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Abstract

Drought, hail, floods and heavy rains are and will represent the biggest problems that the agricultural sector will
have to face due to climate change. Moldova is experiencing significant climatic variability, affecting agricultural
productivity. Main agricultural crops are vulnerable to climate change. In this research, the vulnerability of main
agricultural crops as wheat, maize and sunflower will be assessed to changes in factors as precipitation (drought),
temperature fluctuations, and sown area. A polynomial regression model was applied. The dataset for 2007-2023
included annual yield, average temperature, precipitation level, and sown area for selected crops in the Republic of
Moldova. To assess the impact of drought on the yield of particular crops, various scenarios with decreased
precipitation level (20, 40 and 60%) were applied. Combined effects of drought, temperature and area was applied
to simulate changes in yield for selected crops. The polynomial regression model was used to forecast the
corresponding yields of wheat, maize, and sunflower after adjusting for precipitation, temperature, and area for
each scenario. A heatmap was used to visualize the predicted yields of selected crops across different combinations
of drought levels and temperature changes. - The results show that while temperature and precipitation effects differ
by crop type, sown area is a major positive determinant of crop yields. Higher temperatures and drought conditions
worsen yield declines, especially for wheat and maize, but under certain circumstances, cooler temperatures and

mild drought might increase sunflower yields.
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INTRODUCTION

Moldova’s agricultural sector is important to
economic development due to its contribution
to GDP and providing employment to one
third of population. Nevertheless, due to
climate change it becomes more and more
vulnerable to the effects of frequent droughts,
temperature variability and changes in
precipitation level. Obviously, these negative
climate change effects impact agricultural
productivity and yield, imposing challenges to
food security and wellbeing of people living
in rural areas [3, 9].

Different research results shows that extreme
weather has a negative impact on crops
productivity, particularly for crops as winter
wheat or corn [10, 11]. According to studies,
depending on drought severity, crops yield
can be affected by a reduction of 10 to 50
percent [1]. These can be caused by an
increase of temperature by 2 to 5 degree
Celsius, imposing more challenges for farmers

and requiring adapted mitigation efforts.
Combined effects of heat stress and water
scarcity will impact significantly on crop
yields for similar regions as Moldova [8].
Different modelling techniques are used to
assess the climate change impact on
agricultural crops. Usually, factors as
precipitation level, temperature variations and
CO. concentration are used to forecast
different yield scenarios in various models.
Crop vyields are particularly sensitive to
drought and other climate changes. Lower
precipitation levels will negatively impact
yield, under severe drought conditions, thus is
important to include drought simulations into
models to assess crops vulnerability [7].
Studies suggest that extreme droughts can
decrease vyields in crops as maize and
sunflower by 40 percent, accentuating the
vulnerability of some crops to water stress
[10].

Different studies suggest that addressing
climate change issues require specific adapted
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mitigation measures [7, 8]. These solutions
must be adapted and tailored for specific
zones problems. To ensure productivity
growth and stable food security, innovations
in technology as precision agriculture and
process-based crops modelling might be used.
Grigoras et al [5] suggests the use of different
practices to improve soil moisture retention
and boost crop resilience as reduced tillage
and crop residue retention. This measure
could be also adapted for Moldova’s
agricultural sector as a measure to increase
sustainability in  conditions of climate
vulnerability.

The aim of this paper is to assess the yield
vulnerability of main agricultural crops as
wheat, maize and sunflower to climate
changes factors.

MATERIALS AND METHODS

Moldova, like many other countries, is
experiencing significant climatic variability,
affecting agricultural productivity. Main
agricultural crops are vulnerable to climate
change. In this study the vulnerability of main
agricultural crops as wheat, maize and
sunflower will be assessed to changes in
factors as precipitation (drought), temperature
fluctuations, and sown area.

Different studies suggest that statistical and
machine learning models to forecast yield
under various climate change factors can be
used [2, 4, 6, 7, 13]. Some machine learning
methods focus on explaining nonlinear
relationships between yield and temperature,
precipitations [2]. Other studies applied fuzzy
logic and regression models for crop yield
predictions, by determining the direct
combined effects of temperature and
precipitation level on vyield outcomes [4].
Among regression-based models, polynomial
regression is considered efficient for
modelling nonlinear relationships between
yield and temperature, precipitation, area,
based on historical trends to forecast yield
outcome [6].

A polynomial regression model was applied
to capture nonlinear relationships between
yield and the independent variables
(precipitation, temperature, and area). The
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model also included interaction terms
(temperature X precipitation) to account for
combined effects of these variables.

Yield=p0+p1 -Area+p2 -Temperature+f3 Prec
ipitation+p4 (Temperature?)+f5 (Precipitatio
n?)+p6 «(Temperature x Precipitation)+¢e

where:

Yield is the dependent variable in the model,
while area, temperature and precipitation level
are the independent variables.

Temperature? shows the nonlinear effect of
temperature on yield, accounting for scenarios
where temperature variations beyond an
optimal range may negatively affect crop
yield.

Precipitation? shows the nonlinear effect of
precipitation, considering cases  where
excessive precipitation level could affect crop
yield.

Temperature X Precipitation - represents the
combined effect of temperature and
precipitation on vyield. This allows the model
to assess whether the impact of one variable
depends on the level of the other (e.g., high
temperatures may exacerbate or mitigate the
effects of precipitation).

B0, B1, B2, B3, P4, 5, p6 — coefficients.

€ - represents the random error in the model,
capturing variability in yield not explained by
the independent variables.

The model was fitted using historical data,
minimizing the residual sum of squares
between observed and predicted yields.

The dataset for 2007-2023 included annual
yield, average temperature, total precipitation,
and sown area for selected crops in the
Republic of Moldova.

To assess the impacts of drought on wheat
yield, we focus on various scenarios where
precipitation decreases significantly and
assessing occurred changes in yield for wheat,
maize and sunflower crops. Thus, a decrease
in precipitation by 20%, 40%, 60% compared
to the average is examined. Based on this,
yield under these reduced precipitation levels
while keeping temperature and area constant
at their average values is forecasted and the
change in yield for each level of precipitation
reduction is quantified.
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To evaluate the combined effects of drought,
temperature, and area, yield was simulated
under various scenarios representing changes
in these variables. First scenario involves
drought simulation, which supposes that
precipitation level was reduced by 20, 40 and
60 percent from average, for mild, moderate
and severe drought case.

Second  scenario  implies  temperature
adjustment, by -1°C, 0°C, and +1°C to
simulate cooler, stable, and warmer possible
climate variations.

Last scenario applies changes in sown area
between +10 and -10 percent variation to
examine its impact on yield.

For each scenario, precipitation, temperature,
and area values were adjusted, and the
polynomial regression model to predict the
corresponding wheat yield was used.
Interaction terms, such as temperature and
precipitation, were included to capture how
the combined effects of these variables
influence vyield. In certain cases, higher
temperatures may stimulate yield loss during
drought conditions.

A heatmap to visualize the predicted yields
across different combinations of drought
levels and temperature changes was used. The
x-axis of the heatmap represents different
drought levels, quantified as percentage
reductions in precipitation from the historical
average. The y-axis shows temperature
changes in degrees Celsius (°C). The cell
values represent the predicted crops yield for
each scenario.

RESULTS AND DISCUSSIONS

In the Republic of Moldova in recent years,
agriculture, especially crop production, has
been affected by climate change, often by
droughts (once every 3-10 years). According
to the State Hydrometeorological Service, the
2007 drought was one of the most severe in
the history, affecting over 80 percent of the
area, with losses of over 1 billion US dollars.
In the same time, the drought in 2020 caused a
27.1 percent drop in global agricultural output
and the loss of about 20 percent of jobs.

Crop production is exposed to natural risks,
such as: natural disasters, frequent
temperature fluctuations, pest attack, irregular
rainfall and humidity, erosion, etc., which in
turn affect the productivity of agricultural
products and influence the farmers economic
activity.  Climate change can affect
agricultural production and have a significant
impact on the country's economy. Climate
instability is one of the main causes of
unstable harvests and poses a risk to the
development of plant technology, the most
vulnerable sector in agriculture. With the
significant decrease in harvests, the low
efficiency of their cultivation imposes
questions regarding food security stability.
The dynamics of the sown areas in Moldova
reflect the adaptive responses of the
agricultural sector to both market and climatic
challenges. Climate changes, as frequent
droughts and temperature fluctuations, has
significantly influenced agricultural output,
causing farmers to reallocate land to more
resilient or profitable crops. These changes
are not only a reaction to climate change but
also  reflect broader economic and
technological developments in the agricultural
sector.

Figure 1 illustrates these changes through of
the sown areas fluctuations for the main
agricultural crops in the period 2007-2023,
providing a more precise description of the
evolution of the crop production sector in
Moldova.

Analysing the dynamics of the areas sown
with main crops, there is an increase in the
sown area of the following agricultural crops
in 2023 compared to 2007, namely: cereals
and grain legumes total by 15 thousand
hectares or 1.5%, total wheat by 57 thousand
hectares or 18%, corn for grains by 20
thousand hectares or by 4.2%, sunflower by
158 thousand hectares or by 67.5% (Fig.1).
The areas sown with sugar beet decreased by
67.6% in 2023 compared to 2007, tobacco by
93.3%, soybeans by 50.9%, potatoes by
34.2%. Analysing the total areas sown with
crops, we observe an increase of 174.3
thousand hectares in 2023 compared to 2007.
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Fig. 1. Area dynamics of main sown crops in Moldova
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Source: own design based on the data from National Bureau of Statistics [12].

The drought of 2007 had a considerable
impact on global agricultural output, being
classified as the most catastrophic in history,
affecting over 80% of the territory of the
Republic of Moldova. If in 2007 the global
agricultural output amounted to 12,825
million MDL, in 2021 the size of this
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Fig. 2. Yield dynamics of main sown crops

indicator increased 3.2 times, amounting to
41,017 million MDL.

The share of crop production in total global
agricultural output increased by 11.6% in
2023 compared to 2007. Climate change had a
considerable impact on yield of main
agricultural crops (Fig. 2)
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Source: own design based on the data from National Bureau of Statistics [12].

The dynamics of the production of the main
agricultural products is constantly changing,
we notice that such crops as: cereals and grain
legumes, including wheat, corn for grains and
sunflower have registered a considerable
increase from 2007 to 2023 (Fig. 2). A record
harvest was obtained in 2021 for wheat 1565
thousand tons, 1158 thousand tons more than
in 2007, corn grains 2793 thousand tons, 2430
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thousand tons more than in 2007, sunflower
960 thousand tons, 804 thousand tons more
than in 2007 and fruits, nuts and berries
registering 876 thousand tons in 2021, 599
thousand tons more than in 2007. Analysing
the total global agricultural output in 2023,
the total harvest amounted to 9,136 thousand
tons, 5,356 thousand tons or 241.6% more
than 2007. Over the years, sugar beet harvest
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decreased by 184 thousand tons in 2023
compared to 2007, in tobacco by 3.7 thousand
tons. However, the year 2021 is considered as
the best harvest year within the last 30 years
for Moldova.

Climate change had impacted significantly
crop yields in Moldova. To assess the impact
of climate change factors as temperature and
precipitation level on crops yield a regression
was performed. Thus, yield was considered as
determinant factor, while sown area, average
temperature and precipitation level were main
factors on influence (Table 1).

Table 1. The influence of different factors on yield for
selected crops

Y R R Eactors of Beta coefficient
squared influence
wheat
Area 113.06
V\‘(’!‘e‘izt 083 | 066 | Temperature 1,567
Precipitations -10,967.79
maize
Maize Area 1,061.551
Yield 0.85 0.73 TerT!p(_erat'ure —61,617,030.63
Precipitations 196,311.63
sunflower
sunflower Area 907,430.7
Yield 0.75 0.56 Tem_pgrat_ure -1,756,753
Precipitations —382,065.2

Source: own calculations.

The analysis of different factors as sown area,
annual average temperature and precipitation
level on wheat yield shows a regression result
of 0.83 for wheat, indicating a moderate-to-
strong relationship (Table 1). The results of R
squared is 0.66, which indicates that
approximately 66.17% of the variation in
wheat yield is explained by the applied model.
Among the influencing factors, the sown area
has a positive effect on wheat yield, as an
increase in the sown area leads to a
corresponding rise in yield. However,
temperature and precipitation levels do not
appear to have a significant impact on wheat
yield. Specifically, temperature does not show
a statistically significant effect on yield
outcomes. However, the negative coefficient
suggests that higher temperatures might
slightly reduce yield. Precipitation does not
have a statistically significant impact on
wheat yield.

For maize crops, about 73% of the variance in
maize yield is explained by the polynomial
regression model (Table 1). There is a positive

contribution of sown area to maize yield, thus
for every one-unit increase in the area sown,
maize vyield increases by approximately
1,061.55 units, assuming other variables
remain constant. Similarly, a large positive
effect is observed in relation to precipitation
level, for every mm more of precipitation,
maize yield increases by 196,311.63 units,
assuming other variables remain constant.
Regarding temperature, there is negative
coefficient, thus for every one-degree Celsius
increase in average temperature, maize yield
decreases by approximately 61.6 million
units, holding other factors constant.

In case of sunflower there is 56.1% of the
variability explained by the model, while
43.9% of the variability is due to other factors
not included. As the standardized sunflower
sown area increases by one unit, sunflower
yield is expected to increase by approximately
907,430 units, holding other variables
constant.

This indicates a strong positive relationship
between sown area and yield, as expected in
agricultural production.

However, when temperature and precipitation
increases by one standard deviation,
sunflower yield decreases by about 1,756,753
and 382,065 units, considering all other
factors constant.

This suggests that higher temperatures and
excess precipitation level within the observed
range negatively impact sunflower vyield
(Table 1).

As drought levels increase (moving from left
to right), wheat yield declines significantly. At
a constant temperature (zero degree Celsius),
the yield drops from 5,507,416 q at 20%
drought to -2,955,453 q at 60% drought (Fig.
3).

At smaller temperatures, yields are generally
higher across all drought levels. This suggests
that cooler conditions mitigate some of the
negative impacts of reduced precipitation.

At warmer temperatures, yields are lower
compared to no temperature change (0°C),
highlighting the negative effects of heat on
wheat under drought.
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Fig. 3. Heatmap illustration of combined effects of
temperature and drought on wheat yield
Source: Own calculations and processing.

The most severe yield reductions occur when
high drought levels are combined with
warmer temperatures.

At 60% drought and +1°C, the yield drops to
987,231 q, compared to 2,299,099 q at 0°C
for the same drought level.

The combination of higher drought and
warmer temperatures has a multiplicative
negative effect, as seen in the severe yield
reductions under these conditions.

As drought levels increase from 20% to 60%
(left to right on the horizontal axis), maize
yield declines significantly.

This decline is particularly pronounced under
warmer temperature conditions (+1).

At lower temperatures (—1o), yields are
consistently higher across all drought levels,
demonstrating the mitigating effect of cooler
conditions on the adverse impacts of reduced
precipitation (Fig.4).

At cooler temperatures, maize yields are the
highest, even under severe drought conditions
(60%).

This demonstrates the capacity of cooler
climates to alleviate water stress and reduce
heat-related impacts on maize growth.

At stable temperatures, yields decline more
gradually with increasing drought levels,
showing that reduced precipitation becomes a
significant limiting factor in the absence of
heat stabilizing effects (Fig. 4).
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Fig. 4. Heatmap illustration of combined effects of
temperature and drought on maize yield
Source: Own calculations and processing.

At warmer temperatures, the negative effects
of drought are amplified. Severe drought
conditions (60%) lead to negative yield
reductions, demonstrating the compounded
stress of high temperatures and low
precipitation level.

At 20% drought, yields remain relatively
stable across temperature changes, with the
highest yields occurring under cooler
conditions. At 40% drought, yields begin to
decline more noticeably. Under warmer
temperatures, maize yields drop to 1,796,063
g compared to 2,398,919 q under cooler
conditions. At 60% drought, maize yields are
lowest across all temperature scenarios. The
combination of severe drought and warmer
temperatures results in yields decreasing to -
3,705,572 ¢, demonstrating the mixed effects
of heat and low precipitation level.

The heatmap shows that sunflower yields are
highly sensitive to increasing drought levels
and temperature changes. Warmer
temperatures tend to amplify the impact of
drought, while cooler temperatures mitigate
some of the yield losses caused by reduced
precipitation (Fig. 5).

For sunflower, in case of mild drought (20%),
yields remain relatively stable under all
temperature conditions. At cooler
temperatures, yields reach 6,837,873, while at
warmer temperatures, Yyields increase to
8,293,529.
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Fig. 5. Heatmap illustration of combined effects of
temperature and drought on sunflower yield
Source: Own calculations and processing.

This suggests that sunflower growth may
benefit slightly from mild drought under
warmer conditions. In case of moderate
drought sunflower yields start to show
significant declines, especially at cooler
temperatures where yields drop to -2,359,147.
Under constant temperature, yields remain
positive at 126,849, and under warmer
conditions, yields improve to 6,144,391,
indicating that higher temperatures may
partially compensate for moderate drought
stress.

Severe drought of has the most devastating
effect on sunflower vyields. At cooler
temperatures, yields fall  considerably,
showing the catastrophic impact of extreme
water scarcity.

Under stable and warmer (+1) conditions,
yields are slightly less negative, reaching,
suggesting that warmer temperatures mitigate
losses to some extent but cannot offset the
severe impact of drought.

CONCLUSIONS

The analysis of wheat, maize, and sunflower
yields reveals varying impacts of sown area,
temperature, and precipitation. For wheat, the
regression model explains 66.17% of vyield
variation, with sown area exerting a strong
positive influence, while temperature and
precipitation show minimal and statistically
insignificant effects. Maize yield variation is
73% explained by the model, with sown area
and precipitation contributing positively,
while temperature has a significant negative

impact. For sunflower, 56.1% of vyield
variability is attributed to the model, with
sown area positively influencing vyield,
whereas temperature and  precipitation
increases negatively affect yield. Overall,
sown area consistently exhibits a significant
positive impact across all crops, while
temperature and precipitation effects vary
depending on the crop.

The research results the significant impact of
drought and temperature on crop Yyields,
emphasizing the varying sensitivities of
wheat, maize, and sunflower to these
stressors. Wheat yields decline markedly with
increasing drought severity, particularly under
warmer temperatures, where the combination
of high drought and heat has a multiplicative
negative effect. Cooler temperatures mitigate
some of the drought impacts but cannot fully
offset severe water scarcity. For maize, yields
similarly decline with increasing drought,
with cooler temperatures alleviating water
stress and heat amplifying drought-related
losses. Severe drought coupled with higher
temperatures results in the steepest vyield
reductions. Sunflower vyields are highly
sensitive to both drought and temperature
changes, with moderate drought showing
mixed effects where warmer conditions
partially mitigate yield losses. However,
severe drought causes catastrophic yield
declines across all temperature scenarios,
though warmer conditions slightly reduce the
severity of these losses. Overall, the results
suggests the importance of cooler temperature
regimes in moderating drought impacts and
the compounded stress caused by the
combination of high temperatures and severe
drought.
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