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Abstract

For the small agricultural producer of the state of Puebla, with up to five hectares of surface area
for production, the insurance systems offered by the private sector, or those of catastrophic
insurance offered by the Government, are not within reach. Among the causes is the absence of a
culture of risk management and the lack of approach to formal financial services. The present study
exposes the proposal of a scheme of agricultural and personal insurance, under criteria of
simplicity, offers the small farmer an affordable alternative, which bases its financial figures on
the results of a linear regression calculated with data of the historical yields of the region, for a
technically viable period, able to show the trend and future projection in tons per hectare. The cost
of the insurance premium is obtained by applying the price of the product in question to the average
of the variations with respect to its trend line, and the insured amount is obtained by valued at the
same price, the estimated yield of the immediate subsequent cycle. This model ensures that in the
medium term the producer receives every two years an amount equivalent to half of what he pays
for insurance or an accumulated fund available for pension or compensation in stages of
unemployment.
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Introduction

There are numerous risks to which agricultural producers in Mexico are exposed, the nature of the
agricultural activity carried out by the different sectors of producers implies risks derived from
climate change, biological processes and market variations, which impact the production and yield
of crops, as well as investment and income, in this regard it is indicated that 78.2% of the losses
for small producers are due to natural causes, among which the climatic eventualities stand out.
AGROASEMEX (2015). Together with these, they are also exposed to physical and social personal
risks that temporarily or permanently truncate their capacity or productive possibility, to situate the
problem, 40.5% of the rural population is 60 years of age or older (ENA, 2014).

Small producers that own up to five hectares of agricultural land in Mexico, generate 39% of
national agricultural production, produce 40% of the food of the country UNAM (2015), represent
67% of farmers in the field, are responsible for 56.8% of the agricultural employment, all this made
16.9% of the arable land whose greater proportion is worked under the modality of temporary
(Administracion, 2016).

Mexico is one of the developing countries that has advanced agricultural insurance schemes by
indexes subsidized by the government, or under the management of insurance funds and although
it tries to prioritize the most vulnerable sector, the external evaluations that have been applied to
the programs of Government for insurance, realize that the sector of small producers continues to
be outside the scope of these benefits in addition to social security because they only apply in
formal work relationship schemes.

Experience in underdeveloped countries has shown that only insurance systems that are highly
subsidized by the state subsist, which rather represent a charge to public spending that is not
capitalized on the increase of agricultural assets, on the contrary, it encourages intentional exposure
from the producer to the risk to be compensated.

The risk management must be scrupulously studied and estimated avoiding, for the benefit of the
small producer, the complexity of the calculations and actuarial standards that have contributed to
the high costs of these financial services and therefore the apathy of the farmer. For this it is
necessary to identify in the nature of the risk, the type of convenient insurance that offers
institutional and financial certainty. An insurance classification made by the Japan International
Cooperation Agency groups the most representative in three sectors: crop insurance, income
insurance and index insurance. The first requires the determination of the specific risks per
agricultural unit, which represents high administrative costs, the second, although it guarantees the
perception of income, is inherent in the variation of prices of agricultural products and the
supervision of the decrease in harvests, index insurance is convenient in this case because it uses
values obtained from the measurement of events related to the harvest that may derive from
climatic quantification or yield per area, the latter regularly subsidized by governments.

Hardacker (2015) classified agricultural risks in human risks, risks of exploitation assets,

production risks, market risks, institutional risks, commercial risks and financial risks, for
which the scheme proposed here conceptualizes the climatic and biological risks that they
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diminish the production and the risks of the peasant in his person that prevent him to carry
out the work, like agricultural risks that can be combined in a single fund for his
indemnification.

The moral hazard and the risk of adverse selection can occur when establishing insurance
schemes given the economic incentive it represents for individuals to be insured at average
rates, when they are exposed to a probability of loss greater than the average of the population,
in this case, there is an effect known as “moral hazard” where there is a certain indifference to
the loss as a consequence of the existence of insurance Arias (2006); however, it is intended
that they will not impact on this proposal.

The amount that the buyer of an insurance is willing to pay based on the expected income, to
reduce the uncertainty and have an income in case of loss, a value finite to the infinite growing
trend of paying more for an expected value increasing , discovering that what you are looking
for is a utility and that this is not a line parallel to the wealth you can count on, but that it increases
to decreasing values, supporting affirmation: “the utility resulting from any small increase in
wealth it will be inversely proportional to the amount of assets previously owned” with which it
makes clear that a certain and determined gain is more significant for a poor person than for a
rich person. Therefore, the expected value is given by:

E[x] =2 pxi

And the expected utility is given by:

E [(UX)] =X piU(x)

And to go towards a diminishing marginal utility of income, he proposed a Neperian logarithmic
utility of the quantity of money, which is concave (Miller, 1984):

U(x) = Inx = E[U(X)]=E[Inx] = Zp; Inx;

This raises the concern of how much is willing to pay to mitigate the effects of the disaster, where
the theory of Markowitz (1959) is useful that is associated with the probability distribution of
returns, in this, the quantification to measure the total risk of an investment is the variance or

standard deviation of its yields, where on the one hand it is through the expected returns determined
by the sum of the products of the different yields by their probabilities:

E(r)= ZHPiri

Where: r; denotes the yield of i of the probability distribution and p; the probability that the yield i
occurs and, there are n possible rates of return or by means of the variance (or standard deviation)
of the yields, being the first, with the aforementioned notations equal to (Markowitz, 2006):

o’= zn P; [1;-E(1)]x?
i=1
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The study Guitton (1954) in his book oscillation and growth, shows how the high variation of the
data with respect to its average in a long cycle, takes a decreasing or negative trend, while a lower
variation shows a tendency of growth to appreciate in an extended period, whose cyclical
succession of data does not have perfect autonomy, which is useful for the stability expectations of
small producer income, based on the coverage offered by an insurance system for times of negative
returns, he considers the lapses according to the object of study and exemplifies with lapses of ten
years. Combined the viability of the lapse from the business perspective as noted by Schumpeter
(1935), who defined as a medium cycle a lapse of five to ten years (Sotelo, 2003).

Hypothetically, it is considered that an agricultural insurance scheme for small producers, which
is made from a regression on regional historical yields, will make the determination of the cost of
the premium and the insurable amount, a simple mechanism that can do without the costs for moral
risk and risk of adverse selection, thus decreasing its administrative costs. The simplicity of the
model and its requirement only of the calculation of the variations on the central tendency, and the
estimation of the subsequent performance of the production cycle in question, emits the cost of the
premium and the amount to be insured by applying the current price. in the local market, the product
to be insured, whose accumulation of funds in insurance or banking institutions, will allow its
availability to reimburse the low loss rate, unemployment or retirement pension in old age.

This insurance scheme will transfer the risk to the specialized sector, while using a simple and low-
cost mechanism to make it accessible to the producer and attractive to the commercial insurer, with
the expectation that its adoption will be in the interest of the sector. small farmers to contribute to
the stability of their income, and is the precedent of an approach to self-management of risk and
the approach to the use of modern financial services.

With regard to the objectives, the corn yields of the different Rural Development Districts (DDR)
of the state of Puebla for a period of 12 years are analyzed, obtaining the linear regressions and the
projections for the determination of the cost of the premium and the insured amount, in order to
identify its reasonableness, likewise the financial formulas of annuities are applied to the costs of
the premiums to determine the quantification of the funds that are foreseen available for the
compensations, thus making sure of the simplicity of the scheme of determination of agricultural
insurance for the small producer.

Materials and methods

The design of an insurance scheme for the small farmer, includes in its structure two aspects, the
calculation of the premium and insurance coverage and the investment that in the form of savings
facilitates the producer the availability of accumulated funds for compensation, both planes based
on academic principles.

The main instrument used to calculate the cost of the premium and the determination of the
agricultural coverage is the statistical regression technique applied to production data and yields of
the basic crop (for this case, white corn), calculated in the Statistical Analysis System (SAS)
program that provides the estimation equation.
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Under the principle of the theory of economic cycles as the basis of the instruments used, a period
of fourteen years (2000-2013) of yields of the reference crop will be taken for each DDR published
by the Agricultural and Livestock Information System (SIAP) of the Ministry of Agriculture,
Livestock, Rural Development, Fisheries and Food (SAGARPA).

The variables for the regression are time and yield per hectare, of which the resulting dispersion
graph and the resulting central trend line show the variations in yields, of which their average will
be the basis for the cost of the premium and the future estimate 2014 and 2015 will be the basis for
the insurable amount.

To economise the extension of the present article, the application of two DDR is presented that
denote different results explained from the heterogeneity of height, humidity, type of soil,
temperature, technology and irrigation infrastructure, this sectorization is subdivided in turn by
productive cycle and water regime.

The sequence of instructions to enter the SAS program is as follows:
First instruction: data corn (indicating the name of the data set).

Second instruction: Input T R (indicate the entry of the two variables: time and yields) third
instruction: T2=T=T; T3= T2*T, (instructs that the variables can be integrated into a quadratic
function if the trend is tied to the curve of a concavity or a possible cubic function if the trend curve
is shown in two concavities).

Fourth instruction: Cards (indicates the entry of the data of the variables).

The years to be estimated are included by placing only one point in the performance variable and
the list of values is closed with a semicolon as a sign that the list of values has ended.

Fifth instruction: Proc Plot; Plot R=T, (indicating that the graph of the distribution of the annual

yields in the Cartesian plane is processed and that it considers the variables R and T on the Y axis
and on the X axis, respectively.

Sixth instruction: Proc GIm; Model r=t t; ta/predicted (instructing the execution of a regression
with the variables R and T and with T2 and T3, which give concavity (s) to the trend line if
this is indicated by the behavior of the returns in the analyzed period The plotting of a quadratic
or cubic curve of estimated values between the two variables such that the variation of the
dispersion values, are above that curve (positive) and below (negative) according to their
location, but that ensure equivalent variation each instruction is closed with the sign (point and
coma) to indicate that the instruction in question ends there and that it must continue with the
next one.

Once the aforementioned instructions have been concluded, the program “runs” by activating the
“run” icon or its equivalent window with what it processes and displays the results.
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The savings scheme linked to the payment of the insurance premium is calculated by means of the
financial formula for annuities, in the expectation that the payment of the premiums will be
analogous to the savings system, where the investment is accumulated in a fund operated similarly
to savings systems for retirement and allow their availability to compensate for zero returns,
periods of unemployment or pension.

The estimation of the accumulation of funds is obtained through (Weston, 2012):

<(1+i)r—1>
m * —

Where: i= interest rate for the period; r= number of periods; m= amount of investments.

Results and discussion
The load and run of data in SAS of the variables time in years, and yields in tons of corn per hectare
in the DDR of Teziutlan and Zacatlan of the state of Puebla, by the spring and winter production
cycles in the irrigation water regimes and of temporary, they issued the results in Table 1.

Table 1. Teziutlan Puebla spring-summer cycle “temporary” water regime.

Procedimiento GLM
Variable dependiente: R
Suma de Cuadrado de
Fuente DF cuadrados la media F-Valor Pr > F
Modelo 1 3.01501582 3.01501582 19.32 0.0009
Error 12 1.87258418 0.15604868
Total correcto 13 4.88760000
R-cuadrado Coef Var Raiz MSE R Media
0.616870 25.00190 0.395030 1.580000
Cuadrado de
Fuente DF Tipo I 8S la media F-Valor Pr > F
T 1 3.01501582 3.015013582 19.32 0.0009
T2 0 0.00000000
T3 0 0.00000000

Cuadrado de

Fuente DF Tipo IIT SS la media F-Valor Pr > F
T 0 0
T2 0 0
T3 0 0
Error
Parametro Estimacion estandar Valor t Pr > |t]
Término in 232.5700440 B 52.55080722 4.43 0.0008
T -0.1151209 B 0.02619023 -4.40 0.0009
T2 0.0000000 B . .
T3 0.0000000 B
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It shows R2 as an indicator of how far away the observed data is from those estimated by the trend
line; when it is high (value close to 1) it indicates that the variation of data with respect to the trend
line is low and when it is low (value close to 0) it indicates that the observed data is far from the
trend line. The coefficient of variation, T2 and T3 is 0 indicating that it would not apply a quadratic
function or a cubic function. The mean of the squares for the value of the starting point is
3.01501582 and the proof of F is lower for what is significant; however, for the linear function it
offers the estimate of the intercept and the value of the variable T to integrate the dependent variable
R with a standard error of 0.02619023, for the intercept 232.570044 and of -0.1151209 for the
estimate of T, which are accepted since they meet the test parameter of t. Hence, the function is:

R =232.5700440 - 0.1151209T

In the output also displays the values of the observed data and the estimates showing the variations
as residuals, established in three columns whose rows correspond to the arithmetic operation of
each of the observed values with respect to their estimates.

Check that the sum of the residuals effectively add up to zero confirming that the estimated trend
is just neutral between the dispersion of values above the trend line that are positive and those
dispersed below the line whose values are negative, for consequently also indicates that the sum of
the squares of the residuals add up to zero; however, the sum of the squares of the residuals
converted to positive given their squared elevation is 1.87258418 reiterating that the observed
values are somewhat distant from the estimated trend line.

It also indicates which level of correlation the variables have among each other, a fact that is useful
to rule out any dependency on values and ensures what happens in the different periods that is not
a function of the periods that precede or proceed (Table 2).

Table 2. GLM procedure, in the SAS system.

Sistema SAS
Procedimiento GLM
Observacion Observado Predichos Residual
1 1.986000000 2.32828571 -0.36828571
2 2.17000000 2.21316484 -0.04316484
3 2.30000000 2.09804396 0.20195604
4 2.00000000 1.98292308 0.01707692
] 2.00000000 1.86780220 0.13219780
6 2.50000000 1.75268132 0.74731868
7 1.72000000 1.63756044 0.08243956
8 0.75000000 1.52243956 -0.77243956
9 1.18000000 1.40731868 -0.22731868
10 1.60000000 1.29219780 0.30780220
11 1.31000000 1.17707692 0.13292308
12 0.56000000 1.06195604 -0.50195604
13 1.26000000 0.94683516 0.31316484
14 0.81000000 0.83171429 -0.02171429
15 = 0.71659341
16 * 0.60147253
* Estimados automaticamente por el programa

Suma de residuales -0.00000000

Suma de residuales cuadrados 1.87258418

Suma de residuales cuadrados - Error SS 0.00000000

Autocorrelacién de primer orden 0.01357853

Durbin-Watson D
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Converting the numerical results in Figure 1 would be expressed as follows.

3 -

= N
o N o
1 1 1

Yield (t ha't)

1
0.5 A1

0

1998 2000 2002

2004

2006 2008 2010 2012

Year

2014

Figure 1. Tendency of yields in white corn cultivation in Teziutlan, Puebla. Spring-Summer cycle,

irrigation.

It can be seen that the regression line shows a slight downward trend as indicated by the negative
coefficient of the variable (T) and that this trend is consistent with a median variation of the yields
in the analyzed period, so that the premium insurance will be of medium magnitude while the
instability of the yields is not moderated.

The average of the deviations of the yields with respect to the trend line in this case is 0.2764113
tons or 276.64 kg that valued at a hypothetical price of 3 pesos per kg as the price at the moment
of paying the insurance premium for 2015, this would amount to $829.23 pesos per hectare. The
sum insured for this case is the quotient that results from multiplying the expected return for 2015
by 0.6015 t ha, by the hypothetical price of $3 000.00 per ton resulting in $1 804.50 (Table 3 and

Figure 2).

Table 3. Zacatlan Puebla Spring-Summer cycle irrigation water regime.

Variable dependiente: R

Fuente

Modelo
Error
Total correcto

Fuente

T
T2
T3

Fuente

T
T2
T3

Parametro

T
T2
T3

R-

Término in

cuadrado
0.016035

o

o]
o]

Sistema SAS
Procedimiento GLM

Suma de Cuadrado de
cuadrados la media

0.06800119 0.06800119
4.17279881 0.34773323
4.24080000

F-Valor

0.20

Coef Var Raiz MSE R Media
22.42164 0.589689 2.630000

Cuadrado de
Tipo I S8 la media

0.06800119 0.06800119
0.00000000 .
0.00000000

Cuadrado de

Tipo III SS la media
o]
o]
0]

Error

Estimacién estandar valor t

34.15150259 B 71.28084035 0.48

-0.01570466 B 0.03551350 -0.44
0.00000000 B .
0.00000000 B

F-Valor

0.20

F-valor

Pr > |t]

0.6405
0.6662

Pr > F

0.6662

Pr > F

0.6662

Pr > F
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Sistema SAS
Procedimiento GLM
Observacion Observado Predichos Residual
1 2.90000000 2.74217617 0.15782383
2 3.00000000 2.72647150 0.27352850
3 2.80000000 2.71076684 0.08923316
4 2.70000000 2.69506218 0.00493782
5 2.50000000 2.67935751 -0.17935751
6 2.86000000 2.64794819 0.21205181
7 1.00000000 2.63224352 -1.63224352
8 3.00000000 2.61653886 0.38346114
9 3.00000000 2.60083420 0.39916580
10 3.21000000 2.58512953 0.62487047
11 2.00000000 2.56942487 -0.56942487
12 2.20000000 2.55372021 -0.35372021
13 2.79000000 2.53801554 0.25198446
14 2.86000000 2.52231088 0.33768912
19 * . 2.50660622
* La observacién no se ha usado en este andlisis
Datos de 2000 T 2013 , el 2015 no cuenta con dato.
Suma de residuales 0.00000000
Suma de residuales cuadrados 4.,17279881
Suma de residuales cuadrados - Error SS -0.00000000
Autocorrelacién de primer orden -0.16748254
Durbin-Watson D 2.30166792
3.5 1
3 i
& 25 A
©
=
e 2
=)
L 15 1
>
1 m
0.5 A
O T T T 1
1995 2000 2005 2010 2015
Year

Figura 2. Lineal regression and tendency of yields in Zacatlan, Puebla. Spring-Summer cycle,
irrigation.

The results for the independent variable T show the application of the linear function given the
quadratic function exclusion and the cubic function since the estimated value for T2and T3 is 0.

The mean of the squares for the value of the broken point is 0.06800119 and that the test of F is
inferior for what is significant; however, for the linear function it offers the estimate of the intercept
and the value of the variable T to integrate the dependent variable R with a standard error of
0.0355135, for the intercept 34.15150259 and of -0.01570466 for the estimate of T itself, they are
accepted that meet the test parameter of t. Hence, the function is:

R =34.15150259 - 0.01570466 T.

The trend is consistent with a high variation in yields in the period analyzed, so that the insurance
premium will be of a high magnitude until yield instability moderates.
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The average of the deviations of the yields with respect to the trend line in this case is 0.39067802
tons or 390.68 kg, which valued at a hypothetical price of 3 pesos per kg as the price at the time of
paying the insurance premium for 2015, this would amount to $1 172.03 pesos per hectare.

The sum of the expected return for 2015 for 2.50660622 t ha*, for the hypothetical price of $3
000.00 per t resulting in $7 519.82, this being the amount of the sum insured.

A financial calculation under the principle of annuities to accumulate the payment of premiums as
an individual savings fund for a period of five years and a conservative rate of 5.31% per annum
(rate applied by the CETES on the savings system simulator for the withdrawal of the
CONDUSEF), the following is for a producer who ensures 5 ha of maize sowing in Teziutlan:

Insurance premium: $829.23 * 5 ha= $4 146.00 annual savings

(1+4.0531)°> -1
0.0531

$4 146.00 ( ) = $23 052.00

Likewise, the biannual reimbursement figure of 50% of the premiums paid is: = $4 146.00.
In the case of the small producer who ensures 5 ha of corn planting in Zacatlan:

Insurance premium: $1 172.00 = 5 ha= $5 860.00 annual savings.

(1+40.0531)°* -1
0.0531

$5 860.00 ( ) = $32 581.00

Or, the biannual reimbursement figure of 50% of the premiums paid is: = $5 860.00

The particularities of the proposed agricultural and social insurance scheme that distinguish it from
the traditional insurance scheme are that the variables on which the cost of the premium and the
projection of the sum insured are determined, come from the variations of the yields and their
tendency for which they do not require checks of the investment of the sowing or that an adjuster
of faith of the damage to the production, situation that in addition to shielding the authenticity of
the information, does not incur costs of moral risk and adverse selection, the focus is to maintain
the stability of the producer's income by inhibiting the intention of any act that vitiates its potential
productive capacity.

The types of agricultural risks that can be faced by the producer are already implicit in the model
when considering their probability in the historical performance of the yields and, as far as the
validity of the rates is concerned, this enjoys implicit maintenance of the update since the
calculations are in products in kind and at the moment of carrying out the financial operations, the
current regional price is met.

On the other hand, the Law of the Mexican Institute of Social Security (IMSS) states in Article 154

that Unemployment in advanced age is when the insured is deprived of paid work as of the age of
60, when in the agricultural field, 40.50%, of people are in that age and more. Circumstances that
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increasingly merit thinking about the financial sustainability of this sector, in addition to a gradual
autonomy of the subsidy that although there is between 50 and 70% of the premium in most
underdeveloped countries, is notoriously decreasing as can be observed in the budget allocation for
2011 amounted to 19 165.3 million pesos, 2.63 times above the programmable spending allocated
to the Chamber of Deputies (DOF and PEF (2011) while for 2016 the allocation decreased by 91
percent to reach 1 668.9 million pesos, which represents only 22% of the programmable spending
allocated to the Chamber of Deputies (PEF, 2016).

Conclusions

The proposed security scheme for small corn farmers in the state of Puebla uses a simple and
practical methodology that offers an alternative to transfer their risk to the specialized sector, in
addition to generating individual savings funds that are available to cover contingencies,
involuntary temporary unemployment and even pension in advanced stages of his life.

Also, the security scheme allows to eradicate complex or onerous procedures, resulting in more
benefits than traditional insurance. It also opens up the possibility of the growing adoption of this
strategy in favor of risk reduction, income stability and the approach to financial services.

Finally, it is a first in the perspective of a gradual independence of the government subsidies, which
is publicly known as its decreasing tendency.
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