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ABSTRACT
Private commercial credit and governmental funding play an essential role in increasing agricultural produc‑

tion, achieving food security and stabilizing domestic market prices. This study examined the inϐluence of both pri‑
vate and public funding on the value of agricultural products in Saudi Arabia. Utilizing annual time series data from
1990 to 2022, the unit root test results indicated a mixed order of integration among the variables. Consequently,
the Autoregressive Distributed Lag (ARDL) error correction model was used to assess the effects of ϐinancing and
production inputs on the value of domestic agricultural output. The ϐindings reveal that private funding exerts a
positive effect on the value of agricultural products, whereas public funding does not demonstrate a similar positive
contribution. This outcome is likely due to inefϐiciencies in the allocation of public funds by beneϐiciaries, with a
signiϐicant portion directed towards foreign agricultural investments and import activities. Labor as a production
factor was found to positively impact the value of agricultural output. This research has also explored the presence
of economies of scale within the Saudi agricultural sector and concluded that the sector is currently experiencing
diseconomies of scale. This paper recommends designing a policy that ensures that the allocated funds used in
agricultural and food activities will eventually enhance the value of domestically produced food and agricultural
commodities. It is very important to balance between increasing the available quantity of agricultural products
through importing and protecting the value of domestically produced agricultural products.
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1. Introduction

Given that humans cannot live without food, it is
not only a basic human right but also a critical require‑
ment. Poverty and hunger have historically posed signif‑
icant challenges globally. Civilizations around the globe
rely heavily on the agriculture sector as their primary
livelihood. The products from this sector not only pro‑
vide sustenance but also serve as essential resources for
diverse industries [1]. Agriculture is signiϐicant across
various aspects of society including the political, social,
cultural, economic, and environmental domains. The
agricultural sector helps address the numerous ϐinancial
challenges faced by developing nations, such as low in‑
come, high unemployment rates, the balance of payment
deϐicits, and diminishing central bank reserves in for‑
eign currencies. Since the agriculture sector contributes
to sustaining the food supply [2], there is a need to en‑
hance performance and productivity in this sector. In
emerging nations, enhancing agricultural productivity
faces numerous challenges, including the continual de‑
mands driven by population growth and the critical de‑
ϐiciency of soil nutrients [3]. The total population of the
Kingdom of Saudi Arabia (KSA) was reported as 30.77
million people in 2014, covering an area estimated to
be 2,149,690 square kilometers, encompassing most of
the Arabian region (80%) [4, 5]. The agriculture and food
industry in KSA is in charge of ensuring food security
andpreserving stable foodprices. The agriculture sector
not only promotes social and rural development but also
provides production inputs for a wide array of food and
beverage companies. This fundamental role of supply‑
ing raw materials supports production across multiple
sectors, as highlighted byMEWA [6]. Consequently, Saudi
Arabia contributes to global initiatives that are intended
to combat hunger. Aligned with the Sustainable Devel‑
opment Goals for Saudi Arabia 2030 vision, the country
aims to enhance the contribution of its agricultural sec‑
tor in the GDP by broadening its agricultural production
base and stimulating economic growth to advance both
local and global food security objectives [7]. Despite the
challenging climate conditions marked by severe tem‑
peratures that negatively affect cultivation, Saudi Ara‑
bia is currently undergoing an agricultural transforma‑

tion. This transformation seeks to enhance domestic
crop yields and reduce the reliance on imported food,
a motivated effort as approximately 90% of the coun‑
try's land comprises desert terrain. Nevertheless, the
country maintains self‑sufϐiciency and even generates
surplus food items such as vegetables (70%), fresh milk
(122%), table eggs (115%), and dates (115%) [8].

Finance forms the foundationof all agribusiness op‑
erations. Within the agricultural sector, credit can be
sourced from both formal and informal channels, includ‑
ing commercial banks, brokers, local dealers, and unof‑
ϐicial credit associations, as well as from relatives and
friends. The availability of credit from ϐinancial institu‑
tions serves as a valuable tool in enhancing agricultural
productivity [9]. Acquiring land and modern technolo‑
gies like fertilizers in agriculture involves substantial
capital investment alongwith external ϐinancing [1]. Agri‑
cultural credit plays a vital role in enabling producers to
meet the ϐinancial demands that are important for the
unique production cycle of farming during which mini‑
mal revenue is generated, while expenses for inputs and
resources must be covered [10]. Agricultural transition
from traditional practices to modern methods necessi‑
tates agricultural funding to procure advanced farming
supplies. Access to capital is essential for farmers to en‑
hance agricultural productivity [11].

Financial institutions have played a positive and ef‑
fective role in promoting technological changes in the
agricultural sector and increasing agricultural returns
for small farmers. This is due to the increasing require‑
ments for farmers to utilize more expensive types of ma‑
chinery and equipment, pesticides, and fertilizers. As a
result, agricultural credit has become an urgent neces‑
sity to modernize agriculture and meet its needs [12]. In‑
adequate investment funding remains the primary bar‑
rier to agricultural progress. Banks are fundamental ϐi‑
nancial intermediaries whose primary goal is to rein‑
vest or loan surplus funds from spending units back into
the economy. Through encouraging savings, providing
capital for growth, facilitating trade, supporting invest‑
ments, advising small business owners, promoting in‑
ternational trade, and cultivating capital markets, banks
play a vital role in driving economic expansion [13]. The
Agricultural Development Fund (ADF) in Saudi Arabia
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was set up as a specialized credit institution to optimize
agricultural resources, enhance food security, foster ru‑
ral development, and boost productivity. Saudi Arabia
is committed to investing in the agricultural sector to
enhance production, efϐiciency, and sustainability while
formulating credit‑related strategies, policies, and initia‑
tives.

Loans provided are aimed at diversifying the agri‑
cultural sector through crops cultivation, fruits cultiva‑
tion, ϐishing boats, tourist ventures, clinics, veterinary
pharmacies, and vegetable carts. These loans, designed
for specialized projects, are considered long‑term direct
investments, whether they funding new, expanded, or
rehabilitated projects. The objective of these special‑
ized project loans is to yield annual returns within a
speciϐied timeframe, facilitating the creation and man‑
agement of production facilities with allocated ϐinancial
resources. Due diligence or feasibility studies with ap‑
proval from the Ministry of Environment, Water, and
Agriculture are essential prerequisites for accessing this
service. The feasibility study should involve an exami‑
nation of cash ϐlow, creditworthiness, and project viabil‑
ity to determine the repayment period. If the repayment
period is not more than one year, the service provides ϐi‑
nancing options through indirect loans to support work‑
ing capital for specialized projects. Another alternative
is foreign investment, a key component of the Kingdom's
food security strategy, enabling farmers to export their
products as long as theymaintain self‑sufϐiciency within
the country. This service also contributes to enhancing
the diversity and stability of foreign food supplies. The
Agricultural Development Fund (ADF) offers a ten‑year
loan with a two‑year grace period, available in either US
dollars or Saudi riyals. Additionally, the Fund ϐinances
up to 60% of the total cost of a given project. While both
private and public credit sources inϐluence productivity
in the agricultural sector, their contribution effect may
differ.

To deliver tailored ϐinancial solutions for the agri‑
cultural industry, the ADF partnered with Saudi Fransi
Bank and the Saudi Investment Bank. This strategic al‑
liance has contributed to the creation of economic re‑
sources aligned with farmers’ needs and is aimed at
strengthening food security. The collaboration fosters

effective cooperation between the ADF and banking in‑
stitutions, supporting a balanced integration of public
and private sector efforts in the Kingdom.

To broaden its clients’ ϐinancing options, the ADF
entered into agreements with Samba, Alrajhi Bank, and
the Saudi Investment Bank. These agreements are an ex‑
tension of the previous agreements signed by the ADF
with commercial banks, intending to provide more ϐi‑
nancing options for ADF's clients. Since the launch of the
bank‑partnered ϐinancing program in 2018, the fund has
approved loans worth more than SAR 2.5 billion and is
now seeking to expand this lending through its updated
strategy. The credit facilities resulting from the part‑
nership between the Fund and commercial banks are to
provide various ϐinancing products to the Fund's clients,
whether they are institutions, companies, or individu‑
als [14]. The ADF approved SR2 billion ($533.33 million)
in loans and credit facilities to enhance food sustainabil‑
ity and security throughout the Kingdom.

Public and private credit's distinct effects on agri‑
cultural output have not been considered in previous
research that has looked at the relationship between
agricultural funding and production value. Several ele‑
ments affect agriculture’s output throughout both long
and short time frames. The primary concern that needs
to be considered is how agricultural production value is
impacted by both public andprivate ϐinance, which is the
main purpose of this study.

KSA has accelerated the collaboration between the
ADF and banks by offering credit services. These ser‑
vices empower farmers to access credit, thereby boost‑
ing production and income through the adoption ofmod‑
ern agricultural inputs. Recent shifts and the need to en‑
hance the agricultural sector's contribution to the King‑
dom's economy have underscored the necessity of up‑
dating traditional farming practices that may no longer
align with contemporary requirements. To elevate the
sector's productivity and enhance its impact on eco‑
nomic and social realms, substantial capital must be pro‑
vided to farmers. This ϐinancial support enables them
to acquire the equipment and machinery that is essen‑
tial for advancing agricultural practices across the coun‑
try. Because of the limited income of some farmers, re‑
course to credit is as imperative as access to loans and
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other credit services. Some farmersmay be ineligible for
ϐinancing due to credit guarantees and the conditions set
by formal institutions [15]. The importance of credit in
driving the progress of the agricultural sector is clear, as
it serves as a key factor in helping the sector achieve its
desired goals [16].

Given the research problem stated, it is important
to address the following research questions:

1. Have government and private bank credit con‑
tributed to the augmentation of agricultural pro‑
duction value in Saudi Arabia?

2. What is the extent of the effectiveness of the fac‑
tors of production in achieving economies of scale
in the Saudi agricultural sector?

Due to the limited availability of academic litera‑
ture examining the impact of ϐinancing—whether public
or private—on the agricultural sector in KSA, this study
aims to address this shortage in the literature by analyz‑
ing how governmental and private credit inϐluence the
value of agricultural products.

Literature Review

Several recent studies have been established to ex‑
amine the inϐluence of agricultural funding on agricul‑
tural sector. Some of them used household or farm‑
level data [9, 12, 17, 18]. Misra et al.; Tuan Anh; Seven & Tu‑
men; Manoharan & Varkey; Mahapatra & Jena [19–23] an‑
alyzed and utilized national‑level data. The majority of
published papers stated that agricultural loans enhance
agricultural production efϐiciency. For instance, Misra
et al. [19] found that credit in India has positive effect on
the total factor productivity of the agricultural sector [9].
One study applied the Cobb‑Douglas production func‑
tion to data collected from 120 sugarcane growers and
estimated it using a binary probit selection model. The
results indicated that the use of credit as an input of pro‑
duction can enhance both production yield and the farm‑
ers’ revenue.

In South Africa, a study investigated the association
between agricultural production and credit by utilizing
secondary data. Johansen’s co‑integration test was ap‑
plied to assess the long‑term relationship between agri‑

cultural output and bank credit. In addition, an error
correction model was estimated to examine short‑term
dynamics and the speed of adjustment toward long‑run
equilibrium. Granger’s causality test was also employed.
The results revealed a positive long‑term connection be‑
tween agricultural output and bank credit, with a unidi‑
rectional causality suggesting that an increase in bank
facilities led to growth in agricultural output [24].

Ngozi & Anthony [25] evaluated the impact of agri‑
cultural loans on food production in Nigeria using mul‑
tiple regression analysis. The ϐindings revealed a posi‑
tive signiϐicant relationship between agricultural loans
and food production, indicating that enhanced access to
credit for farmers leads to higher levels of food output.
The results underscore the importance of credit avail‑
ability in supporting food security and agricultural pro‑
ductivity in the country.

Tokunbo [26] examined the impact of bank credit
on the manufacturing and agricultural sectors in Nige‑
ria. The study revealed that bank credit had a signiϐi‑
cant positive impact on the Nigerian manufacturing sec‑
tor growth. The study also noted that some policies are
needed to facilitate the ϐlow of credit to the agricultural
sector to enhance its productivity and contribution to
economic growth.

Ita et al. [27] investigated the effect of bank credit in
Nigeria on the expansion of the agricultural sector using
regression analysis. The results indicated that commer‑
cial bank credit exerts a positive and statistically signif‑
icant inϐluence on agricultural sector growth. Addition‑
ally, the study found that the exchange rate applied by
commercial banks to agricultural credit also has a pos‑
itive and signiϐicant impact on the sector’s expansion,
highlighting the importance of both credit availability
and favorable ϐinancial conditions in promoting agricul‑
tural development.

Abdullahi et al. [28] analyzed the impact of credit
on the agriculture, small enterprise, and manufacturing
sectors in relation to Nigeria’s economic growth. The
ϐindingsdemonstrate a consistent correlation among the
variables. In both the short‑ and long‑term, credit ex‑
tended to the agricultural sector positively affected GDP.
In contrast, credit directed toward small enterprises had
a negative impact on GDP in the short‑term but turned
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positive in the long‑term. Credit allocated to the manu‑
facturing sector exhibited a negative inϐluence on GDP in
both timeframes.

In a related study [29], agricultural ϐinance and
credit constraints in Ghana were assessed using house‑
hold surveys in rural areas, along with regression and
descriptive analysis. The results indicate that limitations
in access to agricultural credit and ϐinancing signiϐicantly
hinder agricultural productivity.

Agbodji & Johnson [30] examined the impact of agri‑
cultural facilities on cereal productivity in Togo, aim‑
ing to provide a comprehensive analysis while account‑
ing for potential biases and internal factors affecting
the connection between credit access and productiv‑
ity. They gathered preliminary data by surveying small‑
holder farmers in the region, employing slope score
matching to establish comparable groups of credit recip‑
ients and non‑creditors while mitigating selection bias,
and internal shift regression to address underlying fac‑
tors inϐluencing both credit access and productivity. The
evaluation by Agbodji & Johnson [30] is signiϐicant as it
sheds light on how agricultural credit inϐluences cereal
productivity in Togo. Their study revealed that agricul‑
tural credit in general has a positive and signiϐicant im‑
pact on theproductivity ofmaize, sorghum, and rice. The
differential effect based on the type of credit. Also, has
varying effects where in‑kind credit positively affected
maize and sorghum productivity but did not have an im‑
pact on rice. Cash credit results were mixed with a nega‑
tive impact on corn, a positive effect on sorghum, and no
signiϐicant impact on rice.

Meanwhile, Nakazi& Sunday [31] examinedboth the
short and long‑term effects of commercial bank credit
on the growth of the agricultural sector in Uganda. Us‑
ing secondary data and estimating using the Autoregres‑
sive Distributed Lag (ARDL) approach, the research ex‑
plored the association between commercial bank credit
and agricultural GDP. The ϐindings indicated that in the
long‑run, bank credit positively impacts agricultural out‑
put. Notably, production credit exerted a greater inϐlu‑
ence on agricultural output compared to credit allocated
for processing and marketing activities. In the short‑
term, commercial bank credit was found to have no im‑
mediate effect on agricultural output.

Chandio et al. [32] examined the cumulative impact
of capital investments (including agricultural credit),
CO2 emissions, and advancements in technology includ‑
ing farming equipment on Chinese grain crops produc‑
tion using the ARDL methodology. The ARDL‑bounds
testing method established a long‑term relationship
among the variables. The ϐindings revealed that agricul‑
tural research and development investment positively
impacts grain crop yields over both short‑ and long‑term
periods. Agricultural credit was identiϐied as a signiϐi‑
cant factor in improving grain crop output. Conversely,
CO2 emissions were found to negatively affect grain pro‑
duction in both the short‑ and long‑term. Additionally,
the allocation of land to grain crops and the utilization
of fertilizerswere noted to positively inϐluence grain pro‑
duction across both time frames.

Kn [33] analyzed trends in agricultural credit ϐlow
in India and assessed their impact on agricultural GDP
and exports. The study indicates that credit provided to
the agricultural sector has a statistically signiϐicant pos‑
itive impact on agricultural GDP in India, and this sug‑
gests that increased access to credit increases agricul‑
tural production and overall growth in the sector. In con‑
trast, the positive association between interest and agri‑
cultural GDP does not directly determine productivity.

Manoharan & Varkey [22] investigated the associa‑
tion between agricultural ϐinancing and agricultural pro‑
ductivity in India, adopting a ϐixed effects model to con‑
duct a state‑level panel data analysis. The results demon‑
strate that direct agricultural credit positively inϐluences
productivity, while indirect credit exerts a signiϐicant
negative impact.

Mahapatra & Jena [23] explored the effect of agricul‑
tural credit disbursement—speciϐically crop loans and
term loans—on theyields of total cereals,millet, and rice.
Through the ARDL model, the study assessed the rela‑
tionship between credit types and crop yields. The em‑
pirical results from the bounds F‑test indicate a statisti‑
cally signiϐicant association between agricultural credit
and the yields of the examined crops at the 1% signiϐi‑
cance level. In the long‑run, crop loans were found to
have a positive effect on the yields of cereals and rice,
though no signiϐicant impact was observed on millet
yields. On the other hand, the conditions of loans nega‑
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tively affected the yields of cereals, millet, and rice, with
the effect being more pronounced on rice than on millet.
In the short term, both crop and term loans were associ‑
atedwith negative impacts on the yields of all three crop
categories.

TuanAnh et al. [20] employed the ARDLmodel along
with the Toda and Yamamoto Granger causality tests to
examine the relationship between agricultural ϐinance
and agricultural GDP in Vietnam. The ϐindings revealed
a unidirectional causal relationship from agricultural
credit to agricultural GDP, indicating that credit plays a
signiϐicant role in driving agricultural economic growth.

Similarly, Khan et al. [34] investigated the impact of
agricultural credit disbursement on agricultural growth
in Pakistan using a Vector Error Correction Model
(VECM). The analysis conϐirmed a positive and statisti‑
cally signiϐicant long‑term relationship between agricul‑
tural credit and the growth of the agricultural sector.

In another study, also based on country‑level time
series data from Pakistan, differentiated between var‑
ious types of credit such as those related to food pro‑
duction, credit for modern agricultural machinery, and
general agricultural ϐinancing. The results afϐirmed that
credit extended by a range of ϐinancial institutions had a
positive and signiϐicant inϐluence on agricultural GDP [12].
The ϐindings indicate that land loans and cooperative
loans had a negative but statistically insigniϐicant effect
on the agricultural gross domestic product.

In a related study conducted in Pakistan, re‑
searchers employed a probit model to identify the fac‑
tors affecting farmers’ access to formal credit. They then
applied the Cobb‑Douglas production function to assess
the impact of formal credit on sugarcane productivity.
The results conϐirmed a signiϐicantly positive effect from
formal credit on sugarcane output, highlighting that ac‑
cess to and the effective utilization of credit in the pro‑
duction process can enhance crop yields and increase
farmers' income. Hence, ensuring the secure and timely
disbursement of crop‑speciϐic credit is critical, as it en‑
ables farmers to apply agricultural inputs efϐiciently at
appropriate stages of production.

Islam [35] investigated the impact of agricultural ϐi‑
nanceonagricultural productivity inBangladesh, aiming
to assess how access to credit inϐluences the efϐiciency

and output of the agricultural sector. The analysis em‑
ployed the ARDL bounds testing approach to examine
both short‑ and long‑termrelationshipsbetweenagricul‑
tural credit and productivity. The ϐindings demonstrate
a signiϐicant and positive correlation between agricul‑
tural credit and agricultural productivity in both time‑
frames, indicating that improved access to credit for
farmers in Bangladesh contributes to higher levels of
agricultural output.

Bahşi & Çetin [36] investigated the relationship
between agricultural credit and the value of agricul‑
tural production in Turkey, employing Ordinary Least
Squares (OLS) as the primary statistical estimation
method. The regression results indicated that the terms
of credit had a more signiϐicant impact on agricultural
production value than the amount of agricultural credit
itself.

Seven & Tumen [21] investigated the relationship
between agricultural credit and agricultural productiv‑
ity in Arab countries using various econometric tech‑
niques, including standard cross‑sectional least squares,
cross‑sectional regressions with ϐixed effects, two‑stage
least squares (2SLS) regressionsusing instrumental vari‑
ables, generalized method of moments (GMM), and IV‑
2SLS estimation techniques. The ϐindings indicate that
states with more robust agricultural ϐinancing systems
tend to exhibit higher levels of agricultural productiv‑
ity. A positive correlation was identiϐied between agri‑
cultural credit and agricultural productivity, emphasiz‑
ing the crucial role of credit availability in enhancing sec‑
toral efϐiciency and output. The positive impact of agri‑
cultural credit on productivity remains even after the
consideration of alternative measures related to agricul‑
tural production, such as agricultural labor productivity.

Alrwis et al. [37] estimated the impact of water
scarcity on agricultural economic development and eco‑
nomic development indicators in the Kingdom of Saudi
Arabia. Descriptive analysis and econometric analysis
were used to estimate the proposed regression models.
The ϐindings indicate that an increase in employment
and agricultural loans corresponded to a rise in the total
value added to agricultural production. The total value
of agricultural production contributes to an increase in
GDP.
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Looney [38] investigated the feasibility of agricul‑
ture in Saudi Arabia using descriptive approach. The re‑
sults indicate that access to credit has the possibility of
increasing productivity through increased investment in
the sector.

Alzyadat [39] analyzed the inϐluence of banking
credit facilities on non‑oil economic growth in Saudi Ara‑
bia using theARDLmodel. The study ϐindings reveal that
an increase in bank facilities is linked to apositive impact
on non‑oil economic growth in Saudi Arabia. Addition‑
ally, the results highlight that bank loans from different
banking sectors had a nonlinear effect on growth within
the non‑oil economy.

Most of the reviewed literature analyzed the impact
of credit on the agricultural GDPwithout segregation be‑
tween public and private credit. Thus, this paper aims
to ϐill the gap in the economic literature by examining
how public and private credit, along with other essen‑
tial explanatory variables, affect the value of agricultural
production. This paper also examines the existence of
economies of scale in terms of the value of agricultural
production instead of quantity produced or agricultural
GDP.

2. Materials and Methods
To judge whether the input of agricultural sector in

Saudi Arabia is being utilized efϐiciently in the creation of

output, this paper will use the log‑linearized version of
the Cobb‑Douglas production function speciϐied below:

lyt = a0 + π1llt + π2lgt + π3lpt

+π4lat + π5lft + ut

(1)

Where the dependent variable is the log of agricul‑
tural production value and u represents the error term.
The independent variables represent the logs of labor
(llt), government credit (lgt), private credit (lpt), size of
agricultural land area (lat), and fertilizer (lf t). The inde‑
pendent variables were selected because they represent
the most important factors of production in the agricul‑
tural sector. The impact of credit can be hypothesized
using partial derivatives as: ∂ly

∂lg = π2 > 0; ∂ly
∂lp = π3 > 0.

These partial derivatives indicate that the change in agri‑
cultural output with respect to public funding and pri‑
vate credit is expected to be positive, i.e. that an increase
in public or private credit is expected to increase the agri‑
cultural sector output.

The authors relied on multiple sources to collect
the necessary data for this research. The data for this
study were obtained from several ofϐicial sources, in‑
cluding the Ministry of Environment, Water and Agricul‑
ture (MEWA), the Agricultural Development Fund, the
Saudi Central Bank (SAMA), and the General Authority
for Statistics. The collecteddata consistedof annual time
series data from 1990 to 2022. Table 1 shows the sum‑
mary statistics of the collected data.

Table 1. Summary Statistics.
Variable Minimum Maximum Mean Std. Deviation

Agricultural production value (billion Riyal) 27.000 195.000 104.061 52.691
Agricultural production are (million hectare) 4.200 7.400 5.800 0.967
Private credit (billion Riyal) 0.800 7.200 4.000 1.934
Government funding (billion Riyal) 0.200 6.600 3.400 1.934
Total labor (thousands of workers) 300.000 950.000 596.600 204.678
Fertilizers (million tons) 0.960 2.810 1.848 0.592

By comparing theminimumvalue to themaximum
value, we notice that the value of agricultural produc‑
tion has increased signiϐicantly. On average, private
credit was higher than government funding. The to‑
tal amount of labor including domestic workforce and
expatriates working in the agricultural sector in Saudi
Arabia reached its highest level in 2021, with 950,000

workers.
To avoid the trap of estimating spurious regression

using time series data, the ϐirst step in the time series
analysis should involve inspecting the unit root proper‑
ties of the collected data. Table 2 shows the results of
the Augmented Dickey Fuller (ADF) unit root test.

The results of the ADF test show that the values of
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agriculture production, private credit, and public fund‑
ing are stationary I(0). Agriculture area, total labor force,

and fertilizers are not stationary at their level, and they
need to be differenced to become stationary I(1).

Table 2. Results of the Augmented Dickey Fuller.
Variables Level I(0) First Deference I(1)

Test Statistics Decision ADF Test Decision
Value of agriculture production −16.972∗∗ stationary

Agriculture area −2.1432 Unit root −6.5429∗∗ stationary
Private credit −19.256∗∗ stationary

Governmental funding −12.351∗∗ stationary
Total labor −1.0401 Unit root −5.185∗∗ stationary
Fertilizers −1.5438 Unit root −5.447∗∗ stationary

Sincewehavemixedorder of integrations as shown
in Table 2, this paper will use the Auto Regressive Dis‑
tributed Lag (ARDL) methodology [40] for estimating the
production function as speciϐied in equation (1). The
ϐirst step of the ARDL requires examining the existence
of cointegration using an F‑test, i.e. ARDL bounds test
approach [41], as below:

∆lyt = β0 + π1lyt−1 + π2llt−1 + π3lgt−1

+π4lpt−1 + π5lat−3 + π6lf t−1

+
∑p

i=1 ai∆lyt−i +
∑p

i=1 bi∆llt−i

+
∑p

i=1 ci∆lgt−i +
∑p

i=1 di∆lpt−i

+
∑p

i=1 ei∆lat−i +
∑p

i=1 fi∆lf t−i + u
t

(2)

As shown in the above equation, the lag length is
one period. Except for the agricultural land, the lag
lengthwas set to 3 because agricultural land needsmore
time to be cultivated and for its output to be transferred
to a monetary value.

To test for the existence of long‑run relationships
among the variables, the following null and alternative
hypotheses are constructed:

H0 : π1 = π2 = . . . π6 = 0 (3)

H1 : π1 ̸= π2 ̸= . . . π6 ̸= 0 (4)

Rejection of the null hypothesis indicates the exis‑
tence of a long‑run relationship and the fact that the vari‑
ables are cointegrated. This allows us to proceed to the
second step, which is estimating the ARDL model in the
error correction format as below:

∆lyt =
∑p

i=1 ai∆lyt−i +
∑p

i=1 bi∆llt−i

+
∑p

i=1 ci∆lgt−i +
∑p

i=1 di∆lpt−i

+
∑p

i=1 ei∆lat−i +
∑p

i=1 fi∆lf t−i

+λ ecmt−1 + ut

(5)

Where ecm refers to the residuals from the cointe‑
gration equation (2), representing the error correction
term.

3. Results and Discussion
The results of the cointegration test as speciϐied in

equation (2) are shown in Table 3. The results indicate
the rejection of the null hypothesis of no cointegration at
the one percent level.

Table 3. Bounds F‑test (Wald) for no cointegration.
F‑Statistics Decision

10.839 RejectH0

Since the existence of a long‑run relationship has
been conϐirmed, we estimated the ARDL error correc‑
tionmodel (5) with no constant and no trend because in‑
cluding them resulted in non‑signiϐicant parameters for
both the intercept and trend. The parameters of the esti‑
matedmodel are shown inTable 4, whileTable 5 shows

the diagnostic tests of the estimated model.
The results of the Jarque Bera normality test show

that the residuals are off normal, which is due to the rel‑
atively small number of observations. The results of the
Breusch‑Pagan heteroscedasticity test reject the null hy‑
pothesis of homoscedasticity, which justiϐies the use of
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heteroscedasticity‑autocorrelation robust standard errors
in the estimatedmodel as shown inTable 4. The Breusch‑
Godfrey test for serial correlation in the residuals shows
that we fail to reject the null hypothesis of autocorrelation

in the residuals. The CUSUM test shows that we fail to re‑
ject the null hypothesis where the process mean is con‑
stant over time, indicating that the parameters are stable
over time. Also, Figure 1 shows that our model is stable.

Table 4. Coefϐicients of the Estimated ARDL Error Correction Model.
Variable Short‑Run Coefϐicient Long‑Run Coefϐicient

∆lyt−1 0.138 (0.165) 0.148
∆lArea −2.439*** (0.814) −2.622

∆lP rivate Credit 3.172*** (0.708) 3.409
∆lPublic Funding −1.479*** (0.349) −1.590

∆lLabor 0.184*** (0.050) 0.198
∆lFertilizer 0.004 (0.033) 0.005

ecm −0.930*** (0.274)
Adjusted R‑squared=0.98 Residual Standard Error = 0.007 F‑Statistic 344

Note:***,**,* indicate the signiϐicance level at the one, ϐive, and ten percent level, respectively. Standard errors are in parentheses.

Table 5. ARDL Model Diagnostic Tests.
Test Name Test Statistics Decision

Jarque Bera Test 29.641 Reject Null Hypothesis
Breusch‑Pagan Test 15.865 Reject Null Hypothesis
Breusch‑Godfrey Test 2.869 Fail to Reject Null Hypothesis

CUSUM Test 0.636 Fail to Reject Null Hypothesis

Figure 1. Recursive CUSUM Test.

The adjusted R‑squared value indicates that the
model explains approximately 98% of the variation in
the dependent variable, reϐlecting a strong goodness of
ϐit. The error correction term (ECT) carries the expected
negative sign and is statistically signiϐicant at the 1%
level, suggesting a rapid adjustment back to long‑run
equilibrium, with a correction speed of 93% per year.
The long‑run coefϐicients were estimated using the par‑
tial adjustment approach, calculated by dividing the neg‑

ative of the short‑run coefϐicient by the error correc‑
tion term [42, 43]. Overall, the results indicate that the
long‑run impact is slightly greater than the short‑run ef‑
fect. Among the ϐinancing variables, private credit ex‑
hibits the strongest positive inϐluence on the value of
agricultural production in Saudi Arabia. In the short
run, a 1% increase in private credit is associated with
an approximate 3% rise in the value of agricultural out‑
put. These ϐindings are consistent with previous stud‑
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ies that have demonstrated a positive relationship be‑
tween ϐinancing and both agricultural productivity and
agricultural GDP [24, 27, 28, 31]. Surprisingly, public fund‑
ing has a negative impact on the value of agricultural
production. This can be attributed to the fact that some
of the agricultural funding is directed toward import‑
ing agricultural products and agricultural investments
abroad. Although this policy helps achieve food secu‑
rity and lower food prices in the domestic market, it
contributes to the depreciation of the value of domestic
agricultural products. Gebeyehu&Bedemo [44] indicated
that the negative impact of public fundingwas attributed
to misallocation by farmers, who often divert the funds
toward non‑agricultural activities, thereby diminishing
its effectiveness in supporting agricultural production.
Policy reforms regarding public funding in Saudi Arabia
should considermeasuring andmonitoring howpublicly
funded projects, commodities, or inputs affect the value
of domestically produced products. More credit facili‑
ties should be disbursed to projects, commodities, or in‑
puts that ultimately result in increasing the value of do‑
mestic agriculture production. Also, tax waivers as an‑
other policy should be considered a support for projects
that contribute to the appreciation of domestic agricul‑
tural production and increase the welfare of domestic
farmers and agricultural entrepreneurs. Also, in order
to ensure alignment with agriculture production goals,

the paper suggests that public funding recipients are
provided with targeted production quantity and at the
end of production cycle are evaluated based on achiev‑
ing the targeted quantity. Those producers who success‑
fully achieve the targeted quantity will guarantee future
credit facilities. However, producers who do not achieve
the targeted production quantity will, in the future, re‑
ceive reduced credit facilities that are consistent with
their produced quantities.

The results also show that the increase in the size
of the agricultural production area negatively affects the
value of domestic agricultural product. This is because
as the domestic area of agricultural production expands,
the supply of agricultural products in the domestic mar‑
ket will increase, hence the prices of domestic agricul‑
tural products will decrease as a result of the supply in‑
crease. Some studies state that when demand is high, ex‑
panding the agricultural area can help stabilize market
prices [45, 46]. Conversely, the total labor force employed
in the agricultural sector exerts a positive inϐluence on
the value of domestic agricultural production [44].

The ϐinal step in the analysis is to examine whether
the Saudi agricultural sector is operatingwith increasing
returns to scale, decreasing returns to scale or constant
returns to scale. Table 6 shows the results of examining
the null hypothesis that the Saudi agricultural sector is
operating under constant returns to scale.

Table 6. Constant returns to Scale Test.
F‑Statistics Decision

8.7417 Reject null hypothesis

The results in Table 6 show that we reject the null
hypothesis of constant returns to scale. Thus, we con‑
clude that the Saudi agricultural sector is operating un‑
der diseconomies of scale.

We also conduct the robustness check to ensure the
signs of estimated parameters are invariant to addition
ofmodel’s independent variables. We addwater as an in‑
dependent variable since it is a very important input in
agricultural production, even though, we do not have full
observations of the water variable that covers the entire
period of this study (1990�2022). Speciϐically, we have

twomissing observations, and we recovered them using
trend extrapolation method. Table 7 shows the parame‑
ters of the ARDLmodel after addingwater as an explana‑
tory variable.

The results of the robustness check show that
the sign and the signiϐicance of the variables have not
changed. Also, the parameters of public andprivate lend‑
ing have not changed. The major concern of this model
is that the error correction term’s value is slightly higher
thanone in absolute value,which could indicate over cor‑
rection.
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Table 7. Robustness Check.
Variable Short‑Run Coefϐicient

∆lyt−1 0.161 (0.160)
∆lArea −2.522*** (0.812)

∆lP rivate Credit 3.152*** (0.664)
∆lPublic Funding −1.474*** (0.328)

∆lLabor 0.183*** (0.046)
∆lFertilizer 0.002 (0.032)
∆lWater −0.128 (0.318)

ecm −1.062*** (0.266)
Adjusted R‑squared=0.98 Residual Standard Error=0.006

Note:***,**,* indicate the signiϐicance level at the one, ϐive, and ten percent level, respectively. Standard errors are in parentheses.

4. Conclusions
Commercial banks, ϐinancial institutions, and the

Saudi government provide various forms of funding and
support to the agricultural sectorwith the primary goals
of developing and expanding domestic agricultural ca‑
pacity, achieving self‑sufϐiciency in key agricultural com‑
modities, supporting local farmers, enhancing food secu‑
rity, and stabilizing the prices of food and agricultural
products within the country. Given the critical role of
ϐinancing in agricultural production, this study aims to
evaluate the impact of both private credit and public
funding on the value of domestic agricultural products.
By utilizing annual time series data covering the period
from1990 to 2022, unit root tests revealed that themain
variables exhibit amixedorder of integration. To achieve
the paper’s objectives, the Autoregressive Distributed
Lag (ARDL) model was adopted as an estimation tool to
examine the effect of key production factors on the value
of agricultural output.

The ϐindings indicate that private credit plays a sig‑
niϐicant and positive role in enhancing the value of agri‑
cultural products. In contrast, governmental funding
was found to have no positive contribution, a result pri‑
marily attributed to the misallocation of public credit by
farmers toward non‑agricultural activities, aswell as the
diversion of public funds to support agricultural invest‑
ments abroad and import operations. Additionally, the
expansion of cultivated agricultural landdemonstrated a
positive impact on increasing the domestic supply. If the
increase in supply is not matched by adequate demand,
it may result in price declines—especially given the per‑
ishable nature of agricultural products. The total labor
force engaged in agriculture in Saudi Arabia was shown

to positively inϐluence the value of the agricultural sec‑
tor. This study also rejected the assumption of constant
returns to scale, concluding instead that the sector op‑
erates under diseconomies of scale. Based on these re‑
sults, this paper recommends the development of poli‑
cies aimed at striking a balance between increasing the
quantity of agricultural products available in the domes‑
tic market and enhancing the overall value of domesti‑
cally produced agricultural goods. This iswhile ensuring
that publicly allocated funds are transformed into food
and agricultural commodities that enhance the value of
domestically produced products, increasing the welfare
of domestic farmers.

Themain limitation of this paper is thatwater as an
input was included only in robustness check model due
to the unavailability of observations that cover the entire
period of this study. Future research should include wa‑
ter along with other relevant factors of production. Also,
this paper recommends estimating cost function in the
Saudi agricultural sector using appropriate estimation
techniques that reveal the most important factors that
elevate the cost of domestic agricultural production, as
well as suggesting relevant mitigation policies that have
produced the highest possible output with the lowest
possible cost of production.
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