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Abstract: The traditional depiction of land cover classification uses discrete, hard categories that are mutually 
exclusive. Remote sensing techniques exist to derive sub-pixel classification and continuous variables, these have 
proven to be fairly robust and accurate, yet few cartographic products or techniques have been developed to depict 
these more structurally complex datasets. A series of case studies involving the Alpine Mapping Guild’s recent and 
ongoing maps are used as a springboard for experimenting with new techniques and datasets and to propose that 
landscape characteristics can be used to guide land cover depiction and the choice of classifier. A hybrid approach in 
which land cover elements with abrupt discontinuities such as hydrology and agriculture are depicted using traditional 
hard boundaries and soft transition and naturally occurring gradients such as altitudinal vegetation changes are 
depicted using continuous variables is proposed. The use of a dasymetric approach to soften a hard classification is 
also demonstrated. Possible difficulties with the representation of object oriented derived classifications which by their 
nature are output as hard boundaries are discussed. 
 
INTRODUCTION 
 
Over the past two years I have been involved in several topographic mapping projects that required generating land 
cover datasets or using existing land cover datasets generated by public agencies. The cartographic techniques I employ 
combine analytical shaded relief with land cover to create fused background image on which vectors and text are 
overlaid.  
 
The current projects discussed in this paper involve similar production techniques; however the scale and data sources 
vary widely. In striving for a uniform style we have had to think carefully about the problem of depicting and 
generalizing land cover data while maintaining rather than degrading or corrupting its information content, yet not 
overload the map with information. In part, the problem has lain in our sources. In some cases I have obtained very 
accurate land cover information compiled at scales greater than my mapping scale. In other cases I have generated my 
own land cover classifications from satellite imagery, and in yet some other cases I have used continuous variables 
derived from these images. Each of these approaches has its strengths and is best suited for certain types of maps and 
scales. Problems can arise when they are mismatched for the task at hand and in particular when classification intended 
for resource management is used for different purposes. 
 
I will examine on a project by project basis the different approaches I have used and to critically evaluate the results. In 
particular I will discuss issues of data quality, scale, classification schemes, and the appropriateness of soft, fuzzy or 
continuous classification approaches versus hard or discrete categories. I will propose hybrid techniques that are based 
on landscape properties rather than dictated by data and discuss methods for generating such classification whether 
working from raw data or manipulating existing classifications. I will evaluate the results of particular image 
classification techniques such as segmentation /object oriented classification within the context of mountain cartography 
with consideration of scale. For the purpose of this discussion, I wish to define landscape scale mapping as topographic 
cartography at scales ranging from 1:25,000 to 1:200,000 and where land cover datasets are derived from imagery with 
resolution equal to or greater than 30m (typically from SPOT, Landsat or ASTER). All the maps discussed in this paper 
fit these criteria. Finally I will propose a distinction between analytical or quantitative land cover datasets as apposed to 
cartographic classifications or cartographic generalization with particular regard for mountain cartography and 
mountain landscapes.  

mailto:kraak@itc.nl


        GAMACHE: CURRENT MOUNTAIN CARTOGRAPHIC WORK BY THE ALPINE MAPPING GUILD 
 
 

 

 
As a disclaimer, I do not propose to do a historical survey of land cover depiction in topographic maps nor an in depth 
description of specific image classification techniques. Instead I will show where I have come from using carefully 
chosen examples from the past in order to contrast the approach I have been using in my work. My choice of depiction 
style is often based on aesthetic criteria in contrast to the institutional maps I will be comparing them against which are 
often driven by management or military objectives as well as print production constraints (Monmonier 1996). 
 
Context 
 
Landscape heterogeneity is described by Forman (1995) as being of two forms; as a series of gradients with gradual 
differences in concentration or as a mosaic with patches and or corridors with abrupt/hard or soft discontinuities. 
In mountain environments a wide variety of transitions between land covers occurs; from vegetation to non vegetation 
from talus to scree to moraine, and from these to glaciated or snow covered terrain (Figures 1a -1d). These changes are 
often driven by glaciation, soils, water availability, and topography which may in turn dictate climatic gradients in 
precipitation, temperature and light availability. Fragmentation, which results in a patchwork or mosaic landscape is 
driven by land use and anthropogenic change as well as naturally occurring catastrophic or periodical environmental 
change such as fire or landslides. Depending on the scale at which these transitions are observed they may appear as 
smooth transitions or abrupt but at the landscape scale, discontinuities typically predominate (Forman, 1995). Some of 
the questions this raises for the cartographer depicting land cover at the landscape scale is whether methods should be 
dictated by the composition of regions (i.e. their homogeneity or heterogeneity, their pattern, density, internal structure, 
texture) or by  the type of transitions between homogeneous regions?  
 
In order to depict the landscape in a topographic map landscape its elements need to be abstracted and decomposed into 
objects that have traditionally been represented on maps using point, line and polygon elements. These elements are 
then used to represent groups or classes of terrain features. Until recently, this resulted in many maps depicting a 
landscape primarily composed of hard, sharp edges (figures 2a-2d) with some maps (i.e. fig 2a) communicating the 
range of transitions more effectively than others using these graphic variables. Cartographic techniques and map 
purpose have often dictated this depiction. For example green vegetation polygons may imply a forest density with 
military considerations such as ease of troop movement or availability of camouflage or management implications such 
as forest stand age or composition (Monmonier, 1996). Similarly other land covers such as glaciers and moraines have 
been depicted as discrete object often with less attention paid to the transition or interaction between land cover visible 
in nature. This generalization may be both necessary and desirable in some cases. 
  
With the advent of satellite remote sensing in the early 1970’s, land cover has been mapped using pixels or groups of 
pixels as the minimum mapping unit and can be depicted as images. These images can be manipulated through the use 
of filters, and can have texture applied to them. Additionally they can be combined with more traditional cartographic 
objects such as points, lines and polygons. This is the approach I use in my maps. 
 
In traditional land cover mapping the minimum mapping unit (MMU) dictates which form the final classification will 
take. The MMU is in turn determined based on classification objectives, source data resolution and compilation scale. 
Land cover is typically derived on a per pixel basis from remote sensing imagery where each pixel is assigned to a class 
using a Euclidian or statistical distance to determine its membership. Once classified, a vector polygon for each distinct 
class object can be created from the class image. Alternatively classification can be directly compiled in an object form 
from imagery by an expert interpreter or increasingly from satellite imagery using image segmentation and object 
oriented classifiers.  
 
Regardless of the classification method used, image pixels are classified and generalized into single, discrete, exclusive 
categories of land cover such as glacier, snow, wetland, forest, meadow etc, where one pixel belongs to one class 
exclusively. This can be described as a binary approach where a pixel is either in or out of a class and the classification 
dataset is the union of a series of binary classes (Milne & Cohen, 1999). Once classified, these pixel assemblages 
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become entities with hard boundaries (Foody 1996, Wang 1990). I will refer to this model as the Hard, Discrete Class 
model (Figure 3a).  
 
In an attempt to address the limitations inherent in the above model, analytical techniques have appeared that seek to 
extract fuzzy classifications. This approach recognizes the inherent heterogeneity present in nature and within pixels 
and attempts to recover fractions of land cover components that may be present within individual pixels. Independent 
from these fuzzy and sub–pixel mixture analysis approaches there has been a significant amount of work done to 
quantify biophysical landscape parameters from satellite imagery in particular related to vegetation. Such metrics as 
Leaf Area Index (LAI), and Fraction Photosynthetic Absorbed Radiation (FPAR) provide means of measuring biomass 
which in turn can be expressed as a continuous, spatially variable quantity such as canopy cover or used as inputs to 
algorithms that in turn derive fractions of specific cover types. These two distinct paradigms within remote sensing have 
yielded products that quantify and can be used to depict land cover as continuous, complex and fuzzy. I will refer to this 
approach as the soft, continuous or fuzzy model (Figure 3b). There are obvious distinctions between the sub pixel 
classification approaches and the biophysical approaches but for the purpose of this discussion, within the context of 
cartographic applications I treat them jointly.   
 
Woodcock and Strahler (1987) in a seminal paper on the factor of scale in remote sensing provided a rationale and a 
demonstration of the relationship between the size of features being mapped and sensor resolution. They outline 
appropriate approaches for the type of image classification that could be used based not only on scale but on landscape 
types and local variance. This discussion approaches the topic where they leave off, from the perspective of the end user 
of these classifications for cartographic output and as an analyst creating classifications intended for specific 
cartographic purposes rather than resource inventories that are rarely expressed in map form. I propose that hybrid 
classification or multi-step approaches as suggested by Franklin and Wilson (1992) or the multi scale, multi granular 
paradigm proposed by Ju et al. (2005) may be the most desirable in mountainous settings and that at the least, as hinted 
to by Woodcock and Strahler, landscape characteristics be taken into consideration. 
 
Methods 
 
One of the methods I have commonly used to soften hard classifications has relied on filtering the output from hard 
classifiers using image editing software such as Photoshop. Patterson (2002) described numerous image manipulation 
techniques in the context of cartographic realism in his work for the NPS.  In particular filters such as the median and 
Gaussian blur filters are quite effective at blurring the hard boundaries between classes. This approach, while it can 
produce aesthetically effective results, introduces errors and degrades the information content of the dataset which is at 
times already limited. It does not add any information nor does it indicate the variance that exists within the class itself.   
 
The fuzziness I have sought to create by using these filters is often best introduced into the dataset at the classification 
step. An arsenal of remote sensing approaches has been used to derive sub pixel composition from satellite imagery. As 
stated previously my goal is not to review in details these techniques which would be beyond the scope of this paper. 
Rather it is to explore the notion that cartographic land cover depiction does not need to be limited to the hard 
classification paradigm and that in fact in some cases it may be desirable to let compilation scale and landscape 
properties determine the best classifier.  
 
Linear and Non Linear Spectral mixture analysis (SMA) has been used extensively to generate sub-pixel composition 
estimates. Small (2004) provides a good description of the Landsat ETM+ spectral space in the context of SMA. In 
mountain environments it has been used by Klein and Isacks (1999, personal communication) to map tropical glaciers 
in South America and Africa, and by Nolin et al. (1993), Rosenthal and Dozier (1996), Solberg (2000) to map alpine 
snow cover. Neural networks (ARTMAP in particular), have also been used to calculate subpixel composition, 
(Atkinson et al., 1997, Carpenter et al., 1999, Foody, 1998, Moody et al., 1996) with some specific cases in the Sierra 
Nevada of California. Ju et al. (2003) compared mixture discriminant analysis to linear mixture analysis (LMA) and 
neural networks and found it to rank between neural networks and LMA in terms of accuracy but to be conceptually 
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more easily understood when compared to the ‘black box’ approach of neural networks. Fuzzy Set Classification and 
fuzzy Maximum likelihood classification have also been used (Foody 1996 and Foody et al.,1992).  
 
Regression trees have been used primarily with coarser scale data by McIver & Friedl (2002) and Defries et al (1997). 
The MODIS Vegetation Continuous Fields product used by Patterson & Kelso (2004a, b) for Natural Earth (figure 4) is 
calculated using a supervised regression tree algorithm described by Hansen et al (2003). Logical Regression analysis in 
the form of a regression tree is also used by the US multi-Resolution Land Characteristics Consortium to generate tree 
canopy density and imperviousness datasets for the continental US. This is the primary soft dataset used in our three 
continental United States case studies. Huang et al. (2001) describe a test study done to determine the feasibility of 
estimating tree canopy density in Landsat imagery from a canopy density model derived from 1m Digital Orthophoto 
Quadrangles (DOQs). Homer et al. (2004) reported mean absolute errors ranging between 8.4% and 14.1%. The dataset 
which has yet to be completed for the entire continental United States has not been adequately validated. 
 
In three of the cases discussed I also make use of what Strahler et al. (1986) term “direct inference” through the use of 
the Tasseled Cap image transformation greenness component (Jackson,1983, and Crist and Cicone, 1984) and the 
Normalized Difference Vegetation Index (NDVI). The assumption in these cases is that for some vegetation land cover 
NDVI or greenness can be used as a simple proxy for biomass and through basic image manipulation yield a continuous 
vegetation surface. NDVI is an indicator of photosynthesis, however, the relationship with biomass is not always linear 
(Peterson et al. 1987), as such this technique is used to other forest datasets depict shrubs, and grasses.   
 
CASE STUDIES 
 
I will discuss eight map cases reflecting a range of map scales ranging fro 1:24,000 to 1:200,000. Three of these maps 
are to locations in central Asia in Kyrgyzstan, three are to locations in the western United States (Granite Peak 
Montana, Gannett Peak Wyoming, and Grand Teton National park, Wyoming, all at 1:24,000 and one also at 1:63,360) 
and one map project situated in the Peruvian Andes (Auzangate, Cordillera Vilcanota 1:25,000 and 1:100,000). All  
these maps have been developed for commercial clients and retail sale and are geared towards our traditional audience 
of outdoor enthusiasts such as trekkers, hikers and climbers. The maps are designed to communicate a sense of place in 
addition to their information and navigational components. The three Kyrgyzstan maps were published together in 
2005; the Granite Peak map is due to go to press in April 2006 and the remainder later in 2006 and 2007. These will be 
presented in the order they have been or will be completed. The chronology also begins with maps that use a more 
traditional pixel based approache with simple filter based generalization. The maps that are in progress use new 
approaches and datasets and exemplify a hybrid approach to land cover depiction. 
 
Kyrgyzstan 
 
I compiled three maps of climbing areas in Kyrgyzstan in 2004/2005. A variety of data sources were used ranging from 
Russian topographic maps at scales from 1:50,000 to 1:200,000, SRTM DEMs, ASTER and Landsat imagery to the 
input from climbers who visited the range in addition to field visits to some of the sites. Due to sheet size constraints the 
scale for each map changed based on the area to cover and the availability of base data. Land cover for each map had to 
be derived from freely available images. In some cases imagery was contaminated by fresh snow or clouds or was not 
from suitable time periods for optimal glacier mapping. Suitable images were classified using an unsupervised isodata 
classification.  In the case of these maps the product of the land cover classification was a pixel based dataset consisting 
of three classes: barren, glaciated or vegetated.  Due to a lack of  accurate training data and field knowledge we kept the 
classification fairly simple and felt confident these classes would serve most of  our users’ needs and could be derived 
consistently from the imagery on hand. These maps are meant as references for climbers to plan trips into these areas 
rather than explicitly for navigation.  
Glacier and moraine mapping for the 1:50,000 map of Ala Archa National Park was done manually from an image 
composed of image ratios, decorrelation stretch and NDVI (Fig 5) that allowed good discrimination of debris covered 
glacier from moraine. Generalization was performed using median and blur filters as well a post-classification sieve 
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filtering to eliminate noise in the datasets. The results are shown in figs 6-8. Techniques to depict transitional covers 
include blurring to imply fuzziness and the use of moraine fills to suggest the transition from glaciers to moraine. The 
depiction of land cover on these maps is closest to what I would term a traditional hard class depiction.  
 
Granite Peak, Montana 
 
This map was compiled at 1:24,000 from USGS sources including a DEM from the National Elevation Dataset (NED), 
data digitized from the USGS 1:24,000 topographic maps, 1m Digital Orthophoto Quads (DOQs) from 1991-92, and 
Landsat ETM+ image (path 37 , row 29) from July 2000, the NLCD 2000 Canopy Cover dataset and local expert 
consultations. A decision based on client budget was made early on in the process that no new image classification or 
land cover mapping would be done. The 1990 National Land Cover Dataset was evaluated and found to be inaccurate 
particularly at higher elevations where forest classes were overestimated on shaded slopes. The snow and glacier class 
was also found to be exaggerated. More useful was the 30m dataset currently being produced by the NLCD 2000 
program where forest canopy density is expressed as a percentage on a per pixel basis for a conservatively estimated 
forest class (Huang et al. 2001). Glacier and permanent snowfields, lakes and moraines polygons were digitized from 
the 1992 aerial photos and the pan-sharpened Landsat imagery. Trail network was obtained from the Forest Service and 
non Forest Service maintained trails were collected in the field during the summer of 2005. This is my first attempt at 
working exclusively with a continuous land cover dataset at this scale (figure 9). An earlier attempt to combine a 
generalized Landsat natural color image was adequate but like the land cover data it over estimated forest cover 
especially on shaded slopes.  
 
Gannett Peak, Wyoming 
 
This on-going project consists of two maps currently being compiled at 1:24,000 and 1:63,360 largely from USGS data 
(NED 10m DEM), and from 2002 Color Infrared (CIR) DOQs and Landsat ETM + data. This map is the first to use 
what I will describe as a landscape dictated hybrid land cover approach. I make use of a combination of the canopy 
density dataset from the NLCD 2000 at 30m resolution. This is combined with an inverted NDVI mask for non 
glaciated/non-vegetated areas and a manual digitization for lakes and glaciers for the 1:24,000 map. I am also 
experimenting with image segmentation as a tool for refining the pixel based classification. In this case three 
classification methods were tested; isodata, maximum likelihood, and a neural network (fuzzy ARTMAP). Preliminary 
accuracy assessment suggests the maximum likelihood classification of the pan-sharpened Landsat TM bands with 
ancillary data (elevation, slope, texture, vegetation indices) performs best (>80% overall accuracy). Vegetation class 
definition is based on apparent vegetation density as determined from the 14.25m Landsat panchromatic band, 1m DOQ 
image and NDVI values (no field work has been done to quantify vegetation density). Thus, rather than extract 
vegetation classes based on vegetation types such as deciduous vs. evergreen, vs. mixed vs. shrub, I am attempting to 
class vegetation based on dense, moderately dense, light and to incorporate parameters such as elevation as a variable. I 
am also experimenting with an NDVI based continuous mask for sparse vegetation (figures 3a & 3b).  
 
The logic for this approach is that I suspect that most of our users are not concerned with these distinctions. In terms of 
cross-country travel an indication of density  for  determining ease of travel or the location of tree line for determining 
where to setup a camp out of the wind is likely more important. I am hoping this will provide our land cover a more 
organic textured look that will impart to the user a more intuitive understanding of the landscape. 
 
As there are two maps involved within this project, different approaches and data sources need to be considered. The 
1:24,000 map contains a smaller diversity of biomes thus has fewer transitions and less complexity but needs to show 
land cover at a greater resolution. As such I am likely to rely more on textures and land cover polygons extracted from 
the higher resolution CIR DOQs. Conversely the smaller scale map has a greater variety of terrain and more transitional 
areas. It needs to reflect the character of the greater region being portrayed and provide useful information for trip 
planning as well as navigation. It will benefit from some of the continuous datasets I plan on using.  
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Grand Teton National Park, Wyoming 
 
This project at 1:24,000 is being developed jointly with Alex Tait and involves the creation of a climber’s map and 
guide to the main peaks of Grand Teton National Park. In terms of data this is the richest project being discussed. Two 
separate sets of 1 meter aerial photographs (CIR and Color) from 2002 have been made available to us as well as a 
vector based, detailed 62 class, 49,289 polygons land cover dataset manually classified from the color photographs by 
professional photo interpreters and foresters. Of these, approximately 5715 polygons lie within our map area.  
 
This dataset introduces some new issues and opportunities that we have yet to work with or discuss. First, we are 
working with a polygon based dataset; two, this dataset was created and is intended for forest management within the 
park and not for the creative use of cartographers.  The classification is heavily weighted towards vegetation classes, 
only nine of the 62 classes (14.5%) are non-vegetation classes but represent over 40% of the map area, primarily at 
upper elevations. Five classes refer to various types of sparse vegetation and represent 11.7% of the area. From a 
cartographic perspective these sparse vegetation areas can be described as being discontinuous in nature, and difficult to 
portray in polygon/object form. Herein lies in my opinion the major weakness of hard/object based polygon class 
datasets when trying to depict the landscape in a realistic rather than abstract manner.  
 
There are a few approaches that could be used in this case. One would be to perform a pixel based classification using 
the CIR DOQ or a multi-spectral image with the land cover dataset to establish a set of prior probabilities or as a 
segmentation image to guide the pixel based classification. Both approaches would lead to a pixel based classification. 
A second option is to use the hard classification where it is appropriate, i.e. to define areas within the image that have 
hard boundaries and cover types that can be mapped using this classification. Areas, such as lakes, non-debris covered 
glaciers and snowfields, dense forest, and fire burn scars are likely candidates. For more transitional cover types, it may 
be best to create a continuous dataset from source imagery or to use the polygon based categories with some noise or 
texture or combined with transparency  to imply the heterogeneity of that class. 
 
Fortunately for us this dataset has numerous features that will enable us to generalize and derive a “cartographic 
classification”. In addition to vegetation classes the dataset contains additional classes that identify parameters such as 
density, structure (pattern), height, and dominant species. We can combine this with the forest canopy cover dataset 
from the NLCD which can be used to modulate the forest vegetation classes and reintroduce a certain amount of noise 
where appropriate.  
 
Depiction of grass, shrub and sparse classes can similarly be enhanced through the use of an NDVI surface created from 
the CIR DOQs as a layer mask. This approach is dasymetric in nature in that a secondary dataset at greater resolution is 
used to calculate probabilities with a polygon of the categorical dataset as described by De Genst et al (1999). Thus 
rather than use the sparse cover polygons as is, we mask them with a grayscale layer mask.  The higher resolution of the 
DOQs allows some room for blurring while still remaining at an adequate resolution for our map scale. There are some 
issues with this in areas of topographic cast shadows where reflectance in the near infrared channel is greater than in the 
red. This small difference between the NIR and the red channels is enough to generate positive values in the NDVI 
image that appear as a weak vegetation signal where none exists. This can be minimized through the use of an 
additional shadow mask calculated from the solar azimuth and zenith at the time of observation and the DEM and some 
manual touchups of the NDVI mask.  
 
Auzangate Massif /Cordillera Vilcanota, Peru 
 
The last project I am discussing is the ongoing work in the Cordillera Vilcanota in Peru. I have proposed to produce two 
maps, one of the Auzangate trekking circuit at 1:25,000 and one of the entire Vilcanota Range at 1:100,000. Work has 
slowly been progressing on the maps over the last two years. This is my most ambitious project to date and covers an 
extensive, remote and fairly rugged area in southern Peru. In May of 2005, I spent ten days in the range mapping trails 
and collecting land cover sampling points. At present I have compiled a fairly complete vector dataset for the 
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Auzangate trek portion of the map and am planning a second field campaign in 2006 to collect more data. A 10m DEM 
has been created for the Auzangate region from a 1:25,000 vector dataset from PETT and a 30m DEM for the entire 
Vilcanota map area from IGN maps. An ASTER scene from August 2003 has been obtained for the Auzangate portion 
and orthorectified. A Landsat ETM+ image from June 2000 will be used to derive land cover over the rest of the 
Vilcanota range.  
I have begun experimenting with various methods of producing land cover and hope to test our various approaches with 
this project. In particular, we have experimented with the use of eCognition software for generating an object oriented 
land cover classification for those land cover components for which this is appropriate. The strength of this software lies 
in its non-parametric approach and the wide variety of weighted inputs permitted to the classification including texture 
and topography. In a sense it acts as an image fusion tool. However, as discussed previously the output in the form of a 
hard product is not always desirable. In the Teton case the polygon classification was useable as a result of ancillary 
data contained in the classification as a by product of the manual expert classification process. With the use of object 
oriented classifiers, data in the form of several shape metrics and fuzzy membership classification are returned; these do 
not however contain the same level of useful information (from a cartographic perspective) as what was seen in the 
Teton case. It also forces a hard categorical approach with sharp boundaries between objects that for my purposes is 
only appropriate for certain classes. 
 
I have also experimented with using tasseled cap (from the Landsat image) greenness component and its inverse image 
in the same way the NDVI surface was used as a mask in the Teton map case as well as the NDVI (Landsat and 
ASTER) masks. Early problems with the large glaciers present in the scene adversely affecting the TC image 
transforms were solved by the judicious use of glacier masks created from the glacier mapping. 
 
Vegetation in this Puna landscape is limited to grasses and low lying brushes and sedges thus we have a fairly 
consistent vegetation type across the map area that primarily varies in intensity and density depending on water 
availability. Arid conditions prevail for a significant part of the year in this range and most vegetation at this altitude is 
fairly water limited (i.e. fig. 1a.). As such I am still in the process of determining if these two approaches will be 
successful and if yellow or brown non-photosynthetic vegetation and litter will have enough variability and will be 
captured in order to successfully visually impart the character of the open landscape found here. It is possible that the 
standard coefficients used by most software packages are not ideally suited for the Andean Puna, derivation of new 
image specific coefficients may lead to better results. 
 
The region also has a small amount of agriculture at lower elevations and closer to populated areas such as the village of 
Tinqui. Phenology is a distinct factor to be considered in mapping these areas. Thus far I have only acquired imagery 
during periods when potato, quinoa and other crop fields lie fallow and appear as bare soil.  Additionally our knowledge 
of local agricultural practices and cycles is limited to what has been observable during two limited previous visits in 
May and July. In order to successfully map cultivated area additional imagery and more field work will be required. 
 
DISCUSSION & CONCLUSION 
 
As a cartographic output, few uses of continuous land cover datasets have been made. The MODIS vegetation 
continuous fields (VCF) product has been used at continental to global scales by Patterson & Kelso (2004a,b) to great 
advantage and is the most notable (Figure 4). Adams et al. (1995) used  triangular two-dimensional color legend to map 
class composition. However, as class membership begins to be composed of more than 3 end members, depiction in 
CMYK color space becomes more challenging.  I suspect there remains some work to do to develop products and 
techniques suitable for medium to large scale cartographic output.  In the cases illustrated here there is a range of 
techniques of varying success demonstrated. The measure of that success is also quite qualitative. In fact, no usability 
studies for this type of cartographic depiction are known to the author and future work on this topic will need to address 
this lacuna. It is also possible that good legend and cartographic design will be sufficient to successfully communicate 
these complex elements. 
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The first case examined three maps created from Landsat and ASTER imagery at scales ranging from 1:50,000 to 
1:200,000. The pixel based land cover for two of these maps was calculated exclusively based on this imagery and for 
the Ala Archa case was supplemented by two limited field visits to the range. Since the maps were meant as reference 
tools for trip planning rather than navigational instruments I feel the limitations of the dataset were surmountable. These 
are included as reference for the type of generalization we have employed until now.  The primary means of 
generalization are through the use of filtering and through the use of an unsupervised classification where the class 
labeling and collapsing is done by the analyst. With three simple classes I was able to communicate land cover in a 
qualitative way. The user may notice that land cover colors are not indicated in the legend as they are meant to be fairly 
evident. This approach has its limitations. For the Western Kokshaal-Too map at 1:150,000 the region is located at 
fairly high elevation in the Tien-Shan range. Vegetation is limited to shrub and grasses and of the three maps I feel this 
is the most successful. This scale is very appropriate for Landsat derived land cover and the blurring approach I use for 
generalizing the land cover adds an appealing element of texture (figure 7). Our simple class model begins to break 
down at the larger scale for the Ala Archa map (figure 6) where vegetation types are more varied and includes forested 
areas in addition to shrubs, and grassy meadows. Our classification does not address any of the landscape transitions 
encountered and is similar to the more simple models shown in figs 2c and 2d. The transition from glacier to moraine is 
depicted through the use of dot fill patterns in some areas but is inconsistent in its use.  Maps of this scale typically can 
convey much greater information content.  At 1:200,000 the Karavshin map (figure 6) uses land cover in a very 
simplistic fashion to depict the proximate extent of vegetation and glaciation.  
 
The next project examined (Granite Peak) makes the first use of a continuous variable dataset, the National Land Cover 
Database’s 30m canopy density product. With the use of texture and some blurring this product is at its limit in terms of 
appropriate scale for the Landsat resolution. In fact it is probably more appropriate for use at smaller scales in the range 
of 1:50,000 or less. Its shortcoming is that it is limited to a conservative estimate of forested region and that it is still 
poorly validated and documented. From a cartographic perspective it needs to be combined with additional data if 
additional vegetation types are to be mapped. In the case of the Granite Peak map (fig. 9) we were not commissioned to 
map all vegetation types or to derive new land cover information, therefore it is a planned limitation of the map. By 
itself the canopy cover dataset provides a good sense of the approximate location and density of tree cover, which is 
primarily coniferous.  
 
For Gannett Peak several land cover classification methods were compared. A maximum likelihood classification 
(figure 3a) produced the best overall accuracy (over 80%) when using a combination of spectral, topographic and 
texture inputs. Vegetation classes were defined based on apparent densities rather than vegetation types. From my 
perspective this has advantages as the resulting classification is easier to incorporate into our style of maps and lends 
itself better to generalization and blending  and is more intuitive, i.e. the lighter the green tint the less vegetation there 
is. A second approach to which the MLC is compared (figure 3b) uses a combination of the canopy cover dataset in the 
same way as on the granite peak map with an attempt to address its limitations by adding a second continuous surface 
derived from an NDVI image at 14.25m resolution. This yields a very pleasing effect. Non vegetation components are 
generated by inverting the NDVI mask. By combining these three layers a certain amount of mixing takes place which 
renders a richer, smoother image than that of the pixel based MLC classification. This is a good demonstration of the 
potential in combining continuous datasets derived from Landsat imagery for larger scale maps. 
 
The Grand Teton Map example is a demonstration of some approaches that are exploratory in nature as we are still 
examining the possibilities and limitations offered by the data. In the case shown here I’ve used a dasymetric approach 
to disaggregate the sparse vegetation category using an NDVI image created from the 1m CIR DOQs (figs. 10c & 10d).  
I also modulate the display of the forested classes through the use of a canopy cover mask (figs. 10a & 10b). This is 
done in an attempt to soften and generalize the polygon based classification. How we will make use of the full 
information content of the polygon classification is still uncertain at this time. I am unsatisfied with the results obtained 
thus far and shown here (fig. 10f). The limitations found in the polygon classification almost outweigh the vast amount 
of information it contains.  These same limitations will be found in classifications derived from object oriented 
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classifiers for landscapes with continuous transitions. In a complex mountain landscape mapped at the scale of 
1:24,000, the transition from one land cover to another whether it is smooth or abrupt is an important variable that we 
would like to communicate in our maps.  
 
The last example presented is the case of the maps being prepared for the Auzangate region. These two maps are also 
works in progress where the majority of the work so far has been done to compile vector and terrain datasets and collect 
field data. Land cover mapping is the next logical step but I intend for this project to be used as a test case for the hybrid 
method based on landscape ecology concepts as described by Forman (1995) and explored in the literature by Milne 
and Cohen (1999), Wu and David (2002)  and Woodcock and Strahler (1987). It is my hope to implement a hybrid 
method that characterizes continuous land cover components using continuous classes with object oriented 
classification for area with discontinuities such as the agricultural areas found at lower elevations and to some extent 
water and glacial areas. Because two maps will be compiled in this case this will provide an opportunity for testing the 
type of multiscale, multigranular approach described by Ju et al (2005).  
 
This paper begins to examine the limitations imposed on cartographic depiction by object oriented derived 
classification. Softening their output is problematic and not trivial, particularly when their definition is limited to shape 
metrics and descriptive statistics. Although fuzzy classification is an option in the classification stage it is tied to the 
segmented objects and “defuzzification” (eCognition’s term in Baatz et al., 2004) is used to output single class 
membership in the last stage of classification. This approach is advantageous for certain land cover classes and future 
work will combine this approach with continuous variables and also compare the two side by side in a cartographic 
setting rather than only at the accuracy level where most evaluation of object oriented outputs are now taking place. 
 
 Dasymetric approaches using higher resolution datasets show some promise for deriving sub-object level information 
on composition and distribution assuming they are available. In this case I demonstrate the use of a simple greenness 
surface calculated from a Landsat image to derive a vegetation layer. It is my hope that more sophisticated approaches 
such as decision trees will be used to derive sub-pixel mixtures that can better approximate landscape composition. It’s 
also possible that alternate vegetation indices that address the litter and soil component may be better suited for the 
approach presented here. 
 
The maps I describe  here are a starting points for a discussion on how and when to generalize land cover depiction in 
topographic maps at the landscape scale in which I am interested, and in particular in mountain environments. Most of 
the research on sub pixel analysis results in pixel mixture composition as numerical values used for class labeling 
(Woodcock et al. 1996). Unfortunately analysis conducted to quantify sub-pixel mixtures is rarely depicted on maps as 
such; in fact Ju et al. (2003) imply that one of the strengths of continuous classification lies in the possibility that 
discrete classification can always be produced from the dominant cover as per Adams et al. (1995). The implication is 
that the dominant cover is the only interesting and desired component. This may in fact be true in most managerial and 
custodial mapping applications, aesthetically, however, the case for the richness in the mixtures has strongly been made 
in the author’s mind by the Natural Earth dataset and the superior results in the Gannett case discussed in this paper.   
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Figure1a. Continuous transition from grassland to wetland in the Cordillera Vilcanota, Peru. 
   Water constraints to vegetation greeness clearly in evidence

Figure1b. Transition from glacier to meadow along the Auzangate Circuit, Peru. 
   Both hard and soft discontinuities are visible in this image.



Figure1c. Interface of glacier and moraine at the base of Nevado Auzangate, Peru.

Figure1d. Vegetation transition in Grand Teton National Park, Wyoming. 
   Fall colors help differentiate deciduous from conifer stands.



Figure 2b. 1:50,000 Schneider Khumbu (Nepal) MapFigure 2a. 1:25,000 Swisstopo Orsières Sheet 

Figure 2c. 1:24,000 USGS Gannett Peak Quadrangle Figure 2d. 1:100,000 DAV Cordillera Blanca (Peru) North Sheet



Figure 3a. Hard classification of the Gannett Peak Region (maximum likelihood classification)

Figure 3b. Hybrid  classification of the Gannett Peak Region using canopy cover and NDVI masks for vegetation



Figure 4. Tom Patterson’s Natural Earth dataset derived from MODIS Vegetation Continuous Fields

Figure 5. ASTER VNIR image combining NDVI, decorellation stretch 3rd component and band 2 + band 1 as RGB



Figure 6. Ala Archa National Park, Kyrgyzstan, 1:50,000.

Figure 7. Western Kokshaal-Too, Kyrgyzstan, 1:150,000. 



Figure 8. Karavshin, Kyrgyzstan, 1:200,000.

Figure 9. Granite Peak, Montana, map background incorporates the NLCD canopy cover data



Figures 10a-f. Grand Teton National Park, Wyoming.

Figure 10a. NLCD canopy cover data Figure 10b. Canopy cover mask

Figure 10d. NDVI mask from 1m resoution CIR DOQsFigure 10c. 1m resoution CIR DOQs

Figure 10e. National Park Service vegetation dataset Figure 10f. Landcover and shading image background



Figures 11a-f. Cordillera Vilcanota & Auzangate Massif, Peru.

Figure 11a. Landsat ETM+ bands 4,3,2 as RGB Figure 11b. Tasseled Cap greeness component

Figure 11d. Final vegetation layerFigure 11c. Mask of re-scaled greeness

Figure 11e. Segmentation objects for Auzangate Massif Figure 11f. Segmentation objects details 




