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Abstract 

The paper presents the potential of several reliable geo-information tools and 

datasets that can provide supplemental information to support grassland studies for 

assessing and monitoring the multifunctional utilization value of the grasslands and 
improving the grassland management adapted to climate change issues. Fundata 

village from Brasov county, Romania, was considered as an example to illustrate the 

capabilities of the geo-information applications integrating remote sensing products, 

GPS-retrieved data, climate datasets and GIS layers. Grasslands from Fundata village 

are rich in biodiversity providing a broad variety of ecosystem services and related 
economic benefits, but the anthropic impact is rising with the rapid urbanization of the 

area. It is important to apply adequate geo-information tools to evaluate the impact and 

to substantiate proper measures of grassland conservation and monitoring. The 

Climate Data Store service can provide complementary applications and datasets that 

can support analytical approaches for grassland evaluation. 
 

Keywords: grasslands, Climate Data Store, Growing Degree Days, remote sensing, 

LAI, evapotranspiration, GIS analysis.  

INTRODUCTION 

 

In the recent years, the geo-
information technologies have been 

developed increasingly and the 
technical progress is evident. The 
number of applications and fields of 
research has increased as well and 

thus, it is important to funnel the 
key information regarding the 
particularities and benefits of 
geographic information systems 

(GIS), global positioning systems 

(GPS), remote sensing (RS), and 

new geospatial technologies for 

analysis (GT) in view of improving 

the studies of grasslands.  
Photogrammetry and photo-

interpretation of aerial images has 
been previously used for surveying 

grasslands especially in remote and 
mountain areas. New instruments 
such as multi- and hyper-spectral 
detection sensors have been placed 

on satellites and on aerial platforms 
including UAVs increasing the 
spatio-temporal performance for 
acquiring ground data from 

terrestrial ecosystems including 
grasslands. Data is freely available 
to the users, most of the space 
missions for Earth observation 

being accessible on dedicated 
websites requiring logging using an 
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account (e.g., European Space 
Agency /ESA - 
https://scihub.copernicus.eu/dhus/#/

home; NASA Landsat scenes -
https://glovis.usgs.gov/; Moderate 
Resolution Imaging 
Spectroradiometer -MODIS 

products - https://lpdaac.usgs.gov, 
various USGS spatial datasets - 
https://earthexplorer.usgs.gov/). 
Together with the spatial 

technology, a rapid improvement of 
the computing power and software 
capabilities of GIS has led to a 
significant number of users of such 

tools for both research and 
management of various ecosystems. 
Some successful GIS Companies 
are ESRI (makers of ArcINFO, 

ArcView, ArcGIS, etc. 
http://www.esri.com), Intergraph 
(makers of GeoMedia 
http://imgs.intergraph.com), PCI 

Geomatics (makers of CATALYST, 
http://www.pcigeomatics.com), 
AUTODESK (makers of  AutoCAD 
including Map 3D toolset, 

https://www.autodesk.com/products
/autocad/included-toolsets/autocad-
map-3d), etc. On the other hand, the 
open GIS has become very 

successful in the last period due to 
the large community of users 
(https://www.gislounge.com/open-
source-gis-applications/). Popular 

open source GIS software 
applications include GRASS 
(Geographic Resources Analysis 
Support System) that is the public 

domain GIS software application 
originally developed by the US 
Government, and QGIS project 
(known as Quantum GIS - 

https://qgis.org/ro/site/). Overall, a 

GIS has 6 functions i.e.  Capture 
data, Store data, Query data, 
Analyze data, Display data, and 

Produce outputs. In a GIS, there are 
several types of data that can be 
included e.g., cadastral information, 
raster datasets, images, land uses or 

land cover, inventory of natural 
resources, market analysis and 
trends, planning schemes, analytical 
models and simulations, risk 

analyses, etc. Broadly speaking, any 
information with a spatial 
component can be represented in 
GIS, and then the information can 

be linked to an object, such as point, 
line or polygons. Consequently, 
information can be calculated from 
the topography of the object or 

information can be attached to the 
object and stored as attributes in a 
separate table. A GIS application 
has the ability to apply symbology 

to various land parcels according to 
ranges of specified variables 
resulting in useful thematic maps 
that makes easier the identification 

of spatial relations within the 
dataset. For grassland studies, such 
capabilities are very useful for 
analyzing the modifications of 

floristic composition and associated 
pastoral values of the grasslands. 
GIS can help the planning of 
grazing rationalization, the 

providing of water sources and 
access roads in the productive 
grasslands (VÎNTU et al., 2004). A 
functional forage system requires 

the technical support of a multi-
criteria geo-information system with 
geospatial analysis of satellite 
images (DUNEA et al., 2014). Such 

analysis tool requires associated 

https://scihub.copernicus.eu/dhus/#/home
https://scihub.copernicus.eu/dhus/#/home
https://glovis.usgs.gov/app?fullscreen=0
https://lpdaac.usgs.gov/
https://earthexplorer.usgs.gov/
http://www.esri.com/
http://imgs.intergraph.com/
http://www.pcigeomatics.com/
https://www.autodesk.com/products/autocad/included-toolsets/autocad-map-3d
https://www.autodesk.com/products/autocad/included-toolsets/autocad-map-3d
https://www.autodesk.com/products/autocad/included-toolsets/autocad-map-3d
https://www.gislounge.com/open-source-gis-applications/
https://www.gislounge.com/open-source-gis-applications/
https://qgis.org/ro/site/
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databases including information on 
topography, soils, geology, 
hydrology, precipitation regime, 

surface temperature, land cover, 
vegetation, hydrology, population, 
livestock, nature conservation, and 
environment (Casadei et al., 2021; 

Mihalache et al., 2015). 
Consequently, the reliability of the 
analysis is clearly related to the 
availably and the correctness of the 

required datasets (Neagoe et al. 
2020; Dunea et al., 2020). While 
some of the information can be 
retrieved from remote sensing 

products, several key data (floristic 
composition, grazing patterns, 
pasture degradation, etc.) must be 
collected from field inventories 

based on continuous well-
established monitoring programs 
coordinated by adequate institutions 
at the national level (Vîntu et al., 

2010; Samuil et al., 2018).     
The utilization of GPS 

receivers with increasing accuracy 
in floristic composition inventories 

has clear operational benefits by 
geo-positioning of the collected 
information in view of detailed 
maps drawing (fig. 1). 

Topographical UAVs can provide 
excellent details especially if they 
carry new sensing systems such as 
miniature LiDAR (e.g., Qube 240 

LiDAR - 
https://www.cadsolutions.ro/docum
ents/201210_TF90_LIDAR_Qube2
40_V001.pdf).  

Integrating remote sensing 
products, GPS-retrieved data, and 
GIS layers, can provide new 
perspectives for continuously 

assessing and monitoring grassland 

vegetation and habitat conditions.  
Simulating the climate risks is 

also important for long-term 

grassland management. Seeing 
climate projections mapped in GIS 
lets planners understand the 
financial effects of the land changes 

and operational decisions in the 
managed grasslands.  

 

 

Figure 1. GPS positioning of the 

information collected in the grasslands 

of Fundata village using Garmin 

Oregon receivers. 

As the Earth continues to 
warm, it is expected that changes in 
aridity will occur affecting 

grassland ecosystems as well.  
Terrestrial aridity will affect 

floristic composition and 

agricultural practices requiring 

adaptation measures in grassland 

management and other mitigation 

measures to reduce this process 

(Vîntu et al., 2020). Thus, it is 

https://www.cadsolutions.ro/documents/201210_TF90_LIDAR_Qube240_V001.pdf
https://www.cadsolutions.ro/documents/201210_TF90_LIDAR_Qube240_V001.pdf
https://www.cadsolutions.ro/documents/201210_TF90_LIDAR_Qube240_V001.pdf
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necessary to explore potential 

changes in surface temperature 

trend to assess its impact (Mihaescu 

et al., 2021). 

The European Commission 
adopted a Communication and an 

Action Plan on the 
EU Strategy for the Alpine Region 
(EUSALP) in July 2015 addressing 
environmental objectives including 

the improvement of risk 
management of climate change 
referring also to the prevention of 
major natural disasters. The 

grasslands (28 habitats) negatively 
affected by climate change in at 
least one EU Member State were 
7% under pressure, 15% under 

threat (EEA, 2017). 
The forecasts provided by 

reliable climate models show that in 
some areas of southern Europe, 

higher temperatures and the 
increasing drought risk will reduce 
livestock production through 
negative impacts on both grassland 

productivity, and animal health 
(EEA, 2017). 

The foothill grasslands and 
mountain summer pastures are 

expected to increase their biomass 
production in spring (maximum 
production period) and autumn, and 
to lengthen their production period, 

which will increase their exploitation 
possibilities (hay or pasture) (Brisson 
and Levrault, 2012). 

The Copernicus Climate 

Change Service (C3S) supports 

society by providing information 
about past, present and future 
climate at global and European scales 

(https://climate.copernicus.eu/). The 
User Learning Services has an 
important role in increasing the 
skills of users for operating with 

climate data based on freely 
available online training resources 
(https://uls.climate.copernicus.eu/).  

The Climate Data Store (CDS) 

and its components 
(https://cds.climate.copernicus.eu/#!
/home)support the understanding of 
the fundamentals of climate data 

sources and processing. Such 
resources can provide useful 
information regarding the past and 
future of grassland ecosystems in a 

particular area. 
In this context, the aim of 

this study was to present the 
potential of several reliable geo-

information tools that can provide 
supplemental information for 
grassland studies in Romania to 
assess and monitor the 

multifunctional utilization value of 
the grasslands and to improve the 
grassland management adapted to 
climate change issues. Fundata 

village (Brasov county, Romania - 
WGS-84 coordinates: 45,95 N and 
26,05 E - 1100-1350 m altitude; ) 
was considered as case study to 

exemplify the utility of the selected 
applications that can leverage GIS 
to meet the projected climate goals. 

 
MATERIAL AND METHOD 

 
The characterization of the 

Fundata area was previously 
described (Dunea et al., 2019) 
together with the methodological 

https://climate.copernicus.eu/
https://uls.climate.copernicus.eu/
https://cds.climate.copernicus.eu/#!/home
https://cds.climate.copernicus.eu/#!/home
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presentation of the satellite image 
processing techniques, which have 
been more completely presented in 

Dunea et al., 2021. In this paper, a 
Landsat 8 satellite image from data 
recorded in July 2019 
(LC08_L1TP_183029_20190720_2

0190731_01_T1) and a MODIS 
Evapotranspiration ET 500 m 
resolution (MYD16A2 Version 6 
Evapotranspiration/Latent Heat Flux 

product) representing the 
summation of 8-day total water loss 
through ET were selected for 
exemplification of remote sensing 

capabilities in characterizing 
various environmental processes 
occurring in mountain grassland 
areas. 

The latest Corine Land 
Cover layers were retrieved to show 
the grasslands and related INSPIRE 
destination categories (e.g., 321, 231, 

and 324) from CLC2018 dataset 
(https://land.copernicus.eu/pan-
european/corine-land-cover).  

To assess the future climate, 

two indicators have been used to 
estimate the aridity:  

 the ratio between potential 
evapotranspiration (PET) and 

precipitation,  

 the ratio between actual 
evapotranspiration (AET) and 
precipitation.  

These indicators have been 
extracted using the “Water quantity 
indicators for Europe” dataset 

(NETCDF File Format) and 
Climate Data Store toolbox for the 
Representative Concentration 

Pathway - RCP 4.5 
(https://cds.climate.copernicus.eu/cd
sapp#!/dataset/sis-water-quantity-
swicca?tab=overview). RCP 4.5 is a 

scenario that stabilizes radiative 
forcing at 4.5 W m

−2
 in the year 

2100 without ever exceeding that 
value based on the 1971-2000 

reference period. The aridity 
simulation comprised two different 
30-year periods, i.e., 2011-2040, 
and 2041-2070 (future periods 

expressed as a percentage change 
relative to the reference period - %). 
Growing Degree Days (GDD) was 
computed using the ERA5 dataset 

from CDS for 2015-2017 interval. 
GDD is useful to estimate the 
growth and development of plants 
and insects during 

the growing season considering that 
the development will occur if the 
temperature exceeds the base 

temperature (10 C). 

All the geo-referencing 
operations, conversions, analysis, 
and mapping were performed with 
ESRI ArcGIS Desktop 10.6. Google 

Earth Engine was used to visualize 
various moments in time of the 
southern part of Fundata 
village(https://earthengine.google.co

m/timelapse). 

 
RESULTS AND DISCUSSION 

 
The purpose of this paper 

was to exemplify various aspects 
related to land cover, climate, 

vegetation status, etc. using several 
geo-information tools that can help 
the complex assessment of the 

https://land.copernicus.eu/pan-european/corine-land-cover
https://land.copernicus.eu/pan-european/corine-land-cover
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-quantity-swicca?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-quantity-swicca?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-quantity-swicca?tab=overview
https://earthengine.google.com/timelapse
https://earthengine.google.com/timelapse
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mountain grasslands.  
Figure 2 shows the GDD 

results for Romania using a 0.5 

resolution between 2015 and 2017. 
Color constancy can be seen 
suggesting that GDD was similar in 
the selected period. This was also 

confirmed by the mean temperatures 
of the growing season (April-

August) provided by data from 
Brasov meteorological station 

(WMO 15300) i.e., 16.1 C (2015) 

and 16.2 C (2016 and 2017). Thus, 
ERA5 datasets are reliable to be 
used in climate characterization of 

Romanian grasslands. 
Figure 3 presents the latest  

 

   
Figure 2. Growing Degree Days computed using 

ERA5 dataset from CDS – years 2015, 2016 and 2017 
 

   
Figure 3. Characterization of grasslands in Fundata village area: a) Land use/land cover 

(LULC) showing the 231 INSPIRE category attributed to Pastures; 242: Complex 

cultivation patterns; 321: Natural grasslands (left); b) Grassland covering based on 

Grassland 2018 map developed by Copernicus (right) (https://land.copernicus.eu/pan-

european/high-resolution-layers/grassland/status-maps/grassland-2018).  

https://land.copernicus.eu/pan-european/high-resolution-layers/grassland/status-maps/grassland-2018
https://land.copernicus.eu/pan-european/high-resolution-layers/grassland/status-maps/grassland-2018
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LULC from CLC 2018 dataset 
showing that the natural grasslands 
(321 category) occupy only a small 

patch in the north of Fundata 
village. The pastures (231 
categories) are predominant in the 

area, but urbanization is growing 
from year to year especially in the 
south of the area as shown by the 

time-lapse project from Google 
(Figure 5). 

 

  
Figure 4. Remote sensing derived information: Leaf area index (LAI) extracted from 

Landsat 8 satellite image from data recorded in July 2019 (LC08_L1TP_183029_ 
20190720_20190731_01_T1) – blue areas are clouds (left); MODIS Evapotranspiration ET 500 

m resolution (right) representing the summation of 8-day total water loss through ET (0.1 
kg/m

2
/8-day) (MYD16A2 Version 6 Evapotranspiration/Latent Heat Flux product).  

 

Figure 3 also illustrates the 

grassland distribution in the area as 
provided by the Grassland 2018 
map developed by Copernicus. 
While the vegetation is accurately 

presented, there is an overlapping 
between woody areas and 
grasslands being more a greenness 
indicator than a precise cadastral 

classification. Consequently, further 
data fusion with other datasets 
including field surveys would be 
recommended for correct 

classification.  

Figure 4 exemplifies remote 

sensing derived information such as 
LAI and ET that are very useful for 
the characterization of vegetation 
status in grasslands. LAI of 

grasslands in July was between 2 
and 3 in agreement with previous 
reports obtained from Sentinel 2A 
(DUNEA et al. 2019). Higher LAI 

values correspond to the grasslands of 
Agrostis capillaris with mesophilic 
character near villages, and lower for 
Agrostis capillaris with meso-

xerophilic species on slopes type. 
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Figure 5. Google Earth Engine Timelapse visualization of a part from Fundata village 

that experienced the increasing of buildings and roads construction from 1995 to 2020. 

 

Figure 6 illustrates the 
results of aridity index forecasting 
using the CDS dataset. In 2040, it is 
expected that the aridity in Fundata 

area will be between -7 and 3% 
compared to the reference period 
based on RCP 4.5 scenario. The 
surrounding areas from west and 

east have estimations between 3.1 
and 14%, while the southern areas 
belong to 14.1-28% increase of 
aridity compared to the reference 

period. While the perspectives of 
climate impact on Fundata area are 
less negative due to the hydro-
meteorological feature of the 

mountain area that is a very 
accentuated vertical zonation of all 
climatic factors and those derived 
from it, the natural vegetation 

suffered deterioration and 
successions on large areas.  

Thus, secondary vegetation 
and inhabited spaces started to 

prevail with direct impact mainly 

because of anthropogenic activities 
related to the agro-pastoral and 
tourism economy. 

 

 
Figure 6. The aridity index  

in Fundata area estimated for 2040 

based on RCP 4.5 scenario  

(% change from reference period) 
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The rapid urbanization 
influences grasslands distribution, 
typological classification and the 

presence of valuable grass and 
legume species. Furthermore, 
erosion processes started to amplify 
on slopes.  

All these aspects require 
reliable geo-information tools that 
can offer key information in 

dynamics and that are able to 
simulate scenarios and provide valid 
forecasts. 

CONCLUSIONS 
    

Grasslands in the Romanian 
Carpathian region have valuable 
cultural associations being rich in 

biodiversity and wildlife. The 
multifunctional utilization is high 
providing a broad variety of 
ecosystem services and related 

economic benefits. Grasslands from 
Fundata village fit within this 
category, but the anthropic impact is 
rising with the rapid urbanization of 

the area. It is important to apply 
adequate geo-information tools to 
evaluate the impact and to 
substantiate proper measures of 

grassland conservation and 
monitoring. 

Climate Data Store service 
from Copernicus can provide further 

in-depth and complementary 
applications and datasets that can 
support analytical approaches for 

grassland evaluation. 
More studies regarding the 

use of geo-information tools should 
be performed to validate processes 

in mountain grassland ecosystems. 
This is just a screening study for 
exemplifying the potential of using 
geo-information tools in grassland 

science. 
Some limitations of the 

remote sensing derived datasets are 
the need for ground verification, the 

lack of details, larger errors and 
resolution issues for small areas, 
and requirements of expert systems 
and skills for extracting data. 
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