Black Sea Journal of Agriculture
doi: 10.47115/bsagriculture.1536162

Open Access Journal
e-ISSN: 2618 - 6578

Research Article

Volume 7 - Issue 6: 641-645 / November 2024

DETERMINING THE EFFECTIVE METEOROLOGICAL
PARAMETERS ON POTATO YIELD IN NIGDE PROVINCE AND
YIELD PREDICTION WITH MACHINE LEARNING AND DEEP

LEARNING MODELS

Esma UZAN!, Cevher OZDENZ2*

1Cukurova University, Faculty of Agriculture, Department of Agricultural Economy, 01330, Adana, Tiirkiye
2Cukurova University, Vocational School of Karaisali, Department of Computer Technologies, 01330, Adana, Tiirkiye

Abstract: In this study, we explore the impact of meteorological parameters on potato yield in Nigde province, a key agricultural
region in Tirkiye for potato production. Understanding the relationship between weather conditions and crop yield is crucial for
optimizing agricultural practices and ensuring food security, especially in regions susceptible to climate variability. The study includes
all meteorological parameters observed and recorded in Nigde Directorate of Meteorology, covering the period between 1990 and
2023. Through the analysis of historical weather data and potato yield records, we aim to identify the most influential meteorological
factors affecting potato production. Then, artificial intelligence techniques such as Random Forest, Gradient Boost, Convolutional
Neural Networks and Recurrent Neural Networks are utilized to predict the potato yield in order to provide valuable insights into how
different weather patterns influence crop performance. The findings suggest that potato yield is correlated with meteorological
parameters to some degree and Al techniques can predict the potato yield but lacks the precision. The reason is that potato production
in Nigde is mostly done with irrigation. However, this further increases the risk that could result from the changes in groundwater
levels and pollution in irrigation ponds for agricultural practices in Nigde.
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the predictable rainy season and long growing season,
while yields are often less stable due to the
unpredictability of rainfall and the higher likelihood of
droughts in the semi-arid climate regions. Moreover, the

1. Introduction

The potato is one of the most important and versatile
crops in the world, it is rich in essential nutrients such as
carbohydrates, vitamins, and minerals. Potatoes act as a

crucial source of energy and has a significant place in
global food security. Their adaptability to different
growing conditions and ability to yield high production
even in challenging environments make them a vital crop
for sustaining populations, particularly in regions facing
food scarcity. Therefore, potatoes are considered as one
of the most important staple foods throughout the world
and Tirkiye. Nigde province is the largest potato
production center in Tiirkiye and has the highest share in
the country's potato production, and therefore, has a
strategic importance in potato production (Table 1).

Potatoes yield is reported as 2107 kg/da for world in
2022, while it is 3739 kg/da for Tiirkiye and 3855 kg/da
for Nigde (Faostat, 2022; TUIK, 2023). As Nigde is located
in the interior part of Turkiye and has semi-arid climate

limited and erratic rainfall can lead to crop failures,
especially if the rain arrives late or not at all.

Parameters such as temperature, rainfall, humidity and
sunshine duration play a critical role in crop production
in terms of both quality and quantity. Especially the yield
of subsoil crops such as potatoes is expected to be
directly related to these meteorological parameters.

In this regard, determination of meteorological
parameters that affect potatoes yield is important for
sustainability of regional agricultural practices. It will
also provide an insight into the mitigation alternatives to
be applied against the risks change.
Considering the potential impacts of climate change on
production patterns and yields in traditional agricultural
regions, study findings will provide an essential

of climate

characteristics, agricultural production is highly foundation for policies and water management
dependent on meteorological conditions. Mediterranean strategies.

climate enables product yields to be more stable due to
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Table 1. Potato production (ton) (Faostat, 2022; TUIK, 2024)

Nigde % of Tiirkiye Tirkiye % of World World
2013 512644 13,0 3955294 1,1 365918796
2014 618853 14,9 4166000 1,1 368940950
2015 674773 14,2 4760000 1,3 365059121
2016 892297 18,8 4750000 1,3 353617596
2017 835200 17,4 4800000 1,3 368590224
2018 732188 16,1 4550000 1,2 364017608
2019 716180 14,4 4979824 1,4 366801517
2020 689312 13,3 5200000 1,4 369381444
2021 575627 11,3 5100000 1,4 373787150
2022 679653 13,1 5200000 1,4 374777763

Another important contribution of the study will be the
comparative application of different Artificial Intelligence
models on potato yield prediction using the identified
parameters.

2. Materials and Methods

In the study, potatoes yield in Nigde between 1990 and
2023 is chosen as dependent (target) variable). The data
between 2004 and 2023 are obtained from the TUIK
website, while the data between 1990 and 2003 are
curated from Agricultural Structure and Production
Statistics Book published by TUIK (Figure 1).

The input variables consist of meteorological parameters
observed and recorded in Nigde Provincial Directorate of
Meteorology between 1990 and 2023. The parameters
contain a total of 31 different observation metrics and
are obtained from MEVBIS, official web site of Turkish

State Meteorological Service. 9 of the parameters are
excluded from the study as they contain missing series
and corrupted data that cannot be replaced. The
remaining 22 meteorological parameters are given Table
2.

In summary, monthly observations of 22 meteorological
parameters are curated, which sums to a total of 264
observations for each year between 1990 and 2023.
Some of the time series had zero observation during
certain months, such as snow height measurement
during summer period. These series have been excluded
from the study as they will produce NaN in the analysis
result. Furthermore, potato is planted during March-April
and harvested until early October; therefore, only the
months between March and October (154 observations)
are included in the study.
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Figure 1. Potato yield (kg/da) in Nigde (1990-2023).
Table 2. Meteorological parameters (1990-2023)
No Name No Name
1 Number of days with clear sky 12 Average soil temperature at 5 cm
2 Number of cloudy days 13 Average soil temperature at 20 cm
3 Number of days with frost 14 Average minimum temperature °C
4 Number of days with snow cover 15 Average daily maximum temperature
5 Number of days with snow precipitation 16 Average daily minimum temperature
6 Number of days with strong wind 17  Monthly average of daily total sunshine duration
Number of d ith i t ture 30°C and
7 umber of days with maximum temperature an 18 Average temperature °C
above
8 Maximum temperature 19 Monthly total precipitation mm
9 Monthly maximum precipitation mm 20 Average wind speed
10 Number of d ith mini t ture 5°C and
umber of days with minimum temperature an 21 Average humidity %
below

11 Minimum temperature 22 Number of days with precipitation
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Initially, correlation analysis has been performed to
establish the relationship between inputs and target
variables. The uncorrelated input variables are excluded
from the dataset. Principle Component Analysis (PCA) is
performed to see the possible components that could
represent the inputs and increase the efficacy of
correlation. Subsequently, Linear Regression, Random
Forest and Gradient Boosting methods have been
employed to predict the yield parameter using the inputs
and components determined in the previous stage. CNN
and RNN based deep learning models have been
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Figure 2. CNN model.
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Figure 3. LSTM based RNN model.

3. Results and Discussion

Firstly, correlations between meteorological parameters
and potato yield have been determined through
performing analysis
framework. Correlation coefficient (CC) ranges between -
1 (perfect negative correlation) and +1 (perfect positive
correlation).

correlation with  Scikit-learn

e 0.0-0.1: very weak and non-relation

o 0.1-0.3: weakrelation

e 0.3-0.5: medium relation

e (.5- 0.7: strong relation

e 0.7-0.9: very strong relation

e 0.9-1.0: perfect relation
Accordingly, absolute value of correlation coefficient is
below 0.1 for 27 out of 154 observations. The non-
correlated parameters are:

e Maximum Monthly precipitation mm Manual

(August)
e Number of cloudy days (April)

> reLU [¥

Conv 1D

developed for this purpose, as well. The general
structures of these models are given in the Figure 2.

The initial CNN model consisted of two Conv 1D layers
each followed by a max pooling layer and ReLU
activation, and two Fully Connected layers (Figure 2).
The second RNN model is based on Long Short Term
Memory (LSTM) architecture. It consisted of two LSTM
layers and one last fully connected layer (Figure 3).
Learning rate is set to 0.001, Adam optimization and
Mean Squared Error (MSE) functions are preferred for
training. Each model is trained for 100 epochs.
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e Number of days with a minimum temperature of 5 C
and below (April)

e Maximum temperature (June)

e Average humidity % (August)

e Number of days with clear sky (April)

e Monthly total precipitation mm (April)

e Monthly total precipitation mm (July)

e Minimum temperature (August)

e Average daily minimum temperature (May)

e Average minimum temperature (May)

e Monthly average of total daily sunshine time
(September)

e Monthly average wind speed (March)

e Monthly maximum precipitation amount mm (July)

e Average minimum temperature (April)

e Average daily minimum temperature (April)

e Monthly maximum precipitation amount mm
(October)

e Number of cloudy days (May)
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e Monthly total precipitation mm (September)

e Number of rainy days (July)

e Average minimum temperature (June)

e Average daily minimum temperature (June)

e Average daily minimum temperature (October)

e Number of snowy days (May)

o Number of days with strong wind (October)

e Monthly maximum precipitation amount mm (April)

e Monthly average wind speed (October)

The correlation coefficient is slightly over 0.6 for only
one parameter (Monthly average of total daily sunshine
time -October), which is followed by Average Relative
Humidity (June) and Number of Days with Frost (March).
Average Soil Temperature (-20cm) parameters (August-
September-June) are negatively correlated with potatoes
yield, and the absolute coefficient changes between 0.3-
0.4 for most of the other parameters (Figure 4). The
results indicate that meteorological conditions have only
somewhat important but not decisive effects on potato
yield in Nigde.

R-square is a statistical metric that gives the proportion
of the variance in the dependent target variable
explained by the independent variables employed in the
model. It changes between 0 and 1. If R-square is 0, it
means that the model explains none of the variance and
provides no useful information for prediction. On the
other hand, if R-square is 1, it means that the models can
explain all of the variance and provides perfect
information for prediction (Shanmugavalli and Ignatia,
2023). The interpretation of this metric is highly
depended on the field of research. It is expected to be
above 0.9 for research fields where precise prediction is
required like physics and mathematics, while the values

Top 20 Correlations with Output (Column 301)

between 0.5-0.7 may be found acceptable in social
sciences and the values between 0.3-0.5 could be
reasonable for studies that contain chaotic data such as
human behavior.

In this study, the highest r-square (0.678) is obtained
with CNN Deep Learning model, followed by Gradient
Boosting (0.542). Both values are acceptable to some
degree considering the chaotic nature of weather data.
Despite this fact, the models cannot provide precise
prediction for potato yield, which indicates that potato
production in Nigde is not so much dependent on
weather. In fact, potato production is mostly done with
irrigation (Sen and Gungor, 2019). In the past 20 years, a
number of Ponds have been built in the region (Kocalar,
2022) and many projects have been instigated to
increase effective use of water. Potato production has
always been profitable in Nigde; however, a recent study
reports that absolute and relative profitability degrees
have shown a tendency to decrease with the increase in
production costs (Karsan and Gul, 2017). Dams are
crucial for water resource management. They provide a
stable water supply and when precipitation patterns are
becoming increasingly unpredictable, dams can store
water during periods of excess rainfall and release it
during droughts, which helps to maintain a reliable water
supply (Selek et al,, 2016). Kocalar (2022) reported that
water scarcity is increasingly spreading in the region and
the groundwater level in Nigde province has been falling
to much lower levels each year. Moreover, there are
increasing signs of pollution in the irrigation ponds
caused by industry and construction, which threatens
agricultural practices in the Nigde.

Top 20 Negative Correlations with Output (Column 301)
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Figure 4. Top 20 positive and negative correlations.

Table 3. Yield estimation analysis results

)
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Input Columns

Metrics  Linear Regression = Random Forest  Gradient Boosting CNN Deep Learning RNN Deep Learning
MAE 125.83 127.67 82.98 79.39 109.67

MSE 35570.43 30401.47 39613.09 24821.38 29647.39

R2 0.202 0.318 0.542 0.678 0.481
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4. Conclusion

The study includes all meteorological parameters that
have been observed in Nigde province and covers a long
period of time (33 years). In this regard, the study is
quite comprehensive. We have found that potatoes yield
is positively such meteorological
parameters as Sunshine duration and relative humidity
and negatively correlated to soil temperature at 20 cm
depth. However, the absolute correlation coefficient
mostly changes between 0.3 and 0.4 for most of the
parameters. This restricts the performance of models in

correlated to

predicting potatoes yield. The reason is that potatoes
production is heavily dependent on irrigation in the
region. However, the recent findings of other studies
producers in the regions could not find enough resources
of irrigation in the near future as it is today because the
groundwater resources recede to deeper levels each
year, which could result in sinkholes that are seen in
Konya a neighboring province to Nigde. Furthermore,
irrigation ponds built in the regions are threatened by
the pollution caused by industry and construction. Green
deal agreement is another possible threat to potatoes
producers. Water footprint is an important component of
the agreement, and certain restrictions could be posed if
the irrigation improved and
ameliorated in the Nigde. Climate change will make the
endeavors even harder in the future because the

resources are not

projections show severe drought in the region.
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