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INTRODUCTION

Salt is a strategic commodity to meet the
needs of the community. The fulfillment of salt
needs is determined by the availability of farmers'
salt, depending on the season. In addition, the
availability of salt is also influenced by land
productivity. The average productivity of salt land
per hectare is 30-50 tons (Kurniawan 2016). The
need for salt in Indonesia is divided into the
market for salt consumption and the need for
industrial salt. The salt produced by farmers is
used for the fulfillment of consumption of salt.
The ratio of production capability to salt
consumption needs in Indonesia in 2014 — 2018
was 0.357 on average (KKP 2019) The need for
salt increases yearly, so the salt supply also
increases. The increase in the need and supply of
salt should be directly proportional to the price.
The price of salt is very volatile; namely, in 2016,
in January, the price per kilogram reached
IDR5,792, - but in June, it decreased to IDR700.
Likewise, in 2017, starting from IDR2,000 - to
IDR760. This condition occurs due to imported
salt from India and Australia. And the price of
imported salt from India is IDR475, and from
Australia is IDR600,- (Purnanto et al. 2020)

The supply of salt in Indonesia is uncertain at
any time. Some of the causes of unpredictable salt
supply are (1) the source of raw materials is only
seawater; (2) a short dry season period; (3) high
humidity level, so that the productivity of salt
production is lower; (4) the scale of production
per small and scattered farmer; and (5) low
production process technology (Efendi et al. 2013,
Rahman et al. 2014, Muhandhis et al. 2019). This
problem causes the quality and quantity of salt in
Indonesia to be low.

A mathematical model approach is used to
describe the demand and supply of agricultural
products (Farok 2015, Li dan Yang 2017, Rambe
dan Kusnadi 2018, Mousavi et al. 2019,
Penkovskii et al. 2019, Barus 2020, Nishanth et al.
2020, Zhuo et al. 2020). The demand for salt is
stochastic and normally distributed, as is the
demand for other agricultural products (Ferreira et
al. 2017, Rambe dan Kusnadi 2018). In general,
the demand for salt is uncertain but follows the
normal distribution. Salt farmers will meet the
demand for salt from merchants. The availability
of salt and the price of salt in the market influences
the demand for salt. Prices of agricultural
commodities, including salt, fluctuate following
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the seasonal (Gouel 2012). Price fluctuations
determine the amount of demand. Price
expectations follow the Cobweb theorem, where
bidding decisions consider past conditions.

The proposed mathematical model aims to
optimize the amount of demand based on the
uncertainty of salt supply to meet the needs of salt
in society. The mathematical model that is built
consists of the supply model of the farmers and the
demand model of the middlemen based on the
uncertainty of the amount of supply. Farmers'
supply is based on the amount of salt land
productivity. The productivity of salt land depends
on the season and land area. The price of salt will
influence the salt supply model. At the same time,
the model of demand for salt by middlemen is
influenced by the price of salt in the market. The
market balance price occurs at the amount of
demand equal to the amount of supply. At the time
of salt harvest, the supply is more than the
demand, so the price decreases, and vice versa.
When it is not the salt harvest season, the supply
decreases, causing the price to increase.

METHODOLOGY

This study uses an econometric approach to
model the supply and demand for salt based on the
uncertainty of the amount of supply. The method
used is linear equations.

The salt supply function, in general, follows
the theorem Cobweb (Gouel 2012) is as follows:

Qs=a+pPp 1)

Specifically, some farmers' salt availability
influences the salt supply at the farmer level. The
amount of salt supply (Qs) is the amount of
production by farmers; a is a constant; g is the
elasticity of prices to the amount of supply, and P
is the price of salt.

The function of salt demand by middlemen
(Qp) follows the normal distribution and is formed
by the amount of salt demanded by middlemen,
which affects the price of salt. The parameter of
the change in market price to the amount of salt
demand made by the middleman QD, the constant
for the middleman a, B is the elasticity of the cost
to the amount of demand; and the price offered by
the middleman (p) is :

Qp =a—Pp 2
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Testing of the model made will be tested:
Classical assumption test and statistical test.
Classical assumption tests include normality tests
and autocorrelation tests. The normality test
intends to assess the distribution of data in a group
of data or variables and whether the data
distribution is normal. A model is said to be
normally distributed when the degree of
significance is more than 0.05. The
autocorrelation test determines the presence or
absence of deviations in the classical
autocorrelation  assumption, which is the
correlation between residual at one observation
and another in the regression model. A good
regression model is a regression model that is free
from autocorrelation. The test method often used
in quantitative research uses the Durbin-Watson
test (DW). If the result of Durbin Watson's value
is between dU and 4-dU, then it says in the data
that no autocorrelation occurs

The statistical test is carried out by testing the
coefficient of determination (R2) and
simultaneously trying the influence (F). The
coefficient of determination test (R2) measures
how far the model can explain the variations in
dependent variables (model accuracy). The
coefficient of determination (R2) value ranges
from 0 to 1, indicating the magnitude of the
combination of independent variables affecting
the value of the dependent variable. The closer to
number one, the better the model issued by the
regression will be.

The F test determines whether independent
variables  simultaneously affect dependent
variables. The significant level used is 0.5 or 5%);
if the substantial value in F < 0.05, it can be
attractive  that the independent variable
simultaneously affects the dependent variable or
vice versa.

RESULT AND DISCUSSION
Salt Supply Model

A supply model is a static relationship that
shows how much a commaodity is offered (for sale)
at a given place and time at different price levels
when other factors do not change (Gouel 2012).
Salt supply is influenced by the productivity of salt
land and the area of land owned by farmers.

The average salt productivity in Sampang
Regency is 80 - 100 tons/ha (KKP 2019). Under
normal seasonal conditions, one year is divided
into four criteria that distinguish the amount of salt
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productivity. The criteria for such seasons are the
rainy season, the beginning of the dry season, the
peak of the dry season, and the transitional season
from the dry season to the rainy season. Each of
the criteria for the season occurs for three months.
Fort=1, 2, 3 is the rainy season; t = 4.5, 6 is the
beginning of the dry season; t = 7. 8, 9 is the peak
of the dry season; and t = 10, 11, 12 is the
transitional season from the dry season to the rainy
season. The period t is the month. In the first
period (t=1,2,3), salt fields do not produce salt due
to the rainy season. In the second period, namely
the beginning of the dry season, the productivity
of salt land is 20-40 tons /ha. At the peak of the
dry season, the productivity of salt land in each
sub-district in Sampang Regency reaches 70-100
tons/ha. In the transitional season, from the dry to
the rainy season, the productivity of salt land
decreases to 20-10 tons/ha. To model the
productivity of salt lands using an econometric
approach. The quadratic polynomial method
produces the following equation of salt field
productivity per time :

y(t) = —52.626 4 30.037t — 2.066t> 3

The quadratic polynomial model has a p-
value of 0.031, so it does not exceed the
predetermined tolerance level (a) (o = 5%). Then
this model, the regression coefficient, is
significant. In addition, this quadratic polynomial
regression model produced an R2 value of 53.9%

showing significant results. This model is
considered capable of representing actual
conditions.

The function of land productivity in each
season, assuming t is 12 months so that the land
productivity function of each t is as follows:

12
y(t) = f —52.626 + 30.037t — 2.066t>
t=0

(4)

The salt supply of farmers is not only
determined by the seasons but also influenced by
the area of land owned by farmers. Where WSs is
the amount of supply, y is the productivity of the
land, t is the time, and L is the area of salt land,
then the function of the number of supply of the
farmer is as follows:

Ws =y(t) * L (®)
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The salt supply amount model is not only
influenced by the land area's productivity but also
by the price of salt. The salt supply function (QS)
affected by the price (p) is as follows :

Qs =Ws; + Bp (6)

Sampang Regency is one of Indonesia's
regions with a high salt productivity level, which
is 80-100 tons/ha. One of the areas in Sampang
Regency, namely Pangarengan District, has a salt
land area of 1,866 ha (KKP 2019). The price range
of salt starts from IDR475 up to IDR2000
(Purnanto et al. 2020). Based on these data, the salt
supply function is as follows:

Q, = 17.971 + 61,369P ©)

Salt Demand model

The demand function shows the relationship
between the number of products requested by the
consumer and the product's price. In economic
theory, the law of demand says if the price goes
up, then the quantity of requested products goes
down, and vice versa. If the price falls, then the
amount of goods requested goes up. The influence
of the demand function results in the supply
function, which occurs due to the market balance.
The bidding function shows the relationship
between the number of products the manufacturer
offers and the product's price. In economic theory,
there is an explanation of the law of supply: if the
price increases, then the number of goods offered
increases and vice versa. If the price falls, then the
number of goods offered falls.

Table 1 Salt Price and Quantity Demand

Price Quantity Demand
(IDR) (kilograms)
300 306,333
400 276,072
600 255,675
800 222,126
1,000 188,578
1,200 155,029
1,300 121,482
1,400 87,933
1,500 54,385
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Based on these data, the model of salt
demand by middlemen is as follows:

Qp = 369,261 — 194.793p (8)

The normality and autocorrelation tests are
analyzed based on the salt supply model produced
(equation (7)). The normality test is based on the
Asymp.sig value at the Kolmogorov-Smirnov test
level is worth 0.867. The significant rate used is
%%, so the Asymp.sig value is 0.867 > 0.05, so it
can be concluded that the data is normally
distributed.

Durbin Watson's value (1,739). The free
regions in this data are 1.3197(dU) to 2.6803 (4-
dU) so that Durbin Watson values are within dU
values and (4-dU) or 1.3197 < 1.739 < 2.6803,
then it can be concluded the model is not
autocorrelated.

The salt supply model shows the value of R2
is 0.933 indicating a significant result. This model
is considered capable of representing the actual
conditions. In addition, the simultaneous effect
test showed a p_value value (sig.) of 0.000 less
than a = 5%, so the accompanying free variable
(price) had a significant effect on the dependent
variable (amount of salt).

Based on classical assumption and statistical
tests, it shows that the salt supply model that has
been produced is feasible to use to determine the
amount of salt supply based on productivity and
land area affected by salt prices.

Based on the model of salt demand by
middlemen (equation (8)), an analysis of the
normality test and an auto-correlation test were
produced. The normality test is based on the
Asymp.sig value at the Kolmogorov-Smirnov test
level is worth 0.988. The significant rate used is
%%, so the Asymp.sig value is 0.988 > 0.05, so it
can be concluded that the data is normally
distributed.

Durbin Watson value (1.6 39) and the free
regions in this data are 1.3199 (dU) to 2.681 (4-
dU) so that the Durbin Watson values are within
the dU values and (4-dU) or 1.319 9 < 1.639 <
2.681, it can be concluded that the model did not
undergo autocorrelation.

The salt supply model shows the value of R2
is 0.971 indicating a significant result. This model
is considered capable of representing the actual
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conditions. In addition, the simultaneous effect
test showed a p_value value (sig.) of 0.000 less
than o = 5%, so the simultaneous free variable
(price) had a significant effect on the dependent
variable (amount of salt).

Based on classical assumption and statistical
tests, it is shown that the salt supply model that has
been produced is feasible to use to determine the
amount of salt demand by middlemen influenced
by salt price.

CONCLUSION

The salt field productivity model follows a
quadratic polynomial pattern according to the
difference in seasons at each time. The salt
demand and supply model follows a linear
regression model. The managerial impact obtained
by modeling land productivity, demand, and
supply of salt can be used as a reference for
predicting the supply and demand for salt in each
region. In addition, it can be used as reference
material by the government regarding salt
procurement policies
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