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ABSTRACT

Worldwide, the numeral of people distresses from hunger or severe food insecurity.
This condition is giving attention and considering the massive amount of food
discarded globally through Sustainable Development Goals (SDGs). Hence, the
study projected to exam dates loss (ton) and its impacts on food security and
environment in Saudi, using dates losses, dates production (ton) and CO; emissions
as variables of the study. Annual data was collected for period extended from 2010
to 2023 from FAO statistics and examined by applying ARDL analysis tests and
Vector Error Correction Model. The outcomes of the co-integration test revealed
that there is a long-run association among dates loss and dates production.
Reference to short run relationship, no significant short-run effects from lagged of
dates production on dates loss. In addition, the study indicated that dates losses at
farm gate lead to reduced food availability along supply chains which resulting in a
decrease in the volume of food existing for human consumption leading to affect
adversely on food security. Furthermore, the results appeared that there absent of
long run relationship between dates losses quantities and CO: emissions,
concluding that dates losses have no effect on environment (CO; emission). This
result may be due to reuse or recycle of dates quantities losses as feed to animal
inside the farm. To achieve national food security and sustainable agriculture goals
some recommendations were drawn from results: minimize or lessen date losses at
the producer level through stablishing reliable nationwide practices for date palm
harvesting and post-harvest handling.

Keywords: Food security, agriculture sustainability, CO; emissions, Saudi.

INTRODUCTION

Date palm (Phoenix dactylifera) is considered as the oldest (among other) fruit crops cultured
by humans for agricultural purposes. Dates, the edible fruits of the date palm, belong to the
Arecaceae family, part of a taxonomically diverse group comprising more than 2,500 species
and nearly 200 genera. They are a staple food in many regions of the world, contributing
significant nutritional, medicinal, and economic benefits [1]. Dates have long been known for
their extensive benefits in food and industrial sectors [2,3,4]. Historical evidence suggests that
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humans have recognized their importance for thousands of years, and their presence in the diet
has been linked to multiple beneficial effects on human physiology [2,5,6]. Date palm fruit is a
good source of high nutritious value food that can be easily stored for a long time [7,8]. Date
palm fruits are known for their rich composition of essential nutrients and considered a nearly
complete food, containing high levels of carbohydrates, dietary fiber, and fats. Furthermore,
dates have a high resistance to oxidation, enhancing their functional and nutritional value
[2,5,9] and diabetes-reducing properties [2,10,11]. All of these shows that dates fruits are very
important for a healthy diet and they contribute to the improvement of human health.

Dates loss refers to the quantitative and qualitative decline in dates fruits at various stages of
the value chain, from harvest, post-harvest, storage, processing, transportation, retail, and
consumption. This includes: physical loss (such as spoilage, pest infestation and mechanical
damage), nutritional loss (such as deterioration in sugar or vitamin content), and economic loss
(such as lower prices due to poor quality or oversupply). Reasons for dates loss include: poor
harvesting techniques (such as early harvesting or mechanical damage during picking),
inadequate storage (such as high humidity, improper temperature control), pest and fungal
infestation, lack of infrastructure (cold storage, transportation systems), inefficient processing
and packaging, and market and distribution inefficiencies (abundance, poor market access).

Globally, date palms are cultivated on an area of more than one million hectares, with a yearly
production of more than nine million tons [12,13]. Dates palm product signifies a main
constituent of agricultural production in Saudi Arabia, serving as a main driver of crop
production in the country owed to its adaptability to arid environments and its economic and
cultural importance [12,14]. In Saudi Arabia, they cover an area of approximately 136,992
hectares, with an annual production of 1,539,756 tons [12,15]. In Saudi Arabia, palm trees
account for 33.2% of the total harvested crop area and 27.4% of the total primary crop
production in terms of quantity [12,15]. Furthermore, palm trees contribute approximately
75% of the country's total fruit production [12,16]. Saudi Arabia's involvement to international
dates production improved from approximately 13.17% in 2010 to approximately 17.01% in
2023 [17]. This demonstrates the rising rank of Saudi dates in improving worldwide food
security. It also occupies a noticeable economic position, representing an important cause of
revenue in the agrarian sector. Saudi includes dates to achieve food security through
incorporate strategies in the National Agricultural Strategy 2030. The palm and its products
contribute approximately 12% of the Kingdom's total agricultural income, valued to
approximately 26% of the non-oil GDP [17]. Food losses are an absolute global concern. owing
to their impact on social, environmental and economic reducing economic resources essential
for food production (land, water, land, human resources, energy and capital). This leads to a
decline in the revenues of related sectors and worsens food security especially in resource-
limited nations and suffer from environmental damage [18,19]. Saudi Arabia's Vision 2030
emphases on domestic planned objectives, including economic development and economic
expansion [20,21]. The author [20,21] linked agricultural development with realizing food
security and environmental steadiness. Several plans have been put in place, containing
developing production and marketing ability in the agricultural sector [21,22]. It's worth noting
that the Kingdom has achieved self-reliance in milk and dates through focused agrarian
production. Self-sufficiency rates in fruit, fish, and vegetable production have also reached 60%,
59%, and 80%, respectively [20,23].
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LITERATURE REVIEW
The authors identified the causes of food losses and waste, which arise from the agricultural
production to final consumption [24]. The causes of food loss and waste are multiple, ranging
from insufficient infrastructure, biological, microbial, chemical, biochemical, mechanical,
physical, physiological, technological, logistical, psychological and behavioral causes.

Research by [25] demarcated post-harvest loss as the reduction of food along the resource
chain resulting in a reduced amount of food for human consumption, whereas waste denotes
to the loss at the retail and last consumption. Research by [26] summarized the reasons of food
loss and waste are as précised: Lack or poor quality criteria, excess food supply, absence of
appropriate storage abilities and lack of packaging materials.

El-Habbab et al,, (2017) [27] directed on date harvesting and post-harvest handling to discover
the reasons of losses, where they indicated that the chief reasons of great post-harvest losses
were mechanical damage, fermentation, insect and bird infestation.

Bhatti; Sundram (2024) [28] evaluated date losses when harvesting three varieties of palm
groves in Madinah (Safawi, Anbara, Ajweh), al-Ahsa Oasis (Khalas, Shishi and Ruzeize) and in
Al-Qaseem (Sukkary, Khudry and Segae). The study found that the main reasons of waste were
experience to harvesting, and ripped dates and small dates size, pest plagues and non-
pathological infections. The average dates damage was 12.6%, the greatest dates loss degree in
the main dates-producing areas of Saudi Arabia. Eleven commercially available dates varieties
were collected from Al-Ahsa dates market, produced in the main producing areas: Al-Ahsa,
Riyadh, Al-Qassim, and Medina.

Empirical studies have revealed various problems with supply chain efficiency. Several studies
have indicated that post-harvest losses in date palms are a significant problem resulting from
inefficiency storage systems and infrastructure [29,30]. Other studies found that improving
cold storage and transportation facilities could reduce dates post-harvest losses by 30%,
creating extra profit 29,31].

Integrating technology into supply chain management enhances product traceability and
alleviates the threat of fraud, mutually of which are essential to meeting international export
quality standards [29,32,33].

Integrating date palm cultivation technologies has been the emphasis of current experimental
research. decision makers in agriculture uses remote sensing and drones to enhance resource
use and increase productivity [29,34]. Other study studies on the causes of dates loss from
production to consumption [35]. Dates are a nutritious, high-energy food that forms a vital
share of the diet in Arab countries. They are consumed processed forms, dried and fresh.

Other writers highlight on the recycling of dates damage during harvesting and unripen as feed
to animal. The by-products of date production have always been reused by farmers, and have
been considered “an eloquent example of the integrated sustainable use of renewable material
resources” [36]. There is an ancient tradition of using dates and date pits as animal feed [36].
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Conferring to continuous increasing prices of concentrate feeds globally, dates loss quantities
is considered as alternative source for feeding animals. Dates are not suitable for human
consumption are considered the wastes as a good alternative feed which are characterized by
high carbohydrate as an energy source and cellulose, hemicelluloses and lignin [37].
Nonetheless, its losses during harvesting and marketing are great owing to the existence of
insect infestation, pathological diseases and physiological and physical ailments. To reduce and
stop such losses, the postharvest technologies and techniques should be recognized for dates
handling and processing.

Numerous writers have recognized the influence of environment on agricultural production.
Farmers’ incomes are negatively affected numerous climate actions like increasing in
temperature, droughts, storms..etc. [38-39]. Additional study pointed to evaluate the
association between date production and COz2 in Saudji, exhausting cointegration analytical tools
[40]. It discovered the present of long-running connection concerning the variables.

The majority of previous studies concentrated on the relationship between dates production
climate but this study selected dates loss. With reference to earlier studies, the significance of
this study stems from its intents. The study pointed out to assess dates losses and its impacts
on food security and environment (CO2) in Saudi through measuring the connection and
relation between dates loss (ton) and production (ton) in one and, on the other hand dates loss
and CO2z emissions. The study is organized in the following sequences: Introduction, research
methods, results and discussion. Finally, conclusions are created.

MATERIAL AND METHODS
Data Description
The study aimed to assess the relationship between dates loss quantities (ton) at producer
level, dates production (ton) and CO2 emissions. Also, it aimed to assess the dates losses and
its impacts on food security and environment in Saudi. The data were collected and covered the
period extended from 2010 to 2023 [41,42] and analyzed using EVIEWS 9 program. Table 1
illustrates the data series:

Table 1: Normalized DCG gains of Google and our fuzzy JEKS algorithm.

Variable Unit Sources

Dates losses (L) Ton https://www.fao.org/faostat/ar/#data/SCL accessed on 5 March 2025)
Dates production (P) | (ton) https://www.fao.org/faostat/ar/#data/QCL (accessed on 5 March 2025)
CO2 emissions (CO2) | (Mt CO2e) | https://www.fao.org/faostat/en/#data/GT (accessed on 12 March 2025)

Method of Analysis

Descriptive and Graphical Analysis

Descriptive statistics and graphic analyses are run to exam data cointegration as visible
analysis.

Graphical analysis: The general index curves for series were plotted firstly to highlight the
opportunity of stability association among the variables in the long run. It is one of the primary
analytical techniques for identifying this association, and it also permits to continue using the
co-integration test.
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Co-integration Test

The conception of co-integration is founded on economic theory concerning the statistical
possessions of time series, especially those exhibiting unit roots, and is evaluated through
specialized tests designed for such non-stationary data [41]. The theory of co-integration
among two or more variables is explained from a statistical viewpoint, signifying the presence
of a long-term stability association between these series [43]. Indeed, the equilibrium
association between series in the long term may depart faintly from each other, but this
deviation from equilibrium is adjusted by strong economic powers that work to return it in the
long run .There are various methods are used to test for co-integration, among them is ARDL
model.

Cointegration Tests: ARDL Model

Unit Root Test:

Reference to choosing suitable methods for analysis of long-run association, the order of
integration requisite to be identified [44], using an Augmented Dickey Fuller (ADF) test [45].
The following equations illustrate this:

AXt = CtZ + Rt + Bth_l + EtZ Man nan wms wes s mmm o w wms was owws owan e (2)

Where, B1 and Bz are ADF coefficients, R is the trend, C is the constant and t is the time selected.
Testing Ho: X has a unit root Against H1: X has a stationary. If the t- Statistic of ADF coefficient
larger than t- critical values, the series are stationary.

THE ARDL BOUNDS TEST
To assess the long-run relationship among the chains, the ARDL model test was used. Moreover,
the test is considered outstanding to other allied tests; Well-organized for minor samples
irrespective of the order of the chain I(0) and I(1). The next equations were applied [46]:

p
AXt = Cl + Z a1 Ayt—l + B3Xt_1 + B4,Yt_1 + el . (3)
t—1
p
A Yt = CZ + az AXt—l + BSYt—l + B6Xt—1 + ez [ (4’)

t—-1

The ARDL exams the existence of long run linking between the chains. The acceptance of null
hypnosis means that absent of long-run relationship. Ho: B3= B4=0 (Equation 3) against
alternative hypothesis Bs# B4#0. Similarly, the similar test run for Y variable as independent
variable null hypnosis Bs= Be=0 (Equation 4) against alternative hypothesis Bs#Be¢#0. To test
the steadiness of the ARDL model, the cumulative sum (CUSUM) method is applied [47]. If the
residual observed inside margins of the 5% critical, signifying the coefficients are steady.
Equations 3 and 4 have lower and upper bound (two critical F-values) approving the combined
order (1(0) and 1(1) of the variables, respectively [46].
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Error Correction Model (ECM) Test

The ECM test is used to appraise the speediness parameter of the short-run link between the
series. In addition, it is used when there is the long-run association among the series [48]. The
following are ECM equations:

p
AXL- = AB7Xt_1 + z Bg AYt—l +Bg Ut—l + V TN (5)
t—1
p
AYt = ABlOYt—l + z Bll AXt—l +BlZUt—1 + V IR (6)
t—1

Where, By and B;2 denote the quickness of alteration and must be significant and negative to
precise model instability. ECM feasibility was tested by residual diagnostics tests as follows:
Residual Normality test: if the Probability of Jarque- Bera statistic higher than 0.05, then
residual is normally scattered. Heteroskedasticity Test: Breusch-Pagan-Godfrey: In the exam the
null hypothesis: homoscedasticity and alternative hypothesis: heteroskedasticity. Acceptance
of null hypothesis occur when P- value is higher than 0.05 signifying that residual is
homoscedasticity. The results of ECM viability acquire green light to execute the predicting
examination. Additionally, impulse responses check used to identify the response in series
when one series subjected to a shock [49].

RESULTS AND DISCUSSION
The study designed to test the dynamics of short- and long-term between dates loss (ton) at
producer level, dates production (ton) and COz emissions. Also, it aimed to assess the effects of
dates losses on food security and environment in Saudi.

Descriptive Statistics and Graphic Results

Table 2 shows descriptive statistics figures of the variables. Reference to normality test, the
Jarque-Bera probabilities figures are greater than 0.05 levels for dates loss (ton) at producer
level and production (ton), except CO2z emission, meaning that some variables appeared normal
distribution. Accordingly, all variables were transformed to logarithm form. Table 2.
Descriptive statistics results

Table 2: Descriptive statistics results.

LOS P CO:
Mean 1257.14 12430.26 2898.14
Median 1200.00 11886.01 2893.00
Jarque-Bera 0.60 0.55 6.04
Probability 0.74 0.76 0.05
Kurtosis 2.00 2.08 491
Skewness -0.10 -0.16 -1.30
Observations 14 14 14

Source: data was collected and analyzed. LOS= dates loss; P= production of dates.

Before conducting co-integration test, visual test is performed. It tells how the variables moving
together during study period. Figure 1 shows that there may be a long-term association among
dates loss (ton) and dates production (ton) while CO2 emission doesn’t keep the same pattern.
This result leads further to conduct co-integration analysis.
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Figure 1: Graphical performance of the variables. LOS= dates loss; P= production of dates.
Source: Drawn by author.

Co-integration Test Analysis Results

The Outcomes of Unit Root Tests

The stationarity of e dates loss, dates production and COz were assessed utilizing Augmented
Dickey Fuller (ADF) test. Table 3 displays that the chains continued steady next realizing the
first difference 1(1), accordingly, the means of the ADF test statistics were significant at the 1%
level.

Table 3: The results of unit root test.

Time series | Intercept | Intercept | Stationarity | Intercept | Intercept | Stationarity
and trend and trend
at level at first difference
LOS -0.63 -2.40 Non-stationary | -4.67* -4.74** Stationary
P -1.26 -2.92 Non-stationary | -4.97* -4.78** Stationary
C02 -2.86 -3.27 Non-stationary -4.43* -4.18** Stationary

Source: Author analyzed data. * and ** at 1% and 5% are level of significance, respectively. LOS and is
defined in Table 1.

Results of ARDL Tests (Dates Loss and Dates Production)

Table 4 shows the results of ARDL tests. The results of model suitability residual diagnostics
test appeared that the residual is normal distribution, didn’t show Heteroskedasticity and serial
correlation. In addition, A CUSUM test reflected the steadiness of the model (Figures 2).

Table 4: The results of ARDL model results.
ARDL model (1,1)

Independent V. Coefficient t-Statistic Prob.
LLOS(-1) -0.54 -2.04 0.072
LP 091 16.77 0.000
LP(-1) 0.58 2.36 0.043
C -3.07 -4.90 0.001

R-squared 0.985 ; Adj. R-squared 0.980; F- statistics 201.88 Prob.= 0.00; Durbin-Watson

stat: 1.74; Serial Correlation LM Test: Breusch-Godfrey 0.14 Prob.=0.71; Jarque-Bera test

0.47 Prob.=0.79 and Breusch-Pagan- Godfrey Heteroskedasticity Test 0.44 Prob.=0.73
Source: Author analyzed data. LOS and P is defined in Table 1, L means logarithm
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Figure 2: Stability diagnostic (LLOS as dependent variable).
Source: Author analyzed data.

The bound tests results appeared in the ARDL model (Table 5). the bound examined F-test for
the coefficients of LLOS (one lag period and dependents variable). F- statistics are 11.70 for the
model which is greater than critical F-statistic (5.58) at 1% upper bound, indicating that there
is a long run relationship among dates loss and dates production during the study period.

Table 5: The results of ARDL: Bounds Test.

Dependent Function F- statistic
LLOS LLOS =f (LP) 11.70
Upper Bound Lower Bound Significance

5.58 4.94 1%

4.16 3.62 5%

3.51 3.02 10%

Source: Author analyzed data.

Long Run Endorsement

The results of FMOLS and DOLS models are used to enhance and strengthens of the ARDL
estimations (Table 6). The Table showed that the results of the two models (FMOLS and DOLS)
contest the ARDL valuation, indicating the present of Long-run relationship among dates loss
and dates production. Numerous earlier studies run FMOLS and DOLS to strengthen the results
of ARDL model [50,51].

Table 6: Results of robustness Test: FMOLS and DOLS Models (LLOS (-1) dependent

variable)

FMOLS Model DOLS Model
Independent V. Coefficient Coefficient
LP 0.93 (0.000) 0.98 (0.000)
C -3.32(0.00) 12.19(0.000)
R-squared 0.99 0.99
Adj. R-squared 0.98 0.98

Source: Author analyzed data. Figures between () are Probability.

Table documented that the outcomes of FMOLS and DOLS match the ARDL assessment. Long-
run relationship was noticed between dates loss and production.
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Table 7: Long run evidence results.
Dependent- independent | ARDL | FMOLS | DOLS
LLOS - LP 11.70* | 0.93* 0.98*
Source: Tables 5 and 6. *Significance level at 1%; LOS and P is defined in Table 1, L. means
logarithm; ARDL - autoregressive distributed lag; FMOLS - fully modified ordinary least

squares; DOLS - dynamic ordinary least squares; L-Logarithm.

Results of ECM

To strength the findings of ARDL model test long run link between the variables under study,
ECM was directed. From Table 8, lag 1 was selected to implement VECM. The adjustment
coefficient for dates losses (LLOS) (as a dependent variable) showed a negative sign (-0.048)
and was statistically insignificant (critical value t =-0.22) (Table 9), which means that the model
was unable to adjust to the imbalance in the past time. The results suggested that the model
may requisite extra than a year to accurate for prior time unsteadiness. Reference to short run
relationship, no significant short-run effects from lagged of dates production (LP) on dates loss
(LLOS). To confirm the adequacy of the VECM, serial correlation of LM residuals and
heteroscedasticity tests of residuals were verified. LM- statistics (lag 1) equal 1.08 using Prob.=
0.90, demonstrating the nonexistence of serial correlation. The Chi-sq. equal 23.51 using Prob.=
0.66 doesn’t indicate heteroskedasticity. The normality Tests: Chi-sq 2.82 with Prob.0.59,
indicating normal distribution of residual. The outcomes of the model fit directed to the
acceptance of the null hypothesis, no residuals serial correlation and heteroscedasticity. The
normal distribution exam indicates a normal distribution of the data.

Table 8: Lag selection results.

Lag | LogL | LR FPE AIC SC HQ
0 23.2 | NA 0.000132 | -3.3 -3.2 -3.3
1 31.2 | 12.4* | 7.23e-05* | -3.9* | -3.6* | -3.9*

Source: Author analyzed data. * specifies lag order chosen by the criterion. Where, SC: Schwarz information
criterion, FPE: Final prediction error, HQ: Hannan-Quinn information criterion, AIC: Akaike information
criterion and LR: sequential modified LR test statistic (each test at 5% level).

Table 9: Results of ECM: LLOS (dependent variable)

Short run results

Error Correction Coefficient t-value statistic
CointEql -0.05 -0.22
D(LLOS(-1)) -2.25 -1.35

D(LP(-1)) 1.86 1.12

C 0.05 0.88

ECM residual serial correlation LM tests: Lags 1 LM-Stat=1.08 Prob.=0.90
Jarque-Bera test: 2.82 Prob. =0.59
VEC Residual Heteroskedasticity Tests: Chi-sq 23.51 Prob.=0.66

Source: Author analyzed data.

Furthermore, an impulse exam was conducted to identify the main series that significantly
influences other chain over the long run (Figure 3). The Figure of impulse response showed
that production revealed positive reaction in the long run to dates loss, signifying that it may
be reflected as the leading series.
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Figure 3: Reaction of LLOS to Cholesky One S.D. Innovations. Source: Author analyzed data.

The Impact of Dates Loss on Food Security

Food security is delineated as “existing when all people, at all times, have physical and economic
access to sufficient, safe, and nutritious food that meets their dietary needs and food
preferences for an active and healthy life” [52,53]. The delineation comprises the wide theory
of food security, which is categorized basing to four pillars linked to availability, stability,
utilization, and access [53-56]. Reference to food security pillars, the effect of dates loss on food
security can be illustrated as follows: availability: dates loss condensed dates supply for
internal consumption and export; accessibility: dates losses increase production costs and final
prices, decrease the affordability of low-income consumers and smallholder farmers lose their
potential income, impacting their capability to purchase other food items; utilization: wasted
or poor-quality dates may be unhealthy for consumption; stability: seasonal excesses followed
by insufficiencies due to poor storing disturb the stability of dates availability during the year,
this result coincide with previous study (Kitinoja, 2016) [25]. The study indicated that post-
harvest losses lead to reduced food availability along supply chains, resulting in a decrease in
the quantity of food available for human consumption.

Results of ARDL Tests (Dates Loss and CO2 Emission)

Table 10 shows the outcomes of ARDL tests. To adopt the model result, residual diagnostic tests
were performed. Serial Correlation LM Test Breusch-Godfrey, the Jarque-Bera test and
Breusch-Pagan- Godfrey Heteroskedasticity test revealed that (Table 10): the data are normal
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distribution, no Heteroskedasticity and no serial correlation. Moreover, A CUSUM test showed
the steadiness of the cumulative sum of the recursive residuals, signifying the power of the
model (Figures 4).

Table 10: The results of ARDL model results.
ARDL model (1,1): LLOS (dependent variable)

Independent V. Coefficient t-Statistic Prob.
LLOS(-1) 0.77 2.63 0.027
LCO. 0.07 0.20 0.843
LCO2(-1) -0.11 -0.37 0.722
C 2.02 0.40 0.701

R-squared 0.53; Adj. R-squared 0.38 - F- statistics 3.40 Prob. 0.07
Durbin-Watson stat: 2.43, Jarque-Bera test 17.71 (0.060); Breusch-Pagan- Godfrey
Heteroskedasticity test 0.14 (0.93); Serial Correlation LM Test: Breusch-Godfrey 0.92 (0.37)
Source: Author analyzed data. Figures between () are Probability.
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Figure 4: Stability diagnostic (LLOS as dependent variable).
Source: Author calculations based on collected data.

The bound tests results appeared in ARDL model (Table 11). the bound examined F-test for the
factors of dates loss. F- statistics are 0.62 for the model which is lower than lower bound of the
bounded critical F-statistic (3.02) at 10%, suggesting absent of long-run connotation among of
dates loss (LLOS) and CO:z emission during the study period. The result means no relationship
is noticed between dates loss and CO2 emission. This result may be due to use of dates loss
inside the farm to feed animals, concluding that the quantities of dates losses may be treated in
sustainable way. This conclusion synchronize with previous studies results [36,37]. The studies
disclose that the quantities of dates loss are recycled as animal feed.

Table 11: The results of Bounds Test: ARDL

Dependent Function F- statistic
LLOS LLOS = f (LCO2) 0.62
Upper Bound Lower Bound Significance
5.58 4.94 1%

4.16 3.62 5%
3.51 3.02 10%

Source: Author analyzed data.
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Long Run Confirmation

FMOLS and DOLS models were used to strength of the ARDL estimations (Table 12). The Table
showed that the results of FMOLS and DOLS contest the ARDL valuation, significance that Long-
run connotation didn’t detect concerning dates loss (LLOS) and COz emission.

Table 12: Results of robustness Test: FMOLS and DOLS Models (LLOS (-1) dependent

variable)

FMOLS Model DOLS Model
Independent V. | Coefficient | Coefficient
LCO: 0.05 (0.88) | 0.07 (0.84)

C 0.37 (0.93) | 2.02 (0.70)
R-squared 0.49 0.99
Adj. R-squared 0.30 0.98

Source: Author analyzed data. Figures between () are Probability.

Table 13 documented that the outcomes of FMOLS and DOLS contest the ARDL valuation. Long-
run relationship didn’t observe between dates loss (LOS) and CO2 emission.

Table 13: Long run evidence (Dependent- independent: LLOS - LCO2)
ARDL | FMOLS | DOLS
0.62 0.05 0.07
Source: Tables 11 and 12. *Significance level at 1%; LOS - Dates loss; CO2 -COz emission; ARDL - autoregressive
distributed lag; FMOLS - fully modified ordinary least squares; DOLS - dynamic ordinary least squares; L-
Logarithm.

CONCLUSION
The study intended to test the dynamics of short- and long-term between dates loss (ton) and
dates production (ton) in one hand, on the other hand dates loss and CO2 emissions. Also, it
aimed to assess dates losses and its impacts on food security and environment (CO2) in Saudi.
Annual data was collected for period extended from 2010 to 2023 from FAO statistics and
examined by applying ARDL analysis tests, Vector Error Correction Model (VECM) and
regression analysis method. The outcomes of the co-integration test reveal that there is along-
run relationship between dates loss and dates production during the study period. Reference
to VECM test results, the adjustment coefficient for dates losses (LLOS) (as a dependent
variable) showed a negative sign (-0.048) and was statistically insignificant (critical value t = -
0.22), which means that the model was unable to adjust to the imbalance in the past time. The
results suggested that the model may requisite extra than a year to accurate for prior time
unsteadiness. The results of long run recorded that the dates production (LP) affect negative
(coefficient=-0.98) and significant (t-value=-53.79) on dates losses at farm (LLOS), concluding
that in the long run increasing in production leads to decrease in dates losses. This means that
all causes of dates losses will be conducted in efficiency way. Reference to short run
relationship, no significant short-run effects from lagged of dates production (LP) on dates loss
(LLOS). In addition, the study indicated that dates losses at farm gate lead to reduced food
availability and adversely affect food security. Also, the impact of dates loss and its
consequences on food security is illustrated as follows on other pillars of food security:
accessibility: dates losses increase production costs and final prices, decrease the affordability
of low-income consumers and smallholder farmers lose their potential income, impacting their
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capability to purchase other food items; utilization: wasted or poor-quality dates may be
unhealthy for consumption; stability: seasonal excesses followed by insufficiencies due to poor
storing disturb the stability of dates availability during the year. Furthermore, the results
appeared that there absent of long run relationship between dates losses quantities and CO2
emissions, concluding that dates losses may be reused inside the farm to feed animal in other
words it used in sustainable way. From the results some recommendation was drawn: adopt
best harvesting techniques: harvest dates at physiological maturity and train workers on best
practices. In addition, the following policy actions are recommended to effectively reduce date
losses at the producer level may be through providing farmers with technical knowledge on
best post-harvest practices, storage facilities, and setting and spread standardized national
protocols for date palm harvesting and post-harvest handling. By implementing these scientific
recommendations, date producers can considerably lessen dates losses at producer level. This
not only progresses economic returns but also donates to achieving national food security and
sustainable agriculture goals.
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