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SUMMARY 

 
 

Forests, their productivity, serve as a sensitive indicator of the impact of climate change on the 

environment. Remote sensing data are used for regular monitoring of the state of the forest cover and 

assessment of the primary growth of wood biomass. In this study, using the MOD17A3HGF product 

from the TERRA/MODIS satellite, an assessment of the condition of the forests of the territory of the 

Carpathian National Nature Park (CNPP) for the period from 2000 to 2022 is given. The change in the 

increase in net primary productivity (npp) during the study is shown, the average and maximum 

values of the increase are established, and map of the spatial distribution of npp is given. The 

classification of the CNPP territory was carried out based on data from the Landsat 8 satellite and it 

was determined that the maximum values of net primary productivity are given by the "coniferous 

forests" class. 
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Introduction 

 

At present and in the future, the question of how current and future climate changes will affect the 

vegetation cover is of great interest since significant changes in the temperature regime have occurred 

in the last decade. These changes can affect both the boundaries of natural zones and the productivity 

of vegetation cover. 

 

Currently, a large amount of evidence of changes in abiotic and biotic responses in the plant and 

animal world to changes in the environment under the influence of global warming has already been 

accumulated (Budyko, 1971., Agnihotri, Mitra, 2023). In the biota, the vegetation cover is being 

restructured: the boundaries of the forest are advancing to the north on the plains and up the 

mountains; steppes come from the south; due to the increase in frost-free and growing seasons, there 

are changes in various phenological terms, disturbances in seed cycles, outbreaks of insect numbers, 

etc. In the conditions of a sharp warming of the climate, many plant species and ecosystems will not 

have time to adapt to changes in the external environment (for example, forest ecosystem). Forest 

stands are not unique mechanisms in the global carbon cycle but also regulators of the planet's climate 

through energy and water exchanges and indicators of climate change. Forests are one of the 

important sources of wood and other resources needed by society at all levels, from local to global. 

Expected changes in the environment and the unprecedented speed and scale of such changes pose a 

significant threat to forests, including the forests of Ukraine. They are subject to large-scale natural 

disturbances and have recently been increasingly exposed to human pressure both from direct impacts 

as a result of economic activity and from changes in the global climate system. To preserve forests 

and prevent a global ecological disaster, it is necessary to carry out operational control over the state 

of forests and the processes of their exploitation. Such control should consist of both the control of 

wood growth and the control of the intensity of their exploitation (Movchan et al., 2023). For this, it is 

necessary to research large areas of territory. Therefore, priority is given to scientific research aimed 

at improving the software and methodological support of forest monitoring - the development of 

highly effective technologies for obtaining reliable and operational quantitative information about 

forests using GIS technologies for processing the received data. As the main methodical basis, the 

spatial analysis of the location of the values of phytomass estimates and its growth, which is estimated 

by the value of NPP, is considered. The priority here is the use of remote sensing data to determine 

the state of forests in individual territories. 

 

Based on the above, the purpose of this research is to estimate the primary growth of wood biomass 

based on satellite survey materials to characterize the condition of forests using the example of the 

Carpathian National Nature Park. 

 

Method and Theory 

 

The Ukrainian Carpathians, with their unique flora and fauna, and variety of geological, 

geomorphological, edaphic, and climatic conditions, play an important role in preserving biological 

diversity at the landscape, coenotic, and species levels, maintaining the ecological balance in the 

region, serving as a base for scientific research, aesthetic and environmental education and recreation 

of the population, is an invaluable asset on a national and global scale. Many objects of the nature 

reserve fund operate on this territory, the largest of which is the Carpathian National Nature Park 

(Stoyko, 1991, Stoyko, 1993, Nature of the Carpathians, 2018). 

 

As you know, the objective assessment of the quality of the state of forests can be the value of the real 

growth of forest biomass, which is characterized by the value of the net primary productivity of 

forests (NPP). It is equal to biological or gross productivity (GPP) minus respiratory expenditure 

(MR). 

 

Annual data from the MOD17A3HGF product with a spatial resolution of 500m were used to work 

with net primary productivity (NPP). To obtain the annual NPP values for the entire territory of 

Ukraine, it is necessary to use 4 scenes - h19v03, h19v04, h20v03, and h20v04. Data processing was 
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carried out according to the following method: obtaining 4*23=92 files of the MOD17A3HGF 

product in hdf format for the research period 2000-2022; converting input data into img format using 

Erdas Imagine program; setting the UTM / WGS 84 zone 35 coordinate system for all input data using 

the Reproject function; using the Mosaic function for each year, 4 scenes were combined into one 

annual image; using the Layer Stack function, a 23-channel image was formed, where each channel 

corresponds to an annual image; geometric correction of the formed 23-channel image to the mosaic 

of Landsat space images of 1990 was carried out (Fig. 1); selection of the territory of the Carpathian 

National Nature Park using the contour from the map of the Carpathian National Nature Park on a 

scale of 1: 150000 using the SubSet function; calculation using the Model Maker module of total NPP 

values for the research period of 2000-2022. 

 

 
Figure 1 The result of geometric correction of the input 23-channel image of annual NPP data to the 

mosaic of Landsat 1990 space images. The red contour shows the state border of Ukraine 

 

Results 

 

The main recreational resource on the park territory is forests, the total area of which is 34 thousand 

hectares (Hetman, 2010). At the same time, the forest is the cheapest and most active factor in the 

"removal" of CO2 from the atmosphere. Due to the improvement of afforestation and optimization of 

the age structure of plantations, and additional creation of forest areas, it is possible to "move" part of 

the atmosphere carbon into phytomass and in this way for some time accumulate carbon compounds 

that cause adverse climatic phenomena. 

 

According to methodological approaches, the input data was transformed and a 23-channel image of 

NPP values was formed based on data from the Terra/MODIS satellite, a MOD17A3HGF product 

with a spatial resolution of 500m on the territory of the Carpathian National Nature Park, which was 

analyzed. The results of the distribution of annual values of net primary productivity for the territory 

of Carpathian National Nature Park for the years 2000 - 2022 are shown in Fig. 3. 

 

 
Figure 3 Distribution graph of net primary productivity (NPP) based on Terra/MODIS satellite data, 

MOD17A3HGF product for the entire territory of the Carpathian National Nature Park (CNNP) 

during the years 2000-2022 

 

The analysis of the given data in Fig. 3 allows us to draw the following conclusions: 1) over the 23 

years of the study, the total increase within the park was 42151 kgC/m2, and the average annual 

increase in NPP is 1832 kgC/m2. 



 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

To determine the distribution of increase in net primary productivity (NPP) over the territory and to 

determine possible dependencies in the distribution beyond its borders, a larger area around the CNNP 

was taken for the study, in addition, the results of the increase in NPP were compared with Landsat 

satellite data for the study area, as well as with the classification this territory (Lyalko et al., 2019) 

(Fig. 4). 

 

   
Figure 4 a) map of the total distribution of net primary productivity (NPP) in the study area for the 

years 2000-2022; b) the research area on the image from the Landsat 8 satellite, for October 16, 

2017; c) classification of the studied area based on data from the Landsat satellite and terrestrial 

forest assessment data (Legend is in table 1) 

 

Table 1. Legend for Figure 4c 

 Coniferous forests  Deciduous forests 

 Spruce forests with admixtures of dark 

conifers, light conifers and deciduous species 

 Beech forests with admixtures of 

dark coniferous species 

 aged over 70 years  older than 90 years 

 aged from 50 to 70 years  aged from 35 to 90 years 

 aged from 30 to 50 years  Beech primeval forests 

 aged from 10 to 30 years.  Water surface 

 Pine forests with admixtures of dark conifers  Rock outcrops, stone ruins 

 older than 60 years  The areas are mainly occupied by 

meadows with grassy vegetation 

(meadows in the forest zone and 

foothills) 

 younger than 60 years  Settlements 

 Fir forests with admixtures of dark conifers 

and hardwoods older than 60 years 
 Areas without woody vegetation, 

meadows (meadows of alpine and 

subalpine zones), roads and others 

 Clouds  Cloud shadows 

 Deforestation, sometimes areas where there is no vegetation 

 

The analysis of the received information shown in Fig. 4 allows us to draw the following conclusions: 

the distribution of NPP growth values by territory is not random, but regular: the minimum values of 

NPP growth (bright orange color in Fig. 4a) correspond to areas where there is no tree vegetation, 

rock outcrops, stone collapses, etc. (which corresponds to the areas in Fig. 4b, 4c), the maximum 

values of NPP increase (dark green color in Fig. 4a) correspond to deciduous forests, mainly beech. 

 

To determine the increase in net primary productivity (NPP) for the main vegetation classes of the 

CNNP, a comparison of the classified image to the study area of the territory was carried out (Lyalko 
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et al., 2019), and the received total allocation of NPP to the territory of the CNNP. The obtained 

calculations for the main classes of vegetation are shown in the table. 2. 

 

Table 2. Increase in net primary productivity (NPP) for the main vegetation classes of the CNNP 

according to the data of the MOD17A3HGF product for the years 2000 – 2022 

 

Conclusions 

 

The net primary productivity (NPP) of forests is an objective integral indicator of their state, the value 

of which is influenced by both negative natural phenomena (storms, droughts, development of pests, 

etc.) and anthropogenic factors - intensive deforestation in large areas. The result of the net primary 

productivity (NPP) increase for the main vegetation classes of the Carpathian National Nature Park 

showed that the largest increase in organic matter was provided by coniferous forests. In total, the 

increase was: 30720.37 kgС/m2. 
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 The class of land cover Value of NPP for the period 2000-2022, 

kgC/m2 

1 Deciduous forests (mainly beech) 2422,98 

2 Coniferous forests (mainly spruce) 20504,64 

3 Coniferous forests (mainly pine) 4739,78 

4 Coniferous forests (mainly fir) 5475,95 

5 Herbaceous vegetation 1971,61 

 Total 35114,96 
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