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ABSTRACT

This research work aims to develop a forecasting model to predict the
quantity of supply of off-season longan using multiple regression technique.
There are 23 factors that influence the quantity of supply of off-season longan.
Data collection was done in Chiang Mai and Lamphun provinces. The forecast-
ing model based on multiple regression techniques, with enter, forward, back-
ward, and stepwise selection methods were adopted, and these methods yielded
mean absolute percentage error (MAPE) values of 18.39%, 25.63%, 21.21%,
and 25.63%, respectively. These results demonstrate that multiple regression
with the enter selection method is practical to predict the quantity of supply of
off-season longan.

INTRODUCTION

Longan is an important export fruit of Thailand that brings in over two
billion Baht per year. The main area of longan cultivation is the northern region
of Thailand, mainly the Chiang Mai and Lamphun provinces. Although the present
trends show a steady rise in longan exports, the oversupply and, subsequently, and
low prices of longan during its season are the main problems faced by longan’s
agriculturists due to the lack of proper preparation as regards production and lack
of market information. Therefore, forecasting of longan yield is necessary for
agriculturists in order to plan for their market sales.

The oversupply of longan during its period of season (from July to August)
causes agriculturists to face the problems of low quality and price for their produce
(Sopadang et al., 2012). Thus, having a supply of off-season longan is a practical
solution for them to gain more benefit.

The output of off-season longan is dependent on many parameters. Thus,
the objective of this research is to create a forecasting model that predicts the
quantity of off-season longan supply using the multiple regression technique. The
input factors used in this research came from literature reviews and interviews of
experts. The data collections were carried out in the Chiang Mai and Lamphun
provinces of Thailand.
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MATERIAL AND METHODOLOGY

Preliminary Information

The off-season longan cultivation process is carried on during (1) May to
July for the output during November to February and (2) October to November
for the output during May to June. The details regarding off-season longan cul-
tivation can be found in Manochai et al. (2005).

Unfortunately, the production of off-season longan is not an easy task due
to many factors, both controllable and uncontrollable, such as weather, soil, and
the agriculturist’s skill (Ramingwong et al., 2011).

Sopadang et al. (2008) addressed forty factors that have an effect on the
quantity of supply of off-season longan, as presented in Table 1.

Table 1. Factors Related to Off-season Longan Cultivation.

No. Factor
1 Potassium Chlorate Quantity (kg/tree)
2 Height of Longan Tree (m)
3 Irrigation Area
4 Density (no. of trees per area)
5 Humidity: April-May
6 Soil Type
7 Wind: April-May
8 Rainfall: January—March
9 Wind: July—August
10 Recuperating Period (month)
11 Age of Agriculturist
12 Tree Diameter (m)
13 Rainfall: November—December
14 Temperature: April-May
15 Agriculturist Experience (year)
16 Wind: January—March
17 Tree Space (m)
18 Longan Type
19 Tree Age (year)
20 Leaf Growth Nutrient
21 Watering System
22 Temperature: July—August
23 Humidity: July—August
24 Fruit Nutrient
25 Wind: November—December
26 Humidity: January—March
27 Nutrient-adding Method
28 Rainfall: April-May
29 Cultivation Area (rai)
30 Continuation
31 Agriculturist Education
32 Temperature: November—December
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33 Number of Times of Visit (per week)
34 Shape of Longan Tree

35 Humidity: November—December
36 Sex of Agriculturist

37 Temperature: January—March

38 Flowering Nutrient

39 Rainfall: July-August

40 Landscape

Source: Sopadang et al., 2008.

These forty factors were used in developing the forecasting model based
on the artificial neural networks (ANNs) technique discussed in Leksakul and
Sopadang (2012), but the disadvantage of this model is that when updated data are
available, the model based on ANNs needs to be re-generated for more accuracy
in its forecasting performance. The application of the ANNs forecasting model
can be also found in Kasemset et al. (2012).

Due to the disadvantage posed by ANNSs, this research work took it up as
its aim the creation of a forecasting model that will predict the quantity of sup-
ply of off-season longan, using the multiple regression technique. The multiple
regression technique is a statistical technique used for predicting the unknown
value of a variable from the known value of two or more variables. The general
formulation of the forecasting model, based on the multiple regression technique,
is given in Equation (1):

Y=a+bX,+bX, +bX, +..thX, (1)

From Equation (1), it can be seen that there are k independent factors that
influence Y as a dependent variable. In forecasting the model, Y is a forecasting
value, “a” is a constant term, and “b,, b,, b;,...,b,” are the weights of the different
independent variables “X.”

The applications of the multiple regression technique in the prediction of
supply quantity have been addressed in various research studies; for example,
Gala et al. (2003) applied this technique to predict the supply quantity of olive in
Spain by taking into consideration related environmental factors and found that
the amount of pollen was an important factor in predicting the supply quantity
of olive. Qian et al. (2008) also applied the multiple regression technique for
forecasting the supply quantity from wheat production in Canada, and the results
showed that the forecasting model that was based on the multiple regression
technique gave the forecasting variance as 8-10%, when compared with the mean
forecasting values.

The limitations of the multiple regression technique were addressed by
Brance et al. (2009) as (i) this technique is practical for exploring the linear rela-
tionships between the independent and dependent variables when the relationship
follows a straight line, (ii) the dependent and the independent variables should
be measured on a continuous scale, and (iii) the multiple regression technique
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requires a large number of observations. These limitations should be carefully
considered when the multiple regression technique is adopted.

To develop a model for forecasting the quantity of supply of off-season
longan, the research methodology addressed is as follows.

Data Collection

The data were collected from 95 agriculturists in three districts, Phrao,
Chom Thong, and Saraphi, of Chiang Mai province and Ban Hong district of
Lamphun province by using questionnaires, during 2009-2011.

Data Analysis

The collected data are tested to confirm that they are good for use in
developing the forecasting model, which is based on the multiple regression
technique. The first test is the goodness-of-fit test for confirming that the data are
non-parametric and distribution free. After that, the data are tested to confirm the
basic assumptions of the multiple regression technique, using tests such as the (1)
Normal Distribution Test, (2) Linearity Test, (3) Homogeneity of Variance Test,
and (4) Multicollinearity Test.

Model Development

In this step, all the collected data are analyzed using PASW Statistics 18.
Four selection methods, namely (1) Enter, (2) Forward, (3) Backward, and (4)
Stepwise, are adopted to develop the forecasting model based on the multiple
regression technique. The forecasting model based on the multiple regression
technique provides a set of independent variables which also present an estimated
score on each dependent variable. From this step, the formulation of the forecasting
model is performed in the form of Equation (1), as addressed previously.

Model Verification and Validation

Among the various forecasting models with different selection methods
for multiple regression models, MAPE comparison is conducted to finalize the
selection of a practical model. The best-fit forecasting model is selected from
among the four selection methods by considering the values of the mean absolute
percent error (MAPE) which is calculated using the formula given in Equation

(2):

14  X-F
MAPE:HZII txt L 1x 100 ()
t:

where “X” is the real data at time “#” and “F,” is the forecasting value at time *“#”.

By taking into consideration the MAPE-value, Lewis, C.D., (1982) proposed
an interpretation of the MAPE results to judge the accuracy of the forecasting
model, as given in Table 2.
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Table 2. Interpretation of MAPE Results for Forecasting Accuracy.

MAPE-value Accuracy of forecast
Less than 10% Highly Accurate Forecast

11% to 20% Good Forecast

21% to 50% Reasonable Forecast
More than 51% Inaccurate Forecast

Source: Lewis, C.D., 1982.

RESULTS

Data Preparation and Analysis

From the four study areas, the details of the agriculturists are presented
in Table 3 and the off-season longan yields during 2009-2011 are presented in
Figure 1.

Table 3. Number of Agriculturists in Each Study Area.

No. of Agriculturists Area (rai*)
Chiang Mai:
Phrao 8 80
Saraphi 12 95
Chom Thong 60 750
Lamphun:
Ban Hong 15 94

Note: *1 rai = 1,600 m? or 0.395 acres.
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7000

6000

o | 1
w At P Y
= P O

¢ N e

L]

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100
Agriculturist

Figure 1. The off-season longan yields during 2009-2011.

From Figure 1, it can be observed that the yields of off-season longan are
random, from 400 kg/rai to 6000 kg/rai. Thereafter, all the collected data are
tested to confirm, using the following tests: (1) goodness-of-fit test, (2) normal
distribution test, (3) linearity test, (4) homogeneity of variance test, and (5)
multicollinearity test. The results of these tests are presented in Table 4 and Figure 2.
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Table 4. Test Results of Collected Data.

Test Result
1) Goodness-of-fit test Pass with p-value > 0.05
2) Normality test Pass with p-value > 0.05
3) Linearity test Pass with p-value > 0.05

4) Homogeneity of variance test --

5) Multicollinearity test Pass with VIF*< 10

Note: VIF = Variance Inflation Factor.

Table 4 and Figure 2 presented the results of multiple regression assumption
tests. Data used to develop forecasting model in this study satisfied all assumptions
when p-value for all test were greater than 0.05 and VIF values for multicollineaity
test were less than 10.

Coefficients®
Model Standardized
L [ [ C [ Statistics
B Std. Error Beta t Sig. Zero-order | Partial Part Tolerance VIF
1 (Constant) | -6866088.436 | 2346703.472 -2.926 .005

x1 25.906 28189 .091 919 .362 .083 114 074 666 1.500
x2 -92.963 81.990 -103 -1.134 .261 -153 -140 -.002 798 1.253
x3 14677 10.807 138 1.346 183 -.048 168 109 .620 1.614
x4 18.572 7.680 242 2.418 .018 305 .289 1986 655 1.526
X6 68.576 18.203 .389 3.767 .000 .369 426 305 B14 1.630
X7 -44.097 45827 -105 -.962 340 .087 -119 -078 544 1.837
X8 28.576 38.745 .083 738 463 051 .092 .060 514 1.844
x9 -180.184 93638 -.200 -1.824 .059 -143 -234 -156 606 1.851
x10 -84.145 86.088 -108 -1.094 278 -188 -135 -.088 857 1.523
x1 -28.484 60.765 -.048 -.469 641 130 -.058 -.038 605 1.853
x12 -204.866 89.617 -.208 -2.286 .026 -010 =275 -185 781 1.281
x13 483.386 105.342 443 4589 .000 372 .498 371 701 1.426
x14 -100.907 98.135 -100 -1.028 .308 .008 -127 -.083 .688 1.454
x5 -247.960 1568.533 -153 -1.564 23 =120 -192 -126 681 1.469
x16 81.271 59.369 124 1.369 176 135 169 AN 796 1.256
x17 -69.345 98.565 -.067 -.704 484 048 -.088 -.057 727 1.376
x18 114159 60.348 .204 1.892 .063 .08g .230 153 .560 1.787
z 6809.908 2326.602 .392 2927 .005 273 344 237 .365 2.738
25 -1827.577 757.041 -.307 -2.414 .019 .043 -.289 -195 404 2.473

a. Dependent Variable: Y

Figure 2. Test of independent factors.

Subsequent of the test results in Table 4, the collected data are prepared for
developing the model. Due to the limitations faced in weather data acquisition,
forty independence factors from Sopadang et al. (2008) were screened and reduced
to twenty-three factors to be the initial input for developing the model (presented
in Table 5).
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Table 5. Factors for Proposed Model.

Independent Factor Description Data Characteristic
X1 Agriculturist’s Experience Quantitative
X2 Agriculturist’s Education Qualitative
X3 Cultivation Area (rai) Quantitative
X4 Density (no. of trees per area) Quantitative
X5 Longan Type Qualitative
X6 Tree Age (year) Quantitative
X7 Height of Longan Tree (m) Quantitative
X8 Tree Diameter (m) Quantitative
X9 Tree Space (m) Qualitative
X10 Shape of Longan Tree Qualitative
X11 Number of Times of Visit (per week) Qualitative
X12 Recuperating Period (month) Qualitative
X13 Continuation Qualitative
X14 Watering System Qualitative
X15 Potassium Chlorate Quantity (kg/tree) Quantitative
X16 Nutrient-adding Method Qualitative
X17 Soil Type Qualitative
X18 Irrigation Area Qualitative
Z1 Air Pressure Quantitative
z2 Temperature Quantitative
Z3 Humidity Quantitative
74 Rainfall Quantitative
z5 Evaporation Quantitative

Dependent Factor Description Data Characteristic
Y Off-season Longan Yield (kg/rai) Quantitative

Thereafter, the collected qualitative data were transformed to be quantitative
data by scoring according to a longan expert. The class of score is presented in
Table 6.

Table 6. Score for Qualitative Data.

Score Description
5 Major impact on off-season longan yield
3 Fair impact on off-season longan yield
1 Less/no impact on off-season longan yield

Model Building, Verification, and Validation

To develop the forecasting model, four selection methods were used and
their performance measurements, MAPE, were compared to finally select the
practical model. There were 136 data, from which seven data were selected to
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be the test dataset for the MAPE calculations. The MAPE of all the methods are
presented in Table 7.

Table 7. MAPE Results.

Multiple Regression with MAPE
Enter Method 18.39 %
Forward Method 25.63 %
Backward Method 21.21 %
Stepwise Method 25.63 %

From Table 7, it can be observed that the multiple regression technique with
the enter method gave the minimum MAPE, at 18.39%. This value of MAPE can
be interpreted as good forecasting, according to Lewis (1982).

Finally, the multiple regression equation for forecasting the quantity of
off-season longan supply can be presented as given in Equation (3).

Y = —6866088.436 + (25.906*X1) — (92.963*X2) +
(14.677*X3) + (18.572*X4) + (68.576%X6) — (44.097*X7) +
(28.576*X8) — (180.184%*X9) — (94.145*X10) — (28.484*X11) —
(204.866*X12) + (483.386*X13) — (100.907*X14) —

(247.96*X15) + (81.271%X16) — (69.345*X17) +

(114.159*X18) + (6809.908*Z1) — (1827.577*Z5) 3)

From Equation (3), we can report that some initial independent factors don’t
affect to the dependent variable (Y). In Table 8, check sign indicates the affected

factors on the other hand cross sign indicates unaffected factors.

Table 8. Independent Factors for Proposed Model.

Initial Independent Description Used in Proposed
Factors Model
X1 Agriculturist Experience (year) v
X2 Agriculturist Education v
X3 Cultivation Area (rai) v
X4 Density (no. of trees per area) v
X5 Longan Type X
X6 Tree Age (year) v/
X7 Height of Longan Tree (m) v
X8 Tree Diameter (m) v
X9 Tree Space (m) v
X10 Shape of Longan Tree v
X11 Number of Times of Visit (per week) v
XI2 Recuperating Period (month) v
X3 Continuation v
X4 Watering System v
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X15 Potassium Chlorate Quantity (kg/tree) v
X16 Nutrient-adding Method v
X17 Soil Type v
X18 Irrigation Area v
Z1 Air Pressure v
z2 Temperature X
VA] Humidity X
74 Rainfall X
z5 Evaporation v
DISCUSSION

The result of the goodness-of-fit test (Table 4) confirms that the data from
the questionnaires are reliable enough to be used in the developing of the fore-
casting model. The normality test result shows that the collected data are normal
distribution. The linearity test is used to confirm the linear relationship between
the dependent and the independent variables. The homogeneity of variance test is
used only when there is more than one population. For this study, all the collected
data were considered as one population, so this test can be ignored. The last test
is the multicollinearity test, which is measured from the VIF value. When the VIF
values are less than 10, it is ensured that the correlations among the independent
variables are not strong. The results from all the tests confirm that the collected
data are practical for use in the developing of the forecasting model by using
the multiple regression technique. Based on the multiple regression technique, a
total of 136 data were collected from agriculturists in four areas of the Chiang
Mai province and the Lamphun province of Thailand. The independent factors (X
and Z) are presented in Table 8. The only dependent factor is off-season longan
yield (Y). From Table 8, it can be observed that the independent factors after the
goodness-of-fit was 23, but once the development of the model was complete,
there were only 19 factors that were included in the proposed model. The practical
model is selected from the minimum value of MAPE. In this study, the multiple
regression model with the enter selection method was found to have the minimum
value of MAPE, at 18.39%, and this value of MAPE can be interpreted as good
forecasting (Lewis, 1982).

Finally, it can be observed that forty factors from previous research
(Sopadang et al., 2008) could be reduced to twenty-three factors and that, finally,
only nineteen factors were included in the multiple regression model for forecasting
the quantity of supply of off-season longan, as presented in Table 9.
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Table 9. Comparison of Factors of ANNs Model and Multiple Regression Model.

ANNs Model Multiple Regression Model
15 Agriculturist’s Experience (year) X1 v
31 Agriculturist’s Education X2 v
29 Cultivation Area (rai) X3 v
4 Density (no. of trees per area) X4 v
18 Longan Type X5 X
19 Tree Age (year) X6 v
2 Height of Longan Tree (m) X7 v
12 Tree Diameter (m) X8 v
17 Tree Space (m) X9 v
34 Shape of Longan Tree X10 v
33 Number of Times of Visit (per week) X1 v
10 Recuperating Period (month) X12 v
30 Continuation X13 v
21 Watering System X14 v
1 Potassium Chlorate Quantity (kg/tree) X15 v
20, 24, 27, Nutrient-adding Method X16 v
28
6 Soil Type X17 v
3 Irrigation Area X8 v
New* Air Pressure ZI v
14, 22, 32, Temperature Z2 X
37
5, 23, 26, 35 Humidity Z3 X
8, 13, 28, 39 Rainfall Z4 X
New* Evaporation z5 v
Excluded Factors
11, 36 Age and Sex of Agriculturist
7,9, 16, 25 Wing of each time period
40 Landscape

From Table 9, it can be seen that seven factors from the ANNs model have
been excluded in the multiple regression model. At the beginning of this research
work, forty factors, as discussed in Sopadang et al. (2008), were presented to
longan experts, and they discarded the factors of age and sex of the agriculturists
because these two factors do not have any effect on the yield of longan. They
believe that it is only the experience and the education of the agriculturists that
affect the yield of longan.

The group of wind factors is also excluded because the researchers faced
limitations in collecting these data, so two factors that have been added instead
of these are air pressure and evaporation. Subsequently, the researchers confirmed
these factors again with the experts.

The last factor discarded from the proposed model at the beginning step is
landscape. As the study areas of Chiang Mai and Lamphun provinces have similar
mean sea level (MSL) values, this factor was discarded from the proposed model.
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When the multiple regression concept was used to develop the model for
forecasting, there were four factors that were excluded, which are longan type,
temperature, humidity, and rainfall. As far as the longan type is concerned, the
collected data from the agriculturists in the study area show that the agriculturists
grow the same type of longan, so during the development of the model based on
the multiple regression concepts, this factor was discarded because it does not
have any effect on the yield of longan. Similar is the case as far as the remaining
factors, namely temperature, humidity, and rainfall, are concerned.

CONCLUSION

We can conclude that the advantage of proposed regression model in com-
parison with an ANNs-based forecasting model is that the proposed model based
on the multiple regression technique can present a mathematical relationship
function between the yield of off-season longan, with the off-season yield as the
dependent factor, and all the independent factors. As opposed to this, an ANNs-
based model is a black box that cannot present any relationship between these
factors because it is a learning-based method.

As far as the application of the proposed model is concerned, the limitation
of this model is that the model can be used practically only for forecasting the
yield of off-season longan cultivated in the northern region of Thailand due to the
reason that the data used in the development of this model have been collected
only from this region.

In theory, uncontrollable factors such as the factors related to weather,
geography, or environment are excluded from multiple regression models. How-
ever, since the previous research (Sopadang et al., 2008) on off-season longan had
addressed some uncontrollable factors that influence the yield of off-season longan,
in this study, those factors (i.e., temperature, humidity, rainfall, and evaporation)
were included as initial independent factors. However, only air pressure (Z1) and
evaporation (Z5) remain in the final model.
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