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SCIENTIFIC DESCRIPTION OF STAGE III / 2024 

 

 

Stage III. Land suitability evaluation for the main crops in Romania under current and future climate 

conditions. Improvement of land evaluation methodologies  

During this stage, the evolution of the viticultural potential in Romania was analyzed, both for 

the recent period (1961-1990, 1991-2013) and for the future (2041-2060, 2061-2080), under 2 

scenarios of atmospheric carbon dioxide evolution (RCP 4.5, RCP 8.5). Also, the methodological 

problems identified during the project were systematized and analyzed and proposals for their 

improvement were formulated. 

Act 3.1 – Application of the viticultural ecological potential methodology to evaluate the current land 

suitability for vine, using climatic factors from the periods 1961-1990 and 1991-2013. Analysis of the 

evolution of land suitability for vine 

The ecological potential for viticulture is evaluated according to the methodology proposed by 

Irimia et al. (2014), which is based on 3 categories of factors: climate, soil and relief. The suitability of 

each factor is ranked by means of 0, 5, 8 and 10 scores (Table 1), with the following significance: 

• 0: unsuitable or restrictive for vine growing; 
• 5: suitable for white table wines, sparkling wines and wines for distillates; 
• 8: suitable for quality white wines and red table wines; 
• 10: suitable for quality red wines and secondary for white wines. 
The averages of suitability ranking scores were computed separately for each group of factors 

(relief, soil and climate), resulting the suitability maps of relief, soil and climate. Then, these 3 maps 

were averaged in order to achieve the viticultural ecological potential map. If one or more factors were 

restrictive for wine grape growing and therefore received a score of 0, the final suitability was also 

considered 0. Where no factor was restrictive for vine growing, the average suitability ranges from 5 

to 10, with the following significance: 

• 5: viticultural potential for white table wines, sparkling wines and wines for distillates; 



• 6: viticultural potential for white table wines, sparkling wines and wines for distillates as 
well as for quality white wines in very suitable years, in terms of climate; 

• 7: viticultural potential for quality white wines; 
• 8: viticultural potential primarily for quality white wines and secondarily for red table 

wines; 
• 9: viticultural potential primarily for quality red wines and secondarily for quality white 

wines; 
• 10: viticultural potential for quality red wines. 

 
Table 1. Suitability factors for vine and definitions of suitability classes (extracted from Patriche and 

Irimia, 2022) 

 

The relief and soil suitability were considered constant during 1961–2013 period, while the 
climate suitability was considered variable and therefore analyzed for 2 periods of time (1961–1990 
and 1991–2013) in order to assess the modifications of the viticulture potential induced by climate 
change. 

The most important temperature change happened during the growing season. Thus, the 
temperature increase of the warmest month (July) has led to the expansion of high suitability areas 
(having a rank score of 10) from south to north, on about 23% of the Romanian territory. The sum of 
effective temperatures during the growing season is also characterized by a significant expansion of 
the high suitability areas towards north (on about 23% of the country), from southern Romanian Plain, 
during 1961–1990 period, to the entire Romanian Plain, southern part of the Western plain and 
southern and eastern part of the Moldavian Plateau. The suitability of the sunshine duration has 
significantly increased. In the case of growing season precipitations, we noticed 2 important changes: 
the expansion of the low suitability area in the northern Moldavian Plateau and central Transylvanian 
Depression, as a consequence of precipitation increase, the restrictive areas replacing high suitability 
areas; and the expansion of the high suitability area in the western Dobrogea Plateau, by replacing 
moderate suitability areas. 

The climate suitability for vine in Romania for the 2 time periods is displayed in livrables 1, 2. 
Overall, as an effect of climate warming, the upper altitude limit for vine cultivation has increased, 
leading to a diminution of the areas restrictive for vine growing in Romania, from 45.7% (108,551 km2) 

during 1961–1990 period to 34.8% (82,567 km2) during 1991–2013 period. The suitability for white 



wine varieties, resulting from the cumulated shares of 5, 6 and 7 ranking scores, has decreased from 
18% (1961–1990) to 14.3% (1991–2013). On the other hand, the potential for quality red wines 
(ranking score 10) has significantly increased, from 8.9% (21,217 km2) to 30.8% (73,385 km2) between 
the two time periods. 

The ecological potential for wine grape growing in Romania, as it results from the integration 
of the relief, soil and climate suitability, has changed between the two time periods mainly due to 
climate warming (livrables 3, 4). The restrictive areas for vine growing have decreased from 46.9% 
(1961–1990) to 36.4% (1991–2013), mainly by the migration of vine restrictive limit towards higher 
elevations. The potential for white wine varieties (suitability scores of 5, 6, 7) has decreased from 
45.4% in 1961–1990 and 38.2% in 1991–2013. It is to be noted that these areas have migrated to higher 
elevations and also expanded in the Transylvanian Depression. The potential for red wine varieties 
(ranking scores 8, 9 and 10) has increased from 4.8% (1961–1990) to 22.6% (1991–2013) and that of 
quality red wines (ranking scores 9 and 10) from 0.28% to 2.52%, which represents an area of about 
6013 km2. We notice therefore that this increase is much lower than the one determined for climate 
potential only, due to the influence of the other factors. The potential for red wines has expanded 
towards North and at higher altitudes in the Moldavian Plateau, Western Hills, Getic Plateau and 
Dobrogea Plateau. 

A comparative analysis of the ecological potential for viticulture derived for the two time 
periods (1961–1990 and 1991–2013) shows that there are significant areas (25,245 km2, 10.6% of the 
country) which became suitable for wine grape growing in the Subcarpathians, at the mountain area 
periphery, in the Transylvanian Depression, Moldavian Plateau and Western Hills (livrabil 5). Most of 
these shifts are from restrictive to 7 and 6 suitability scores, indicating that these areas became suitable 
for white wines, including quality white wines. 
 
Act 3.2 – Application of the viticultural ecological potential methodology to evaluate the future land 

suitability for vine, using climatic factors from the periods 2041-2060 and 2061-2080 under 2 climate 

change scenarios (RCP 4.5 and 8.5). Analysis of the future possible directions of evolution of 

viticulture potential   

The possible impact of climate change on the Romanian viticulture was analyzed for 2 time 

periods (2041-2060, 2061-2080) and 2 different scenarios of carbon dioxide evolution (RCP 4.5, the 

more optimistic scenario and 8.5, the more pessimistic one). The future predictions of temperature 

and precipitations are extracted from the CHELSA database (https://chelsa-climate.org/) for the 

Romanian territory. The average predictions of 5 climate models are used to estimate future average 

annual temperature, average warmest month temperature, average growing period precipitations, 

sum of effective and active temperatures, bioclimatic indices (actual heliothermal, bioclimatic and 

oenoclimate aptitude indices). Relief and soil suitability are the constant factors in time. They are 

mostly suitable for white wine varieties. 

Between 1961-1990 and 1991-2013, the climate potential for quality red wines (ranking score 

of 9, 10) has increased significantly, from 29.3 % to 41.8 %. The expected increase in temperature 

should further determine the expansion of the climate potential for quality red wines to 64.4 % (2041-

2060) and 69.7 % (2061-2080) under RCP 4.5 scenario and to 67.9 % (2041-2060) and 77.5 % (2061-

2080) under the RCP 8.5 scenario. From the climate point of view, the areas restrictive to viticulture 

are showing a significant decrease from 34.8% (1991-2013) to 14.5 % (2041-2060) and 11.9 % (2061-

2080) under RCP 4.5 and to 12.3 % (2041-2060) and 6.8 % (2061-2080) under RCP 8.5 (livrables 6-9).  

However, the influence of the relief and soil suitability significantly reduces the climate 

potential. The potential for quality red wines has increased slightly for 0.3 % to 2.6 % from 1961-1990 

https://chelsa-climate.org/


to 1991-2013 and it is expected to further increase to 6.9 % (2041-2060) and 8.2 % (2061-2080) under 

RCP 4.5 and to 7.5 % (2041-2060) and 10.1 % (2061-2080) under RCP 8.5 scenario. The areas restrictive 

to viticulture are still expected to significant decrease from 37.4 % (1991-2013) to 17.9 % (2041-2060) 

and 15.4 % (2061-2080) under RCP 4.5 and to 15.7 % (2041-2060) and 10.2 % (2061-2080) under RCP 

8.5, by the expansion of areas suitable to vine growing in the lower mountain area and the 

Transylvanian Depression (livrables 10-13). 

Most of the country is currently suitable for quality white wines (55.4 % in 1991-2013). In the 

hilly and plateau regions (Dobrogea, Getic, Mehedinți Plateaus, Western Hills) the potential for quality 

red wines is specific for about 9-11 % of the landform areas. The suitability for quality white wines is 

expected to expand in the future to 73-75 % of the territory under RCP 4.5 and to 75-79 % under RCP 

8.5. 

Act 3.3 – Creation of a GIS database available for interested persons and institutions  

Within the project, a digital GIS database was created, which is made available to interested 

individuals and institutions through the project website: https://rocrop.ro/ and which includes the raw 

and classified suitability indices for the 5 crops analyzed within the project: winter wheat, corn, 

sunflower, potato and wine grapevine. Also, a “metadata” file is created for the description of spatial 

data. The data will be updated and completed even after the completion of the project. 

Act 3.4 – Improvement of climatic evaluation of the official Romanian land evaluation methodology 

by the addition of new climatic factors for the vegetation period 

The research project highlighted a number of methodological issues that should be addressed 

to improve its performance. These are summarized below, being mostly, but not exclusively, of a 

climatic nature: 

✓ In general, the land evaluation methodology is applied by OJSPA soil scientists using old climate 

data (averages for the period 1961-1990). Our project, through the studies carried out, shows 

that these data are no longer valid, climate change having a significant impact. Therefore, the 

use of recent climate data is absolutely necessary. 

✓ The use of current climate data raises a new problem, namely the fact that average annual 

temperatures higher than 12oC are not included in the land evaluation methodology, neither 

at the level of the corrected temperature indicator, nor at the level of suitability coefficients, 

for the very simple reason that they did not occur in the years 1961-1990 when the 

methodology was developed. These values, not only are present at nowadays, but they occur 

on about a quarter of the country's surface. 

✓ Consequently, due to recent climate changes, there are areas in the country with high 

temperatures, but also with precipitation for which no suitability coefficients are defined in 

the current methodology. 

✓ The climatic data used by OJSPA soil scientists for the application of the land evaluation 

methodology come from the nearest meteorological station. If the studied commune is 

located in physical-geographical conditions different from those of the meteorological station, 

the question of the representativeness of the meteorological station for the study area arises. 

The most correct would be to use GIS data, therefore with continuous spatial distribution, but 

the way in which the methodology was conceived and in which it is applied makes this difficult. 

✓ Another methodological problem that we report is at the level of determining the hydrological 

reaction classes, based on which the soil permeability, necessary for the precipitation 



correction, was estimated. Our application resulted in the fact that these classes are not 

completely defined for the territory of Romania, there being combinations of soil type - 

erosion - texture that are not included in the respective table of the methodology. 

✓ An important aspect is the ability of the 2 climatic factors (mean annual temperatures and 

precipitations), used within the land evaluation methodology, to correctly quantify the climatic 

suitability for the different agricultural crops. The corrections applied to the climatic factors 

(for the slope and aspect, in the case of temperature and for the slope and soil permeability, 

in the case of precipitation) are very important and useful for a more realistic assessment of 

their influence on agricultural crops. However, the question arises, on the one hand, whether 

the 2 factors are sufficient, and on the other hand, whether the use of the annual average 

values is not too general for the assessment of suitability. In this regard, also considering the 

scientific literature from abroad, we consider that it would be useful to introduce other factors, 

such as the sunshine duration, relative humidity, extreme temperatures (minimum, 

maximum), drought indices, as well as their analysis during the vegetation period. 

Act 3.5 – Testing of different methods for factorsț aggregation 

The Romanian land evaluation system proposed by Teaci (1980) and adopted by ICPA (1987) 

is a quantitative multiplicative system, which means that the suitability of the factors (F1 ... F17) is 

expressed numerically (through suitability coefficients), and their aggregation, to obtain the final 

score, is done through the multiplication operation: 

Suitability index = 100 x F1 x F2 x ... x F17 

The application of the multiplication operation is justified by the fact that it takes into account 

the interaction between factors. That is, for example, if 2 factors are restrictive for a certain crop, their 

interaction should result in an even more severe restriction, because the individual restrictions are 

cumulative. This happens in the case of the multiplication operation. Let's assume that the two factors 

have values of 0.8 and 0.9. By multiplying them, the value of 0.72 results, which means a higher level 

of severity. The problem is that when we have a large number of factors, as is the case with the 

Romanian land evaluation system, the result can be questionable. We can imagine the situation in 

which all 17 grading factors have a value of 0.9, meaning they are suitable for land use type in question. 

However, if we multiply 0.9 by 0.9 17 times, we will obtain 0.167, which would practically mean 

unsuitable for the respective crop. Of course, this is a hypothetical situation, and in reality the chances 

that all factors will be different from 1 for a given crop are very small. However, the question arises 

whether this way of aggregation is the most appropriate given the large number of factors. 

The alternatives could be: 

• Square root method (Khiddir): 

𝐼𝐹 = 𝐹𝑚𝑖𝑛√∏ 𝐹𝑖

16

𝑖=1

  

where: IF is the suitability index, Fmin is the most restrictive factor, Fi are the other factors. 

Such an aggregation method highlights the influence of the most restrictive factor and reduces the 

cumulative influence of the other factors.  



• Factor category averaging method: this method involves calculating the arithmetic mean to 

determine the suitability of the factor categories (climatic, terrain, soil), then calculation of the 

final suitability by averaging the values achieved for the 3 categories. This aggregation method 

is applied in the viticultural potential evaluation methodology proposed by Irimia et al. (2014) 

• Number and intensity of limitations method: it is a qualitative method of aggregating factors 

that involves ranking them by severity levels and defining classes in terms of both the number 

of limiting factors and their intensity (e.g.: the moderate suitability class can be defined by the 

presence of both 3 moderate limitations and 5 weak limitations). 

Act 3.6 – Improvement of viticulture potential methodology by the addition of the soil factors used 

in the Romanian land evaluation methodology for grapevine 

In Romania, 2 main methodologies have been developed and applied for this purpose. The 

older one is the official land evaluation methodology developed by the National Institute for Soil and 

Agrochemical Research (ICPA, 1987), which is basically a soil-based methodology. It considers the 

influence of 17 factors, of which only 2 are climate factors, 4 are terrain factors and 11 are soil factors. 

The other methodology is much more recent, developed by Irimia et al. (2014), and it is basically a 

climate-based methodology. It considers the influence of 15 factors, of which 10 are climate factors, 2 

are terrain factors and 3 are soil factors. In our project we combined the 2 methodologies in order to 

achieve better results theoretically. Am testat mai multe combinații și maniere de integrare a 

categoriilor de factori (înmulțire, mediere). Modelul optim l-am selectat prin analiza suprafețelor 

claselor de favorabilitate în cadrul arealului viticol delimitat pe baza Corine Land Cover 2018. Astfel, 

modelul optim a inclus factorii climatici și de teren din metodologia propusă de Irimia et al. (2014), și 

factorii de sol din metodologia ICPA (1987), care au fost integrați prin operația de mediere. We 

included the climate and terrain factors of Irimia et al. (2014) and the soil factors of ICPA (1987) 

methodology in order to map the viticulture potential in Romania (livrable 14).  

The results show that about 40 % of the country has potential for quality white wines and only 

4.3 % has potential for quality red wines. Within the extent of viticultural areas, according to Corine 

Land Cover 2018, the dominant potential is also for quality white wines (about 69 %), while the 

potential for quality red wines is about 17 %. In relation to the major landform units of the country, 

the most extensive potential for quality red wines is found in the Moldavian Plateau (eastern Romania), 

Romanian Plain and Getic Plateau (southern Romania). Compared to ICPA, 1987) methodology, our 

assessment is much improved from a climatic point of view. Compared to Irimia et al. (2014) 

methodology, the spatial model of the viticulture potential achieved in our study is better in areas 

where soils have serious limitations for vine growing (eg. salinization, excess moisture). 

 

 

 

 

 

 



LIVRABLES 

Evolution of climate suitability for grapevine from 1961-1990 (left) to 1991-2013 (right) 

 

Evolution of viticultural ecologic potential from 1961-1990 (left) to 1991-2013 (right) 

 

Suitability transitions from 1961-1990 to 1991-2013 for grapevine 
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Predicted climate suitability for grapevine for 2041-2060 and 2061-2080 periods under RCP 4.5 and 

8.5 scenarios   
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Predicted viticultural ecologic potential for grapevine for 2041-2060 and 2061-2080 periods under 

RCP 4.5 and 8.5 scenarios 

Land suitability for vine resulted from the combination of climate - relief factors of Irimia et al. (2014) 

and soil factors of ICPA (1987)  
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RESULTS DISSEMINATION 

The results achieved in the project were disseminated as follows:  

• A number of 3 articles were sent to ISI journals: 1 is published, 1 is accepted, 1 is under evaluation: 

1. Patriche C.V., Roșca B., Pîrnău R.G., Vasiliniuc I., Irimia L.M., Digital mapping of land suitability 

for main agricultural crops in Romania, Agronomy, accepted, IF 3.3 / Q1, AIS 0.503 / Q1 

2. Pîrnău R.G., Roșca B., Patriche C.V., Tencariu F.A., Asăndulesei A., Archaeological soils as 

archive of pedogenesis and man-landscape interactions: Taxonomic issues and research 

challenges, Catena, under evaluation 

3. Irimia L.M., Patriche C.V., Petitjean T., Tissot C., Santesteban L.G., Neethling E., Foss C., Le 

Roux R., Quénol H.., Structural and Spatial Shifts in the Viticulture Potential of Main European 

Wine Regions as an Effect of Climate Change. Horticulturae, 2024; 10(4):413. 

https://doi.org/10.3390/horticulturae10040413 , IF 3.1 / Q1, AIS 0.383 / Q1 

A number of 8 scientific communications were held in 5 scientific manifestations: 

• The 45th World Congress of Vine and Wine, OIV, 14 - 18 October 2024, Dijon, France: 
1. - Patriche C.V., Irimia L.M., Complex evaluation of land suitability for viticulture in Romania 

using detailed climate - soil - terrain spatial data  
2. - Irimia L.M., Patriche C.V., Geographical distribution, environmental characteristics and 

valuation possibilities of the areas that have gained viticulture potential in Romania as a result 
of climate change 

• 37ème Colloque de l'Association Internationale de Climatologie, 19 - 22 Juin 2024, Paris, France: 
3. Patriche C.V., Irimia L.M., Roșca B., Pîrnău R.G., Vasiliniuc I. The impact of recent climate 

change on land suitability for agriculture in Romania 

• Centennial Celebration and Congress of the International Union of Soil Sciences,  IUSS, May 19-21, 
2024, Florence, Italy: 
4. Patriche CV, Roșca B, Pîrnău RG, Vasiliniuc I, Digital mapping of soil quality for agricultural 

purposes in Romania 
5. Roșca B., Patriche C.V., Pîrnău R,G., Vasiliniuc I., The impact of climate change on soil quality 

evaluation in Romania in the last 30 years 

• Simpozionul "Factori și Procese Pedogenetice din Zona Temperată", Ediția XXXIII, 2-6 octombrie 
2024, Piatra Neamț: 
6. Patriche CV, Roșca B., Pîrnău RG, Vasiliniuc I., Aplicarea metodologiei de bonitare a terenurilor 
agricole la nivelul României folosind tehnici GIS și date spațiale digitale de înaltă rezoluție 
7. Roșca B., Patriche CV, Pîrnău RG, Vasiliniuc I., Impactul schimbărilor climatice din ultimii 30 de 
ani asupra evaluării calității solurilor din România 

• A XXX-a Ediție a Simpozionului Internațional de SIG și Teledetecție: BACKUP GISRS SPRING EDITION, 
30 martie 2024, Universitatea “Alexandru Ioan Cuza” din Iași, Facultatea de Geografie și Geologie: 
8. Patriche CV, Roșca B, Pîrnău RG, Irimia LM, Vasiliniuc I, Evaluation of climate change impact 

on land suitability for the main crops in Romania 
 

A workshop was organized as part of the “Factors and Pedogenetic Processes from the Temperate 

Zone” Symposium, Edition XXXIII, 2-6 October 2024, Piatra Neamț, to disseminated and discuss the 

project results with interested people and institutions ((OJSPA, ICPA): 



• Patriche CV., Roșca B., Pîrnău RG, Vasiliniuc I., Irimia LM, Prăvălie R., ROCROP project: Modelling 

current and future land suitability for crops in Romania under climate change scenarios, PN-III-P4-

PCE- 2021-1350. Presentation of the final results. 

 

Project manager, 

 CS I dr. Patriche Cristian Valeriu 

 


