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Climate neutrality is now a highly debated issue. One of the research directions within this topic is to
reveal the relationship between Land Use Land Cover (LULC) structure and carbon balance of the
territory. A number of spatial modelling tools have been developed for this purpose, among which
InVEST model seems to provide the most accurate assessments for urbogeosystems. The main
problem that arises when using the InNVEST model is the insufficiency of data available to researchers.
This study aims to show the solutions of this problem using remote sensing data. The results obtained
indicate that remote sensing data can provide enough information for LULC identification. Taking in
account the spatial resolution of open-source remote sensing data, Sentinel-2 mission seems to be the
best data source. Aboveground biomass can be estimated using LiDAR Global Ecosystem Dynamics
Survey (GEDI) satellite data. However, remote sensing data alone is insufficient to provide accurate
information on carbon stored in different pools. Thus, field research and/or literature sources are still
needed.
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Introduction

Climate change is one of the greatest challenges facing humanity. Urbogeosystems have a significant
impact on the environment, being the sources of substantial greenhouse gas emissions. To increase the
climate neutrality of urbogeosystems, not only the reduction of greenhouse gas emissions and energy-
efficient solutions implementation is needed, but also the increase of greenhouse gases removing from
the atmosphere. Since the study of all greenhouse gases is rather extensive, this investigation is going
to consider the carbon dioxide balance only.

A large number of studies have been devoted to the relationship between Land Use Land Cover
(LULC) structure of the territory and greenhouse gas balance (Sharma R et al., 2024, Veerkamp C. et
al., 2023). A number of spatial modelling tools have been developed for this purpose, including
InVEST and LUCI In the study (Sharma R et al., 2024), the InVEST model is described as being
simple and requiring minimum input parameters. Another research (Veerkamp C. et al., 2023) has
shown that the InVEST model assesses carbon sequestration not only in green areas, but also in
partially built-up areas. Therefore, this model is more suitable for studying urbogeosystems.

The aim of this work is to state out the data sources for InVest Carbon Storage and Sequestration
model in order to assess the climate neutrality of urbogeosystems. The main problem that arises when
using the InVEST model is the insufficiency of data available to researchers. The most reliable data
on carbon stocks in biomass and soils can be obtained during field studies. However, this method
requires a lot of time and significant capital investment, which makes it unprofitable. Therefore, it is
necessary to look for other sources of information, primarily remote sensing data.

Theory

The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) model was developed as
part of the Natural Capital project (Angarita H. et al., 2025). The main task of this model is to help to
assess changes in the provision of ecosystem services under different land use scenarios. The model
contains separate models for the following final ecosystem services assessment: Annual Water Yield,
Carbon Storage and Sequestration, Coastal Blue Carbon, Coastal Vulnerability, Crop Production,
Forest Carbon Edge Effect, Nutrient Delivery Ratio, Offshore Wind Energy Production, Scenic
Quality, Sediment Delivery Ratio, Seasonal Water Yield, Urban Cooling, Urban Flood Risk
Mitigation, Urban Nature Access, Urban Stormwater Retention, Visitation: Recreation and Tourism,
Wave Energy Production (Angarita H. et al., 2025). The estimation of the climate neutrality of
urbogeosystems is based on the balance of greenhouse gases, primarily carbon dioxide, so the Carbon
Storage and Sequestration model will be used.

This model is based on a land cover map of the study area and data on carbon stored in pools for each
LULC class. For the model to work, you need data on carbon storage in metric tonnes for at least one
of the four pools: aboveground biomass, belowground biomass, soil, and dead organic matter.
Additional parameters include the base year (for which the land use map is provided), an alternative
year and an alternative land use map, carbon value, Annual Market Discount Rate, and Annual Price
Change (required if the run valuation model is selected). Accordingly, the minimum data set is the
raster Baseline LULC and CSV Carbon Pools table. The latter should include carbon density in each
pool data in t/ha (columns) for each LULC class.

Results

As mentioned above, the model requires a LULC map with data on carbon storage volumes by LULC
class. Accordingly, solving the problem of data source search consists of two tasks: identifying LULC
classes within which carbon storage volumes in all pools will be the same, and calculating these
volumes. In this case, LULC classes should reflect not only the types of land use, but also the
characteristics of its natural conditions that affect the carbon sequestration process. Thus, one LULC
class — forest — can vary significantly in terms of carbon storage in aboveground biomass and
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belowground biomass depending on the composition of tree species, soil carbon depending on the
type of soil, and dead organic matter depending on the condition of the forest. Therefore, the use of
this model for the study of urban geosystems will require a more detailed classification of LULC,
primarily in relation to the differences in carbon storage volumes.

If we solve this problem using deduction method, we first need to create an LCLU map based on
existing classifications and the spatial distribution of conditions that determine carbon sequestration
volumes. After the LULC map has been created, the carbon sequestration volumes in t/ha for each
class need to be calculated. With the deductive approach, the LULC map will be the source data, and
the carbon density data will be the derivative. This approach will be appropriate if the main sources of
information is remote sensing data and literature sources.

If the problem of data collection is solved using the induction method, it is necessary to calculate the
volumes of carbon storage at key points located in areas of different purpose and use, and based on
the data obtained, territories with similar volumes of carbon storage are identified. With this approach,
carbon density data will be the source data, and the LULC map will be the derivative data. This
approach will be appropriate if the main source of information is field studies data or inventories.
Considering that the research is planned to be conducted primarily on the basis of remote sensing
data, it is advisable to use a deductive approach. Thus, the first step is to create an LCLU map.

LULC data sources. Three open data sources are commonly used as LULC data sources: CORINE
Land Cover, sensing data from Landsat and Sentinel satellites (Fig. 1). CORINE Land Cover data is a
ready-made product with commonly used land cover classes, but its spatial resolution (100 m) and
low class detail make it unsuitable for local-level research. The optimal solution would be to classify
land cover for each urban geosystem separately using satellite images that have sufficiently high
spatial resolution and are freely available. These requirements are primarily met by sensing data from
Landsat and Sentinel satellites. In the study (Sharma R. et al., 2024), LULC classes were determined
based on Landsat satellite images (spatial resolution of 30 m). The Landsat mission has a longer time
coverage but lower image resolution. The study LULC map based on Landsat-8 and Sentinel-2 (Acar
R., Zengin E., 2023) showed that Landsat-8 could not accurately classify urban and agricultural areas.
Accordingly, it is advisable to create LULC maps of urban geosystems based on Sentinel satellite
data.

® Landsat-8 image courtesy of the U.S. / VS # Contains modified Copernicus Séqtine!
Geological Survey \ J \

Figure 1. LULC data sources: A - CORINE Land Cover Global, B - Landsat-8 composite (true
colours), C — Sentinel-2 composite (true colours)
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A comparison of the spatial resolution of the above-mentioned remote sensing data was made using
the example of Bucha urbogeosystem, Kyiv region. As shown in Fig. 1, CORINE Land Cover data
with its spatial resolution of 100 m does not reflect the characteristics of the territory's built
environment, and the contours and sizes of different types of land use are significantly distorted.
Landsat-8 data allow for more accurate identification of built-up areas and green zones. Sentinel-2
data provide the best opportunities for detailing LULC types: the resolution allows for the
identification of transport infrastructure and the division of residential buildings into multi-storeyed
and residential.

Carbon stored in pools data sources. As mentioned above, in order to implement the Carbon Storage
and Sequestration model, data on carbon stocks must be obtained for each LULC class in at least one
pool: aboveground biomass, belowground biomass, soil and dead organic matter. The most reliable
method of data collection is field research, but considering the high time cost of this method, the
question of finding alternative sources arises.

There is a practice of using forest inventory materials with the involvement of remote sensing data for
interpolation and extrapolation of results (Yang at al., 2025). Unlike forests, urban green areas and
street plantings do not normally have inventories. The value of Carbon stored in aboveground biomass
can be obtained from active sensors, in particular light detection and ranging (LiDAR) (Lee et al.,
2024, Yang et al., 2025).

An important difference between LiDAR technology and passive sensors such as Landsat or Sentinel
is that passive sensors only record the characteristics of the upper layer of vegetation, while LiDAR
provides data on the vertical structure of vegetation. An accurate method for measuring various
vertical structural parameters of vegetation is provided by the Global Ecosystem Dynamics Survey
(GEDI) satellite (University of Maryland, NASA Goddard Space Flight Centre, 2025). As noted in
(Yang et al., 2025), the disadvantage of GEDI data is their discreteness. The data takes the form of
narrow strips that do not cover the entire study area. However, this feature is not an obstacle to the
application of the Carbon Storage and Sequestration model, since the average value for each LULC
class is needed.

Soil carbon can be estimated using the combination of multisensor data along with hyperspectral
approaches, using Sentinel-1 and Sentinel-2 data in particular. To estimate soil carbon, the ‘greening-
up’ period images are used, which represent bare soil without vegetation. However, this approach is
not very effective when forest areas are estimated (Wesemael et al., 2023). There is a need to use field
observations or literature sources for correct soil carbon assessment.

Belowground carbon estimates using remote sensing data is scarce (Pascual et al. 2023). The main
source of this data is forest inventories materials, which can’t be applied to urbogeosystems
assessment. Alternative way is to calculate belowground carbon pools using the ratio between above-
and belowground biomass as shown in research (Pascual et al. 2023). The situation with dead organic
matter assessment is the same.

Conclusions

Climate neutrality of urbogeosystems can be estimated through the balance of greenhouse gases, or
carbon dioxide only. There is a number of spatial modelling tools estimating carbon balance using
LULC data, among which InVEST model seems to be the most suitable for urbogeosystems
assessment.

To run the InVEST Carbon Storage and Sequestration model, the minimum requiring data includes
LULC map and carbon storage volumes by LULC class. Remote sensing data can provide enough
information for LULC map creation. For this purpose, the best decision is to use Sentinel-2 data
because of its suitable spatial resolution.
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Carbon storage volumes should be provided for at least one of the four carbon pools (aboveground
biomass, belowground biomass, soil and dead organic matter). Aboveground biomass can be
estimated using LiDAR Global Ecosystem Dynamics Survey (GEDI) satellite data. For the estimation
of the other three pools, remote sensing data should be combined with field research and/or literature
sources.

References

Acar, R. U. and Zengin, E. (2023). Performance Assessment of Landsat 8 And Sentinel-2 Satellite
Images for The Production of Time Series Land UseLand Cover (LULC) Maps. Journal of
Scientific Reports-A, 53, 1-15. https://doi.org/10.59313/jsr-a.1213548

Angarita H. et al. (2025). Natural Capital Project InVEST 3.16.1. Stanford University, University of
Minnesota, Chinese Academy of Sciences, The Nature Conservancy, World Wildlife Fund,
Stockholm  Resilience Centre and the Royal Swedish Academy of Sciences.
https://doi.org/10.60793/natcap-invest-3.16.1

Copernicus  Data  Space  Ecosystem  (2025).  Copernicus  Sentinel  Data  URL:
https://dataspace.copernicus.eu/explore-data/data-collections/sentinel-data/sentinel-2

European Commission, Copernicus Land Monitoring Service, European Commission's Joint Research
Centre (2015) Global Dynamic Land Cover. DOI: https://doi.org/10.2909/c6377c6e-76cc-4d03-
8330-628a03693042

Liu Yang, Yabo Yuan, Jinhua Sun, Lei Zhang, Ting Wang, Hui Zhao, Xiangfeng Liu, Yazhen Liang
(2025). Estimation of forest aboveground carbon storage based on GEDI and GF-6 in Jiyuan City,
China. Journal of Applied Remote Sensing, 19(2), 024508.
https://doi.org/10.1117/1.JRS.19.024508

Pascual A., Godinho S., Guerra-Hernandez J., 2023. Integrated LiDAR-supported valuation of
biomass and litter in forest ecosystems. A showcase in Spain. Science of The Total Environment,
897, 165364. https://doi.org/10.1016/j.scitotenv.2023.165364

Sharma, R., Pradhan, L., Kumari, M., Bhattacharya, P., Mishra, V. N., & Kumar, D. (2024). Spatio-
Temporal Assessment of Urban Carbon Storage and Its Dynamics Using InVEST Model. Land,
13(9), 1387. https://doi.org/10.3390/1and 13091387

University of Maryland, NASA Goddard Space Flight Center (2025). Global Ecosystem Dynamics
Investigation (GEDI) URL.: https://gedi.umd.edu/

USGS Earth Resources Observation and Science (EROS) Center (2025). Landsat-8 images. URL:
https://earthexplorer.usgs.gov/

van Wesemael, B., Chabrillat, S.; Sanz Dias, A.; Berger M.; Szantoi, Z. (2023). Remote Sensing for
Soil  Organic Carbon Mapping and Monitoring. Remote Sensing, 15, 3464.
https://doi.org/10.3390/rs15143464

Veerkamp C.J., Loreti M., Benavidez R., Jackson B, Schipper, A.M. (2023). Comparing three spatial
modeling tools for assessing urban ecosystem services, Ecosystem Services, 59, 101500, ISSN
2212-0416, https://doi.org/10.1016/j.ecoser.2022.101500

Yeonsu Lee, Bokyung Son, Jungho Im, Zhen Zhen, Lindi J. Quackenbush (2024) Two-step carbon
storage estimation in urban human settlements using airborne LiDAR and Sentinel-2 data based
on  machine learning. Urban Forestry &  Urban  Greening, 94, 128239.
https://doi.org/10.1016/j.ufug.2024.128239

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



