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Abstract 
 
It is known that meteorological parameters, among others, are highly determinant for the growth of the agricultural 
crops. On the other hand, vegetation indices computed on remote sensing data are widely-used for crop monitoring. In 
this paper we focus on temperature, one of the determinant meteorological parameters, and the Normalized Difference 
Vegetation Index (NDVI), the most used vegetation index. We use temperature and NDVI time series, the latter one 
computed based on Copernicus data. Based on the hypothesis that effect accumulations of temperature in time determine 
the plant age and growth and, implicitly, its vegetation status, we study the influence of temperature on NDVI and attempt 
to model it. We present a use case for the monitoring of two potato crops during the 2023 and 2024 seasons in Braşov 
area, Romania and formulate the conclusions. 
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INTRODUCTION 
 
It is currently estimated that the world 
population will increase from 7.5 to 9.7 billion 
by 2050 (Gu et al., 2021), resulting in a high 
demand of agricultural products and a high 
pressure on natural resources. Despite the fact 
that agriculture is still the major activity in many 
countries, we face a global decrease in both 
production and employment in agriculture. The 
solutions to boost productivity are agricultural 
investments and technological innovations 
(Godfray et al., 2010).  
In the context of Agriculture 5.0 (Ivanovici et 
al., 2024), Earth Observation (EO) data is 
widely used for the monitoring of agricultural 
crops. Nowadays remote sensing technologies 
provide support for precise agricultural 
operations at the scale of farmers’ fields, as well 
as to the management and strategic planning of 
agricultural production both at regional and 
national levels (Guo et al., 2017). EU 
Copernicus programme provides free EO data 
which can be used for various applications in 
smart agriculture (EU, 2014).  
We focused our research in an area situated in 
Brasov County, in the central part of Romania. 
The area is part of the region used to be called 

Potato Country in Romania, being renowned for 
its large areas cultivated with potatoes. 
However, in the last decade, due to climate 
change, the area cultivated with potatoes has 
dropped to approx. 25%. The potato (Solanum 
tuberosum L.) thrives in moderate temperatures, 
typically between 14°C and 22°C, and is 
sensitive to environmental changes during 
storage (Teper-Bamnolker, 2010). The suitable 
relative soil moisture content for potato growth 
and development is 55% to 85%, and the 
suitable temperature is 15°C to 25°C. The 
growth and development of potato plants under 
drought and high-temperature stress conditions 
are inhibited, and plant morphology is altered, 
which affects the process of potato stolon 
formation, tuberization and expansion, 
ultimately leading to a significant reduction in 
potato tuber yields and a remarkable degradation 
of the market grade of tubers, the specific 
gravity of tubers, and the processing quality of 
tubers (Fang et al., 2024). According to 
(Sánchez-Correa, 2024), optimal potato 
development occurs at temperatures between 
15°C and 20°C, with yields ranging from 12 to 
60 tons of tubers per hectare. However, 
observations show a decline in yield when the 
ambient temperature exceeds 24°C. This is due 



934

Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIV, 2025
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064  

to a combination of independent morphological, 
physiological and developmental issues. 
According to (Timlin, 2006), the optimum 
temperature for canopy photosynthesis is 24°C 
(but this decreases with the plant age) and the 
total biomass was highest at 20°C. However, the 
ideal temperature for potato crop may vary with 
plant growth stages (Singh, 2019). 
In this paper we use temperature and NDVI time 
series for the analysis of their relationship for 
two potato crops in Brasov area, Romania, in 
2023 and 2024. We build our model based on 
the hypothesis that the accumulations in time of 
temperature effects determines the plant age and 
growth and has impact on vegetation status, as 
observed through vegetation indices such as 
NDVI. The temperature impacts the entire 
potato plant (Lazarević et al., 2022). Based on 
the proposed model, we study the influence of 
temperature to the vegetation status indicated by 
NDVI computed on Copernicus data. We 
present the materials and methods, then we show 
experimental results, as well as a discussion, and 
conclude the paper.  
 
MATERIALS AND METHODS 
 
For the current study, we used Sentinel-2 data, 
more specifically, the satellite images were 
freely downloaded from the Copernicus browser 
(https://browser.dataspace.copernicus.eu/). In 
particular, we were interested in monitoring the 
evolution of potato crops belonging to the 
National Institute of Research and Development 
for Potato and Sugar Beet (NIRDPSB), Braşov, 
Romania (see Figure 1).  
 

 
Figure 1. NIRDPSB and the two potato crops of interest, 

Braşov area, Romania (source: Google Earth) 
 
With more than 60 years of experience, 
NIRDPSB plays an important role in the 

preservation of the potato heritage at the 
national level (Chiru et al, 2017). Through its 
activities, NIRDPSB promotes both 
fundamental and applicative research in the 
domain of potato and sugar beet cultivation. In 
Figure 1 we show a satellite view with the 
under-study potato crops for 2023 and 2024 
highlighted with red and blue, respectively, with 
respect to the location of NIRDPSB, for easy 
identification. For the two potato crops of 
interest, the time period of interest was from 1st 
May to 31st of August (122 days), both for 2023 
and 2024.  
In Figure 2 one can see the evolution of average 
daily temperature for 2023 and 2024, with a 
minimum of approximately 10ºC (both in 2023 
and 2024) and a maximum of 28ºC in 2023 and 
30ºC in 2024. The temperature readings were 
provided by the NMA Braşov-Ghimbav Station, 
located at approx. 3 km from the potato crops. 
 

 

 
Figure 2. The average daily temperature for 2023 (top) 

and 2024 (bottom) for the potato crops of interest 
 
From the Copernicus data we downloaded the 
NDVI product for the two corresponding potato 
crops, for 2023 and 2024, respectively. The two 
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original NDVI time series are depicted with 
black in Figure 3. One can notice that for some 
dates the NDVI values are erroneous, i.e. they 
exhibit very low values. These erroneous values 
were filtered out by using a morphological filter 
in order to produce a smoother variation of the 
NDVI – depicted with green. The filtering was 
applied both for the 2023 and 2024 time series.  
 

 

 
Figure 3. The NDVI time series for 2023 (top) and 2024 

(bottom) for the potato crops of interest 

 
In order to build our model, we considered the 
following observations. Potato develops best at 
approximately 20°C (Rykaczewska, 2015). An 
increase with 5°C above this optimum 
temperature causes a reduction in the 
photosynthetic rate with 25%, which ultimately 
affects biomass accumulation and, later, the sink 
activity (Obiero et al., 2019). Transitory or 
constant high temperatures cause an array of 
morpho-anatomical, physiological and 
biochemical changes in plants, which affect 
plant growth and development and may lead to 
a drastic reduction in economic yield (Wahid et 
al. 2007; Lal et al., 2022). These inhibitory 
effects occurred at all developmental stages 

(Van Harsselaar et al., 2021), including growth 
inhibition at the seedling stage (Daim and 
Zhangzz, 2018), decreased number of stolons 
and hindered tuber expansion, which resulted in 
lower yields, abnormal tuber morphology and 
fewer salable tubers (Liu et al., 2025).  
Based on these observations, we propose the 
following approach to perform the analysis of 
temperature influence on NDVI (see the block 
diagrams in Figure 4). The first block maps the 
daily temperature to the degree of influence of 
temperature to the overall vegetation status and, 
implicitly, NDVI, assuming a purely Gaussian 
model (in blue), similar to the ones seen in the 
literature. Alternatively, we propose the usage a 
piecewise linear model (in red), better matching 
the observations made above. The second block 
cumulates the degrees of influence over a 
specified period of time, significant for the 
process of plant growth. The resulting 
cumulated degree of influence is then correlated 
with the NDVI time series, resulting in the 
Pearson correlation coefficient ρ.  
 

 

 
Figure 4. The block diagram of the proposed approach – 

based on the Gaussian (top) and piecewise linear 
(bottom) model for the temperature degree of influence  

 
There exist several attempts to model the 
influence of the temperature for the 
development of the roots of plants. We make the 
assumption that such a model can be designed 
for the degree of influence of temperature to the 
overall vegetation status of the plants. 
Consequently, we assume a direct relationship 
between the degree of influence of temperature 
and the measured NDVI (as it is measured by 
means of remote sensing). For the degree of 
influence of temperature to NDVI, we 
considered a generic, symmetric Gaussian 
model, as the one depicted in Figure 5. This 
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choice was inspired by the existing models for 
other crops (Walne, 2022). We assume a 
symmetrical mapping of the range of 
temperatures from 0ºC to 40ºC to the [0,1] 
interval. The maximum degree of influence 
corresponds to a temperature of 20ºC. This 
particular choice was merely to have a starting 
base for experiments, the shape can be later on 
determined by experiments or by inverting the 
model. In red, we propose a piecewise linear 
model that better suits the observations made in 
the literature. 
 

 
Figure 5. The chosen Gaussian model for mapping the 

temperature to the degree of influence 
 
After mapping the daily temperature to the 
degree of influence, we further cumulate the 
degrees of influence over a time period 
significant to the plant development process. 
Basically, we compute a moving sum over N 
samples, as described in eq. (1): 

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑖𝑖𝑖𝑖) = ∑ 𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑖𝑖𝑖𝑖 − 𝑘𝑘𝑘𝑘)𝑁𝑁𝑁𝑁−1
𝑘𝑘𝑘𝑘=0            (1) 

The summation corresponds to the accumulation 
effects (e.g. of biomass) in the plant, as a direct 
consequence of the temperature to the plant’s 
growth processes.  
 
RESULTS AND DISCUSSIONS 
 
In Figure 6 we present the daily degree of 
influence of temperature dinfl computed for 2023, 
with thin blue line, which shows values from 0.2 
to 1 (for the Gaussian model) and from 0 to 1 
(for the piecewise linear model). The thick blue 
line corresponds to the averaged degree of 
influence over a period of 13 days, which 
roughly corresponds to two weeks. The 
noticeable difference is for the beginning of the 

season, when lower temperatures are impacting 
in different ways the plant’s growth. In Figure 7 
we show the same comparison for the year 2024. 
 

 

 
Figure 6. The degree of influence of temperature dinfl  

and for 2023. Gaussian (top) vs. linear (bottom) 
 

 

 
Figure 7. The degree of influence of temperature dinfl  

and for 2024. Gaussian (top) vs. linear (bottom) 
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In Figure 8 we show, for a qualitative compa-
rison, the normalized filtered NDVI time series 
(in blue) and the normalized cumulated degree 
of influence of temperature cum_dinfl (in green), 
when the Gaussian model is applied, the latter 
one being computed over three summation inter-
vals corresponding to 1, 2 and 3 weeks. One can 
notice a good resemblance between the NDVI 
time series and the cumulated degree of 
influence. However, differences may be due to 
the fact that influence of other parameters (such 
as solar radiation, precipitations, or soil-related 
parameters, as well as the occurrence of diseases 
that may affect the plants) was disregarded in 
this study.  
 

 

 
Figure 8. The normalized filtered NDVI time series (in 
blue) and the normalized cumulated degree of influence 
of temperature cum_dinfl (in green), Gaussian case, for 3 
summation intervals, for 2023 (top) and 2024 (bottom) 

 
One may notice that the choice of the size of the 
summation interval has some considerable 
impact on the shape of the curve. The analysis 
results for both 2023 and 2024 are shown. The 
resemblance of the curves is higher for 2024. 
The same comparison is presented in Figure 9 
for the case when the linear model is used, for 
both 2023 and 2024. Again, the choice of the 

size of the summation interval has a relatively 
small impact on the shape of the curve and the 
similarity of the curves is, again, higher for 
2024. 
 

 

 
Figure 9. The normalized filtered NDVI time series (in 
blue) and the normalized cumulated degree of influence 

of temperature cum_dinfl (in green), linear case, for 3 
summation intervals, for 2023 (top) and 2024 (bottom) 

 
Furthermore, we performed a comparison 
between the two models for the degree of 
influence of temperature (Gaussian versus 
piecewise linear). From a quantitative 
perspective, in Table 1 we show the values of 
the Pearson correlation coefficient ρ as a 
function of the choice of the length of the 
summation interval (N = 5, 7, 13 and 21 days) 
for the analysis performed for the 2023 crop, for 
the two cases – the Gaussian and the linear 
model. One can notice that the correlation 
coefficient increases with the increase of the 
summation interval, however the length of the 
interval should be chosen or determined to be 
pertinent to the plants’ growth processes. The 
values, however, indicate a relatively weak 
correlation for the Gaussian model and slightly 
larger for the linear model. In Table 2 we show 
the same comparison for the analysis performed 
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on the 2024 potato crop. We see higher values 
of the correlation coefficient for the analysis of 
the 2024 potato crop, indicating a stronger 
correlation between NDVI and the temperature 
influence. Both for 2023 and 2024, the proposed 
piecewise linear model led to higher correlation. 
Figure 10 compares normalized NDVI (blue) 
with normalized cumulative temperature 
influence over three weeks, showing both the 
Gaussian (green) and linear (magenta) cases for 
2023 and 2024. 
 

Table 1. The Pearson correlation coefficient ρ as a 
function of the number of samples N (the length of the 

summation interval) for the crop in 2023 
Cumulative sum over N =  5 days 7 days 13 days 21 days 

Pearson correlation coeff. 
(Gaussian model) 0.3669 0.3907 0.4384 0.4573 

Pearson correlation coeff.  
(Piecewise Linear model) 0.4770 0.4994 0.5416 0.5529 

 
Table 2. The Pearson correlation coefficient ρ as a 

function of the number of samples N (the length of the 
summation interval) for the crop in 2024  

Cumulative sum over N =  5 days 7 days 13 days 21 days 
Pearson correlation coeff.  
(Gaussian model) 0.5613 0.5977 0.6934 0.7701 

Pearson correlation coeff.  
(Piecewise Linear model) 0.7022 0.7357 0.8204 0.8745 

 

 

 
Figure 10. Normalized NDVI (in blue) and cumulated 
temperature influence over 3 weeks, for the Gaussian 

case (in green) and the linear case (in magenta), for 2023 
(top) and 2024 (bottom) 

One may notice that the difference between the 
Gaussian and the proposed piecewise linear 
models is better emphasized for the analysis 
performed on the 2024 data. 
 
CONCLUSIONS 
 
In this study we propose a model for the 
influence of temperature to the measured NDVI, 
as temperature is one determinant parameter for 
the plant growth processes. The proposed model 
is based on the hypothesis that the temperature 
has a certain degree of influence to the plant 
growth and that degree has, eventually, a 
cumulative effect on NDVI. We model the 
degree of influence of the temperature both as a 
Gaussian and a piecewise linear model. The 
proposed piecewise linear model better matches 
the observations made in the literature about the 
influence of temperature on the potato plant 
growth and vegetation status. 
We show experimental results for a potato crop 
in Brasov area, Romania, in 2023 and 2024. The 
cumulated degree of influence curve showed 
good resemblance to the NDVI curve and the 
computed Pearson correlation coefficient 
between the two showed that there is significant 
correlation between the two times series. 
Differences, however, may be due to the fact 
that we did not consider in our study the 
influence of other parameters which have also 
an important role in the development of plants. 
The proposed piecewise linear model showed 
better performance compared with the Gaussian. 
As future work, we consider including in our 
study other parameters such as soil moisture, 
solar radiation, precipitations etc. In addition, 
given the correlation between NDVI and the 
proposed cumulative degree of influence, we 
consider assessing the causality between 
temperature and NDVI time series.  
 
ACKNOWLEDGEMENTS 
 
This research work was carried out with the 
support of the European Union’s Horizon 
Europe research and innovation program, as it 
was financed from the AI4AGRI project entitled 
“Romanian Excellence Center on Artificial 
Intelligence on Earth Observation Data for 
Agriculture” under grant agreement no. 

101079136.  



939

Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIV, 2025
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064  

REFERENCES 
 
Chiru, S., Donescu, V., Bărăscu, N., Olteanu, G., 

Gherman, I., Chiru, N., Bădărău, C., Ștefan, M., 
Donescu, D., Hermeziu, M., Hermeziu, R., & Vulcu, 
N. (2017). 50 years of activity at the National Institute 
of Research and Development for Potato and Sugar 
Beet Braşov. In S. Chiru, G. Olteanu, & V. Donescu 
(Eds.), Lucrări Științifice, Anale, INCDCSZ Brașov, 
Volum Jubiliar, 50 de ani de activitate în cercetarea 
agricolă românească (pp. 9–37). https://potato.ro/wp-
content/uploads/2022/06/Anale-50.pdf 

Daim, K., & Zhangzz, L. (2018). Effects of high 
temperature stress on growth and some physiological 
indices of potato seedlings. Journal of Agriculture, 
8(9), 9–14. 

European Union. (2014). EU Regulation No. 377/2014 of 
the European Parliament and of the Council 
establishing the Copernicus Programme and 
repealing Regulation (EU) No. 911/2010. 

Fang, G., Yang, S., Ruan, B., Ye, G., He, M., Su, W., 
Zhou, Y., Wang, J., & Yang, S. (2024). Research 
progress on physiological, biochemical, and molecular 
mechanisms of potato in response to drought and high 
temperature. Horticulturae, 10(8), 827. 
https://doi.org/10.3390/horticulturae10080827 

Godfray, H. C. J., Beddington, J. R., Crute, I. R., Haddad, 
L., Lawrence, D., Muir, J. F., Pretty, J., Robinson, S., 
Thomas, S. M., & Toulmin, C. (2010). Food security: 
The challenge of feeding 9 billion people. Science, 
327(5967), 812–818. 
https://doi.org/10.1126/science.1185383 

Gu, D., Andreev, K., & Dupre, M. E. (2021). Major trends 
in population growth around the world. China CDC 
Weekly, 3(28), 604–613. 
https://doi.org/10.46234/ccdcw2021.160 

Guo, H., Liu, Z., Jiang, H., Wang, C., Liu, J., & Liang, D. 
(2017). Big Earth data: A new challenge and 
opportunity for Digital Earth’s development. 
International Journal of Digital Earth, 10(1), 1–12. 
https://doi.org/10.1080/17538947.2016.1264490 

Ivanovici, M., Olteanu, G., Florea, C., Coliban, R. M., 
Ștefan, M., & Marandskiy, K. (2024). Digital 
transformation in agriculture. In L. Ivașcu, L. I. Cioca, 
D. Boja, & F. G. Filip (Eds.), Digital Transformation 
(Vol. 257). Springer. https://doi.org/10.1007/978-3-
031-63337-9_9 

Lal, M. K., Tiwari, R. K., Kumar, A., Dey, A., Kumar, R., 
Kumar, D., Jaiswal, A., Changan, S. S., Raigond, P., 
Dutt, S., Luthra, S. K., Mandal, S., Singh, M. P., Paul, 
V., & Singh, B. (2022). Mechanistic concept of 
physiological, biochemical, and molecular responses 

of the potato crop to heat and drought stress. Plants, 
11(21), 2857. https://doi.org/10.3390/plants11212857 

Lazarević, B., Carović-Stanko, K., Safner, T., & Poljak, 
M. (2022). Study of high-temperature-induced 
morphological and physiological changes in potato 
using nondestructive plant phenotyping. Plants, 
11(24), 3534. https://doi.org/10.3390/plants11243534 

Liu, C., Li, Y., Liu, Y., Kear, P., Feng, Y., Wang, L., 
Wang, D., Luo, M., & Li, J. (2025). Effect of elevated 
temperature and CO₂ on growth of two early-maturing 
potato (Solanum tuberosum L.) varieties. Climate 
Smart Agriculture, 2(1). 
https://doi.org/10.1016/j.csag.2024.100034 

Obiero, C. O., Milroy, S. P., & Bell, R. W. (2019). 
Importance of whole plant dry matter dynamics for 
potato (Solanum tuberosum L.) tuber yield response to 
an episode of high temperature. Environmental and 
Experimental Botany, 162, 560–571. 
https://doi.org/10.1016/j.envexpbot.2019.04.001 

Rykaczewska, K. (2015). The effect of high temperature 
occurring in subsequent stages of plant development 
on potato yield and tuber physiological defects. 
American Journal of Potato Research, 92(3), 339–
349. https://doi.org/10.1007/s12230-015-9436-x 

Sánchez-Correa, M. del S., Reyero-Saavedra, M. del R., 
Jiménez-Nopala, G. E., Piña, M. M., & Ortiz-Montiel, 
J. G. (2024). High temperature effect on plant 
development and tuber induction and filling in potato 
(Solanum tuberosum L.). In M. Hasanuzzaman & K. 
Nahar (Eds.), Abiotic Stress in Crop Plants – 
Ecophysiological Responses and Molecular 
Approaches. IntechOpen. 
https://doi.org/10.5772/intechopen.114336 

Singh, B., Kukreja, S., & Goutam, U. (2019). Impact of 
heat stress on potato (Solanum tuberosum L.): Present 
scenario and future opportunities. The Journal of 
Horticultural Science and Biotechnology. 
https://doi.org/10.1080/14620316.2019.1700173 

Van Harsselaar, J. K., Claußen, J., Lübeck, J., Wörlein, 
N., Uhlmann, N., Sonnewald, U., & Gerth, S. (2021). 
X-ray CT phenotyping reveals bi-phasic growth 
phases of potato tubers exposed to combined abiotic 
stress. Frontiers in Plant Science, 12, 613108. 
https://doi.org/10.3389/fpls.2021.613108 

Wahid, A., Gelani, S., Ashraf, M., & Foolad, M. R. 
(2007). Heat tolerance in plants: An overview. 
Environmental and Experimental Botany, 61(2), 199–
223. https://doi.org/10.1016/j.envexpbot.2007.05.011 

Walne, C. H., & Reddy, K. R. (2022). Temperature effects 
on the shoot and root growth, development, and 
biomass accumulation of corn (Zea mays L.). 
Agriculture, 12(4), 443. 
https://doi.org/10.3390/agriculture12040443 

 




