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Abstract. Land unit definition and its characterization are basic tasks in the land suitability analysis. Until recently manual methods were used for delineating land units and suitability analysis was done mainly in a qualitative way. The availability of DEMs and GIS capabilities make it feasible to apply a more quantitative approach. The purpose of this study was to evaluate the capabilities of Digital Elevation Model GIS in order to determine several terrain parameters that can be useful in the land suitability analysis and integrate them in a suitability model. A DEM from Terra-ASTER was used to calculate curvature, slope, aspect, topographic wetness index, erosion factor, and solar radiation. Results for key parameters were compared with those of traditional methods and indicate that a good improvement of traditional methods can be obtained at a low cost and with appropriated confidence.
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Introduction
The primary objective of land evaluation is the improved and sustainable management of land for the benefit of the people (FAO, 2007).  It is a basic study when making decisions for land use planning, land zoning, land degradation and conservation to ensure agricultural sustainability and competitiveness. The demands for land resource information has increased, but at the same time in many countries the budgets for soil studies, which is an important component of the land, have declined without full coverage of the country area at appropriate levels of detail. The existing soil databases are neither exhaustive nor precise enough for promoting an extensive and credible use of soil information and conventional surveys are considered slow and expensive (Lagacherie, McBratney, 2007).  

In Colombia, approaches such as precision agriculture, definition of land management zones, zoning of land quality and land use planning require reliable and timely information on the spatial and temporal variability of soil characteristics in order to make decisions on land use, management and conservation. Most of the country area has general soil survey information, while only minor extensions are covered with more detailed studies. The geographic information technologies, such as digital elevation models, remote sensing images, GIS and local sensors, have a great potential to generate soil and terrain information that will increase the level of detail of present soil surveys with lower costs. 


2-Methods and materials

The research was conducted in the municipality of La Mesa, department of Cundinamarca, Colombia (4°35'41''N, 74 27’50’’ W) (figure 1), for mango (Mangifera indica L.) which is a crop with high potential for local an external markets. Climate is Am (Köppen–Geiger ), with a dry period,  temperatures ranging between 23 ° C and 26 ° C and annual average precipitation of 2500 mm. The area belongs to the Eastern Andes and is characterized by slope varying from undulating to very steep. A DEM from ASTER system with 30m of spatial resolution was used to compute slope, aspect, elevation, curvature, solar radiation, erosion factor and topographic wetness index. Information on soil fertility and other soil properties was taken from soil survey at scale 1:100,000 (IGAC, 2000), crop requirements were defined based on literature review and expert knowledge.
 

Figure 2 shows the conceptual approach used to assess land suitability (Martinez, 2006). The evaluation is based on a comparative analysis between land characteristics and the requirements that each crop needs for adequate performance. Matching is the confrontation of physical requirements of specific crops with the land conditions to give to assess the level of suitability to establish the boundaries between appropriate and inappropriate conditions for specific use, respectively (FAO, 1976). In this research, membership functions based on fuzzy logic were used for determining strength of evidence that an observed value of a parameter was within a suitable range. 


3-Results

3.1. Elevation

A DEM represents a regular array of elevation points (Chang, 2004). In tropical areas, elevation is a key factor for the land suitability zoning due to its inverse relationship with temperature that determines the performance of crops. As shown in the figure 3, height of the study area varies between 441 and 1398 masl, although mango production is higher in low areas, the fruit quality is superior in height near 1000 masl, above this elevation is not feasible to establish that crop. The fuzzy logic function (figure 4) was used to qualify the degree of suitability of the slope, optimum elevation values were taken from 0 to 500 masl (degree of membership = 1) and from this value suitability decreases based on the function (figure 4) to reach 1000 meters of elevation when it is considered unsuitable(degree of membership near 0) . 

Figure 3: (a) elevation, (b) degree of suitability after  applied the fuzzy function. 

   

Figure 4: fuzzy membership function used to define the suitability degree of elevation

The same procedure of fuzzification with an appropriated function was applied to each of the parameters: TWI, aspect, solar radiation, slope, curvature, erosion factor and soil properties.
	
3.2. Topographic wetness index (TWI)

The topographic wetness index ( ln(a/tanβ)), combines local upslope contributing area and slope, and is commonly used to quantify topographic control on hydrological processes. It is based on the assumption that topography controls the movement of water in sloped terrain and, thus, the spatial pattern of soil moisture (Schmidt & Persson, 2003). In the study area values of TWI vary from 4.41 to 13.22, low values mean zones that dry up first and high values zones have higher potential of soil moisture.  This parameter is an important component of the land evaluation approach, since in most of our mountainous areas rain is the only source of water supply.

3.3.Slope
Slope is the first derivative of a surface and has both magnitude and direction. The slope is a factor of higher incidence in the land suitability analysis due to its effect on erosion and crop requirements as mechanization or tillage conditions and soil workability. Therefore, a reliable estimate of the slope degree is required as an input of land evaluation models. This feature is presented in the soil survey map as a class, however, represents a rough estimate of what is believed to be the dominant slope in each soil mapping unit. In the field work, the slope was measured and it was found great variation within soil units, even outside the boundaries of the classes provided. On this basis, we proceeded to calculate slope from the DEM and later classes were established and compared with those of soil map.

As shown in the figure 5, in the soil map, polygon MWVe is considered homogeneous with slope e (25-50%), however, when the slope is calculated from the DEM, it is found that there is high variability within the mapping unit and the dominant slope class is d (12-25%), only a small area has slope e (25-50%). The same trend was found for other mapping units. This indicates that using the DEM allows more accuracy calculation of slope and greater detail in the soil mapping units.
[image: earsel2]
      Figure 5: comparison of slope obtained from a DEM 
                    with slope from existing soil map.
Curvature

Curvature is the second derivative of the surface. A positive curvature indicates that the surface is upwardly convex at that cell. A negative curvature indicates that the surface is upwardly concave at that cell and values of zero indicates flat surface.
As shown in Figure 6, the curvature allows sub-dividing the land forms that are depicted in the soil map at 1:100,000 and adds more detail to the map. This is important because concave shapes are usually associated with areas of accumulation of materials and, therefore, the soils are deeper, more fertile and with higher water accumulation. Moreover, convex forms are areas of erosion, shallow soils, less fertile and less able to retain moisture.
    [image: earsel]
        Figure 6: curvature map showing convex and concave relief.
Aspect
The term aspect is defined as the direction of the biggest slope vector on the tangent plane projected onto the horizontal plane. Aspect indicates the flow-line direction, can also be used to determine whether a cell should be considered sunny or not and to generate so-called shaded-relief maps. Aspect was used to calculate solar radiation and erosion factor.

Solar  radiation
The solar radiation analysis calculates isolation across a landscape or for specific locations. It accounts for atmospheric effects, site latitude and elevation, steepness (slope) and compass direction (aspect), daily and seasonal shifts of the sun angle, and effects of shadows cast by surrounding topography. The study area shows great variation of solar radiation from 2170 to 4030 light-hours/year. This variation has an important effect on crop development and yields and biomass production.

Soil properties

To complete the analysis of land suitability additional information regarding soil fertility, drainage, depth of soil was taken from existing soil survey at scale of 1:100,000 (IGAC, 2000) and maps of membership degree were done for each soil property.

Land suitability results

The final land suitability assessment was done based on the fuzzy equation proposed by Reynolds (2001)

AND (t) = min (t) + [mean (t) - min (t)] * [min (t) + 1] / 2

in which AND(t) is the truth value of the AND node, min(t) is the minimum truth value of the AND node antecedents, and average(t) is a weighted average of the truth values of the AND node antecedents. The equation for calculating the value of a fuzzy AND is designed to produce a conservative estimate of truth in the presence of missing or partial negative evidence.
Figure 7 shows the zoning of the area according to the suitability of land for the cultivation of mango. We defined four classes of suitability: highly suitable, moderately suitable, marginally suitable, and not suitable. It was found that 25% of the area is highly suitable, moderately suitable, 65%, 9% had low fitness and 1% is not suitable for the cultivation of mango.

[image: ]
Figure 7: final suitability map for mango crop.
Conclusion

The use of DEM allows a quantitative characterization of the terrain and improve detail of  existing soil maps at 1:100,000 scale, thus are a cheap and efficient source for generating part of the required data in land evaluation models by complementing existing studies
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