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Task Description 

Generation of a high-quality physiographic map at a scale 1:100,000 for the entire 

Kilimanjaro Massif.  Besides a highly accurate relief representation (with elevation 

contours, spot-heights, hill-shading and rock-drawing) the map has to show the complete 

infrastructure of the National Park (incl. climbing routes, potable water sources, camp-

sites), infrastructure outside the national park (incl. roads, railroads, major power lines), 

certain points of interest, as well as the current vegetation distribution and land-use. The 

map will include all research plots and their surrounding areas of the KiLi project. With this 

the map would represent an important tool for land and nature management and planning, 

e.g. for the National Park authorities and the rural land planning division as well as an 

important scientific and logistic base for the KiLi-project regarding implementation and data 

analysis. The quality shall be such that the final map product can well compare with other 

high-quality maps published in Germany, like the map series of the Consortium for 

Comparative High-Mountain Research.      

Methods   

Based on a digital compilation of the existing and available Tanzanian 1:50,000 toposheets, 

vegetation and climate maps the various layers for the map have to be generated using the 

current version of ArcGIS. By means of the most recent available high-resolution satellite 

imagery, the resulting geodata have to be up-dated. Doubtful or questionable spots or 

areas have to be clarified in field trips during a two-month field campaign. Subsequently the 

ArcGIS data sets have to be finalized using the cartographic OCAD software. 

 

 

 

 

 



  

  

Abstract 

Mt. Kilimanjaro is located on the northern border of Tanzania in East Africa.  Its highest 

point reaches to 5,895 meters above sea level.  This makes Mt. Kilimanjaro the highest 

mountain on the continent of Africa and it ranks as the highest stand-alone mountain in the 

world.  Mt. Kilimanjaro and is an attractive tourist destination, with an average of 50,000 

people coming to climb its slopes every year (TANAPA, 2014).  Many maps have been made 

of Mt. Kilimanjaro; most either concentrate on the hiking trails on the mountain and 

neglect the surrounding area, or they depict the area surrounding the mountain but neglect 

the hiking routes on the mountain itself.  This thesis is an accompaniment to a multi-use 

map that shows the area surrounding Mt. Kilimanjaro but also details the hiking routes on 

the mountain.  Additionally, land use and vegetation will be included in order to create a 

basis for further use in nature conservation and land planning.  Unfortunately, the map 

could not be completed within the allotted time given for a master’s thesis. 
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Abbreviations 

 

CMYK  Cyan, Magenta, Yellow, Key (Color model) 

D.O.S.  Department of Overseas Surveys 

FID  Figure Identification 

GIMP  GNU Image Manipulation Program 

HMFS  Half-Mile Forestry Strip 

KINAPA Kilimanjaro National Parks Authority 

JPG  Joint Photographic Experts Group (digital image file format) 

OID  Object Identification 

OSD  Ordnance Survey Directorate 

TANAPA Tanzanian National Parks Authority 

TIF  Tagged Image File Format (digital image file format) 

TSD  Tanzania Surveys and Mapping Division 
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1 Background 

1.1 Map Review 

Figure 1.1 Estimated Population Density by grid 

cell (100m2 at the equator) (WorldPop) 
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Figure 1.3 Detail of a tourist map which includes only the northern portion of Moshi.  

(Harms-ic-verlag, 2011. [1:100,000]) 

 

Figure 1.2  Detail of a tourist map showing many hiking trails and related features. 

(Harms-ic-verlag, 2011. [1:100,000]) 
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Figure 1.4 Detail of a topographic map that includes the town of Moshi in its entirety. 

(Ordnance Survey, 1990 [1:50,000]) 

Figure 1.5 Detail of a topographic map showing limited climbing routes and related features 

(D.O.S., 1964b. [1:50,000]) 
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2 Sources 

2.1 Maps 
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Figure 2.1 Layout of the individual map tiles  

 

Table 2.1 Source maps‘ metadata 
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2.2 Field Work 

3 Layers 

3.1 Contour Lines 



Layers 14 

  

Figure 3.1 Faint contour lines on the 

“Moshi” tile (Ordnance Survey, 1990)

Figure 3.2 Extreme speckling present on 

the “Olkaria” tile (D.O.S., unknown)
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Figure 3.3 Detail of the dark green forest patch in the “Olkaria” tile. 

Figure 3.4 Interrupted contour lines present in                                                               

the “Moshi” tile (Ordnance Survey, 1990).
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Figure 3.5 Erroneous interruptions present on the “Ol Molog” tile (Ordnance Survey, 1991a) 

 Digitization 
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 Processing the Digitized Contour Lines 

Figure 3.6 Example of a sub-pixel 

deviation introduced by the 

interactive vectorization tool.
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 Changing Foot Contours to Meter Contours 
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 Second DTM 

Figure 3.7 Example of the disconnect present between foot and meter contours. left: 

“Sanya Chini” (D.O.S. 1969) right: “Moshi” (Ordnance Survey,1990) 
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Figure 3.8 Erroneous gorge appearing in the new DTM
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Figure 3.9 Detail of a caldera using the source maps’ height values (left) 

and the new DTM’s height values (right). 



Layers 22 

  

3.2 Buildings 

Figure 3.10 Detail from before and after manual connection of contour lines

Figure 3.11 Detail of the "Moshi" 

tile (Ordnance Survey,1990). 
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Figure 3.12 Legend excerpt from “Rongai” tile (D.O.S., 1963). 

 

Figure 3.13 Legend excerpt from “Rombo” tile (Ordnance Survey, 1991). 

 Building Digitization  
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 Processing of the Building Shapefile 

3.2.2.1 Select by Location 

3.2.2.2 Delete Identical 
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3.2.2.3 Quantitative operation 

Figure 3.14 Theoretical situation showing the “Delete Identical” tool’s effect on density variation.        

If the tool is used on a sample point layer (A), points within a given tolerance are 

deleted (grey symbols in B).  These points for the most part come only from high 

density areas (C) and the result is a loss of density variation (D). 



Layers 27 

  

“SELECT * FROM WHERE MOD(“OBJECTID”, 2)=0”

Figure 3.15 Theoretical example before and after quantitative operation. Numbers 

designate the order of digitization.  When every other database row (i.e. digitized 

point) is deleted (gray dots on the right), false patterns can emerge. 
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3.3 Town/Village Polygons 

Figure 3.16 Different orders of spatial operations.  Blue arrows show “Delete Identical” 

performed first, green arrows show “Select by Location” performed first.
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3.4 Roads 

3.5 Hiking Trails 
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3.6 Rivers 
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3.7 Springs 

3.8 Bodies of Water 

–

– 
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3.9 Vegetation 

Figure 3.17 Detail of vegetation map showing graphic overlays.
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 Classification Tools 

  Figure 3.18 Example of similar 

colors in the vegetation map

Figure 3.19 Close-up of the vegetation 

JPG with lossy pixels evident. 

Figure 3.20 Erroneous classification 

caused by lossy pixels. 
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 Extraction by Color 
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 Second Vegetation Source 
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 Processing the Vegetation Polygons 
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3.10 Swamps 

Figure 3.21 Theoretical example showing the expand tool and its relation to topological skeletons.  

A: a hole surrounded by four polygons. B: hole border and topological skeleton 

(dashed line) highlighted.  C:  After expansion, the polygons meet at the location of 

the former hole’s topological skeleton.
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3.11 Rock and glacier drawings 

3.12 Park Boundary and Half-Mile Forestry Strip 
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 Transformations Applied 

Figure 3.22 HMFS shown (blue) within the boundary of the former forest reserve lands. 
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 Partial Manual Georeference 
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 Manual Georeference of Boundary 

Figure 3.23 Diagram of the former forest reserve boundary (blue) and the 

current national park boundary (red).  Shared boundary shown in black.
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 Correct Boundary 

3.13 Points of Interest 

Figure 3.24 Diagram showing the HMFS (blue) within the national park (green) and the 

commercial forest plantations not merged with the national park (orange).
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3.14 Airports 

3.15 Powerlines 

3.16 Railroads 



Further Work 44 

  

3.17 Quarries 

3.18 Symbols 

4 Further Work 
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