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Objective – to make vegetation map of the study area

The objective is to make a vegetation map of the study area using field data and computer assisted processing of satellite imagery.

Study area

The study area covers lands of clay desert Betpak-dala, sand desert Moiynkum and Chu river valley, which were formerly used on a large scale as pastures by sovhozes of Moiynkum rayon, Zhambyl oblast. According to natural zoning this area belongs to the desert zone, subzone of true dwarf semishrub and shrub deserts on gray-brown soils. 

Materials
The satellite image used was the Landsat ETM image of 8 July 2001. This kind of image has 8 spectral bands: three bands covering visible, two bands for near-infrared, two bands for middle-infrared, one band for the thermal portion of the electromagnetic spectrum and one band is panchromatic. All bands have a spatial resolution of 28.5 m, except the thermal band –  with a resolution of 57 m – and the panchromatic band with a 14.25 m resolution. Compared to other commercially available multispectral satellite images, the higher spectral resolution (8 bands) of the Landsat ETM images allows us to achieve higher separability of spectral classes during automated classification of the image. The spatial resolution of the image allows us to make vegetation maps of 100 000 – 200 000 scale. One of the important novelties of the last Landsat-7 satellite is the ETM sensor’s additional high-resolution panchromatic band. Along with the digital image processing software capability of merging bands, this band increases the level of detail during visual analysis of the images.  Other sources of data used are topographic maps with scales of 1:100 000 and 1:200 000.

Field data were collected in July 2002 in the same month one year later from the time when the ETM image was scanned, and therefore with presumably the same vegetation condition. Field data included 118 geobotanical descriptions with GPS measured coordinates.  The software used was the specialized digital image processing program ENVI 3.2

Data processing.

Purchased Landsat ETM image was already geometrically corrected. Comparison of the locations of distinct objects present both on the image and topographic maps showed that the image was well georeferenced and did not need further geometric correction, which saved much time at the preliminary processing stage.

The next stage was to make subsets from the image. First we made a subset of the area covering present flock migration routes, excluding distant areas, areas which were visually or known to be different, and areas out of the reach of the planned field expedition. The resulting subset was divided into two parts: Betpak-dala and Moiynkum parts. These parts of the study area have distinct differences in vegetation cover. By making this separation we avoided during automated classification the mixture of spectral classes belonging to different vegetation types but having close spectral characteristics. Two additional smaller subsets centered on the villages Saryozek and Malye Kamkaly were also identified, in order to examine differences in vegetation types around the villages which might account for the different grazing systems and differences in wealth between the farmers in these two locations. Thus we got two major and two minor subsets of approximately 60x60 km2 and 15x15 km2 respectively.   

One of the problems of using satellite imagery is the selection of the image according to the suitable season. Different vegetation groups have dissimilar phenology. Main dominant species (that form vegetation community structure) of Betpak-Dala and Moiynkum deserts have maximum aboveground biomass on the average from the end of May to the beginning of July,  depending on the species, residual soil moisture from previous years and climatic conditions (mainly precipitation) of the current year. One large phenological group of plants is an exception – ephemerous and ephemeroid species that start growing early with the melting snow and dry out by June or early July depending on the species and the pattern of precipitation. These annual and ephemeroid species are part of many plant communities in the region.  They live short but vigorous lives forming in some large areas a continuous green carpet which smears the structural pattern of vegetation. It is therefore better to choose for analysis a season when these species are not present. Our selected image of 8 July meets this criterion.

Processing of the image was intended to reveal the current state of vegetation cover in the study area. This was done on the bases of vegetation coverage and type. In the arid environment vegetation types often are not distinguished directly by their own spectral characteristics. But their linkage with environmental conditions, including soil conditions, enables us to use soil surface spectral characteristics. The less vegetation coverage exists, the more important is the role played by soil surface in determining spectral signature (spectral signature – curve formed by reflectance values in each band).

The objective of the computer assisted processing of the digital image is the automated combining into clusters image pixels with close spectral signatures; pixels are the minimum elements of the image which correspond to units of the  ground surface. The resulting clusters represent spectral classes of the image. These spectral classes are assigned to certain vegetation types. There are two main ways for the automated classification of spectral classes: supervised and unsupervised. During supervised classification expert/s who already have knowledge of the area select so called “training pixels” that represent certain vegetation classes on the ground and whose spectral signatures afterwards are used by the program as standards for clustering together spectrally similar pixels. Unsupervised classification doesn’t involve expert knowledge and the clustering of the pixels into spectral classes is entirely based on statistics. Unsupervised classification is used at the early stages of analysis “before the field” to get an approximate picture of the distribution pattern of vegetation types, to assess the possible scale of the future map. In fact, spectral classes derived from automated classifications represent land entities comprised of several natural components such as relief, soils, vegetation and others. However these land entities can be represented by vegetation classes, as vegetation is the most physiognomically informative component among others. 

Vegetation maps of the 4 subset areas were constructed in the following stages:

· Making the preliminary vegetation map. 

· The field survey.

· Making the final vegetation map.

Constructing a preliminary vegetation map is an early stage in the understanding of an area. Data used at this stage are available field observations, literature data, information on the environment derived from topographic maps, and the image using digital image processing tools, pimarily unsupervised classification. By changing the input parameters for this classification – that is, by altering the number of possible classes and analyzing the distribution of the resulting spectral classes, which are accepted or rejected on the basis of knowledge from the above supplementary data – one decides about the kind and number of vegetation classes for the preliminary vegetation map. Another program tool often used at this stage is to construct different combinations of image bands to produce different false color composite images emphasizing different land features. The preliminary map allows an understanding of the distribution pattern and diversity of the vegetation at the study area and is the basis for developing the legend for the  preliminary map. At the higher classification levels, this legend serves as a framework for the future final legend to the vegetation map. For instance, the following major subdivisions of the legend have already been clearly determined: Desert vegetation of the plains, Psammophytic vegetation, Halophytic vegetation, Mesophytic vegetation of brushwoods, Mesophytic vegetation of meadows and others. The subdivisions of the legend at the lower levels are approximate and are defined more precisely in the next stages. The knowledge obtained in this way allows us to make a more intelligent vegetation study at the next stage of analysis.

The field survey’s main objective is to visit main preliminary vegetation classes and to compare them with what is actually present on the ground. Depending on the results of this comparison, preliminary vegetation classes can be combined or split into several separate classes. In the course of the field studies, plant communities were described by classic geobotanical methods and GPS measurements were taken at the description sites. Collected information included geomorphology, species composition, species abundance, vegetation coverage, soils, soil surface, community state, and level of transformation. The number of description sites for each class varied depending on the uniformity or heterogeneity of the class. 

Making final vegetation map. More precise identification of the number of vegetation classes present at the study area and a better understanding of their spatial distribution was achieved on the basis of the obtained field data. Largest, labor-intensive and one of the most important parts of this stage is the selection of training areas on the image with pixels representing standard spectral signatures and subsequent refinements of these areas employing various ENVI 3.2 program tools. As was noted above these training areas are used to “train” the program for clusterization of all image pixels into classes during supervised classification. Refinement of the training area means reduction of the variability of spectra of all pixels forming this area to the extent when sufficient separability of this area from other training areas will be achieved (when spectral overlap between training areas is insignificant). In some cases different vegetation types cannot be separated with the given tools and amount of bands and have to be combined after supervised classification into one class.

Initially training areas were selected on the image at the geobotanical description sites, refined and checked on separability. Some of the spectrally close were combined, some highly variable were deleted. Test unsupervised and supervised classifications were run after initial collection of training areas. Next step was to analyze spectral variability of obtained classes. If class doesn’t overlap much with other classes and feet into abstract model of distribution pattern of classes we built on the basis of the field data and visualization of the satellite image it was considered as final. If not this class is divided into two or more classes by selecting new training areas within it.

Resulting maps and the structure of the legends

The map of Moiynkum has 14 classes, Betpak-Dala –12, Sary-Ozek – 15, Malye Kamkaly – 13. Vegetation maps obtained using remote sensing technique reliably reflects distribution of vegetation subdivisions (which were called for convenience as classes so far) on the level of groups of plant communities which are physionomically similar and connected by the character of soils and relief.

Legends to the obtained maps have hierarchical structure. Higher level of legends’ subdivision reflects relation of vegetation to the relief and closely connected to it soil characteristics (for instance “Vegetaion of plains on loamy sand soils”). These parameters are very important for the pattern of distribution of vegetation communities. This level also indicates structural-physiognomic subdivision of communities. Lower level of legends’ subdivision reflects vegetation density. And the name of the legend’s number indicates dominant plant communities.

Field trips
Image purchased
Level of processing of the image

Date: September September 7-16

Aim: Filed data collection for the Almaly test area. Collected data were used to process Lansat ETM and Landsat MSS images for making vegetation map of the area located between settlements Almaly and Aidarly. 
Landsat ETM of Sept 16, 2001

for northern part of Almaty oblast transect 

amount of bands – 8

spatial resolution - 30 m for bands 1-5, 7;     57 m for band 6 and 15 m for band 8.

Landsat MSS of September 9, 1977

for northern part of Almaty oblast transect

amount of bands – 5

spatial resolution - 79 m for bands 4-7;     240 m for band 8.


Aim of the processing of these two images was to test and find out if these type of images are suitable to make vegetation maps, to identify anthropogenic transforma-tion of vegetation at the part of study transect in Alamty obalst (Almaly study area) and can be used to make change detection occurred over time 1977-2001. Both images were processed with the ENVI 3.2 program using its main tools traditionally present in most of digital image processing programs (unsupervised and supervised classification, geometric correction, and others). Processed ETM image resulted in vegetation map clearly reflecting vegetation types and their distribution pattern (corresponding to scale 1:100 000 – 1:150 000) and showing different levels of anthropogenic transformation including restoration stages. Lower spectral and spatial resolution of the MSS image along with quite heavy striping throughout the image resulted in much less informative vegetation map showing distribution of vegetation of higher physiognomic subdivision at about 1:500 000 scale or lower. However after reduction of vegetation map obtained from ETM image to the scale of MSS derived vegetation map it was possible to compare these maps and to detect roughly change in distribution of anthropogenically changed vegetation at high level of subdivision of vegetation types.   

Date: July 12 –  26

Aim: Filed data collection for the study area in Zhambyl oblast. Collected data were used to process Lansat ETM image for making vegetation map of the area using advanced program tools.
Landsat ETM of July 8, 2001

for Zhambyl oblast study transect 

amount of bands – 8

spatial resolution - 30 m for bands 1-5, 7;     57 m for band 6 and 15 m for band 8.
Aim of acquisition of this image was to make vegetation map of the study area in Zhambyl oblast including Betpak-Dala and Moiynkum deserts, areas around settlements Sary-Ozek and Malye Kamkaly. This image was processed with both traditional digital image processing tool of ENVI 3.2 and advanced tools built-in to program (pixel purity index, matched filtering, n-Dimensional visualizer, spectral feature fitting etc.) and statistical analysis. These tools allowed making more accurate (refined) vegetation map. Preliminary assumption that area around Sary-Ozek more favorable for grazing has been approved by revealing better pastures on the derived map if compared with Malye Kamkaly pastures.

It is planned in the 3d year to make study of vegetation changes occurred on the lands of sovkhoz Zhambylsky and Kurtinsky rayons of Alamty oblast using vegetation map obtained from ETM image of 2001 and geobotanical maps (scale 1:200 000) of the lands of these rayons of 1986 and 1993 respectively.


Landsat ETM of Sept 16, 1999

for southern part of Almaty oblast transect
It is planned for the 3d year to make vegetation map using experience gained during making vegetation map in Zhambyl oblast and analyze vegetation distribution pattern over the whole area of the transect in Almaty oblast. This ETM image was purchased in addition to Landsat ETM of Sept 16, 2001 for northern part of Almaty oblast transect to implement this plan. 

