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Abstract

:

This study developed a GIS-based framework for the zoning of land suitability for grassland conservation (LSGC) in the Central Valleys of Chihuahua, México. For that, a Geographic Information Systems (GIS)-based multicriteria evaluation techniques with weighted overlay (MCE-WO), and a fragmentation analysis were performed. The framework for LSGC consisted in the development of four scenarios: Nonintensive Agriculture, Intensive Agriculture, Urban, and Rural. The LSGC classes defined with the MCE-WO technique were: Very high, High, Moderate, Low, and Very low land suitability. Results showed that the zone with a high suitability covered the largest area in the four scenarios with a surface of 44,264 km2. The zones with low and very low suitability were concentrated mainly in the central region of the study area. At the landscape level, fragmentation of LSGC showed the Nonintensive Agriculture and the Rural scenarios with the highest Number of patches (54,640 and 46,210, respectively). The fragmentation of LSGC, under the scenarios evaluated, was mainly due to land opening for agriculture and to the influence of rural communities. The integration of GIS with MCE-WO is useful and effective for the evaluation of LSGC. This tool can provide a solid source of information for decision-makers regarding planning of land use to mitigate grasslands degradation.
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1. Introduction


Grasslands cover about one-third of the world’s land area, distributed mainly in semiarid and arid areas [1]. These ecosystems maintain various ecological functions such as water conservation [2], carbon storage [3], and soil stability [4]. Grasslands provide habitat for wildlife, serve as carbon reservoirs, and help mitigate the impacts of global climate change [5]. They also provide environmental services of recreation and appreciation with great views of the landscape [6].



Deforestation, overgrazing, agriculture, displacement of native species, and urbanization accompanied by population growth have induced global desertification and degradation of grasslands, putting at risk the services and functions of these ecosystems [7,8]. Grassland degradation could have a significant impact on the carbon cycle, the regional economy and climate [9,10]. In addition, changes in the precipitation regimes due to global environmental change could produce heavy rains with soil saturation in grasslands, which has been proven to have a negative effect on the ecosystem, with a decrease in the reproductive and germination rates in grasslands [11,12].



Grasslands in Mexico are distributed over an area of ≈100,000 km2 [13]. Specifically, the grasslands of northern Mexico are extensively used for grazing and have also experienced an intensive change in soil due to agricultural activities, resulting in changes in the composition of species in these ecosystems [14,15]. Agricultural and livestock activities contribute to more than 75% of the recent changes in land use, followed by deforestation and urbanization [16].



The establishment of conservation zones for grasslands is of great importance to avoid new disturbances as well as the restoration of degraded grasslands [10]. Many species of both flora and fauna require large areas to maintain their viable populations. The conservation of healthy and functional ecosystems in which biodiversity is maintained in human presence requires the integration of reserve design rules and ecosystem management approaches at the species, ecosystem, and landscape levels [17,18,19].



Land decision-makers face the problem of selecting the appropriate framework for the establishment of land suitability for grasslands conservation. These zoning decisions are strongly influenced by the type and amount of information available, the land surface area, legislation, and the possibilities of new data collection. The elaboration and establishment of the zoning scheme is possibly the most relevant process in the planning of ecosystem protection zones. Through zoning, specific uses are assigned to the units of the territory to be conserved. The provision of spatial methods and computational technologies to assist land decision-makers in making decisions has had a major influence on land zoning [20,21,22].



Multicriteria Evaluation (MCE) is a method commonly implemented by decision support systems to compare alternative courses of action based on multiple factors and to identify the solution with the best performance [23,24]. MCE has received attention in the context of decision-making based on geographic information systems (GIS) [25,26,27], which are very useful for solving issues requiring a large set of variables covering extensive territories, which are sometimes inaccessible. For this reason, GIS-based MCE techniques have been used in different studies mainly for decision-making on land use [28,29]. Some authors have used MCE techniques to find potential areas for agriculture [22], silvicultural management [30], integrated watershed management [31], settlements development [32], among others. Weighted Overlay (WO) analysis is a component of spatial modeling that uses MCE, placing importance on the criteria in a differentiated manner [33,34]. In other words, WO includes different weights in the multicriteria spatial analysis and it is considered different from conventional MCE techniques [35], evaluating the influence of each criterion and assigning values within a defined range of classes [36]. In addition, simulation of scenarios serves to project what will probably happen and may also be used to develop support decision-making processes based on hypothesis of interest [37].



Different criteria at the landscape level, such as roads, agriculture, and urban development, have been shown to have significant negative effects on the spatial configuration of grasslands [38]. The monitoring and quantification of the spatial configuration of grassland ecosystems has been carried out using fragmentation indices, which are of great importance for understanding ecosystem degradation caused by natural and anthropogenic factors [15].



The Central Valleys of the state of Chihuahua is a transition zone between the mountainous area and the Chihuahuan Desert in northern Mexico. Their topography goes from moderate slopes to large plains covered mostly by grasslands, covering 24% of the State. These grasslands are one of the most suitable ecosystems to sustain domestic herbivorous animals, which, in turn, serve for human consumption. The diversity found in these ecosystems is seriously threatened by changes in land use/land cover, demographic pressure, and the accelerated growth of the surface area occupied by agriculture [39]. Thus, the implementation of a zoning scheme for grassland conservation is of great importance for this region.



The objective was to develop a GIS-based framework for grassland conservation zoning in the Central Valleys of Chihuahua, México. For that, four scenarios of land suitability for grasslands conservation (LSGC) were generated. Scenarios included intensive agriculture, nonintensive agriculture, urban, and rural. Scenario generation was carried out using multicriteria evaluation with weighted overlay (MCE-WO) analysis, while the evaluation was performed through a fragmentation analysis. This study was based on GIS and multicriteria evaluation methods and is intended as a tool for local and regional authorities, as well as for land decision-makers. The proposed zoning for LSGC through MCE-WO allows for locating spatial opportunities (i.e., priority areas) for Nature-Based Solutions (NBS) [40,41,42,43]. Conservation actions, incorporating nature into decision-making [41], could then be performed in these areas. Focusing on land-use management, through zoning, enables one to optimize NBS through an efficient use of natural resources, and helps in facing future challenges such as the ecosystems’ degradation and the global environmental change [44].




2. Materials and Methods


2.1. Study Area


The Central Valleys have an area of ≈59,952.8 km2, distributed in elevations from 1176 m to 2978 m. The region was delimited based on the map of the terrestrial ecoregion of Mexico [45] and was adjusted to the limits of the state of Chihuahua (Figure 1). The main urban settlements of the area are Chihuahua, Cuauhtemoc, Parral, Casas Grandes, and Nuevo Casas Grandes. The climate of the region is semiarid-temperate, with an average annual temperature range from 12 °C to 18 °C, and an annual precipitation ranging on average from 300 mm to 400 mm [46]. In the grasslands of this region, we can find shrub species and dune vegetation [40]. In some of these grassland ecosystems, mammals such as Bison bison and Cynomys ludovicanus may be found. These species have multiple effects on the ecosystem and both of them are considered key for maintaining the grassland’s habitats [47]. Mammal species that can also be found include Puma concolor, which is under pressure, and its populations are in a decreasing status, according to the Red List of threatened species of the International Union for the Conservation of Nature [48].




2.2. Summary of the Framework


Figure 2 summarizes the methodology used for zoning based on LSGC and for the analysis of the land-suitability configuration in the Central Valleys of Chihuahua, Mexico.




2.3. Data Set and Zoning


Areas of LSGC were defined by using a GIS-based multicriteria evaluation with weighted overlay (MCE-WO) technique. This quantitative method allowed for including qualitative considerations to establish relationships among a set of relevant criteria influencing grassland conservation. Based on expert knowledge [49] and data availability, seven criteria related to LSGC were selected. The criteria, represented in maps and used for the analysis, were: distance to roads, distance to rivers, distance to agricultural areas, distance to urban areas, distance to rural localities (Euclidean distance), slope, and soil texture (Table 1). All these criteria are related, to a greater or lesser extent, to the alteration of areas suitable for grassland conservation.



In addition, areas corresponding to urban settlements and water bodies were excluded for the analysis, since these areas are 100% not able to be converted into grassland conservation areas. Regarding agriculture lands, they were kept for the analysis since agriculture in the study area usually takes place on the best lands for grasslands conservation and they could be reconverted if policy modifications happened to occur in the future. In the case of the other land use/land cover types, e.g., shrublands and forests, we considered that it was appropriate to include them in the analysis because, in the study area, these land use/land covers are associated with grassland vegetation (transition areas), which contribute to maintaining the diversity of the flora and fauna of these ecosystems.



The maps were obtained from various sources and presented different degrees of generalization and scales in vector format. They were then converted to a raster format and homogenized to a cell size of 100 m by using the ArcMap 10.3© GIS software (ESRI, Redlands, CA, USA; https://www.esri.com/en-us/home).




2.4. Weighted Overlay Analysis


The MCE-WO was used to reclassify the criteria from Table 1 to the same scale according to their influence on LSGC. Values from 1 to 5 (criteria standardization) were applied to each criterion, as it has been performed on a previous study [55]. According to the degree of suitability for grassland conservation, a value of 1 was assigned to the areas with the lowest suitability, while a value of 5 was assigned to the most suitable areas. The classes manually assigned in this study were: 1 (very low), 2 (low), 3 (moderate), 4 (high), and 5 (very high), as shown in Table 2.



Maps of distances to agricultural lands, roads, rural communities, urban settlements, and rivers were classified into the five aforementioned classes. These are relevant because the distance to anthropogenic activities, or the distance to incentives for anthropogenic activities (i.e., rivers), affects the grassland’s suitability for conservation. As distances are small, susceptibility decreases.



There is no consensus in the literature about the proximities or the criteria used in this study. Hence, we proposed the distance ranges stated in Table 2. The range used for each class was defined by expert knowledge and by literature review, as it has been performed previously [56]. In addition, the first class of each criterion was defined with the shortest range because we assumed that the nearest distance has the strongest influence.



The distances to agricultural lands were classified into 5 classes, the lowest value being assigned to the lowest distances (0–0.1 km), because we assumed that the shortest distances have the strongest influences on changing the configuration of the landscape. The distances to roads and rural communities were also classified into 5 classes by assigning the lowest value to the shortest distances (0–0.5 km). Likewise, urban areas were classified into 5 classes, assigning the lowest value to the nearest distance (0–1.0 km). The proximity to rivers can attract anthropogenic activities and, consequently, increase soil erosion. The map of distance to rivers was classified into 5 classes, assigning the lowest suitability to the shortest distances. Regarding slope, low values (0–2°) make the land more suitable for the establishment of anthropogenic activities, such as cropping or grazing. These criteria specify the horizontal distance at which the anthropogenic activity could cause an alteration.



The soil textures were classified into 3 classes. Fine textures are associated with small pore sizes, which do not favor infiltration, and the soil tends to become saline. Conversely, when soil textures are coarse, pores are large and the soil gets dry quickly, preventing appropriate root development of grasses. Therefore, the highest suitability value was assigned to the medium texture, while the coarse and fine textures got suitability values of 3 and 5, respectively.



Based on expert knowledge and on the literature, the technique would result in a spatially explicit index to evaluate the suitability of areas for grassland conservation.




2.5. Scenarios


After reclassifying the criteria, four scenarios were generated. A scenario was produced by ranking, with the highest weight being a criterion of interest to reflect its importance for LSGC. The result was then represented in a map. Four weighting scenarios were considered for this study (Table 3). The first scenario corresponded to Nonintensive agriculture, where it is assumed that agriculture land, rural communities, and urban settlements (criteria) produce the same pressure on grassland conservation. It was represented by assigning a weight of 20 to each one of these criteria. The second scenario considered intensive agriculture as the criterion emitting the highest pressure. Under this case, agriculture is the main driver for the modification of the landscape and, consequently, the alteration of grasslands. That was represented by giving a weight of 40 to this criterion. The Urban criterion, with a weight of 40, was considered as the main alteration driver for the third scenario. Similarly for the fourth scenario, rural communities, with a weight of 40, were considered as the main landscape modifier. Under this scenario, dispersed localities of the rural type have the greatest pressure on the territory.



The weights assigned to the criteria in each scenario represent the strength or influence of each criterion within the scenario. The values of each pixel from each criterion are multiplied by its corresponding weight (Figure 3). This is repeated for each criterion, the resulting values are added and then rounded to the nearest integer before they are assigned to each pixel to obtain a final map for one scenario. Within each scenario, the lower the cumulative value for each pixel, the lower the LSGC. Conversely, the higher the cumulative value for each pixel, the higher the suitability.



Finally, the categories assigned to the cumulative values were: Very high, High, Moderate, Low and Very low, as can be seen in Table 4. The LSGC considered as Very high includes the greatest distance to roads, agricultural areas, rural communities, urban settlements, rivers, moderate slopes, and medium soil textures. Meanwhile, areas with Very low LSGC are those showing proximity to agriculture lands, roads, rural communities, urban settlements, rivers, low slopes, and fine soil textures.



The reclassification of the input maps and the MCE-WO was carried out using the Reclassify and Weighted Overlay tool, respectively. The software used for that purpose was ArcMap 10.3© software (ESRI, Redlands, CA, USA; https://www.esri.com/en-us/home).




2.6. Scenarios Comparison through Landscape Indexes


Fragmentation analysis was used to understand the land-suitability configuration for grasslands conservation within each scenario [57]. The metrics of the fragmentation analysis show numerical information about the land-suitability composition, configuration, and dimension. They also allow comparisons of different times and even help recreate future scenarios [58,59]. Consequently, landscape metrics have been widely used to study large natural areas, the evolution of grasslands, urban expansion, among others [15].



Landscape metrics can be applied at three different scales: landscape, class, and patch [57]. Landscape and class metrics were only used in this study. Nine metrics were calculated for the proposed scenarios by using FRAGSTATS v4.2© software (UMASS, Amherst, MA, USA; https://www.umass.edu/landeco/research/fragstats/fragstats.html), calculating land-suitability heterogeneity, fragmentation, and connectivity [60] (Table 5). The selection of landscape metrics was made based on previous studies [15,61].





3. Results


3.1. Spatial Distribution of LSGC


The application of the MCE-WO technique made it possible to identify areas of LSGC based on seven criteria selected and applied to the Central Valleys of the state of Chihuahua. That allowed for zoning and spatially representing the land suitability based on five classes within four scenarios. The surface areas of the land-suitability categories are shown in Table 6. The very high suitability zone resulted with a surface that went from 1050 km2 (rural) up to 5763 km2. The high-suitability zone was the one covering most of the surface for the four scenarios with areas ranging from 34,619 km2 (intensive agriculture) to 44,264 km2 (urban). The moderate suitability zone has an area ranging from 6653 km2 (urban) to 19,559 km2 (nonintensive agriculture). The low and very low zones showed surfaces ranging from 60 km2 (nonintensive agriculture) to 5565 km2.



In the nonintensive agriculture scenario (Figure 4), the high land-suitability area predominated (60%), followed by the moderate land-suitability zone (32.62%). In the intensive agriculture scenario, high and moderate land-suitability areas also dominated with 57.74% and 30.73%, respectively. The same behavior was registered for the urban and rural scenarios.



Regarding land-suitability distribution, in the nonintensive agriculture scenario (Figure 4), very high suitability areas for grasslands conservation are small and distributed throughout the study area. Instead, the high suitability areas are large and distributed throughout the central valleys. The low and very low zones are distributed mainly in the central part of the study area, with some isolated surfaces along the central valleys.



For the intensive agriculture scenario (Figure 5), very high suitability areas resulted with a reduced distribution, mainly located at the edge of the high and moderate suitability areas. The high suitability zones had a distribution similar to the previous scenario. The low and very low suitability zones showed a reduction in their surface areas, which became concentrated mainly to the central and northern central valleys.



For the urban scenario (Figure 6), the areas with very high LSGC have a larger surface area compared to the previous scenarios. The high suitability areas are continuously distributed throughout the central valleys, without presenting isolations. The low and very low areas show a reduction in their surface areas, concentrated in urban areas, as the main driver of change for this scenario.



For the rural scenario (Figure 7), areas with very high LSGC were small with a dispersed distribution. The high-suitability areas are widely distributed through the central valleys. The low and very low suitability areas show a reduction in surface area compared to the previous scenario, concentrated in the central part of the central valleys. For this scenario, the moderate suitability zones increased their area, but with a dispersed distribution of the rural communities.




3.2. Land Suitability Configuration for Grasslands Conservation


Landscape metrics provided information on the spatial configuration of the land-suitability classes for grasslands conservation. The metrics provide insights on fragmentation, connectivity, and heterogeneity measured at the landscape or class levels. At the landscape level, the number of patches and the density of patches were the highest for nonintensive agriculture (54,640 and 0.92), followed by the rural scenario (46,210 and 0.77). The nonintensive agriculture and urban scenarios showed the highest edge density with values of 20.71 and 18.67, respectively. The mean patch size showed the highest value (155.86) for the intensive agriculture scenario. The perimeter-area fractal dimension did not have large fluctuations among the scenarios, with the highest values corresponded to the urban and nonintensive agriculture scenarios. The intensive agriculture scenario presented the highest value of the Shannon’s diversity index (1.0), followed by the nonintensive agriculture scenario with a value of 0.92 (Table 7).



The class level metrics for each scenario are summarized in Table 8. Class level fragmentation indices show differences within classes or land-suitability classes. An increase in the number of patches was registered for the moderate suitability class in the nonintensive agriculture and rural scenarios. Meanwhile, a smaller number of patches was shown for the Intensive agriculture and urban scenarios. The Euclidean nearest-neighbor distance reflected a decrease in class connectivity for all the scenarios, except for the nonintensive agriculture scenario.





4. Discussions


In several regions of the world, habitat fragmentation, caused by the increase in grazing areas, as well as by the increase in the agricultural surface area, are considered the main factors causing the loss of the grasslands structure and surface [62,63]. The demand for producing sufficient food from crops for public consumption is leading to the encroachment of agriculture over productive grasslands, where these converted grasslands are often premium-quality lands used by ranchers to graze their livestock during dry years to produce meat [64,65]. This represents a land use/land cover conflict, where, in many cases, grasslands get relegated to areas with low and very low suitability for the implementation of conservation activities. The Central Valleys of the state of Chihuahua do not escape from these pressures [14,15]. Therefore, zoning based on multiple criteria and subsequent conservation schemes are necessary [66]. This study contributes with knowledge about the zoning of grassland areas based on multiple criteria. Moreover, it provides insight on the spatial configuration of the LSGC in the Central Valleys of the state of Chihuahua, Mexico.



The advantages of the MCE and WO techniques with a spatial approach have been reported previously [24]. These techniques were useful to identify the suitability, at different levels, of areas for conservation under four pressure scenarios. The manuscript also integrated a fragmentation analysis at the landscape and class levels, which provided a practical evaluation framework for prioritizing conservation decisions. The scenarios were constructed with seven criteria, which incorporated both natural attributes and proximity to anthropogenic disturbances. These criteria offered several advantages, such as the simplicity of obtaining or generating them at the chosen spatial scale, and the ease of modifying or extracting the desired data.



The results of this work, as well as previous studies [24,49], were useful for identifying different classes of land suitability. In the four scenarios generated, the areas with very low suitability for grasslands conservation are practically null. Likewise, the very high suitability class is also represented by small areas, except for the urban scenario. Regarding the total areas represented by each of the five land-suitability classes for grasslands conservation, the four scenarios showed similar values. However, the spatial distribution of such classes showed notorious differences.



The fragmentation analysis provided an understanding of the configuration of LSGC for different scenarios. Although the nonintensive agriculture scenario is dominated by the areas of high and moderate land-suitability classes, it shows the greatest number of patches, the greatest patch density, edge density, Shannon’s diversity index and the smallest medium patch size (Table 5), which may be due to the influence of the small patches represented by plots of nonintensive agriculture, indicating that this scenario is fragmented. This was corroborated by the results from the metrics applied to the scenarios at five land-suitability classes (Table 6), where the number of patches, the percentage of the landscape, the edge density, and the cohesion were also higher for the moderate land suitability in the nonintensive agriculture scenario. For this scenario, the average patch size was the second smallest in the moderate class, followed by the rural scenario. In areas located nearby the study area, fragmentation has been assessed with similar metrics in previous studies, and the results show the presence of fragmentation [67,68].



The connectivity indices indicate, in general, a low landscape connectivity for all the scenarios, especially for the low and very low suitability classes. In particular, for the nonintensive agriculture scenario, the patches of high suitability for grasslands conservation showed the greatest distance within them. This is due to the similar weights given to agriculture and rural communities (Table 2), which caused these two criteria to be drivers of alterations in this scenario. The opposite resulted for the urban scenario, where the area of high suitability proved to be the largest with the shortest distance between patches.



The heterogeneity for the four scenarios showed to be similar. The Shannon’s diversity index for the rural scenario showed a value of 0.87, being the least heterogeneous, while the scenario of intensive agriculture showed a value of 1.0, being the most heterogeneous. This is consistent with the findings reported by Sutti et al. [69] in a study on conservation areas for grassland birds.



This study integrated MCE and WO analysis with landscape fragmentation over four scenarios, which served to identify different classes of land suitability and their spatial configuration. This was possible by evaluating the fragmentation and its spatial representation in the four scenarios, providing information about the configuration of the landscape under different pressures. Previous studies have shown that drivers such as agriculture have altered the configuration of grassland ecosystems [63,70,71]. Such alteration has contributed to the decline of grassland bird species, which are distributed in the Central Valleys of Chihuahua [72]. Thus, our study highlights the importance of including agricultural as a driver of disturbance.



The results indicate the difference between the pressures given to the grassland ecosystems in each scenario, maintaining or decreasing the structure of the zones of LSGC and the patterns of the landscape. This is the first study of this kind, which integrates MCE-WO methodologies and fragmentation analysis, providing a starting point for grassland conservation planning.



For the sake of practicality, repeatability, and simplicity of the model, the criteria were not exhaustive and only some criteria known for the definition of LSGC zones were included. However, additional criteria, such as information on actual management regimes, established conservation zones in the study area, socioeconomic criteria that may influence decisions on grassland habitat selection, could be incorporated. In this study, the proposed scenarios were generated by ranking, with the highest weight, the criterion, or criteria assumed to have the strongest influence on each scenario. It is worth mentioning that there exist additional methodologies for the assignment of weights [73]; however, we adhered to this particular one given its simplicity.



The choice of criteria with a knowledge-based approach, such as that of this study, is commonly applied in land-use planning studies [74,75]. Although this approach may become somewhat subjective compared to automated or data-driven approaches, it allows for more realistic results because it is based on local knowledge and from a review of a study previously developed in the study area [15].



Scenarios of LSGC, based on multicriteria evaluation, have a minimum of entry requirements and they can be easily modified [76]. Based on the availability of data from our interest, the modeling of land suitability for conservation can be applied for other ecosystems [77,78]. Several weights can be tested to explore different scenarios with the aim of developing policies that address specific problems [36].



If new rangeland zoning policies are put in place, it is easy to redesign the zoning exercise within a new context. To do this, various land demand scenarios can be constructed, modifying the area of the five conservation classes and repeating the whole analysis. This will make it possible to visualize and compare the effects of the different allocation policies under the different scenarios.




5. Conclusions


The integration of MCE-WO and fragmentation analysis is a valuable approach to estimate land suitability for grasslands conservation. The maps generated should be considered as a guiding tool for detecting lands with a high suitability for grasslands conservation. Managers and stakeholders can then make efforts in promoting conservation, as well as management practices on these lands, where they may have a greater chance of success.



In the Central Valleys of the state of Chihuahua, the areas with a high land suitability for grasslands conservation were distributed mainly in the central part of the study area. The seven criteria chosen served to assess the variability of the land suitability when a higher relative importance is assigned to different pressures, as it was represented by the several scenarios evaluated. Land suitability had a similar behavior for the intensive agriculture, urban, and rural scenarios.



Future research could include the central valleys, not just from Chihuahua. Grasslands do not respond based on geopolitical boundaries but on disturbances. Additional criteria, such as socioeconomic activities, actual zoning plans, and other landscape modifiers than the ones employed in this study, could be considered. This could lead to more comprehensive studies on the best locations to implement conservation management plans and activities.



Although the technique has been applied in this study for grasslands, it has the potential to be applicable for a multitude of other ecosystems or regions.
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Figure 1. Location of the study area. LULC = Land use/land cover. 
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Figure 2. Flowchart summarizing the methodology for the analysis of land suitability for grasslands conservation. NIntAgr = Nonintensive Agriculture, IntAgr = Intensive Agriculture. 
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Figure 3. A schematic example of the final map generation of a scenario with the MCE-WO technique. MCE-WO: multicriteria evaluation techniques with weighted overlay. 
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Figure 4. Spatial distribution of land suitability for grasslands conservation in the Central Valleys of the state of Chihuahua. Nonintensive Agriculture scenario. 
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Figure 5. Spatial distribution of land suitability for grasslands conservation in the Central Valleys of the state of Chihuahua. Intensive Agriculture scenario. 
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Figure 6. Spatial distribution of land suitability for grasslands conservation in the Central Valleys of the state of Chihuahua. Urban scenario. 
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Figure 7. Spatial distribution of land suitability for grasslands conservation in the Central Valleys of the state of Chihuahua. Rural scenario. 
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Table 1. Criteria used in the analysis of land suitability for grasslands conservation.
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	Criteria
	Unit
	Source





	Distance to agricultural land
	km
	INEGI [50]



	Distance to roads
	km
	INEGI [51]



	Distance to rural communities
	km
	INEGI [51]



	Distance to urban settlements
	km
	INEGI [51]



	Distance to rivers
	km
	INEGI [52]



	Slope
	Degree
	INEGI [53]



	Texture
	Unitless
	INEGI [54]
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Table 2. Reclassification of the criteria influencing land suitability for grasslands conservation.
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Distance to

	
Slope

	
Texture




	
Agric. Land

	
Roads

	
Rural Communities

	
Urban Settlem.

	
Rivers




	
km

	
C

	
km

	
C

	
km

	
C

	
km

	
C

	
km

	
C

	
°

	
C

	
Type

	
C






	
0–0.1

	
1

	
0–0.5

	
1

	
0–0.5

	
1

	
0–1

	
1

	
0–0.5

	
1

	
0–2

	
1

	
Fine

	
1




	
0.1–0.5

	
2

	
0.5–5

	
2

	
0.5–1

	
2

	
1–20

	
2

	
0.5–1

	
2

	
2–5

	
2

	
Med.

	
5




	
0.5–1

	
3

	
5–10

	
3

	
1–5

	
3

	
20–30

	
3

	
1–2

	
3

	
5–10

	
3

	
Coarse

	
3




	
1–10

	
4

	
10–20

	
4

	
5–10

	
4

	
30–40

	
4

	
2–5

	
4

	
10–20

	
4

	

	




	
10->

	
5

	
20->

	
5

	
10->

	
5

	
40->

	
5

	
5->

	
5

	
20->

	
5

	

	








Agric. = Agriculture; Settlem = settlements; C = Class; Med. = Medium.
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