Upscale Soil Characterisation Study: woreda level soil-landscape mapping
Background
It is to be recalled that CASCAPE has been conducting a soil characterisation study, which is nearly finalized, in the 30 CASCAPE intervention woredas across the country recently. Six soil surveyors have been deployed to identify, characterize and classify the major soil types of the agricultural land in four kebeles in each of the intervention woredas. This first phase study has generated a large amount of soil profile data, collected from soil pits and soil augers, which were intended to be compiled under a common standard (tailored version of the Africa Soil Profiles database) and related to information on landscape and parent material. The soil profile observations were classified according to the World Reference Base for Soil Resources (IUSS, 2006), and the soil types were indicatively mapped as related to the landscape of the studied kebeles. 
However, this first phase of the study did not provide information on the spatial extent and distribution of the soils at the level of the (30 CASCAPE intervention) woredas. Maps at woreda level of the spatial extent and distribution of the major soil types, and their properties, reflect the very basic information to generate and communicate crop and site specific soil water and fertility management recommendations. To this effect, it was decided to prepare woreda level soil type maps.  
Against this background, CASCAPE management decided to re-employ ISRIC to prepare base maps and re-guide the six soil survey consultants, plus an additional soil data consultant, to arrive at soil-landscape maps in a uniform way for each of the 30 CASCAPE intervention woredas. 

Progress
It was emphasised and agreed by ToR’s that all the soil data generated during the first phase for the 120 kebeles would be compiled and shared under a common standard. However, this deliverable has not been met. Consequently, the available soil data cannot be used to their intended potential, and preparations have been made to do the data processing at ISRIC-ALTERRA. This concerns the soil profile data from pits and augers as well as the soil maps and related soil map data. 

The kebele level soil data are intended to serve as basis for upscaling to woreda level soil mapping. For this purpose, it is planned to produce base maps of the woreda soil-landscapes which are the basis for additional field work to collect additional soil data. The base maps will be validated with these data and ultimately improved to final version maps of the woreda soil-landscapes. 
It was intended to extrapolate, or upscale, the soil-landscapes mapped for the kebeles to soil-landscape base maps for the woredas. This proved not possible though due to the reasons mentioned above and due to the fact that the soil-landscape maps produced by the various consultants proved of heterogeneous quality, reliability, levels of detail and (dis)aggregation and, most importantly, content. The guidelines for landscape-based soil mapping, as provided by ISRIC-ALTERRA with the intention for the team to apply harmonised procedures to ultimately generate harmonised products, have been adopted by the consultants to various extents. The result, so far, is that the maps are not harmonisable and cannot be used as intended to produce woreda level base maps. 

Alternatively, woreda level base maps have been produced from the soil profile point observations reported from the kebeles. These soil observations, from 200 pits and 750 augers, were compiled under a common standard including only profile ID, lat-lon coordinates and soil type (WRB2006 reference group and qualifiers). The resulting dataset, including a selection added from the Africa Soil Profiles database, gives the soil type for some 1225 geo-referenced soil observations distributed over the area of interest. These observations were related to the landscape by projecting the data upon stacks of spatial covariate data, including SRTM, geomorphology & soils, climate, land cover, satellite imageries, etc., from which the soil-landscape relations were modelled geo-statistically (random forests) and applied to predict the distribution of soil-landscapes in the 30 woredas using a single harmonised procedure and resulting in a single harmonised outcome. The outcomes have been cross-validated with the input data and the map purity, considering the reference soil groups, is on overall 58%.  
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The outcomes have also been compared with few of the kebele level soil maps for additional validation purposes. The comparisons showed varying degrees of correspondence. The coarse patterns of prediction are very appreciable but the finer patterns show a lesser degree of fit with the various kebele maps. In particular cases, certain soil types depicted for small areas on the kebele maps do not re-occur on the base map predictions. Additional soil observation data for that soil type, in that area, likely may result in the soil type appearing in a next version of the soil type map predictions.  Please note that the base maps are not necessarily better or worse than the various kebele maps, or vice versa, but the best-bet result of a harmonised approach applied to all woredas. 
The soil-landscape base maps are constructed from gridded maps, at a resolution of 250 m, with predicted probabilities of occurrence (in %) for each of the reported reference soil groups and for each of the reported qualifiers. The qualifiers are predicted from the prefixes and suffixes reported from the soil profile observations as well as from the corresponding diagnostic horizons, properties or materials associated with the reference groups. (This means that for a given location the probability for e.g. vertisols is given as well as the probability of e.g. a vertic qualifier). Unique combinations of the predicted dominant soil reference group and the predicted slope class form the basis of the aggregation of the prediction grids (pixels) to ‘spatially homogeneous’ polygons. This aggregation implies a certain level of generalization whereby isolated pixels of divergent soil-slope combinations are eliminated from the map. The resulting soil-slope polygons are subsequently related to geomorphology as mapped by FAO (1984) at a scale of 1: 1 M. The very imprecise delineations of the geomorphology map have been manipulated to exactly correspond with the delineations of the soil-slope map by applying a majority-minority rule to the intersected soil-slope polygons. The resulting base map-units represent unique combinations of geomorphology, slope class and dominant soil reference group. Note that the slope classes represent the different land facets within the geomorphology units with different soil types, as described by FAO (1984). 
For each base map-unit, the probability of occurrence is assessed for each of the various reference soil groups and each of the various qualifiers. This assessment draws from the original high-resolution (250 m) prediction grids. Provided to the consultant, for each base map-unit, are the four most probable soil reference groups and the four most probable qualifiers. The consultants are invited to assess in the field which of the four soil reference groups applies at a given auger location combined with which of the four qualifiers. 
The following gives the specific tasks to be undertaken by the soil survey consultants, in detail stipulating the specific deliverables and timing, concerning the phase of woreda level soil data collection. 
Woreda level soil-landscape mapping (referring to earlier ToRs)
Pre-fieldwork 
0. Finalize and submit first phase survey data strictly as per agreed formats and standards; including soil profiles data tables, soil type-landscape transects and shape files. This work is taken over by ISRIC-ALTERRA and is in progress. 
1. Prepare woreda base maps (soil-landscape units) in GIS-database format. 
Note: approach will be pragmatic rather than exhaustive, and progress and end-product are function of the degree of availability /completeness /standardisation /harmonisation of the first phase data provided by Cascape). This work is done. 
Woreda level soil data collection (fieldwork)
2. A) collect additional soil data in the field by augering of transects using the soil-landscape base maps to validate WRB reference soil groups, qualifiers and map-unit delineations). 
B) compile the collected soil data into standard data tables and share accordingly
For more details see annex 1.
Post fieldwork

3. A) validate the soil-landscape maps (classification and delineation) using the soil data collected, compiled and shared and report the statistics accordingly.  
B) re-calibrate prediction model, using the additional data and additional covariates, and generate final version of the woreda level soil-landscape maps. 

4. Identify soil profiles representative for the final map units (through similar WRB) and link profile ID’s (with associated soil data) to map-unit ID’s, and share accordingly. 

5. Process all relevant data and information for the 30 woredas into one final version of a GIS-database. 

6. Produce a brief to-the-point synthesis report, for all six regions together, describing the soil-landscapes and soil properties for each woreda, corresponding to the content of the GIS-database. Each consultant contributes. 
Duration of the work (referring to earlier ToRs)
It is investigated that the extra work needed to be done by the 6 soil survey consultants will require about 25 days per consultant out of which 20 days are for fieldwork (validation by auger sampling including travelling) and 5 days for data processing. 

The work is spread over four months i.e., 16 August – 15 December 2015, with the consultants together submitting one final GIS-database and one final synthesis report, compiling and describing all relevant data and information produced for all 30 woredas, on 1 December 2015.

Annex 1. Woreda level soil data collection (fieldwork). 

Tasks and deliverables specified for the soil survey consultants 
The major task and by far most important deliverable of the current project phase (woreda level soil data collection) is to collect, compile and share soil data, according to agreed standards, of an as large as possible number of auger observations. 

Materials to use:

· Woreda level soil-landscape base map

· Woreda level soil-landscape base map legend document

· GPS (use WGS1984 datum and WGS1984 geographic coordinate system, expressed in decimal degrees and noted with 5 - 6 decimals). 

· FAO, 2006. Guidelines for soil description (pdf)

· FAO, 2006. Guidelines for soil description – derived auger field form template (doc)

· FAO, 2006. Guidelines for soil description – derived auger database template (xls)

· FAO, 2006. World reference base for soil resources 2006 (pdf). 

· (FAO, 2014. World reference base for soil resources 2014 (pdf)). 

· Munsell color charts
Soil-landscape base maps:

The base maps are provided as a shapefile with associated attribute table. Similarly, the base maps are given per woreda as a jpegs or pdf prepared for being printed at A2, including a simple legend on the map and the full legend in an associated document. 

The legend gives the map-units constructed by a code for the geomorphology (FAO, 1984) and a combined code of dominant soil reference group and slope class (e.g. 101 or 309 indicating soil reference group 1 and slope class 1 or soil reference group 3 and slope class 9, respectively), explained by a full description of the geomorphology, the full name of the dominant soil reference group and a full description of the slope class. Next, four soil reference groups with highest predicted probability are given and four qualifiers with highest predicted probability. 
From the predicted four most probable soil reference groups and four most probable qualifiers, given for each map-unit, the consultant determines in the field which soil reference group and which qualifiers are observed in the auger. If necessary, another reference group or qualifier can be given as well. 
The augers are made preferably along few (three to four) transects of some 5 to 10 km each, outside of the earlier studied kebeles and preferably one transect within each geomorphologic units, observing a maximum number of different map-units and especially of different mapped soil reference groups. Within areas of similarly mapped soil reference groups, different slope classes should be augered as well because the slope classes represent different land facets, within the geomorphology units, with different soil types, according to FAO (1984).  
Along each transect, minimally 5 to 10 reference augers (status 4) must be made completed with a -larger- number of brief augers in between. The reference augers should reach minimally 100 cm, if bedrock permits, and should be fully described according to the provided field-form template, using the guidelines for soil description, and completed with a thorough in-field WRB classification. The full description includes minimally 2 to 3 major depth intervals (horizon layers) including 1) the entire A horizon, 2) the major part of the B horizon in the middle part of the auger and 3) the subsoil. The brief augers (status 5) can be made while walking along the transect verifying the soil relative to earlier observations, confirming similar characteristics and field classification. Such brief observation needs augering only till a limited depth and is briefly described by only auger ID, X-Y coordinates, depth of augering (cm) and the field classification (plus other details if needed). Other supportive observations along the transect can be done by observing the environment (land cover etc.). 
Minimally 30 auger reference observations plus a larger number of brief observations are made and reported per woreda. The reporting must be strictly according to the templates provided, that is through the auger database template (xls). 

The woredas are on average some 750 km² in size. The smallest woreda is Misirak Azerenet Berbere with 168 km² and the largest Limu Seka with 2507 km². With 30 reference augers, 60 brief augers and the approximately 30 augers from the kebele study, plus some 6 pit descriptions, an observation density is achieved of on average 1 observation per roughly 6 km².

Duration of the soil data collection (fieldwork)
It is investigated that the work needed to be done by the 6 soil survey consultants will require about 25 days per consultant out of which 20 days are for fieldwork (auger observations including travelling) and 5 days for data processing and sharing. 

The work is spread over six weeks i.e., 21 September – 31 October 2015. Each consultant submits one auger database compiling all collected data, coded etc. according to the FAO 2006 guidelines for soil description, from all woredas on 31 October 2015.
In November, ISRIC-ALTERRA will validate the base map predictions and produce a final version of the woreda level soil-landscape maps. Moreover, the soil profile data still must be processed and compiled under a common standard and, through representative soil profiles identified for given map-units, linked to the map-units to ultimately give the woreda-level soil property distributions. 
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