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Abstract 

An important condition for improving the efficiency of forest resources management  and forest 

exploitation is the availability of reliable information about the forest resource. The use of GIS technologies to 

solve various problems of economic activity significantly increases the efficiency of the process. The results of 

automatic processing of remote sensing data by photometric method are presented in the present work. The basis 

of the proposed method is the photometric analysis of terrain images obtained by unmanned aerial vehicles, with 

a detail of at least twenty centimeters per pixel. To determine the number of mature trees per unit area in the 

processing of photographic material  the green channel  is taken as a basis and the central upper part of the crown 

is determined by saturation index.  

Comparison of the processing results with the data obtained by direct measurements shows their high 

correlation. Thus, both the advantage of using remote sensing methods in conjunction with GIS technologies and 

their high productivity and economic efficiency are revealed. 
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Аңдатпа 

Орман ресурстарын басқарудың, орман шаруашылығын жүргізудің және орман пайдаланудың 

тиімділігін арттырудың маңызды шарты орман қоры туралы шынайы ақпараттың болуы болып 

табылады. Шаруашылық қызметтің түрлі міндеттерін шешу үшін ГИС – технологияларды пайдалану көп 

жағдайда іске асырылатын процестің тиімділігі мен өнімділігін едәуір арттырады. Ұсынылған жұмыста 

Жерді қашықтықтан зондтау деректерін фотометриялық тәсілмен автоматты өңдеу нәтижелері 

келтіріледі. Ұсынылатын әдістің негізі пилотсыз ұшу аппаратының көмегімен алынған жердің суреттерін 

фотометриялық талдау болып табылады, пиксельге кемінде жиырма сантиметр егжей – тегжейлі. Алқап 

бірлігіне піскен ағаштардың санын анықтау үшін фотоматериалды өңдеу кезінде жасыл арна негізге 

алынады және қанығу көрсеткіші бойынша ұшар бастарының орталық жоғарғы бөлігі анықталады. 

Өңдеу нәтижелері нақты деректермен салыстырылды, бұл ретте жоғары корреляция белгіленді. 

Осылайша ГИС – технологиялармен жиынтықта қашықтықтан зондтау әдістерін пайдаланудың 

артықшылығы, олардың жоғары өнімділігі мен экономикалық тиімділігі көрсетілген. 

Түйінді сөздер: толысқан орман, фотометриялық талдау, орман шаруашылығы, орман қоры. 
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Аннотация 

Важным условием повышения эффективности управления лесными ресурсами, ведения лесного 

хозяйства и лесопользования является наличие достоверной информации о лесном фонде. Использование 

ГИС – технологий для решения различных задач хозяйственной деятельности во многом значительно 

повышают эффективность и продуктивность реализуемого процесса. В предлагаемой работе приводятся 

результаты автоматической обработки данных дистанционного зондирования Земли фотометрическим 

способом. Основой предлагаемого метода является фотометрический анализ изображений местности, 

получаемых с помощью беспилотного летательного аппарата, с детализацией не менее двадцати 

сантиметров на пиксель. Для определения количества спелых деревьев на единицу площади при 

обработке фотоматериала за основу берётся зелёный канал и по показателю насыщенности определяется 

центральная верхняя часть кроны.  

Сопоставление результатов обработки с данными, полученными методом прямых измерений, 

показывает их высокую корреляцию. Тем самым выявлены как преимущество использования 

дистанционных методов зондирования в совокупности с ГИС – технологиями, так и их высокая 

продуктивность и экономическая эффективность. 

Ключевые слова: фотометрический анализ, лесное хозяйство, лесной фонд, спелые леса.  

 

 

Introduction 

Among the forests areas of Northern Kazakhstan little forests or pegs (so called 

«kolky») dominate. 92% of such forest are irregularly scattered among farmland. The average 

stock of wood of the birch is 95 m
3
/ha, and in mature and overmature plantings of 125 to 130 

m
3
/ha. The average completeness of plantations is 0,66. The maximum yield of industrial 

wood does not exceed 40%. The average forest cover of the region does not exceed 6% and 

its increase is limited by the lack of free space in the state forest resource. 

Farming in the birch forests is focused on the natural renewal of the coppice shoots. 

Considering that after cutting from 20 to 25% of stumps do not give shoots, each turnover 

promotes thinning of plantings. In mature and overmature plantations the average number 

does not exceed 600 trees per ha, and the growth renewal according to the current scale is 

considered satisfactory if 600–1000 of stumps per 1 ha give shoots. Consequently, the 

majority of cuttings have unsatisfactory renewal. The areas accumulation with an insufficient 

renewal, and burnt areas, periodic drowning, promotes the formation of thinned, unstable in 

the conditions of forest–steppe zone of plantations having low barrier properties, low quality 

barrels.  As the forest generation increases (4–5 turnovers), they may disappear. In this regard, 

all forested areas of the region with natural origin, having a completeness of 0.6 and below, 

forest vegetation conditions of III bonitet and above, it is necessary to restore artificially [1–

4]. 

Main part 

Considering the issue of artificial restoration of forests fullness, it was decided on 

preliminary crops of conifers under the canopy of mature forest outliers. Earlier research [5] 

has allowed to develop transfer technology of deciduous forests in the economic and 

environmentally sustainable more valuable mixed coniferous – deciduous forests with the 

quality of II bonitet and higher, the plantations completeness of 0,7–1,0, the stock of 180 –

200 m
3
/ha and yield of timber on average above 60% (for coniferous above 85%). The 

effectiveness of the method is confirmed on 180 hectares of experimental crops, which are 
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now more than 50 years old. In 2017 a three – year grant of JSC «Science foundation» for the 

industrial implementation of this technology was received. A number of researchers [3, 6] in 

the regions adjacent to Northern Kazakhstan also came to the conclusion about the feasibility 

of transferring birch and aspen trees to mixed coniferous and deciduous plantations. There are 

also studies, based on a comparison of forest growing conditions in pegs with open areas of 

the state forest fund, which have long been used for afforestation, on the advantages of pre – 

crops for sparse forests. 

In practice, for the North Kazakhstan region, artificial reforestation of birch cuttings and 

redines with conifers is a new direction in forestry production. It is essential to identify in the 

forest fund pegs with a completeness of 600 and less mature trees per hectare, which allows 

mechanized planting of coniferous preliminary crops. 

A serious complicating factor is that the last forest management was carried out more 

than 20 years ago and the actual state of the forest fund is very different from that indicated in 

the taxation descriptions. 

Based on this, the task of our research was as follows: to study the possibility of using 

remote sensing methods of the Earth by photometric method to determine the number of 

mature trees per unit area. The solution of these problems will automate the study of the state 

forest fund for the design of coniferous preliminary crops. 

On the first stage the mature forest with the completeness of 0.6, designed in clear 

cutting, was defined by the taxation statements. Taking into account the inaccessibility and 

weak road network of the territories of the Bugrov forestry, where the experiment is 

conducted, it is advisable to automate as much as possible the determination of the mature 
trees number. 

To determine the number of mature trees per unit area NKSU employees used an 

unmanned aerial vehicle GEOSCAN – 101, which allows to obtain in one flight a picture of 

the terrain with a total area of about ten square kilometers with available detail of 20 cm per 

pixel. 

Processing of the obtained material was performed by using software 

AgisoftPhotoScan. According to the results of processing (Image 1), reconciliation and 

identification of the areas of individual forest pegs was carried out, (Image 2) using the 

taxation description (Image 3). 

 

 
 

Image 1 Formation of the forest general view by program Agisoft PhotoScan  
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Image 2 An example of carrying of the pegs identification data  on the total picture 

 

 
 

Image 3 Example of quarterly division of forests on the plans of the state forest fund 

 

When considering the resulting image, it is possible to clearly identify the crowns of 

both stand – alone trees and those belonging to the forest zone (Images 4, 5). Further 

processing to determine the completeness of the forest was carried out with the help of a 

developed software application, that allows to select in the picture and count the total number 

of trees of a single peg and calculate the average density (number of mature trees per 100 m
2
). 

Images show examples of such processing with the display of the resulting data. 
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Image 4 Example of pegs processing of different densities mature forest stands 

 

       
 

Image 5 Example of pegs processing of different densities mature forest stands 

 

Conclusion 

The obtained data correlate well with the data of the direct survey of the field 

expedition, which shows the high efficiency of the method used for forest survey in order to 

determine the completeness index. 
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