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INTERMEDIATE SCIENTIFIC REPORT - 2022 

regarding the exploratory research project: 

Modeling current and future land favorability for crops in Romania under 

climate change scenarios 

Acronym: RO-CROP 

project code: PN-III-P4-PCE-2021-1350 

 

SCIENTIFIC DESCRIPTION OF STAGE I / 2022 

 

STAGE I / 2022. Realization of the spatial database. Spatio-temporal modeling of climatic 

parameters, soil erosion and land susceptibility to landslides. 

 The first stage of the project was dedicated to the realization of the spatial database 

necessary for the analysis of the current and future suitability of land for the agricultural crops in 

Romania, as well as the verification of its quality. 

Also, we began the our analysis on the spatial and temporal modeling of climate parameters 

for the baseline climate period (1961-1990, unaffected by climate change) and for the recent period 

(1991-2013, affected by climate change). Future climate data were downloaded from the CHELSA 

database (https://chelsa-climate.org/) for the periods 2041-2060 and 2061-2080 for several climate 

models and for 2 extreme scenarios of atmospheric carbon dioxide evolution, the more optimistic 

RCP 4.5 scenario and the more pessimistic RCP 8.5 scenario. 

 Also in this first stage, soil rill and interrill erosion was analyzed, by applying the RUSLE 

model (Revised Universal Soil Loss Equation) (Renard et al., 1997) at the scale of the entire 

country. Landslide susceptibility was also analyzed by applying the European ELSUS 

methodology (European Landslide Susceptibility) (Wilde et al., 2018). 

 

Act 1.1 - Creation of a GIS database including soil, climate and terrain parameters for the entire 

territory of Romania. Database quality check 

 The GIS database created during this stage includes 3 main categories of data: 

• Soil database: 

o Physical parameters: particle size classes (sand, silt, clay) 

o Chemical parameters: organic carbon content, soil reaction, calcium carbonate 

content, electrical conductivity, nutrient macro-elements (nitrogen, 

phosphorus, potassium). 
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The soil data were extracted from the European LUCAS database 

(https://esdac.jrc.ec.europa.eu/content/lucas2015-topsoil-data), comprising over 1000 soil profiles 

for the territory of Romania (L1 deliverable). We also created an additional database (L2 

deliverable), including data from representative soil profiles analyzed during national soil science 

conferences (Vasiliniuc and Patriche, 2015). Based on these point data, we applied different 

spatialization methods (geostatistical and machine-learning methods) to obtain high-accuracy 

digital maps (with a resolution of 100 m) regarding soil parameters in Romania. The optimal spatial 

models were selected by independent sample validation and statistical validation deliverables L3 

... L12) 

• Climatic database: we derived digital maps of the main climatic parameters 

(temperatures, precipitation, duration of sunshine, bioclimatic indices), this database 

being subject to further updates and completions. 

o Climatic data for the reference period (1961-1990) (deliverables L13 -

L18) 

o Climatic data for the period recent (1991-2013) (deliverables L19 – L24) 

o Climatic data for the future periods (2041-2060, 2061-2080) extracted and 

processed from CHELSA database 

• Terrain database:  

o The digital elevation model (DEM – deliverable L 24) with 25 m resolution, 

extracted from the European EUDEM model 

(https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1/view) 

o  Geomorphometrical parameters derived based on DEM (slope - 

deliverable L25 , slope aspect, relief energy, slope length) 

o The land use according to Corine Land Cover 2018 

(https://land.copernicus.eu/pan-european/corine-land-cover/clc2018) – 

deliverable L 26 

o Structure of annual crops on arable land, made available by APIA 

(https://apia.org.ro/) in parcels’ centroids 

 

Act 1.2 - Spatial modeling of climate parameters for the periods 1961-1990 and 1991-2013 

(possible 1991-2018 depending on data availability) by refining ROCADA data at 100 x 100 m 

resolution using the regression - kriging method. Analysis of the evolution of climatic 

parameters. 

 The spatio-temporal analysis of climate parameters was carried out for the periods 1961-

1990 and 1991-2013, based on ROCADA data (Dumitrescu and Bîrsan, 2015). These data are 

spatially stored in equidistant points located 10 km apart, interpolated based on climate data from 

the meteorological stations in Romania, and their temporal resolution is daily. Spatial data were 

downscaled to a finer resolution of 100 m by applying the regression - kriging method using DEM, 

latitude, longitude as explanatory variables. Up to present, the climatic data have been used to 

analyze the evolution of the viticultural potential at the level of the entire country, based on the 

methodology proposed by Irimia et al. (2014). The increase in altitude and the migration from 

https://land.copernicus.eu/pan-european/corine-land-cover/clc2018
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south to north of the favorable limit of the vine, as well as the expansion of the potential for red 

wines in the lowlands of the country, as an effect of climate warming, were observed. 

Act 1.3 - Spatial modeling of climate parameters for future time periods (2041-2060, 2061-2080) 

by refining the CHELSA data at 100 x 100 m resolution using the regression - kriging method. 

Analysis of potential changes under RCP 4.5 and 8.5 scenarios regarding the evolution of 

carbon dioxide concentrations. 

In this project activity, climate data was extracted from the CHELSA v2.1 database 

(temperatures and precipitation) for the periods 2041-2060 and 2061-2080 and 2 extreme scenarios 

of the evolution of atmospheric carbon dioxide: the RCP 4.5 scenario, more optimistic, and 

scenario 8.5, more pessimistic. Also, to minimize uncertainty, we used the average prediction 

derived from several climate models. The data were downscaled to the finer resolution of 100 m, 

as in the case of the current data (ROCADA), by applying the regression - kriging method using 

DEM, latitude and longitude as explanatory variables. Until now, the future precipitation data have 

been used to estimate the evolution of rainfall erosivity, according to the RUSLE methodology, to 

identify trends in the evolution of soil erosion under the impact of climate change. 

Act 1.4 - Spatial modeling of soil erosion by application of the RUSLE model 

 Within this activity, we applied the RUSLE model (Renard et al., 1997), one of the most 

used models internationally for the quantification of surface soil erosion. The model is based on 

the following equation: 

E = R x H x W x D x C x D 

• E: average annual erosion rate (t ha −1 year −1 ); 

• R: rain erosivity (MJ mm ha −1 h −1 year −1 ); 

• K: soil erodibility (t ha h ha −1 MJ −1 mm −1 ); 

• L: slope length factor; 

• S: slope factor; 

• C: vegetation factor; 

• P: the influence of land improvement works. 

Rainfall erosivity was extracted from the European model proposed by Panagos et al. 

(2015). The LS factor was derived based on the EUDEM numerical terrain model with 25 m 

resolution using the SAGA-GIS program. The erosional influence of the vegetation was quantified 

based on detailed data regarding the structure of anual crops on arable land in 2021, as well as on 

the basis of Corine Land Cover 2018 data for the other land use categories. Soil erodibility was 

quantified in 4 different ways. Consequently, 4 models of surface erosion in Romania resulted, 

corresponding to the 4 different ways of quantifying soil erodibility. The optimal model was 

chosen based on the correlations with the measured rates of erosion in different areas of the country 

(available – L 27). Next, to estimate the possible evolution of soil erosion in Romania, the 

statistical relationship between rainfall erosivity and the modified Fournier index was used to 

extrapolate rainfall erosivity in the future, in the context of 2 possible scenarios of atmospheric 

carbon dioxide evolution (RCP 4.5, RCP 8.5). 
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The results obtained show that the tendency is towards the intensification of the erosion 

processes, in the context of climate change, at least for the next period (2041-2060), the average 

erosion rate growth forecasted for Romania being of 1-2 t ha -1 year -1 . For the period 2061-2080, 

our analysis shows that it is possible that erosion rates will decrease, probably due to the 

quantitative reduction of precipitation due to climate warming. 

 

Act 1.5 - Spatial modeling of land susceptibility to landslides using the ELSUS methodology 

 As part of this activity, we applied of the European ELSUS model (Wilde et al., 2018) for 

the quantification of land susceptibility to landslides in Romania. This methodology takes into 

account 3 main factors that condition the landslide susceptibility: slope, lithology of the surface 

deposits and land use. The model is applied differently depending on the climate-physiographic 

zone, delimited based on the Koppen climate classification and the delimitation of mountain areas. 

The results obtained (deliverable – L28) show that the land's susceptibility to landslides is the 

highest in the Subcarpathian area, especially in the Curvature Subcarpathians, due to the friable 

lithology, combined with the sharp slopes, as well as in the mountainous areas, especially in the 

flysch and volcanic areas, due to friable lithology. 

 

DELIVERABLES 

 Spatial data in digital format: 

- Point soil database in vector format ( L1 ) – extracted from the LUCAS 2015 

database and projected in the 1970 stereographic projection 

- Additional soil database comprising representative profiles from the national soil 

science conferences ( L2 ) 

 

- Digital maps on soil parameters: pH ( L3 ), electrical conductivity ( L4 ), organic 

carbon ( L5 ), content in calcium carbonates ( L6 ), nitrogen ( L7 ), potassium ( L8 ), 

phosphorus ( L9 ), content in clay ( L10 ), silt ( L11 ), sand ( L12 ), 

L1 L2 
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L3 L4 

L5 L6 

L7 L8 

L9 
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• Digital maps of climate parameters : 

o For the period 1961-1990 

L10 
L11 

L12 
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o For the period 1991-2013 

L13 
L14 

L15 L16 

L17 

L18 
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• Digital elevation model and derived layers 

 

L19 
L20 

L21 
L22 

L23

3 

L24 

L24 L25 
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• Land use according to Corine Land Cover (CLC 2018) 

 

• The risk of rill and interrill erosion 

 

• Landslide susceptibility 

L 26 

L 27 
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DISSEMINATION OF RESULTS 

 

 The results obtained during stage I / 2022 were disseminated as follows: 

• 2 articles were sent for evaluation in ISI rated journals, the articles being in the 

peer-review phase : 

o Patriche Cristian-Valeriu, Rosca Bogdan, Pîrnau Radu-Gabriel, Vasiliniuc 

Ionut, Spatial modeling of topsoil properties in Romania using geostatistical 

methods and machine learning , PloS One  

o Patriche Cristian-Valeriu, Rosca Bogdan, Pîrnău Radu-Gabriel, Irimia 

Liviu, Simulation of rainfall erosivity dynamics in Romania under climate 

change scenarios , Sustainability 

• The results were presented at 4 conferences, 2 of which were organized abroad : 

o 10th International Conference on Geomorphology , 12-16 September 2022, 

Coimbra, Portugal ( https://www.icg2022.eu/ ): Cristian Valeriu Patriche, 

Rosca Bogdan, Radu Gabriel Pîrnău , Ionut Vasiliniuc , Assessment of 

current and future soil erosion risk in Romania 

o Online Workshop on soil erosion for the EU, 20 - 22 JUNE 2022, JRC Ispra 

(https://esdac.jrc.ec.europa.eu/public_path/EUSO/2022%20June%20Work

shop.pdf): Patriche CV, Applying RUSLE for soil erosion estimation in 

Romania under current climate and future climate change scenarios 

o The annual Geography Symposium , held within the Iași Academic Days , 

XXXVII edition , October 13, 2022, Iași: Cristian Valeriu Patriche, Bogdan 

Roșca, Vasiliniuc Ionuț, Radu-Gabriel Pîrnău , Quantification of current 

L 28 

https://www.icg2022.eu/
https://esdac.jrc.ec.europa.eu/public_path/EUSO/2022%20June%20Workshop.pdf
https://esdac.jrc.ec.europa.eu/public_path/EUSO/2022%20June%20Workshop.pdf
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erosion rates and erosion risk at the level Romania. Forecasting the 

evolution of erosion processes in the perspective of climate change; 

o Annual symposium "Pedogenetic factors and processes from the temperate 

zone" , 6-9 October 2022, Covasna: Cristian Valeriu Patriche, Bogdan 

Roșca, Radu-Gabriel Pîrnău , Ionuț Vasiliniuc , Liviu Irimia, Remus 

Prăvălie, ROCROP Project - Modeling the current and future favorability 

of of land for agricultural crops in Romania in different climate change 

scenarios. Presentation of the project and preliminary results 

 

STAGE SUMMARY 

 

 Stage I/2022 of the project entitled: “Modelling current and future land suitability for 

crops in Romania under climate change scenarios” had as its main objective the creation of the 

GIS database necessary for the spatial and temporal analysis of the land suitability for the main 

agricultural crops in Romania. This database comprises 3 main categories of information: soil data, 

climate data and terrain data. The soil database includes mainly data extracted from the European 

LUCAS database, but also data extracted from representative soil profiles from the territory of 

Romania, analyzed within the national soil science conferences. The climate database includes 

data on the baseline climate (1961-1990), the recent climate (1991-2013), affected by climate 

change, as well as forecast data for future periods (2041-2060, 2061-2080), according to several 

climate models and extreme scenarios of possible evolution of atmospheric carbon dioxide (RCP 

4.5, RCP 8.5). The land database includes the digital elevation model, extracted from the European 

EUDEM model, as well as the geomorphometric parameters derived based on it, data on land use, 

according to Corine Land Cover 2018 and APIA 2021. Also, within this stage, we analyzed the 

soil rill and interrill erosion and landslide susceptibility, the resulting models being useful for rapid 

delineation of eroded soils and soil complexes. Soil erosion was analyzed based on the RUSLE 

model, and forecasted models were developed for the future, by extrapolating the evolution of 

rainfall erosivity in the context of recent climate changes. Landslide susceptibility was analyzed 

by applying the European ELSUS model for Romania, based on the influence of slope, lithology 

and land use, the results showing high values of susceptibility in Subcarpathian and mountain 

areas. 
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