soil plays a critical role in providing various Ecosystem Services (ESs) that are 
beneficial to humanity. Services such as clean air, water, and food production 
are directly or indirectly provided through soils. The soil ecosystem is consi-
dered as the most important Carbon (C) sink in terrestrial systems, and hu-
man activities, particularly land use, impact ESs and increase carbon emis-
sions into the atmosphere. Mapping ESs and assessing the risks associated 
with climate-related hydro-meteorological hazards and soil degradation can 
contribute to making spatial decisions for planning more climate-resilient. 
Indeed, strategies based on soil ecosystem services provide valuable insight 
for enhancing the resilience of spatial decision-making in adapting to climate 
change. The aim of this article is to illuminate the significance of SoES in the 
spatial planning decision-making for better integration and adaptation into 
climate change adaptation policies as a decision support tool. In this regard, 
ESs related to climate change were highlighted and mapped, and their suita-
bility for settlement development decisions and relation with ESs’ integrity 
were assessed through weighted multi-criteria analysis, while discussing the 
contributions of this process to climate change adaptation. Incorporating So-
cial-Ecological Systems (SoESs) factors into suitability analysis is crucial for 
comprehensive urban planning, particularly in the context of climate change 
adaptation and environmental protection. In this study, two settlement suita-
bility analyses were conducted. The first analysis considered various factors, 
such as land use, soil classification, DEM (Digital Elevation Model), and slope. 
The second analysis utilized weighted climate-related SoES indicators, includ-
ing soil depth, soil carbon sequestration capacity, soil loss, flood risk, temper-
ature, and precipitation. The results revealed that the SoES-based suitability 
analysis was more stringent in identifying suitable areas for urban develop-
ment and offered a more holistic perspective for urban planners. 
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1. Introduction 

Climate change is one of the most sensitive issues of our time, and the develop-
ment of adaptation strategies to mitigate its impacts is a significant priority. In-
deed, as stated by Baggethun and Barton (2013), atmospheric carbon dioxide 
(CO2) levels are currently showing the highest values in the past 800,000 years, 
and these values continue to increase at a rapid pace. Technological advance-
ments have nurtured an urban community understanding that increasingly se-
parates itself from ESs, while the demands for natural capital and ESs in our ur-
banized planet continue to increase. Protecting and restoring ESs in urban areas 
not only reduces cities’ ecological footprints and ecological debts, but also en-
hances their resilience, health, and quality of life in the face of climate change 
(Baggethun & Barton, 2013; Borrelli et al., 2020; Eekhout & Vente, 2022). 

Studies in the last two decades have been highlighting the strong and mutual 
relationship between climate change and SoES (Jónsson & Davíðsdóttir, 2016; 
Lal, 2004; Kardol et al., 2020; Chen, 2002). When soils are unsustainably ma-
naged, they become a significant source of CO2 emissions, impacting the con-
centration of CO2 in the atmosphere. Agricultural and farming activities directly 
associated with soil, as well as emissions from land use and land cover change, 
contribute to approximately 25% of global greenhouse gas emissions and around 
10% in Europe (Schils et al., 2008; Jónsson & Davíðsdóttir, 2016). 

Tezer and colleagues (2018) proposed an ES-based multicriteria decision-making 
process as a means to achieve a more sustainable approach for spatial decision- 
making, facilitating improved land development and land management practices, 
while also considering the unsuitability of land for ecosystem service provision. 
In their study, they examined habitat fragility, soil capability, slope permeability, 
and geology. Building upon the work of Tezer and colleagues, this study further 
explores the evaluation of land suitability for settlement by investigating the 
interplay between soil carbon sequestration, soil classification, soil depth, and 
climate-related hazards, such as floods and soil loss. This evaluation is conducted 
through the utilization of the weighted multiple data overlay method. 

The main objective of this research is to daylight the relationship between cli-
mate change and SoES and examine how these services can be integrated into 
spatial planning decision-making to better adapt to climate change through land 
management. Therefore, this study aims to elucidate the relationship between 
climate change and SoES and how these services can be integrated into spatial 
planning to facilitate adaptation to climate change. In this context, the study will 
analyze the role of SoES in regards to climate change by using rational methods 
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and integrating this relationship into spatial decision-making as an analytical 
tool. A case representing the assessment of proposed approach will be presented 
by illuminating the steps of the approach and the findings will be evaluated in 
the rest of the paper. 

2. How SoES Contribute to Climate Change 

Studies conducted by institutions such as the IPCC (Intergovernmental Panel on 
Climate Change), UNEP (United Nations Environment Programme), and WMO 
(World Meteorological Organization) have revealed the effects and consequences 
of climate change, providing evidence that climate change has had adverse im-
pacts on the world (IPCC, 2015; UNEP, 2022; WMO, 2022). Spatial planning, 
through adaptation and mitigation policies, enables the resilience and flexibility 
of the natural and built environment against climate change. Spatial planning is 
recognized by UNISDR (United Nations International Strategy for Disaster Risk 
Reduction) as a field that has great potential to contribute to establishing settle-
ments and cities with lower disaster risks (URL-1, 2023). 

Albert et al. (2017) describe the main inputs for spatial planning related to ES 
mapping and assessment, which can be integrated into a spatial planning process 
based on SoES. The proposed inputs are as follows: 1) Analysis of SoES and 
identification of potential SoES, 2) comparison of existing and potential SoES 
indicators, 3) assessment of the capacity to provide multiple services for each 
identified SoES, 4) identification of hotspots of SoES areas with a high potential 
of providing such services and bringing solutions for conservation or restora-
tion, 5) evaluation of the impacts of planning solutions on SoES, 6) visualization 
of changes in SoES resulting from different land use alternatives, 7) identifica-
tion of mismatches between supply and demand areas of SoES, 8) communica-
tion of the benefits and limitations of planning proposals to enhance stakeholder 
and decision-maker engagement, 9) local data collection and exchange of infor-
mation on ecosystems to increase citizen participation in planning and deci-
sion-making processes (Albert et al., 2017). 

Considering the services they provide, integrating knowledge on the hazards 
and risks associated with SoES into spatial planning is necessary at both national 
and local levels. Fossey et al. (2020) specifically assessed planning processes in 
terms of the integration of SoES into spatial planning. In their study, Fossey and 
colleagues followed the fundamental spatial planning processes identified by 
Grieving and Fleischhauer. According to Fossey et al. (2020), the processes of 
SoES-based spatial planning are as follows (Figure 1): 1) Analysis of SoES and 
identification of potential SoES, 2) Comparison of existing and potential SoES 
indicator values, 3) Assessment of the capacity to provide multiple services for 
each identified SoES, 4) Creation of maps that allow visualization of these results 
through GIS data processing. 

During the process of making spatial planning decisions for the conservation 
of SoES, it is crucial to assess the capacity of providing multiple services of each  
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Figure 1. An example of application of the operational model to consider SoES decision support information in territorial plan-
ning (adapted by Fossey et al., 2020 and Delibas et al., 2018). 

 
identified SoES (Fossey et al., 2020). In this context, the effects of climate-related 
SoES (such as soil carbon sequestration, impact on the water cycle, and connection 
to hydro-morphological hazards) should also be taken into account within the 
scope of spatial adaptation to climate change. Hence, spatial plans which are 
considered as future-oriented activities should adopt a holistic approach aiming 
to conserve SoES and achieve climate change adaptation, making cities more re-
silient against future risks. Delibas et al. (2018) express the multifaceted and 
complex connections between SoES, spatial planning, and climate change, em-
phasizes their importance for urban sustainability, and they highlight three con-
nections among these three concepts. The former connection addressed by the au-
thors emphasizes the positive and negative effects of climate change on soil, reveal-
ing the potential of soil carbon storage capacity as a preventive measure against 
adverse impacts. The former connection addressed by the authors emphasizes 
the positive and negative effects of climate change on soil, revealing the potential 
of soil carbon storage capacity as a preventive measure against adverse impacts. 
The latter connection focuses on interventions in soil quality and sustainable land 
use and their impact on spatial planning.  

The final connection considers the interactions between climate change and 
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spatial planning. In this regard, strategies such as soil conservation, sustainable 
land use planning, afforestation, and increasing permeable surfaces are impor-
tant for balancing negative impacts and enhancing positive ones (Delibas et al., 
2018). These connections provide a strong input in discussion of the position of 
SoES in spatial adaptation to climate change. 

The literature examining the relationships between soil erosion, land use change, 
and climate change (Bojocco et al., 2018; Dissanayake et al., 2019; Paul et al., 
2020) considers the RUSLE (Revised Universal Soil Loss Equation) as an impor-
tant tool in making spatial planning decisions. RUSLE analysis evaluates factors 
such as precipitation, vegetation cover, soil structure, slope, and plant cover to 
determine soil erosion risk. Mitigating soil erosion is a crucial strategy in the 
fight against climate change as erosion leads to organic carbon loss and green-
house gas emissions from the soil. Therefore, spatial planning decisions should 
focus on preserving vegetation cover and enhancing organic carbon storage ca-
pacity to minimize soil erosion risk. When considering land use change, soil 
erosion, climate change, and spatial planning together, it becomes evident that 
this context has a significant impact on the environmental and economic sustai-
nability of a region. Spatial planning emerges as an important tool for planning 
and implementing measures against land use change, soil erosion, and climate 
change. 

3. Materials and Methods 

In the first stage of the research, an examination was conducted on how Ecosys-
tem Services (ESs) and climate change have been addressed in the academic stu-
dies carried out, and bibliometric analysis was conducted using the peer-reviewed 
citation database in SCOPUS (URL-2, 2023) and VosViewer tool (URL-3, 2023). 
The number of publications in SCOPUS, which are open sources and include 
SoES in the title of the article, is 138. In the search made on the concepts of cli-
mate change and SoES through the abstract, title and keywords of the publica-
tions, 1256 open sources were found. These studies find a total of 8246 key-
words. In addition to basic key concepts such as soil, ecosystem, climate change, 
soil carbon, carbon sequestration, forest, land use and land use change, climate 
change and ToES studies are the most clustered key concepts.  

The literature assessing the relationship between climate change and SoES was 
reviewed, and prominent SoESs in the context of climate change adaptation were 
identified. The studies by Weber (2007) and Lal (2004) focus on the role of soil 
as a carbon sink in SoES and climate change. However, Dominati et al. (2010), 
Orwin et al. (2015) and Nedkov and Burkhard (2022) emphasize SoESs that 
form the basis of carbon and water storage, climate regulation, flood mitigation, 
and soil loss reduction. Based on these sources, carbon sequestration, soil classes, 
soil depth, flood risk, and soil loss maps were generated in relation to the climate 
change-SoES relationship in the content of our study. Figure 2 shows the data 
analysis figure. In this context, soil, LULC, climate and topography data and  
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Figure 2. Overview of the data analysis method. 
 
RUSLE soil loss model, flood risk model were made and these data were eva-
luated for suitability analysis. The aforementioned analyses were produced using 
ArcGIS 10.3.1 software. The Revised Universal Soil Loss Equation (RUSLE) mod-
el, which Tanyaş et al. (2015) indicated as the most commonly used soil erosion 
model worldwide, was applied as the soil loss model. 

After creating a database for SoESs, a suitability analysis, providing a rational 
evaluation particularly from an ecological functionality perspective, was con-
ducted by weighting the data, as suggested by Tezer et al. (2018). Regarding the 
weighting of selected parameters for suitability analysis in site selection, the stu-
dies of Hassan et al. (2020) were referenced, where they utilized GIS for suitabil-
ity analysis in their chosen study area, focusing on soil and thus SoES. Addition-
ally, the scoring methodology employed by Kopperoinen et al. (2014) for land 
use planning based on ES and the evaluation of natural environmental compo-
nents in the suitability analysis conducted by Özşahin (2016) were considered 
(Karakuş & Cerit, 2017). The weighting of the factors used in this study is pre-
sented in Appendix. 

Watersheds stand out with their significant contribution of diverse ES provi-
sions (Tezer et al., 2018); therefore, the Nilüfer River Basin, including the urban 
centers of Bursa, undergoing a rapid urban transformation process, was chosen 
as the application area (Figure 3). The subsequent sections explain the men-
tioned analyses through the lens of the selected study area. 
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Figure 3. The case area is Nilüfer Basin located in Bursa, Türkiye. 

3.1. Soil Classes, Soil Depth, and Carbon Sequestration Capacity in  
the Nilüfer River Basin 

When examining the land use capabilities in the Nilüfer Basin, it is observed that 
65% of the area consists of Class 7 soils. Lands classified as Classes 5, 6, 7, and 8 
are suitable for pasture, forests, and natural habitats, but they cannot be used for 
intensive agriculture. The second largest soil group, covering 20% of the basin 
area, is Class 6 soils. Classes 1 and 2 soils, representing fertile soils, account for 
5% and 14% of the area, respectively (Figure 4). Within the study area, there is a 
soil group classified as Class D, which represents areas beneath the bedrock, 
covering approximately 10,081 km2. This group indicates soils with a depth of D, 
accounting for 44% of the study area. The A soil horizon group, characterized by 
high organic matter content, constitutes 15% of the study area (Figure 5). The 
areas with the highest carbon retention rates in the Nilüfer Basin are depicted in 
Figure 6, represented by dark blue color, corresponding to areas capable of re-
taining carbon at a capacity of 49 - 60 kg/m3. 

3.2. Flood Risk Analysis 

The IPCC’s 6th Assessment Report emphasizes an increase in floods due to cli-
mate change-induced weather and precipitation anomalies (IPCC, 2022). Fur-
thermore, the report’s 2nd section on Terrestrial and Freshwater Ecosystems  
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Figure 4. Soil classification map. 
 

 

Figure 5. Soil depth map. 
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Figure 6. Soil C map. 
 
and Services highlights the sustainability of utilizing ecosystem services to re-
duce flood risks. In this study, a flood risk map was evaluated using the weighted 
overlay analysis approach in ArcGIS software, incorporating different datasets. 
The parameters were weighted to obtain spatial results. During the weighting 
process, the study titled “Flood Risk Mapping Using GIS and Multi-Criteria 
Analysis: A Major Case Study in the Toronto Region” by Rincón et al. (2018) 
was referenced. The analysis revealed that the areas with the highest flood risk 
within the Nilüfer Basin are concentrated in the eastern part of the basin and 
along the slopes of Uludağ (Figure 7). 

3.3. Evaluation of Soil Loss Using RUSLE Analysis 

Soil loss, resulting from the reduction of soil cover and erosion, leads to habitat 
loss, water pollution, carbon emissions, and increased greenhouse gas emissions 
(Yang et al., 2003; Berberoğlu et al., 2020). In this study, the Revised Universal 
Soil Loss Equation (RUSLE), which is considered one of the most effective soil 
loss models by Tanyaş et al. (2015), was employed to analyze soil loss within the 
case study area. 

To assess soil loss by RUSLE, several factor maps were prepared, including the 
K (soil erodibility), R (rainfall erosivity), P (slope length and steepness), C (crop  
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Figure 7. Flood risk map. 
 
and management factor), and LS (slope length and steepness factor) factors. The 
K factor represents the sensitivity of the soil to erosion, considering its structural 
properties, water absorption capacity, and soil type. A higher K factor indicates 
higher susceptibility of the soil to erosion. Based on the analysis of the K factor, 
it has been revealed that the southern part of the basin is more prone to soil ero-
sion (Figure 8). 

RUSLE model can be formulated as follows: 

A R K LS C P= × × × × .                    (1) 

where, 
A = Average annual soil loss; 
R = Rainfall intensity and density factor; 
K = Soil erodibility factor; 
LS = Slope length and steepness factor; 
C = Vegetation cover and management factor; 
P = Support practice factor. 

3.4. Analysis of Settlement Suitability in the Nilüfer Basin, Bursa 

Suitability analysis for site selection was conducted by combining geographic 
data and utilizing the “weighted overlay” analysis in the ArcGIS program. This 
method involves overlaying and weighting different geographic data layers to  
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Figure 8. Soil loss map. 
 
generate a spatial result that represents the convergence of multiple criteria or 
layers (Kopperoinen et al., 2014). Regarding the weighting of selected parame-
ters for suitability analysis, references were made to the studies conducted by 
Hassan et al. (2020) and Kopperoinen et al. (2014) for their analysis of suitability 
using GIS in a study conducted in Pakistan, which focused on soil and thus 
SoES. The scoring methodology employed by Özşahin (2016) in the suitability 
analysis for land use and the assessment of natural environmental components, 
as well as the study by Tezer et al. (2018) on the importance and scope of defining 
“Watershed Conservation Areas” based on ecosystem services in the Düzce-Melen 
Basin, were also utilized (Maqsoom et al., 2020; Kopperoinen et al., 2014). The 
weighting of factors used in this study is provided in Appendix. 

For the development of spatial planning decisions that are compatible with 
SoES and climate change, a suitability analysis using the scoring presented in 
Appendix was followed. The analysis using the weighted overlay method cate-
gorized the suitability for settlement in the Nilüfer River Basin into 5 levels: un-
suitable, very poor, poor, moderate, good. The areas unsuitable for settlement, 
indicated in red and, cover 44,918 hectares, representing 17.75% of the basin. 
These unsuitable areas are mainly clustered in the southeast and the slopes of 
Uludağ within the study area. When overlaid with CORINE data, the unsuitable 
areas are found to be forest and shrubland areas. The areas represented by 
very poor, indicating sensitive ecosystem services and considered unsuitable for  
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(a) 

 
(b) 

Figure 9. (a) The suitability analysis has assigned weights to key criteria including land 
use, slope, Digital Elevation Model (DEM), and soil classes. (b) The suitability analysis 
based on SoES has incorporated weighted climate-related SoES, such as soil depth, soil 
carbon sequestration capacity, soil loss and flood risk, temperature, and precipitation. 
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settlement, form the next level. Looking at the land use distribution in these 
areas, it is predominantly characterized by forests, shrublands, and heterogeneous 
agricultural areas. These areas need to preserve their ecological characteristics and 
were identified as less suitable in the suitability analysis. They are represented as 
orange on the map and cover 67,142 hectares within the study area. The areas 
identified as most suitable for settlement follow the current urban footprint of 
Bursa. The current land uses in these areas are predominantly agricultural. 

In the suitability analysis conducted using an equal scoring system with equal 
weighting of land use, soil classes, slope, and elevation data, an area of 24,567 
hectares is classified as unsuitable for settlement (unsuitable and very poor) 
within the study area (Figure 9(a)). This area represents 54% smaller than the 
result obtained from the analysis considering SoES. In this scenario, the areas 
identified as most suitable for settlement do not overlap with the areas classified 
as unsuitable in the SoES approach but spread towards the second-priority areas. 
However, it can be observed that the suitability analysis conducted with the in-
clusion of SoES weighting provides a more compact model for site selection in 
settlement areas. This suggests that when SoES is included in the weighting of 
the suitability analysis, the boundaries of suitable and unsuitable areas for set-
tlement are more clearly defined. 

3.5. Evaluation of Land Use in the Nilüfer Basin in Relation to  
SoESs 

According to the analysis conducted in the Nilüfer Basin, in the area designated 
as unsuitable for settlement, the majority of the land was classified as forest area 
in the 25,000-scale Comprehensive Development Plan (CDP) projected for 2023, 
which was prepared in 2013 (Bursa Municipality, 2013). When intersecting the 
2018 CORINE data with the suitability analysis, it was found that 58% of the 
unsuitable areas are forest areas. The second largest land use category within the 
unsuitable areas is the compatible shrubland and herbaceous land use class, which 
aligns with the plan. The settlement areas within the unsuitable areas include 
rural settlements covering approximately 92 hectares. When examining how these 
areas were addressed in the CDP, the southern part of the very poorly suitable 
for settlement areas was designated as forest and agricultural areas, aligning with 
the most suitable land uses for these areas. The northern part of the area has 
been influenced by the growth of Bursa city center and is designated as a settle-
ment area. 

4. Conclusion and Recommendations 

The relationship between soil and climate change occurs through carbon sto-
rage/sequestration, the water cycle, and soil degradation processes. The charac-
teristics of SoESs that can be integrated into spatial plans and associated with 
climate change can be summarized as follows: 

1) Soil and Carbon Storage/Sequestration: Soils are important carbon reser-
voirs that regulate carbon dioxide levels in the atmosphere.  
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2) Soil and Water: Soils are crucial for storing rainfall, filtering water, and 
replenishing water resources. 

3) Soil Degradation: Soil degradation is a process that reduces soil fertility, 
organic matter content, and water-holding capacity.  

4) Soil and Natural Hazards: Soils are also important for providing protection 
and mitigation against natural hazards.  

In the Bursa Nilüfer Basin, an analysis of SoESs and factors related to climate 
change, such as the RUSLE soil loss model, flood risk, temperature, rainfall, soil 
classes, and soil depth data, was conducted. Based on these analyses, a four-class 
(1 not suitable at all, 2 not suitable, 3 moderate, 4 suitable) suitability analysis 
was performed, considering weighting factors. The suitability analysis was over-
laid with the land use data obtained from the 2018 CORINE dataset and the land 
use decisions from the approved 2013 Comprehensive Development Plan (CDP). 
According to the results, the area identified as unsuitable for settlement in the 
Nilüfer Basin was found to be consistent with the characteristics and objectives 
of the region and was appropriately evaluated. In the 2023 projected 25,000-scale 
CDP plan prepared in 2013, the majority of this area was designated as forest in 
the category of protected areas. The 2018 land use data also supported this, with 
68% of the unsuitable areas being forested. Although the current spatial arrange-
ment aligns with the findings of the analysis, other SoESs associated with climate 
change, such as carbon sequestration and hydrological and microclimate regula-
tion, are not addressed in the legislation in Türkiye within the context of climate 
change adaptation. 

Spatial integration is an important component of planning policies aimed at 
mitigating the impacts of climate change and building resilience. By incorporat-
ing SoESs related to climate change into spatial planning, settlements can become 
more flexible, adaptive, and sustainable. Risk assessment, integrated planning, 
nature-based solutions, infrastructure flexibility, and community engagement 
principles are key to effective spatial integration. The methods for addressing the 
impacts of climate change are increasingly important, and prioritizing spatial 
adaptation measures has become inevitable to ensure the well-being and longevi-
ty of settlements and communities. In conclusion, when evaluated in the spatial 
planning process, SoESs play a significant role in combating climate change. Con-
sidering the relationships between soil and climate change, the C storage capaci-
ty of soil, soil erosion, rainfall, water filtration, and the role of soil in reducing 
the impacts of disasters can be integrated into the spatial planning process through 
SoES analytical assessment approaches. This integration can contribute to more 
effective and sustainable management of soil resources. 

The study suggests using advanced technologies, fostering interdisciplinary 
collaboration, and exploring different urban development scenarios to improve 
the accuracy and relevance of the research. In future research, enhancing this 
study’s effectiveness could involve integrating climate change scenarios and ur-
ban development trends into the suitability analysis for settlement areas within 
the context of soil ecosystems and climate change spatial adaptation. 
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Appendix 

Factors Variables/Subunits Weights 
 

Soil Classification 

VIII. 4 

0.10 

VII. 3 

VI. 2 

IV. 1 

V. 0 

III. 0 

II. 0 

I. 0 

No value 0 

Slope 

0% - 2% 4 

0.10 

2% - 6% 4 

6% - 12% 3 

12% - 20% 2 

20% - 30% 1 

>30% 0 

Soil Loss 

None or low 4 

0.15 

Medium 3 

High 2 

Very high 1 

No value 0 

Elevation 

1250 m - 1300 m 4 

0.15 

1300 m - 1350 m 3 

1350 m - 1400 m 2 

1400 m - 1550 m 1 

1550 m - 1700 m 0 

Soil Carbon 

50 - 60 1 

0.10 

38 - 49 2 

27 - 37 3 

16 - 26 4 

0 - 15 5 

Soil Depth 

A 5 

0.10 

B 4 

C 3 

D 2 

E 1 
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Continued 

Heat 

2.1 - 6 1 

0.10 

6.1 - 8 2 

8.1 - 10 3 

10.1 - 13 4 

13 - 14 5 

Precipation 

770 - 830 5 

0.10 

840 - 930 4 

940 - 1100 3 

1200 - 1400 2 

1500 - 2000 1 

LULC 

Open areas with little or no vegetation 3 

0.10 

Sea water 1 

Industrial 4 

Heterogeneous agricultural lands 1 

Permanent agricultural lands 1 

Terrestrial waters 1 

Mine 3 

Maki Grass 2 

Grassland 1 

Forest 1 

Agricultural lands 1 

Vegetated areas not used in agriculture 3 

Settlement 5 

Flood Risk 

None or low 4 

0.10 

Medium 3 

High 2 

Very high 1 

No value 0 
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