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ABSTRACT

The fluctuation of the price of tomatoes during the year represents, for the Beninese population a
real problem, both in terms of food and socio-economic. In this context, this work analyses the
evolution of the selling prices of tomatoes in 11 Benin markets from 2006 to 2015. The tomatoes
price experienced a high and strong fluctuation in most markets. The multiplicative model made it
possible to isolate the trend and the seasonality. The trend has been adjusted by a 3" order
centered moving average model. Seasonality indices showed that the price is higher than the
monthly average in most markets during the months from March to June. These fluctuations depend
on the production system and rainfall conditions. The understanding of the evolution of the price of
tomatoes is therefore necessary for the formulation of the market stabilization policies of this
product.
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1. INTRODUCTION

The recent international crises in the prices of
agricultural raw materials, especially that of
2007, have generated numerous disruptions in
the national economies of developing countries
such as the sub-Saharan region [1]. The
negative consequences have been illustrated in
various parts of the economy, especially in the
prices of local products. For these countries, the
price of food products is an important factor in
the production and sales strategy of the
producer, and in the household consumption
strategy both in rural and urban areas. Hence,
small scale rural producers sell and buy food
products according to the time of year. Poor
households in urban areas spend a large part of
their income on food purchases so much so that
the price of food products determines their
standard of living. Fluctuations in these prices
reinforce, either food insecurity situations for the
poorest households [2] or the increase in
malnutrition [3]. It is therefore necessary to
understand the evolution of these prices for the
formulation of food stabilisation policies. It is a
structuring policy in the long-term agricultural
development through the price movement
control, known in research works as a factor that
influences the technological investments of
farmers [4]. Many factors can influence demand
and supply which are the main factors that
determine the price of products in the market.
These factors can be exogenous as well as
endogenous. Climatic factors are an example of
exogenous factors because of the sensitivity of
agricultural production to rainfall variables that
exercise phytosanitary pressures that affect
crops and their marketing. The behaviour of
market players (producers and retailers in
particular) is an example of an endogenous
factor. Hence, because of the period between the
time when the production decision is made and
the date when it is sold, producers make price
expectations that affect the level of their future
production [4]. In literature, two forms of
expectations are commonly made: Adaptive
expectations [5] and rational expectations [6,7].
Adaptive expectations assume that only
information about the past is taken into
consideration by economic agents. The expected
price is assumed equal to the weighted sum of
past prices. This is the origin of the Nerlovian
models [8] and the Cobweb models [9,10]. On
the contrary, rational expectations use the
prediction model endogenous  variables,
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including prices, to make expectations. Instead of
referring to past prices, the predictions are
therefore based on the knowledge of a structural
model of price determination, exogenous
predictions of independent variables of the
model, and expectations about the policy
instruments of the model [11].

In underdeveloped countries in general, and
particularly in Benin, the seasonality of food
prices determines the farmers' storage and
marketing strategy. The knowledge of producer
prices and their role is therefore essential for
understanding the economic environment of
producers as well as the analysis and planning in
the agricultural sector. In Africa prices in the
markets of production and consumption are
generally unstable. Contrary to what is commonly
accepted, in reason of the diversity of products
and sources of supply, prices in cities are also
very unstable. While some of the variations are
seasonal, linked to production schedules, they
are far from entirely predictable: the cycles are
not regular and there are significant fluctuations
from one season to another, often attributed to
climatic conditions but also the result of
difficulties of access to transport and information
[12]. It is interesting to note that the differences
between prices in different markets are not
constant, confirming, besides the market
segmentation, the existence of variable transfer
costs related to risk and stock changes [13].The
purpose of this paper is to analyse the price of
tomato fruit in 11 Benin main markets (consumer
market and producer pooling market) from 2006
to 2015, using mathematical and statistical
modelling approaches, in order to better
understand the price variations and instabilities.
Indeed, according to FAO [14], tomato fruit
(Solanum lycopersicum L.), from the Solanaceae
family, is one of the most important fruit crops
produced in Benin in the year 2015, both in terms
of area (39 030 ha) and in terms of production
(303 893 tons). It is the most consumed fruit
product used as an ingredient in the daily diet
that is made of cereal and tuber foods. Given its
importance in the socio-economic development
of Beninese, its availability at an affordable price
throughout the year is a problem for the
populations of Benin [15]. This brings about the
importation of fresh tomatoes from neighbouring
countries, particularly Nigeria, Togo, Ghana and
Burkina Faso, in order to supplement local
production [16]. Most of the studies carried out
on tomatoes in Africa in general and in Benin in



particular, have focused on the evaluation of
genetic potential, fertiliser doses and adaptability
to tropical conditions [17]. However, few are the
studies that base their analysis on the
spatiotemporal information of the price of
tomatoes. This study is therefore carried out in
this regard in order to fill this gap in Benin.

2. METHODS
2.1 Data

The data source used is the monthly price series
of tomatoes (per kg) in 11 Benin markets (Azové,
Bohicon, Comé, Dantokpa, Djougou, Glazoué,
Malanville, Natitingou, Parakou, Pobé and
Tanguiéta) from 2006 to 2015. These markets
concern both consumer and producer pooling
markets. The database comes from the National
Office for Food Security Support (ONASA). The
criterion for the selection of the 11 markets is the
existence of more or less complete series price
data for the period. The missing data were
estimated by considering the average of the
indexed monthly prices of the four years that
flank the missing data.

The rainfall data were obtained from the Agency
for the Safety of Air Navigation (ASECNA).
These data contain the monthly rainfall obtained
from every one of the 11 towns where these
markets are located from 2006 to 2015. Also, all
the missing data were estimated considering the
average indexed monthly data of the four years
that flank the missing data.

2.2 Data Analysis

The methodological approach consisted firstly, in
analysing the trend of every price series using a
statistical modelling. The series decomposition
for each market was then performed using
multiplicative and additive mathematical models.

Thus, the trend for each series has been studied
by adjusting the price data to the following
models:

linear trend : B =b, +bt (1
- quadratic trend : B = b, + bt +b,t* (2)

- exponential trend : P, ZbOeblt (3)

- Moving averages of order 2, 3, 4, 5, 6 and
12
- Simple exponential smoothing
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- Double exponential smoothing

In these relationships, t represents the time, by,
b; and b, are constants to be estimated.

As for the decomposition model, the choice
depends on the series to be decomposed. In this
context, the additive and multiplicative models
were analysed. Let's assume that the general
price model is defined by the relationships:

P =T, +C, +5, +E, for the additive model (1)

And

P, =T, C,S, E, for the multiplicative model (2)

In these relationships , represents the price of

tomatoes at the time ¢, 7, is the overall trend

component, C is the cyclical component, s, is the
seasonality component, and E is the irregular

component. The long-term trend represents the
long-term price evolution, and reflects the
general aspect of series. The cycle, a smooth
and quasi-periodic movement around the trend,
reveals a succession of growth and recession
phases. The seasonal component is repeated at
equal time intervals with a slightly constant form.
It can result from seasonal rhythm or from human
factors. In the case of this study, its period is
equal to 12 because it is the monthly series. The
residual component includes everything that has
not been taken into account by trend, cycle and
seasonality. It is the result of irregular and
unpredictable fluctuations due to non-permanent
disruptive factors. These fluctuations suggest low
amplitude and zero mean on a small number of
consecutive observations. Exceptional climatic
factors are also included.

For the multiplicative decomposition method, the
observed price data were first smoothed by a 12
order centered moving average (MMy,). This
moving average contains only the trend and the
cycle. By dividing the gross series by the moving
average, the result obtained contains only the

seasonal component and the random
component.
B _TGSE ¢ 3)
MM, T.C

The seasonal coefficient was then calculated as
the average median of 9 ratios obtained by



dividing the raw data by the moving averages on
every month of the period. The average median
of a group of values is the average after the
smallest and largest values have been excluded.
The values obtained were standardised in order
to balance the seasonal differences within each
observed year. The standardisation was to
adjust every monthly component so that the
sum of all the components divided by 12 will be
one.

The original series divided by the seasonal
component gives an adjusted series of
seasonal variations or non-seasonal series
(CVS) that is equivalent to the product of the
trend, the cyclical component and the random
component.

The cyclical component is different from the
seasonal component in that the cycle often
exceeds the seasonal periodicity, and the
different cycles may have distinct lengths. The
combined trend-cycle @ components  were
estimated by applying to the CVS series, a
moving average weighted and centered on
length 5, with weights 1, 2, 3, 2, 1. From every
smoothed CVS series, the cycle was estimated
by dividing the trend-cycle component (smoothed
CVS series) by the trend.

Finally, the irregular component (residuals) was
isolated by dividing the CVS series by the trend-
cycle component.

As for the additive decomposition method, it
makes it possible to isolate the different
components using simple subtraction. Thus,
subtracting the moving average from the gross
series, we obtain the seasonal component and
the random component.

B —M]le :Sz +Et 4)

The seasonal coefficient was calculated as the
average of the 9 differences obtained between
the raw data and the moving averages for every
month of the period. The values obtained were
then standardised by adjusting every monthly

Y%Model =100 x -
Total variance

(Total variance — MSD) _ 100 [” 1
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component so that the average of all
components becomes zero.

The original series minus the seasonal
component gives a non-seasonal series (CVS)
which is equivalent to the sum of the trend,

the cyclical component and the random
component.
CV§ =F =S, =T, +C, +E, (&)

The combined trend-cycle components were
estimated by applying to the CVS series, a
weighted and centered moving average of
length 5, with weights 1, 2, 3, 2, 1. From
each smoothed CVS series, the cycle was
estimated by subtracting the trend from
the trend-cycle component (smoothed CVS
series).

Finally, the irregular component (error) was
isolated by subtracting the trend-cycle
component from the CVS series.

In order to evaluate the influence of rainfall
conditions on the price for every market, the
stepwise regression was used, for every market.
The annual average price is the variable to be
explained and the monthly rains of each year
represent the explanatory variables. Thus, for the
prices of each district, we have 12 explanatory
variables.

2.3 Criteria for Evaluating Models

For every market, the best model that fits
the overall trend is the one with the lowest
mean square (MSD) value defined as follows:

MSD:%i(Pt -P )2 . (6)
1

The price variation percentage explained by
the model was calculated by the following
formula:




3. RESULTS
3.1 Descriptive Characteristics of Prices

The description of the data shows, in a
comprehensive manner, a price increase from
one year to another and sometimes starting from
simple to double in most of the markets during
the period considered (Table 1). However, the
upward trend occurs differently in the 11
markets. It mostly occurs in the following
markets: Azove, Come, Dantokpa, Natitingou,
Parakou, Pobé and Tanguiéta. It is moderate in
Djougou and Malanville markets and practically
absent in Bohicon and Glazoué markets. The
lowest values of the price (per kg) were observed
in Azové, Come, Dantokpa, Natitingou, Parakou,
Pobé and Tanguiéta markets in 2008, 2008,
2009, 2006, 2007, 2007 and 2006 respectively;
and the highest prices in the same markets were
observed in 2014, 2015, 2015, 2012, 2010, 2015
and 2010 respectively. This shows that the
lowest prices were noted at the beginning of the
study period considered and the highest prices
towards the end of the period considered. For the
11 markets considered, the lowest average price
was noted in Azové market (182 XOF / kg in
2006), while the Dantokpa market has the
highest average price (654 XOF / kg) in 2015.
The price increase over the period is also not
linear. The price variability within a year as
measured by the coefficient of variation is
relatively high in most markets, except in
Natitingou market. The highest coefficient values
of variation were observed in Azové and
Dantokpa markets. For the same market, the
coefficient of variation varies from one year to
another. This shows the price instability between
the different months of the same year and
between years. From these results on the
coefficient of variation, it is clear that the
importance of seasonality will depend on the
level of the series and the use of the
multiplicative model is more appropriate for the
series studied. Indeed, if the seasonality was
additive, the variations will be constant in the
series, regardless of the overall level of the
series. On the other hand, if seasonality is
multiplicative, then the fluctuations are greater
when the level of the series is higher. Therefore,
in the following, the results will be the object of
the multiplicative models only, although the
additive models were also studied.

3.2 Trend Study

The results of the adjustments made on different
models with the price data (per kg) of tomatoes
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during the period 2006-2015 in every of the 11
markets studied are presented in Table 2. From
this table analysis, it is apparent that the
exponential, linear and quadratic models have
the highest mean square values. The single and
double exponential smoothings give intermediate
mean square values. The adjustments that are
made by the moving averages give low mean
square values. This ensues then that the
proportions of the variability of the price data
explained by the exponential, linear and
quadratic models are the lowest (1.72% in
Bohicon market to 22.24% in Natitingou market
for linear model, 2.98% in Glazoué market to
42.28% in Natitingou market for quadratic model,
and -1.67% in Tanguiéta market to 19.14% in
Natitingou market for exponential model). Those
relating to the exponential smoothing models are
average (7.39% in Malanville market to 59.24%
in Natitingou market for simple exponential
smoothing and -5.99% in Malanville market to
56.31% in Natitingou market for double
exponential smoothing) and those relating to the
moving average models are relatively high
(15.99% in Azové market to 79.50% in Natitingou
market). Among the moving average models
tested, the lowest mean square values or the
highest percentages of price variation explained
by the models were obtained with the 3 order
moving average. The criteria for the choice of the
best model were based on the model which
minimises the average square; it therefore
seems that the 3" order moving average models
are more suitable for trend adjustment. The
mean square values obtained for these models
however vary strongly from one market to
another. They are weaker in Natitingou, Glazoué
and Bohicon markets (1234.8, 3271.5 and
5302.6 respectively), while they are high in
Parakou, Comé and Azové markets (24513.5,
22355 and 21479.9 respectively). Thus, the
adjustments by the 3" order moving average
model are better in Natitingou, Bohicon Glazoué
markets than in Parakou, Comé& and Azovée
markets.

3.3 Seasonality Study

The multiplicative model makes it possible to
decompose and to reconstruct every one of the
starting series as mentioned earlier. The
seasonal standardised coefficients for the price
(per kg) of tomatoes in every market are
presented in Table 3. These coefficients
correspond to the relative price (per kg) of
tomatoes in every month of the year in relation to
the annual average price fixed at 100. For
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Table 1. Average values, coefficient of variation, minimum and maximum of the price (per kg) of tomatoes in the 11 markets from 2006 to 2015

Markets Parameters Years Markets Parameters Years
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Azove Mean 182 190 136 189 278 373 409 445 467 424 Malanville  Mean 352 369 343 411 438 520 399 371 365 507
CcVv 44 71 43 61 70 66 75 92 70 55 cv 65 47 44 24 30 39 40 23 21 26
Min 90 50 50 80 110 115 150 130 105 145 Min 125 160 160 265 250 300 250 275 250 350
Max 290 495 220 415 710 723 861 1000 1000 1000 Max 950 773 595 548 615 950 725 500 525 715
Bohicon Mean 433 330 355 358 361 292 223 317 425 388 Natitingou  Mean 303 311 351 429 420 439 497 404 392 417
cv 27 30 8 13 26 40 34 26 27 26 cv 28 19 10 16 9 6 14 8 11 16
Min 265 155 300 268 185 100 150 150 300 250 Min 155 260 290 355 380 405 400 350 300 300
Max 560 468 375 430 485 400 400 400 600 500 Max 475 430 395 565 480 490 600 450 450 500
Comé Mean 332 310 284 480 601 394 536 437 521 640 Parakou Mean 340 205 364 554 577 425 449 496 548 560
CcVv 67 82 23 35 50 41 54 36 43 23 cv 37 26 50 49 56 48 33 41 35 53
Min 85 65 185 240 260 160 225 250 190 290 Min 170 120 160 225 245 235 260 250 355 345
Max 685 925 375 855 1135 674 1000 760 835 835 Max 630 335 713 961 1210 865 730 830 1045 1365
Dantokpa Mean 274 270 313 266 274 411 357 454 363 654 Pobé Mean 325 261 281 323 376 408 378 412 412 498
CcVv 38 26 31 34 73 44 34 52 45 47 cv 39 65 41 37 49 49 53 63 28 21
Min 130 173 236 160 80 210 145 195 175 385 Min 150 45 155 205 175 120 155 135 250 225
Max 525 425 545 500 640 705 503 800 700 1285 Max 565 532 520 585 780 765 730 835 600 600
Djougou Mean 290 345 284 453 607 395 324 472 463 408 Tanguiéta  Mean 209 416 502 340 538 475 410 403 435 431
CcVv 2 58 24 42 77 42 41 44 29 41 Ccv 46 42 54 35 47 33 35 43 50 38
Min 285 160 188 293 115 185 155 195 295 200 Min 100 115 123 130 213 230 230 120 275 250
Max 300 920 395 823 1335 770 660 800 710 700 Max 365 750 1000 505 995 755 745 720 880 800
Glazoué Mean 309 306 285 394 307 359 289 448 409 292
CcVv 64 46 36 17 29 21 19 35 23 13
Min 115 125 100 305 130 240 230 270 260 250
Max 705 563 460 525 430 450 400 675 500 350

Note: CV = coefficient of variation, Min = minimum, Max = maximum
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Table 2. Adjustment of model parameters to the trend of price series of every of the 11 markets

Type of model Model Markets
parameters Azoveé Bohicon Comé Dantokpa Djougou Glazoué Malanville Natitingou Parakou Pobé Tanguiéta
Linear b0 136.0 365.6 311.8 215.2 347.3 318.8 359.5 333.4 314.4 271.2 355.8
b1 2.86 -0.03 2.34 2.45 0.94 0.43 0.79 1.04 2.27 1.59 0.99
MSD 56496.4 11221.3 47792.7 33302.7 47646.3 14423.6 237971 4684.5 48722.0 27040.2 37477.2
%Model 15.54 1.72 12.84 18.47 3.0 2.33 3.86 22.24 12.0 10.85 3.88
Quadratic b0 113.4 439.5 296.2 284.8 262.1 291.5 331.1 253.8 238.6 293.6 277.4
b1 3.97 -3.92 3.11 -0.097 5.13 1.53 219 4.96 6.0 0.49 4.85
b2 -0.01 0.03 -0.01 0.03 -0.04 -0.01 -0.01 -0.03 -0.03 0.01 -0.03
MSD 56399.3 10183.1 47746.8 32379.8 46267.0 14328.6 23643.5 34771 47627.6 26944.7 36308.7
%Model 15.69 10.81 12.93 20.73 5.81 2.98 4.48 42.28 13.98 11.16 6.88
Exponential b0 134.33 352.74 262.62 227.48 308.9 279.17 317.57 324.06 276.84 242.81 296.59
b1 1.01 0.1 1.01 1.01 1.003 1.002 1.003 1.003 1.01 1.01 1.004
MSD 62412.2 11554.6 50691.0 34856.5 49538.8 14959.9 24676.5 4871.7 51200.5 28484.4 39640.0
Y%Model 6.7 -1.2 7.56 14.67 -0.85 -1.3 0.31 19.14 7.53 6.09 -1.67
Moving average 2 MSD 24386.1 3644 .1 25464.0 16485.0 192891 5901.4 13400.0 1444 .6 27567.2 13460.6 22880.1
%Model 63.55 68.08 53.56 59.64 60.73 60.04 45.87 76.02 50.21 55.62 41.32
Moving average 3 MSD 21479.9 3271.5 22355.0 14619.7 17218.7 5302.6 11344.5 1234.8 24513.5 11926.6 20331.9
%Model 67.89 71.35 59.23 64.21 64.95 64.09 54.17 79.5 55.73 60.68 47.85
Moving average 4 MSD 22476.3 34442 22129.2 14708.4 17883.3 5365.4 11925.8 1330.6 24610.5 12202.3 20208.8
%Model 66.4 69.83 59.64 63.99 63.59 63.67 51.82 77.91 55.55 59.77 48.17
Moving average 5 MSD 23801.6 3580.7 23724.7 15760.4 19179.2 5767.1 13130.9 1459.4 26449.9 13175.3 21433.4
%Model 64.42 68.64 56.73 61.42 60.96 60.95 46.95 75.78 52.23 56.56 45.03
Moving average 6 MSD 26902.3 3970.6 267101 18605.2 217016 64124 14407.3 1602.4 30106.4 14797.0 241201
%Model 59.78 65.22 51.29 54.45 55.82 56.58 41.8 73.4 45.63 51.21 38.14
Moving average 12 MSD 56197.3  6944.3 43644.5 29724.4 41238.8 9702.1 17862.7 24235 42808.9 252611 30768.7
%Model 15.99 39.18 20.41 27.23 16.05 34.3 27.84 59.77 22.68 16.71 21.08
Simple exponential smoothing Alpha 0.98 1.17 0.91 0.98 1.03 1.07 0.71 0.83 1.02 0.98 1.01
MSD 38980.2 5381.8 41567.3 26270.8 29907.9 8954.5 22924.3 2455.9 43239.3 21375.2 35975.5
%Model 41.73 52.86 24.2 35.69 39.11 39.37 7.39 59.24 21.91 29.53 7.73
Double exponential smoothing Alpha 1.1808 1.302 1.17 1.249 1.23 1.311 1.066 1.011 1.261 1.184 1.322
gamma 0.009 0.014 0.01 0.008 0.01 0.01 0.021 0.028 0.00001 0.006 0.014
MSD 40911.5 5560.3 46466.0 27937.8 31631.3 9582.9 26234.8 2632.2 44929.8 22404.9 37463.5
%Model 38.84 51.3 15.26 31.61 35.61 35.11 -5.99 56.31 18.85 26.13 3.91

Note: %Model = Percentage of variance explained by the model



example, in Azové market, the price (per kg) of
tomatoes in April is equal to 210.6% of the
annual average price. During the month of
October in the same market, this price is 34.2%
of the annual average price. In other words, in
Azove market, the price (per kg) of tomatoes
experienced an increment of 210.6% - 100% =
110.6% in April compared to the annual average
and a drop of 100% - 34.2% = 65.8% in October
compared to the annual average.

From the table analysis, it is evident that in
Azove, Bohicon, Comé, Dantokpa, Glazoué and
Pobé markets, the price of tomatoes from
January to June exceeds the annual average,
while in Djougou, Malanville and Parakou
Nattingou markets, an increase is observed from
May to July. Tanguiéta market is an exception to
the two groups. Indeed, in Tanguiéta market, the
increments in the average annual prices are
observed in June and July, and later from
October to January. The highest price increase
(+ 110.6%) was observed in Azove market. The
highest drop (- 65.8%) was also observed in the
same market. Furthermore, Azové, Bohicon,
Comé, Dantokpa and Pobé markets, located in
southern Benin, substantially have the same
periods of increase and decrease in the price of
tomatoes.  Similarly, Djougou, Malanville,
Nattingou and Parakou markets, located in the
north, show the same trends in terms of the
fluctuation period. Therefore, geographical zones
influence fluctuation periods.

3.4 Seasonal Adjustment of Series and
Determination of the Combined
Trend-cycle Components

As mentioned earlier in the methodology, the
original series were adjusted by dividing every
one of them by the corresponding seasonal
component. The series thus obtained are
adjusted series of seasonal variations (CVS).
The combined trend-cycle components were
then estimated by applying a moving average
weighted and centered on length 5 to the CVS
series. Fig. 1 presents the original series, the
seasonally adjusted series and the trend-cycle of
the markets. The seasonally adjusted series no
longer show seasonal fluctuations because they
represent only the trend-cycle component. The
latter presents an overall trend and cycles that
are different from seasonal coefficients because
cycles generally stay longer than a simple
seasonal period, and intervene at irregular
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intervals. For comparisons over time, the
difference between the seasonally adjusted price
estimates for two consecutive months cannot be
interpreted as the gross difference between total
prices during these months. The gross difference
is the difference between the non-seasonally
adjusted prices estimates obtained directly from
the actual data. The difference between the
seasonally adjusted estimates for two
consecutive months represents a direct
measurement of price change after taking into
account the expected changes that are due to
the seasonal price change between these two
months. The resulting number may be less than
or greater than the gross difference, depending
on how seasonal factors vary from one month to
another. The Fig. 1 analysis shows that in most
markets, the pace of seasonally adjusted series
(trend-cycle component) is in the form of saw
teeth. This means that during the period, prices
actually went up and down between months of
the year and between years. The overall trend of
the trend-cycle series is slightly up in most
markets, except for Bohicon, Djougou, Glazoué
and Natitingou markets.

3.5 Determination of Cyclic and Irregular
Components

The knowledge of the combined trend-cycle
components makes it possible to estimate the
cyclical component by dividing the trend-cycle
component by the previously determined trend.
Fig. 2 presents the evolution of the observed
prices, trend, cycle and irregular component in
every market. The figure analysis shows that the
trend correctly fits the price data in most of the
markets. The peaks observed on the cyclical
component curves of most markets correspond
to the lowest points of the observed price curve.
In other words, the cycles correspond to the
months when prices have declined. The cyclical
component mostly occurs in Azove and Pobe
markets and almost zero in Natitingou market.

The irregular component represents price
changes that are not explained by long-term
trends, the seasonal component, or the cyclical
component. It corresponds to the price deviation
that could be expected by considering the long-
term price trend and the standard cyclical and
seasonal fluctuations. The Fig. 2 analysis shows
that this component is relatively weak and
does not present exceptional events in all the
markets.



Table 3. Seasonal coefficients of the price of tomatoes (per kg) of the 11 markets
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Months Azové Bohicon Comé Dantokpa Djougou Glazoué Malanville Natitingou Parakou Pobé Tanguiéta
Jan 97.0 107.2 112.6 110.0 81.7 99.4 75.6 93.2 88.5 86.6 108.9
Feb 129.3 106.0 109.5 101.5 90.9 105.1 72.3 925 70.1 109.8 849
Mar 158.8 115.2 108.3 100.0 115.6 118.2 99.6 98.8 66.0 122.5 88.1
Ap 210.6 122.3 1241 136.7 165.1 122.5 105.0 97.1 97.2 135.1 86.6
May 184.2 122.7 146.3 171.3 153.0 131.7 141.1 108.7 170.1 170.0 954
June 143.9 115.1 124.0 122.0 130.0 128.3 132.6 113.5 159.6 161.0 130.7
Jul. 57.5 99.8 89.6 91.3 85.8 101.4 128.9 115.4 118.6 98.9 130.9
August 53.0 79.2 83.5 63.8 81.1 78.4 121.7 99.1 88.8 58.0 74.8
Sept. 46.3 71.0 74.3 67.4 70.2 75.5 72.0 96.6 77.3 48.4 51.8
Oct. 34.2 775 74.8 69.7 58.5 73.3 69.5 96.8 70.3 56.0 104.5
Nov. 38.6 91.1 78.0 80.5 73.9 74.8 86.3 96.8 98.6 75.6 128.1
Dec. 46.6 93.0 74.9 85.8 94.2 91.3 95.5 91.6 94.8 78.2 115.1
Average 100 100 100 100 100 100 100 100 100 100 100
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3.6 Cyclic Variation and Rainfall

Seasonal adjustment makes it possible to
eliminate the average or expected effect of
seasonal effects from the data. The seasonal
effects are related to all seasonal aspects
(weather and climate or others) that are likely to

Table 4. Effect of rain on price

Tchiwanou et al.; JEAI, 29(1): 1-19, 2019; Article no.JEAI. 45416

be influenced by trend analysis or cyclical effects
in the data. Most of these effects are related to
weather or climatic changes, if in all, weather or
climate conditions reflect historical trends.
However, unusual weather conditions for the
season do not reflect the average profile and will
affect seasonally adjusted estimates.

Results of stepwise regression

Districts Rainy month Coefficients t of Student p-value adjusted R?
Azové Constant 412.20 3.57 0.00 33.27
April 1.28 1.74 0.12
June -1.52 -2.87 0.01
Bohicon Constant 349.10 98.61
January 2.91 10.47 0.00
March 0.38 5.54 0.00
April -0.63 -9.95 0.00
Comeé Constant 578.20 -4.15 0.00 99.84
January 0.43 6.66
March 2.21 42.92 0.00
May -1.40 -26.21 0.01
October 0.45 16.72 0.00
November -0.74 -13.01 0.01
Dantokpa Constant 254.00 99.02
February 0.94 24.37 0.00
September 0.13 3.85 0.02
Djougou Constant 248.70 90.74
February -1.27 -3.67 0.02
September 1.04 4.86 0.01
December -57.00 -5.64 0.01
Glazoué Constant 332.10 98.61
May -0.49 -11.49 0.00
April 0.93 15.23 0.00
September -0.16 -3.89 0.01
December 3.74 13.09 0.00
Malanville Constant 335.30 31.83
May 0.90 2.18 0.06
Natitingou Constant 240.50 76.83
February 2.86 3.71 0.01
June 0.70 3.50 0.01
Parakou Constant 200.20 62.37
May 1.84 3.99 0.00
Pobe Constant -174.60 95.79
February 1.42 3.80 0.02
March 2.27 10.30 0.00
April 2.37 717 0.00
Tanguiéta Constant 332.20 97.54
February -17.20 -11.18 0.01
September 0.40 4.56 0.04
October 0.87 7.64 0.02

12
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Table 5. Standard deviation of the different components for every market

Market Observed prices Seasonality Trend Cycle Irregular
Azove 258.64 0.63 222.29 0.99 0.21
Bohicon 106.85 0.18 93.61 0.17 0.11
Comé 234.17 0.24 188.58 0.27 0.24
Dantokpa 202.11 0.32 169.83 0.28 0.19
Djougou 221.63 0.34 188.32 0.29 0.17
Glazoué 121.52 0.22 102.90 0.21 0.13
Malanville 157.33 0.26 121.72 0.20 0.18
Natitingou 77.62 0.8 68.98 0.07 0.06
Parakou 235.30 0.34 188.99 0.23 0.17
Pobe 174.16 0.41 142.68 0.42 0.17
Tanguiéta 197.46 0.24 145.84 0.18 0.21

Thus, in order to better understand the trend and
cycles observed, in Fig. 3, the rainfall data were
linked to the observed prices and to the cyclical
component. From the analysis of this figure, it is
shown in a comprehensive way that the period
when the rain is abundant coincides with the
highest points of the observed price curve and
with the lowest points of the cycles curve. On the
other hand, the results of the stepwise regression
(Table 5) indicated that in the markets in the
south, it is the first rainfalls (February to April and
those of September) of the rainy season that
have an effect on the price. While in the markets
located in the north of the country, it is the
rainfalls of off-season (September to April) that
have an influence on the price. Overall, the
models adjust correctly to the data (adjusted R?
ranging from 31.83% to 99.84%), except
those relating to the Azové (adjusted R? =
33.27%) and Malanville (adjusted R? = 31.83%)
Districts.

The variability of the irregular component is
smaller than the other components in most of the
markets (Table 5). It varies from 6% to 24%. The

lowest value was obtained in Tanguiété
market and the highest value in Come
market.

4. DISCUSSION

The variability analysis of every series
has shown that it increases over time.

Decomposition using the multiplicative
model made it possible to better understand
every one of the components. The results of
this chronological analysis of the price (per kg)
of tomato fruit in the eleven (11) main
markets revealed the importance of every
component.
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The trend of the prices of each market was
adjusted by a 3" order moving average model.
This model suggests that the price at time t
depends, among others, on the price of the two
previous months. It seems then that price
formulation is based on adaptive expectations
[5]. Both local bearish trends (observed price is
below moving average) and the local upward
trends (observed price is above moving average)
are noticed. However, the local upward trend
prevails. This is confirmed by the shape of the
annual average observed prices curve of the
period (Fig. 4). This therefore occurs after a
tendency to increase the price (per kg) of
tomatoes in most markets during the considered
period. Generalising this observation shows a
sign of successful integration of these markets in
terms of price formation. The successful
integration of these markets can be explained,
among others, by the improvement of the
production system. According to Igué and
Aboudou [18], tomato production systems in
Benin can be grouped by geographical area.
Indeed, in the Northern region, tomatoes are
produced using a mechanical irrigation system in
off-season cultivation from October to April. In
contrast, in the southern region which is better
watered, two to three campaigns are conducted
annually. It is an essentially rain-fed production.
However, in peri-urban areas, there are practices
with manual irrigation practices. The integration
can be also explained, by the development of
road network between the different regions of the
country. Indeed, a considerable effort was made
on the development of the road network which
increased from 9 000 km in 2006 to 15,700 km in
2014, of which slightly more than 6000 km of
tarred roads between the interstate and national
roads [19]. Despite this integration, there exists,
however, for the same period, a variability of



prices of tomatoes between different markets. In
addition, a correlation matrix between prices in
different markets, of which the results are not
included in the text for the sake of brevity,
revealed a relatively weak relationship between
the price series. The strongest relationship was
obtained between the prices of Azové market
and those of Pobé (r 0.65). These weak
relationships reflect the asymmetry in prices
between the markets, particularly among
consumer markets such as Dantokpa, Bohicon
and Parakou, and producer pooling markets such
as Azove, Comé, Natitingou and Malanville. This
asymmetry in price transmission also occurs
mostly in food assembly markets because of high
transaction costs. A study on regional
competitiveness of tomatoes and potatoes in
Benin by Bard et al. [20] showed that at equal
distances, marketing costs are higher (39 XOF /
kg) on the Lalo-Cotonou axis than the Lomé-
Cotonou axis (21 XOF / kg). Faivre-Dupaigre et
al. [21] also reported that the cost of
transportation of agricultural products in West
Africa, especially perishable goods, are very
high; mainly because many illegal payments are
made on the road. According to Ruijs et al. [22],
transfer costs are an important part of price
differences between markets. Combes et al. [23]
reported that the transfer costs between two
regions are based on the distance, road
conditions and the language of communication
between the players. In this context, a study on
the determinants of food exchange between rural
markets and the Cotonou consumer market
(Dantokpa) by Fiahomé [24] has shown that
distance, road conditions and sharing at least
one vernacular affect the trade of tomatoes in the
markets. The transport conditions are often
limiting the Benin rural markets and the
consumer markets in downtown areas because
of the distance and bad roads. Thus,
transportation costs vary depending on the state
of the road followed. When the road is in poor
condition, the transport duration becomes longer.
The prolonged duration of the transport has an
impact on the cost of transport and therefore on
the price of the product. However, Lutz [25]
explains that trade wunions improve trade
efficiency by serving as a middleman in order to
reduce the transaction costs. These unions help
place bulk orders for goods and collectively
charter buses in order to minimise transportation
and transaction costs. Concerning assembly
market, Tassou [26] mentions that the
information concerning the beginning of a
transaction and buying and selling price are
given by the leaders of each union. The unions
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are responsible for collectively fixing the prices in
advance according to the local measurement
units for the collection and sale of products on
the various assembly markets they control. Lutz
et al. [27] showed that, depending on market
days, traders collude to fix prices. This behavior
may cause the market price to be coordinated by
the trade unions and prices in the consumer
market not to be connected linearly. Under these
conditions, it is possible that the price
adjustments  between market pairs are
transmitted asymmetrically. This confirms the low
correlations noted between the prices of the
different markets studied. For Kuiper et al. [28],
in the big cities of Benin, it is retailers that play a
greater role in the price formation process
contrary to what is generally accepted in the
literature on development economics. On the
contrary, in large rural centers, the wholesalers
involved in the arbitration between the urban
markets influence the price formation. Further
studies can better explain the reasons for this
asymmetry in the price transmission of fresh
tomatoes. In addition to transportation costs,
Faivre-Dupaigre et al. [21] cited production
hazards as a factor leading to considerable
variations in the prices of agricultural products in
developing countries. The rapid population
growth estimated at about 3% in Benin and the
increment of the standard of living especially that
of civil servants who received a raise in their
salaries during the study period are also factors
that could cause this increase. This situation of
unstable price increase would have been more
critical with the rapid increase in the urban
population if there were no imports from
neighbouring countries. This could also partly
justify the upward trend contrast noted in the
production statistics during the same period (Fig.
4). According to economic theory, the increase in
the production (supply) of goods whose price
formulation is market-driven, causes a decrease
in the price of the goods. Other clues
like subsistence farming and the role of
agriculture in the GDP can also explain this
upward trend.

Another feature of the change in the prices of
tomatoes in different markets is the seasonal
component. According to the result of Bard et al.
[20] for marketing, there are two main periods.
The first, which runs from April to October, is
devoted to rain-fed tomato transactions, mainly
from the southern production areas (Lalo,
Azove), but also from Togo and Ghana. The
second, which runs from November / December
to March, is intended for the marketing of the off-
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season tomatoes from both north and south.

During this last period, production is less
abundant, but has a high market value.
Tomatoes from Togo, Ghana, Nigeria and

Burkina Faso arrive in the markets of southern
Benin from December to June. This helps
mitigate the scarcity of product from April to June
when there are an increase in prices (seasonal
coefficients greater than 100). During this period,
there are both rain-fed and off-season tomatoes
in the Beninese markets. This seasonality has
strong implications for the organisation and
functioning of the value chain [18]. According to
Degand and D'Haese [29], the changes in the
seasonal component are essentially related to
the combined effect of cropping calendar and
climate. Thus, it simply requires the rainy season
to come earlier or later for the whole of the
seasonal variation to experience a shift. The
seasonal component also plays an important role
in the producer’s marketing strategy. It is indeed
a reflection of the cost of storage, post-harvest
losses, opportunity cost of capital and financing
needs. Tomatoes being a perishable goods and
having no technology for its transformation, most
producers put their stock in the market to prevent
post-harvest losses. The abundant supply
creates a general decrease in price. This is
particularly observed in southern Benin from July
to December and in northern Benin from
September to March (seasonal coefficients less
than 100). This long period of price decrease is
mainly related to the off-season production and
the importation of tomatoes from neighbouring
countries.

The peaks of the cyclical variations coincide with
the periods of abundance of rain and with the
period when prices decrease. This component
clearly shows around the trend, a succession of
price increase and decrease phases. The results
indicated that in southern markets, it is the first
rains that have an effect on the price. While on
the markets located in the north, it is the rains of
off-season that have an influence on the price.
The cyclical components do not present any
particular phenomena except those relating to
Azové and Pobé markets. Both markets
represent food assembly markets, one located in
an area of low rainfall (Azové) and the other in an
area of high rainfall (Pobé). The food crops of the
municipalities housing these two markets are
therefore very sensitive to particular phenomena,
rainfall especially. The curve of the cyclical
component relating to every market shows a
slight exceptional peak in 2015. This price surge
is partly explained by the shortage that was
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observed in Benin markets in 2015 when these
markets did not receive tomato supplies from the
neighboring countries.

For farmers, the irregular component is a good
risk estimator in food prices because it indicates
the unpredictable deviation of prices over the
long-term trend, the seasonal component and the
cyclical component of the price. Indeed, for
tomato producers, there is a large price risk
when they decide to start cultivating due to
inability to control climatic conditions (especially
rainfall) which have a direct impact on output.
The decomposition of every series has shown
that the variability of this component is relatively
low. This is explained by the fact that much of
this component is contained in the seasonal and
cyclical component. Indeed, seasonal adjustment
eliminates the average or expected effect of
seasonal effects from the data. These seasonal
effects are related to all seasonal aspects
(weather and climate or others) that are likely to
be influenced by trend analysis or cyclical effects
in the data. The knowledge of the various
components discussed in this study makes it
possible to master the price risk of tomatoes
when the variability of the irregular component is
low.

5. CONCLUSION

Statistical and mathematical modelling
approaches made it possible to break down the
price of tomatoes in 11 major markets in Benin
during the period 2006-2015. The mathematical
models only made it possible to break down the
series; they have no statistical significance. On
the other hand, the statistical model applied to
the trend made it possible to make predictions on
price movements. The long-term trend was
modelled by a 3 order moving average. On the
whole, there was an increase in the price of
tomatoes in the 11 markets. The seasonality of
the production which induced very large
disparities in the level of supply according to the
periods of the year, makes the prices of this
product erratic. This fluctuation is so important
that sometimes, in the same market and in the
same year, the price can be multiplied by six
(Azové market). The main causes of non-supply
control are the diversity of cropping systems and
the high level of post-harvest losses. The upward
trend and price change will increase over time if
nothing is done to improve production and
marketing. The Benin government and
institutions in the agricultural sector should
prioritise  investments in  transport and



communication infrastructure. A transformation
policy should also be envisaged. Cyclical
variations are often the result of random
circumstances of political or weather events.
According to the Ministry of Economy and
Finance of Benin [30], the unfavorable rainfall
that has impacted the agricultural sector in
general and the decline in the dynamism of
foreign trade due to the holding of elections in
Nigeria and Benin, depreciation of the naira and
lower oil prices would be the main factors behind
the slowdown in economic activity in 2015 in
Benin. Although there were some exceptional
events during the period under review, notably
the 2007 crisis and those mentioned previously,
these events did not affect the fluctuation of
prices in the markets studied. Irregular
component variability is relatively low. The price
risk of tomato is thus relatively low.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Meuriot V. A comparative analysis of price

transmission for public policy orientation:
The case of rice in Senegal and Mali.
Research paper n° 2012 — 04; 2012.
(Accessed February 2018)
Available:http://www.lameta.univ-montp1.fr

2. Temple L, Dury S. Instability of the price of
food products and urban food security in
Cameroon. Working Paper No. 6, CIRAD;
2003.

(Accessed February 2018)
Available:https://hal.archives-
ouvertes.fr/hal-00139650

3. Kamgnia DB. Political economy of recent
global food price shocks: Gainers, losers
and compensatory mechanism. Paper
presented during the African Economic
Research Consortium Plenary Session on
Global Food Price Shocks: Causes,
Consequences and Policy Options in
Africa; 2009.

4. Temple L, Meuriot V, Ali M. Determinants
of food price instability in Cameroon: An
institutional analysis of the econometric
results. Final Report, CIRAD, Fondation
FARM. 2009 ;62.

(Accessed February 2018)
Available:http://www.fondation-
farm.org/zoe/doc/rapport farm 2009 -

Tchiwanou et al.; JEAI, 29(1): 1-19, 2019; Article no.JEAI. 45416

18

10.

1.

12.

13.

14.

15.

16.

transmission et volatilite des prix -
synthese cameroun.pdf

Friedman M. Theory of the consumption
function. Princeton University Press,
Princeton; 1957.

Muth JF. Rational expectations and the
theory of price movements. Econometrica.
1961;29:315-35.  (Accessed  February
2018)
Available:http://www.jstor.org/stable/19096
35

Lucas RE. Econometric policy evaluation:
A critique. Carnegie-Rochester Conference
Series on Public Policy. 1976;1:19-46.
Available:https://doi.org/10.1016/S0167-
2231(76)80003-6

Nerlove M. The dynamic of supply:
Estimation of farmer’s response to price.
Baltimore: Johns Hopkins University Press;
1958.

Ezekiel M. The cobweb theorem. Q. J.
Econ. 1938;52(2):255-280.
Available:https://doi.org/10.2307/1881734
Waugh FV. Cobweb models. J. Farm
Econ. 1964;46:602-614.

Eckstein Z. A rational expectations model
of agricultural supply. J. Polit. Econ.
1984;92:1-19.
Available:https://doi.org/10.1086/261205
Temple L. Le marché des fruits et Iégumes
au Cameroun: Quantification des flux
analyse des prix. Rapport final,
Coopération Francaise, CIRAD-FLHOR,
Montpellier, France. 1999;163.

Gérad F, Dorin B, Beliere JF, Diarra A,
Keita SM, Dury S. Flambée des prix
alimentaires internationaux: Opportunité ou
désastre pour les populations les plus
pauvres? Working Paper Marché
Organisation stratégie d’Acteurs (MOSA),
n° 8. 2008;21.

Food and Agriculture Organization (FAO).
FAQ’s corporate database; 2015.
(Accessed February 2018)
Available:http://www.fao.org/faostat/fr/#dat
a/QC

National Office for Food Security
(ONASA). Evaluation of food production in
2015 and food outlook for 2016 in Benin.
Departmental Reports 2016;2:83.

Horna D, Smale M, Falck-Zepeda J.
Assessing the potential economic impact
of genetically modified crops in Ghana:
Tomato, garden egg, cabbage and
cassava. PBS Report. 2006;3-20.

Asante BO, Osei MK, Dankyi AA, Berchie
JN, Mochiah MB, Lamptey  JNL,




18.

19.

20.

21.

22.

23.

Haleegoah J, Osei K, Bolfrey-Arku G.
Producer characteristics and determinants
of technical efficiency of tomato based
production systems in Ghana. J. Dev. Agr.
Econ. 2013;5(3):92-103.
Available:https://doi.org/10.5897/JDAE12.0
54

Igué JO, Aboudou F. La logistique agricole
entre le Bénin et le Nligéria Cas de la
tomate, du piment et de 'ananas. Rapport
Provisoire. 2015;56.

(Accessed November 2018)
Available:http://images.agri-
profocus.nl/upload/Rapport_sur_la_logistiq
ue_agricole entre le

BENIN et le  NIGERIA draft final1469
618363.pdf

Performance group. Performance eve:
Transport sector. N° 330. 2014;20.
(Accessed February 2018)
Available:http://www.perfcons.com/page/d
oc/PVeille_n330/Veille%20Secteur%20Tra
nsport%20-%20n330%20-%20S23.pdf
Bard C, Soule BG, Coste J. Regional
competitiveness of tomatoes and potato
sectors in Benin, Niger and Nigeria.
Regional Exchanges, LARES-IRAM; 2004.
(Accessed February 2018)
Available:http://www.slire.net/download/15
68/competitivite_des filieres tomate et p
omme_de_terr1.pdf

Faivre-Dupaigre B, Blein R, Soule BG.
Improving the functioning of agricultural
markets in West Africa. FARM IRAM-
LARES; 2008.

Ruijs A, Schweigman C, Lutz C. The
impact of transport and transaction cost
reductions on food markets in developing
countries: Evidence for  tempered
expectations for Burkina Faso. Agr. Econ.
2004;31:219-228.

DOI: 10.1111/j.1574-0862.2004.tb00259.x
Combes PP, Mayer T, Thisse JF.
Geographic economy: The integration of
regions and nations. Economica; 2006.

Tchiwanou et al.; JEAI, 29(1): 1-19, 2019; Article no.JEAI. 45416

24.

25.

26.

27.

28.

29.

30.

Fiamohé RE. Determinants of trade in food
products in Benin markets. Rural Economy
Unit, Catholic University of Louvain. Paper
presented during the 3 days of social
science researches, INRA SFER CIRAD,
9" 10" & 11" December 2009 -
Montpellier, France; 2009.

Lutz CHM. The functioning of the maize
market in Benin: Spatial and temporal
arbitrage on the market of a staple food
crop. Department of Regional Economics
(Section AGRO); 1994.

Tassou Z. Liberalisation of agricultural
markets and coordination of the trade of
food products: The role of trade unions in
Benin. Doctoral thesis UM1-ENSA
Montpellier. 2004;443.

Lutz CHM, van Tilburg A. Methodology to
evaluate the performance of markets in the
food marketing channel: With an
application to periodic markets in Benin.
Paper presented at workshop on methods
for Agricultural Marketing Research, March
1993, CIP/IARI, New Delhi, India. 1993;24.

Kuiper WE, Lutz C, van Tilburg A. Vertical
price leadership on local maize markets in
Benin. J. Dev. Econ. 2003;71(2003):417-
433.

DOI: 10.1016/S0304-3878(03)00035-X

Degand J, D'Haese L. Economic survey of
food market in Burundi. Chronological
Analysis of the Prices of Beans.
Tropicultura. 1983;1(3):86-98.

Ministry of Economy and Finance of Benin.
Rapport sur la situation économique et
financiére du Bénin au premier trimestre.
2016;23.

(Accessed November 2018)
Available:https://www.finances.bj/fileadmin
[dgae/rapports/suite 2015/benin_rapport

surveillancemultilaterale fin mars 2016
version du 28 05 2016.pdf

© 2019 Tchiwanou et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/27762

19



