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Abstract

Climate change is considered a serious threat by increasing the occurrence
of extreme weather conditions such as heat waves and drought. This study
investigates the effect of these extreme climate profiles on grape yield in the
main grape growing areas in Khorasan Razavi province. By analyzing
weather data along with grape yield records, this research identifies the
phenological stages that are more exposed to limit profiles. The aim of this
article is to understand how extreme climate profiles affect grape yield in
Khorasan Razavi Examining the limit profiles showed that the driest region
in Khorasan Razavi province is with 151.35 days in Kashmir and the wettest
station in this study is Quchan with 84.35 days. The average maximum
temperature in the three investigated stations showed that the maximum of
this index was 25.25 degrees Celsius in Sabzevar and the minimum was
calculated to be 19.69 degrees Celsius in Qochan. Stepwise regression
analysis has shown that the percentage of days with maximum temperature
less than tenth percentile (TX10P), consecutive wet days (CWD), number of
days with heavy (R10mm) and very heavy (R20mm) precipitation, the range
of diurnal changes Temperature (DTR), heat wave index (WSDI) and
number of frost days (FD) are the most important indexes that influence
grape yield. In general, the yield prediction model in terms of tons per
hectare based on the threshold profiles affecting grape yield in selected
stations of Khorasan Razavi province has had satisfactory results. So that the
coefficient of determination in Kashmer station is calculated as 0.88, which
shows that the produced regression model has high coefficients. The
findings of this study showed that by reducing the negative effects of
extreme climate profiles, the sustainability of grape production can be
guaranteed and the future of the well-known viticulture industry of Khorasan
Razavi can be preserved.
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1) Introduction
Investigating the role of climatic extreme variables on grape yield can provide a valuable insight into

the sensitivity of specific grape varieties cultivated in the region to heat waves, drought and other
extreme phenomena. There is an urgent need for research on the effect of extreme climatic variables on
grape yield. Khorasan Razavi region has a continental climate with hot and dry summers and relatively
cold winters. Current research on climatic extremes and grape yield may not be directly applicable to
Khorasan Razavi. Factors such as the specific types of cultivated grapes, local soil conditions, and
historical climate conditions necessitate the need for regional research. Also, viticulture plays a vital
role in the economy of Khorasan Razavi. Understanding the impact of climate extremes on grape yield
is essential for developing adaptation strategies to ensure the sustainability and profitability of the grape
industry.Climatic factors play a significant role in the performance of grapes, such that temperature,
rainfall and water availability are key determinants in the performance of this product.

2) Materials and Methods
Study area

The present research was conducted in Khorasan-Razavi province, focusing on three key grape-growing
regions, including Qochan, Sabzevar, and Kashmer. The general climate of Khorasan Razavi province
is considered continental, with hot and dry summers and cold winters. Due to the topographic diversity
throughout the province, there are climatic differences between the regions, and these differences are
evident in the three investigated stations. These three stations or three geographic regions in North-
Eastern Iran are major grape growing areas. And it includes an important part of the economy of these
three regions.

Research data
Data of synoptic meteorological stations

This study has used daily meteorological data for three stations of Qochan, Sabzevar and Kashmer.
These data included minimum temperature, maximum temperature and precipitation. All the data are
obtained from the Meteorological Organization of the country. The statistical period of the data used is
a period of 30 years (1991-2020)

Grape yield data

The second data set included grape yield data for the respective stations. These data were obtained from
the Agricultural Jihad Organization of Khorasan Razavi Province. These data were used in the
regression equation.

Research Methodology
Identification of extreme climate profiles

This study has been used to identify and describe extreme climate profiles from the standardized
indicators developed by the team of experts in climate change diagnosis and indexing (ETCCDI).
Daily meteorological data (minimum temperature, maximum temperature and precipitation) for the
desired stations (Qochan, Sabzevar and Kashmer) were used to calculate selected ETCCDI indices
during the study period. By using ETCCDI standard profiles and appropriate data analysis techniques,
the final goal of this research is to achieve a comprehensive understanding of the characteristics of
climatic limit profiles in grape growing areas in Razavi Khorasan province. This information is
critical to assess the potential impacts of climate change on grape production in this region.

Multiple regression analysis
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Multiple linear regression analysis has been used to investigate the effect of climatic variables on
grape yield. This statistical technique allows to model the relationship between a dependent variable
(in this case, grape yield) and several independent variables (such as minimum temperature,
maximum temperature and precipitation). The model is as follows:

Y =Bo+ BiXa + B2Xo+ B3Xs + & (1)

In this relation, Y represents the dependent variable (grape yield performance), X1, X2 and Xs represent
the independent variables, Bo represents the starting coefficient (the predicted value of Y when all
independent variables are zero), B, B2 and 3s represent the coefficients are regressions that quantify the
individual effect of each independent variable on Y and € represents the error that represents
unexplained variation in the model (Stolzenberg, 2004).

3) Results

Investigating the changes of precipitation limit profiles in selected stations of Khorasan Razavi province

Rainfall in Khorasan Razavi province has a lot of variability. The maximum of this profile is 311.13
mm in Qochan station and the minimum of this profile is 175.61 mm in Sabzevar. Based on the obtained
results, the highest days with heavy rain in these three selected stations in Khorasan Razavi province
were calculated with 10.70 days in Qochan station. After Qochan, Kashmir has the most consecutive
wet days with 6.16 days among the selected stations in Khorasan Razavi province in this research.
Finally, with 5.93 days of heavy rain, Sabzevar has the least number of days with heavy rain. Most of
the days with heavy and very heavy rains in Khorasan-Razavi province occur at Qochan station, which
is expected to cause more flooding in this region of the province than in other regions of the province.

The intensity of daily rainfall in Kashmer and Qochan stations is very close to each other. So this profile
is 32.6 mm/day in Qochan and 33.6 mm/day in Kashmir. The value of the daily rainfall intensity index
in Sabzevar is also calculated to be 5.78 mm/day. The high amount of daily rainfall intensity profile in
Kashmir, which is a drier region than Qochan, can be a serious threat for flooding in this region and
damage to agricultural and horticultural products. Also, the high intensity of daily rainfall can cause
soil erosion, so it is necessary to formulate and implement the necessary plans in this field.

Investigating the changes of temperature limit profiles in selected stations of Khorasan Razavi province

In this research, four percentage-based profiles have been examined. The other two profiles are hot
nights and hot days, which are shown by the abbreviations TN90p and TX90p. Hot nights show the
percentage of days when the night temperature is greater than the 90th percentile of the base period,
and hot days are the percentage of days where the daily temperature is greater than the 90th percentile
of the base period. The index of warm nights in Sabzevar is 10.81%, in Kashmir 10.17% and in Qochan
10.70%. In the same way, the number of hot days in Sabzevar is 10.43%, in Qochan 10.22% and in
Kashmir 9.87%.

Analysis of the relationship between climatic parameters on grape yield in selected stations of Khorasan
Razavi province

According to the results of step-by-step regression in the first phenological stage of grapes, the
minimum temperature (X1) is the first variable that entered the regression model and alone explained
about 16.05% of yield changes in this stage of development. Then, the amount of cumulative
precipitation (X2) justified about 12.39% of yield changes and was entered into the regression model,
which together with the minimum temperature justified about 28.44% of yield changes at this stage.
Finally, the final model for performance has been obtained as Y=29.88-0.432X1+0.046X2, the
coefficient of determination has been calculated as 0.28.
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In the second stage of grape growth, the stepwise regression results showed that the minimum
temperature (X1) was the first variable that entered the model and had a positive relationship with yield,
and alone justified about 17.9% of yield changes. After this variable, the amount of cumulative
precipitation (X2) during this stage of plant growth was the second variable included in the regression
model, which explained about 6.7% of the changes related to yield and had a negative relationship with
yield, based on which the regression relationship can be written as Y=-21.98+0.251X1-0.019X2. The
coefficient of determination is also 0.24.

According to the stepwise regression results in the third stage, the average humidity (X1) was the only
variable that entered the regression model and explained about 19.97% of the yield changes in this stage
of growth. The final model for performance in this stage is Y=-29.20-0.11X1, the coefficient of
determination has decreased compared to the previous stages and reached 0.19.

According to the stepwise regression results in the fourth stage, the maximum temperature (X1) was
the only variable that entered the regression model and explained about 24.75% of the yield changes in
this stage of development. The final model for performance is obtained as Y=-79.42-1.37X1, which has
a coefficient of determination of 0.24

4) Discussion and Conclusion
Examining the limit profiles in the selected stations of Khorasan Razavi province has shown that the

driest region in Khorasan Razavi province is Kashmar with 151.35 days and the wettest station in this
study is Quchan with 84.35 days. Sabzevar also has 141/16 consecutive dry days. The amount of
precipitation in Khorasan Razavi province has a lot of variability. The maximum PRCPTOT profile is
311.13 mm in Qochan station and the minimum is 175.61 mm in Sabzevar.

Examining the temperature limit profiles has shown that the thermal duration profile or WSDI is the
maximum in Sabzevar. Thus, in Sabzevar, it has the maximum WSDI profile with nearly 6 days (5.9
days). The daily temperature range profile (DTR) in Quchan has been calculated as 14.32 degrees
Celsius. The minimum of this temperature limit profile is calculated in Kashmir with 11.80 degrees
Celsius and in Sabzevar it is 13.18 degrees Celsius. Days of frost are a very important index in grape
cultivation, and this index has a high coefficient of determination in the regression model. According
to the obtained results, the maximum frost days and ice days are 89.92 days and 8.04 days in Qochan
station. At the opposite point of frost days and ice days are summer days. The maximum of this profile
was obtained in Sabzevar 191.3 days, in Kashmir 180.67 days and in Qochan 139.86 days.

The findings of the research emphasize the vulnerability of current grape varieties to climatic extremes
and especially temperature extremes. Among the climatic variables, temperature is an effective factor
in the grape production cycle, which affects the quantity and especially The quality of grapes is affected.
One of the factors that sometimes causes the complete destruction of vineyards is the dangers caused
by temperatures below zero degrees Celsius. Minimum temperatures below -15 degrees Celsius have
been mentioned as destructive temperatures in vineyards.

5) Six important references
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