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Abstract — Mountainous regions are especially vulnerable to
climate and land use change. For a monitoring of subtle
changes detailed and continuous land cover information is
necessary. Therefore vegetation cover fractions are derived for
the Naryn river catchment in Kyrgyzstan using a remote
sensing multi-scale approach. First a very high resolution
QuickBird image is classified into discrete classes using a
hybrid approach. This result is aggregated to the spatial
resolution of Landsat and used as training data for a random
forest and Landsat data to derive sub-pixel fractions of woody
vegetation, herbaceous vegetation and bare soil. These results
are again spatially aggregated and training pixels are
extracted to derive finally vegetation fractions for the whole
river catchment using a random forest with moderate
resolution MODIS data. The results have a RMSE between 8
and 17 and show that woody cover can be found mainly on
northern slopes, while bare soils are predominant on southern
slopes.
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1. INTRODUCTION

Mountainous regions are fragile ecosystems and especially
vulnerable to climate change and land use pressure (Messerli,
2004). Therefore, a monitoring of gradual changes in land cover
and an assessment of their implications is necessary, which
implies the availability of detailed land cover information. Remote
sensing data are ideal for monitoring because they are objective,
repeatable and spatially continuous. Remote sensing based land
cover information can be used directly to assess land dynamics
and further more as input parameter e.g. for hydrological models.

Vegetation plays an important role for the hydrological cycle
regarding infiltration, interception and transpiration. At the same
time vegetation cover is important for stabilizing the soil
especially in mountainous regions to prevent erosion. For
modeling usually categorical land cover classification is used to
describe the vegetation cover and its properties. This means that
land cover classes are already predefined and do not necessarily
meet the model requirements. Vegetation cover fractions could be
a more suitable data set giving spatially detailed continuous
information. At the same time such a dataset is thematically
flexible, as values can be grouped and regrouped into classes
depending on the purpose of investigation.

Thus, for monitoring of vegetation cover as well as a potential
improved model input parameter three relevant continuous layers
of land cover are derived on two different spatial scales: woody
vegetation, herbaceous vegetation and bare soil. In this paper we

present the methodology as well as the accuracy of the results and
the spatial distribution of the vegetation cover within the Central
Asian mountains.

2. STUDY AREA

The study site comprises the catchment of the Naryn river in
Kyrgyzstan, Central Asia, a tributary to Syr Darya and thus to the
Aral Sea. The area is dominated by the high mountains of Tien
Shan rising up to almost 7500 m in the east (Wilson, 1997). The
focus area of the field work and the high resolution classification
was situated in the middle of the Naryn river catchment in south-
eastern Kyrgyzstan, close to the city of Naryn within Naryn Oblast
(see Fig. 1). Precipitation is low in the area, in the city of Naryn
(2041 m) less than 300 mm rainfall with high interannual
variations is measured. However,, its spatial distribution is highly
dependent on topography. Accordingly, different vegetation zones
can be found along the elevational gradient and on differently
exposed slopes including mountainous xerophilous vegetation,
semi-desert, montane and meadow steppe with shrub vegetation,
insular coniferous forests, alpine meadows and cryophytes
(Agakhanyants, 1981).

3. DATA AND METHODS

The derivation of vegetation cover for a large area is accomplished
by a multi-scale methodology (Gessner, 2009, Hansen, 2002)
integrating spatially very high, high and moderate resolution
images (Fig. 1). In this study we used three different remote
sensing data sets: A QuickBird image with the spatial resolution of
0.6 m, a Landsat 5 TM image with the spatial resolution of 30 m
(both from August 2009) and the MODIS vegetation indices and
spectral data time series for the year 2009 with a resolution of 232
m.

A three step-procedure was applied to achieve vegetation cover
fractions on two spatial resolutions. First, the spatially very high
resolution QuickBird image with an extend of 80 km? is classified
by using categorical land cover classes. This classification is
aggregated to the spatial resolution of 30 m and the cover fractions
for woody, herbaceous and bare surface are calculated
accordingly. By using the resulting cover fractions as training data
for a regression tree (Breimann, 2001) the cover fractions can be
extrapolated to the area of 180 x 190 km? covered by the Landsat
image. On this scale the same aggregation and upscaling
procedure as for QuickBird is applied by generating training
samples from the Landsat result and calculating cover fractions for
the whole river catchment using MODIS time series data for the
year 2009.

Before processing, the QuickBird and Landsat images were
corrected for topographic effects using the ATCOR method



(Richter, 2009) and orthorectified using the ASTER digital
elevation model. To reduce the data the spatial resolution of
QuickBird was resampled to 1.2 m. Also the highly correlated
blue band was substituted by information on contrast of the
infrared band obtained through a Sobelfilter.

The MODIS data pre-processing included an interpolation of
noisy and cloudy pixels according to the MODIS quality flags
using the software TISEG (Colditz, 2008). Additionally the data
had to be mosaicked and subsetted according to the study site.

For the classification of the very high resolution image field data
were sampled and geolocated via GPS during a campaign in
August 2009 according to the land cover classification scheme
LCCS developed by FAO (Gregorio, 2007). This assessment was
supplemented by hemispherical photos, which were classified and
used for cover fraction derivation (Rich, 1990). These field
measurements were then used in a hybrid classification approach
as training data. First, by using an object oriented approach, trees
(respectively forest stands) as well as shadows and shrubs which
can be identified as single objects are classified using support
vector machines. Secondly, grasslands were further refined
according to their herbaceous cover fraction into 5 classes
representing 20 percent steps on the very high resolution scale.
Water and settlement, snow and clouds as well as cloud shadows
were masked (Asam, 2010).
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Figure 1. Location of the QuickBird data (small red polygon),

Landsat data (yellow rectangle) and the Naryn river catchment

(green polygons) within Kyrgyzstan overlayed on MODIS. In the
northern part lake Issyk Kul can be seen.

Next, training pixels with a spatial resolution of 30 m were
selected by stratified sampling from the aggregated QuickBird
classification. The training pixels, together with the spectral
features and indices (Normalized Difference Vegetation Index,
Soil Adjusted Vegetation Index, Brightness, Greenness, Wetness,
and Variance) of the Landsat image were then used to estimate
cover fractions with random forest regression trees. For every
cover type (woody vegetation, herbaceous vegetation and bare
soil) an individual random forest was constructed using the
training data and applied to the entire Landsat image.

The results at Landsat scale were again aggregated to the spatial
resolution of the MODIS time series. Training and validation
samples were extracted and random forest regression trees were
applied based on statistical features (median, mean, standard
deviation, range) derived from MODIS vegetation indices as well

as the spectral information (blue, red, near infrared and middle
infrared wavelength) for the year 2009.

4. RESULTS AND DISCUSSION

4.1 Validation of the results

Woody, herbaceous and bare cover fractions could be estimated
on two different spatial scales (QuickBird, Landsat and MODIS)
covering, at MODIS resolution, an area as large as 590 by 450
km?. A first plausibility analysis of the results was performed by
adding the values of the cover fractions of all cover types, which
ideally should sum up to 100 for natural areas. Overall, the mean
sum for the Landsat extend is 98.5 with a standard deviation of
7.1. The slight underestimation is reasonable given the fact, that
artificial areas like settlements and roads are part of the land cover
but not included in any of the three calculated cover layers.
However when calculating the sum over the MODIS derived cover
fractions for the Naryn catchment the mean value is 113.1 with a
standard deviation of 9.1. The overestimation on this scale can be
explained by the relative concentration of training pixels in the
eastern part of the catchment (Fig. 1). Thus, for a better accuracy
new training data from other sites, capturing the variability of land
cover within the catchment should be included. This is confirmed
when examining the Root Mean Square Error (RMSE) for the two
different scales (Tab. A).

Table A. Estimations of root mean square error for the fractional
vegetation cover at spatial resolutions of 30 m and 232 m.

Woody herbaceous Bare
Landsat (30 m) 14.7 17.4 7.8
MODIS (232 m) 16.5 13.7 11.6

The validation of the cover fractions is based on the fraction
values derived from the higher scale data. The best accuracy is
achieved for the Landsat scale of ‘bare’ cover fractions with a
RMSE of 7.8. The lowest RMSE is achieved for Landsat scale for
herbaceous cover with an RMSE of 17.4. One reason for the lower
accuracies of the herbaceous cover might be the higher
phenological variability which might be better captured by using
multi-temporal Landsat images (Gessner et al., 2009). This seems
to be confirmed by the decrease of the RMSE when deriving
herbaceous cover by using the complete annual time series of
MODIS data which captures the seasonal variation. The higher
RMSE than in other comparable studies using this approach in
Kenya and Namibia (Gessner et al, 2009) might also be due to the
impact of topographic shading effects.

Few other regional or local remote sensing classifications exist for
this area which could be used for comparing the results of this
study. One classification in the Naryn area reveals accuracies of
67 % for valleys and 97 % for mountain areas but this
classification uses only discrete classes (Dernedde, 2009). In
general, the accuracy assessments of the fraction cover presented
give a reasonable indication of the quality of the results. However,
they are based on validation samples only from the subset close to
Naryn and therefore need to be further expanded spatially for a
better representation of the whole area.
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Figure 2. A false color composite displaying woody (red), herba-ceous (green) and bare (blue) cover fractions derived from Landsat and
a subset close to Naryn overlayed on an ASTER DEM.

4.2 Distribution of vegetation cover

The spatial distribution of the vegetation cover with respect to
topography was investigated based on the Landsat results. It
generally corresponds well with the field observations. Tree cover
can be found mainly on the more humid north facing slopes,
which are less exposed to insolation especially at this latitude. The
drier southern slopes on the other hand have a higher degree of
uncovered soil, as well as areas in altitudes over 4000 m.
Herbaceous vegetation cover however is distributed rather
homogenously (Fig. 2).

40 - = woody
0 = herbaceous
= bare
20
10 l I
SE S NE E

SW W NW N
Aspect

Percent pixels per class

Figure 3: Distribution of homogenous woody, herbaceous and
bare cover fractions in relation to aspect

The relation between aspect and the distribution of woody
vegetation as well as bare soil cover is confirmed by a quantitative
analysis. A statistic of the mean cover of bare soil, woody, and

herbaceous and bare vegetation, stratified according to different
aspects (NW-NE, NE-SE, SE-SW and SW-NW) and elevation
classes (every 1000 m), show that the overall percentage of bare
soils on southern slopes is higher than on northern slopes,
especially for the elevation of 2000 m to 4000 m where more than
80% of the slopes can be found. On the southern slopes bare soil
cover is 41.2% for the elevation of 2000 m to 3000 m and 46.3 %
for 3000 m to 4000 m compared to 25 % and 36 % on the north
facing slopes respectively. In contrast woody vegetation covers
18% of the northern slopes at an elevation between 2000 m and
3000 m and 9 % at 3000 m to 4000 m compared to 6.5% and 6.6
% respectively on the southern slopes.

This pattern is even more pronounced if only areas covered by one
vegetation type (with values higher than 90%) are considered. For
this analysis, random homogeneous pixels were selected by
stratified sampling to achieve an equal numbers of pixels per
cover (Fig.3).

These results on distribution of vegetation cover can contribute to
erosion modeling, indicating that southward facing slopes could be
more prone to erosion because of a higher fraction of exposed bare
soils than north facing slopes with a higher degree of woody and
also herbaceous cover.

5. CONCLUSION AND OUTLOOK

The results of this multi-scale approach proof that it is possible to
derive woody, herbaceous and bare cover fractions for large areas
also in mountainous regions by using high resolution
classifications as training data. These data can be used to analyze
the spatial distribution of the vegetation structure in relation to
topography. However for improving the accuracy of the estimation
additional training areas (from the high and very high resolution
images) are needed to capture the area wide land cover variability,



i.e. the spectral variation and seasonal variability of the different
vegetation cover within the catchment. Therefore, further analysis
will expand the training and validation data to additional high
resolution classifications. Furthermore cover fractions for other
years shall be calculated in order to analyze changes in land cover
over the years.
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