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Abstract

Demand for reliable and accurate annual crop production forecast has been on the increase in
recent time, because it avails the famers and the government opportunity to plan ahead of time,
with regard to import or export in the event of shortfall or surplus to ensure food security of the
respective nation. A GM(1,1) system model that forecast the Nigeria annual yam production
has been developed and tested on known data. The data used in the research were collected
from the archive of Central Bank of Nigeria for a period of Nine years (2010-2018). The fitted
result from the model showed 98.97% accuracy, this indicate that, the model is reliable and
dependable. Therefore, results from the model could serve as a guide to the yam farmers and
the government to plan strategies for high yam production in the country.
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1 Introduction
Timely and accurate crop production estimation before growing season begins is an important
information for the government in decision making and policies formulation with regard to import
or export in the event of shortfall or surplus. At the present time, one of the most important sectors
of Nigeria economy is agriculture. It is also the major means of livelihood of many homes in the
country. With population of about Two hundred million people, more than 70% of the population
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is engaged in agricultural activities. To feed the increasing population of Nigeria, there is a need
to incorporate the latest technology and tools in the agricultural sector. It is on this note, that
this study is adopting GM(1,1) forecasting model to determine the long time trend for Nigeria
yam production with a view to helping the government with information to plan strategy for high
yam production in the country and also to maintain its first position in Global ranking in term of
yam production.Nigeria produces about 70% of the world’s yam accounting for about 39.9 million
tons [1]. GM(1,1) forecasting model is being adopted in this study because of its ability to use
small sample size and make long time forecasting with minimal error ( [1–3]) .The prediction of
crop production is one of the most desirable yet challenging tasks for every nation. Nowadays, due to
the unpredictable climatic changes, farmers are struggling to obtain a good amount of yield from the
crops [4]. Accurate and reliable seasonal forecasts of crop yields are among the most valuable pieces
of information that stakeholders such as farmers, commodity traders, and government officials can
have at their disposal to make strategic decisions in their respective roles [5].Successful prediction
of crop production has also been presented in the following, researches ( [6–9]). This paper is aim
at using small sample size available to determine long time trend of Nigeria annual Yam production
with minimal error, and with a view to providing the authority with reliable information that could
help in decision making regarding import or export in the event of shortfall or surplus.

2 Materials and Methods
The Grey-System Model GM(1,1)

The grey GM(1,1) model make use of the discrete data series to establish a equation of grey
continuous differential equation by adding these data from the first in Accumulating Generation
Operator (AGO), and the equation can then be solved to perform forecast [10].
Let the raw data series be represented by x(0)(k), k = 1, 2, 3, ..., n, x(0)(k) ≥ 0 which can also be
represented as:

X(0)(k) =
(
x(0)(1), x(0)(2), x(0)(3), ..., x(0)(n)

)
(2.1)

Let the accumulated generating sequence be represented as:

X(1)(k) =
(
x(1)(1), x(1)(2), x(1)(3), ..., x(1)(n)

)
(2.2)

Where

X(1)(k) =
k∑

i=1

x(0)(i), k = 1, 2, ..., n (2.3)

X(1)(k) is called accumulated generating operation of X(0)(k) denoted as 1-AGO. By differentiating
X

(1)
(k)

, a whitened differential equation is obtained. See ( [11–14]). Which is grey differential
equation.

dx(1)

dt
+ ax(1) = b (2.4)

Where a and bare parameters to be identified. a is called developing coefficient and b is grey input.
The difference form is given as:

x(0)(k) + ax(1)(k) = b (2.5)

Equation (5) represents the original form of the GM(1,1) model. The symbol GM(1,1) stands for
first order Grey Model in one variable.
Equation (6) is the solution of equation (4)

x̂(1)(k + 1) =

(
x(1)(0)− b

a

)
e−ak +

b

a
(2.6)
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Equation (6) is the time response function while parameters a and b are estimated using Least
Square Method as follows: [

a
b

]
=
[
BTB

]−1
BTY (2.7)

Where,

B =



−z(1)(2) 1
−z(1)(3) 1
−z(1)(4) 1

. .

. .

. .
−z(1)(n) 1


(2.8)

z(1)(k) =
x(1)(k) + x(1)(k − 1)

2
, (k = 2, 3, 4...., n) (2.9)

Y =
[
x(0)(2), x(0)(3), x(0)(4), ..., x(0)(n)

]T
(2.10)

The reduction value of equation (6) is given in equation (11) below:

x̂(0) (k + 1) = x̂(1) (k + 1)− x̂(1) (k) = (1− ea)

(
x(0)(1)− b

a

)
e−ak (2.11)

Prediction Accuracy Test

To determine the accuracy of our forecast, we shall adopt mean absolute percentage error (MAPE).This
tool is often used for determining prediction accuracy showing the same characteristics i.e the smaller
the value, the higher the prediction accuracy [15]

MAPE

MAPE =
1

n

n∑
i=1

∣∣∣∣∣yi−
_
y i

yi

∣∣∣∣∣× 100% (2.12)

Where;
ŷi is the Grey Model predicted value.
yi is the Grey-Model actual value.
n is the number of prediction samples [15]
[16] divided the prediction accuracy of models into four grades and the division of prediction
accuracy grades is shown in the table below:

Table 1: Division of Prediction Accuracy Grades

MAPE Prediction Accuracy
< 10% High
10%− 20% Good
20%− 50% Feasible
> 50% Low
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3 Results and Discussion
Application of Grey System Model for Forecasting Nigeria Annual Yam Production

The data used in this research were collected from the archive of Central Bank 0f Nigeria for the
period of Six years (2010-2015). It is the original data sequence of annual yam production in Nigeria.
The summary of the data is presented in table 2 below:

Table 2: Nigeria Annual Yam Production from 2010 to 2015

S/N Year of Production Yam Production(‘000 Tonnes)
1 2010 37653.44
2 2011 39693.44
3 2012 41599.35
4 2013 42998.35
5 2014 43038.00
6 2015 44660.50

Source [17]: Central Bank of Nigeria Annual Report 2015

We begin the application by substituting the raw data in table 2 into equation (1), to obtain
equation (13) below

X(0) = (37635.44, 3969.44, 41599.35, 42998.35, 43038, 44660.5) (3.1)

Using equation (2) we obtain the accumulated generating sequence from equation (14) as given
below:

X(1) = (37653.44, 77346.88, 118946.23, 161944.58, 204982.58, 349643.08) (3.2)

Using equation (9), we obtain equation (15) below

Z(1) = (57500.16, 98146.55, 140445.405, 183463.58, 277312.79) (3.3)

using equation (10), we obtained equation (16)

Y =


39693.44
41599.35
42998.35
43038.00
44660.50

 (3.4)

And using equation (8), we obtained equation (17)

B =


−57500.16 1
−98146.55 1
−140445.40 1
−183463.58 1
−277312.79 1

 (3.5)

equation (18) is obtained using equation (7) by the help of Maple 17 software

â =

[
−0.0208
39253.14

]
=

[
a
b

]
(3.6)

Where a = −0.0208, b = 39253.14
Substituting for a and b in equation (6), we obtained equation (19) below:

x̂ (k + 1) = 1924823.632e0.0208k − 1887170.192 (3.7)
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Evaluating equation (19) for k = 0, 1, ..., 5 we obtained equation (20) below:

X̂(1) = (37653.44, 78109.05, 119414.951, 161589.013, 2046499.481, 248614.986 ) (3.8)

We compute the simulated value of the using equation (21) below:

x̂(0)(k) = x̂(1)(k)− x̂(1)(k − 1) (3.9)

The simulated values are presented in equation (22) below

X̂(0) = (37653.44, 40455.612, 41305.899, 42174.062, 43060.468, 43965.505) (3.10)

Equation (22) is the simulated values from 2010-2015 and is presented in Table 3 below.

Table 3: Comparison of actualand Grey simulated value for Nigeria Yam production from year
2010-2015.

S/N Year Of
Production

Actual Yam
Production
(‘000 Tonnes)’

Grey Simulated Yam
Production(‘000
Tonnes)

Residual Er-
ror

Relative
Error(%)

1 2010 37653.44 37653.44 0 0
2 2011 39693.44 40455.612 -762.172 -1.92
3 2012 41599.35 41305.899 293.451 0.705
4 2013 42998.35 42174.062 824.288 1.92
5 2014 43038.00 43060.468 -22.468 -0.052
6 2015 44660.05 43965.505 694.545 1.56

Using equation (12), we observed from Table 3 that:
MAPE = 1.026% which is the error of the simulated value and it is described as high accuracy [16].
Hence the accuracy is calculated as:
ACCURACY = 100%− 1.026% = 98.974% this shows that the simulated accuracy is high.

Figure 1: Comparison between simulated values and real values of Nigeria yam production from
2010-2015

Grey Forecasting for Nigeria Annual Yam Production From 2016 -2022

From Table 3 and Figure 1 as it can be observed, the grey forecasting model has shown high level of
accuracy, this shows that the model is reliable and dependable, hence we make forecast for the next
Seven years. To make forecast from 2016-2022, we evaluate equation (19) fork = 6, 7, 8, 9, 10, 11, 12.
Thus, we have

X̂(1) = (293505.55, 339337.596, 386133.953, 433913.869, 482698.014, 532507.495, 583363.62 )
(3.11)

We then compute the forecast values using equation (21) that is:

x̂(0)(k) = x̂(1)(k)− x̂(1)(k − 1)

X̂(0) = (44889.564, 45833.046, 46796.357, 47779.916, 48784.145, 49809.481, 50856, 125) (3.12)

The forecasted values of equation (24) is presented in table 4 below
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Table 4: Grey forecasted values for Nigeria Annual Yam production from year 2016-2023

Year of Production Grey forecast Yam Production (‘000 Tonnes)
2016 44889.564
2017 45833.046
2018 46796.357
2019 47779.916
2020 48784.145
2021 49809.481
2022 50856.125

Table 5: Nigeria Annual Yam Production from 2016 to 2018

S/N Year of Production Actual Yam Production (‘000 Tonnes)’
1 2016 45409.8
2 2017 46912.7
3 2018 48291.6
Source [18]: Central Bank of Nigeria Annual Report 2018

Table 6: Comparison of Actual and Forecasted values for Nigeria Yam Production from year
2016-2018

S/N Year Of
Production

Actual Yam
Production
(‘000 Tonnes)’

Grey Forecasted
Yam Production(‘000
Tonnes)

Residual
Error

Relative
Error(%)

1 2016 45409.8 44889.56 520.236 1.15
2 2017 46912.7 45833.046 1079.66 2.30
3 2018 48291.6 46796.357 1495.24 3.10

Using equation (12), we observed from Table 6 that:
MAPE = 2.183% which is the error of the forecasted value and it is described as high accuracy [16]
. Hence the accuracy is calculated as:
ACCURACY = 100%− 2.183% = 97.82% this shows that the forecasting accuracy is high.

Figure 2: Comparison of Actual and Forecasted values of Nigeria Yam Production for years 2016-
2018

Grey system model has been successfully applied to forecast Nigeria annual Yam production from
2016 to 2022. Table 3 is the comparison of Actual values of the production and simulated values of
the production using the fitted model which recorded 98.974% accuracy. Table 5 is the comparison
of the actual values of the Nigeria annual Yam production with forecasted values from years 2016 to
2018 and this has recorded 97.82% accuracy. In both cases, the model showed good performance.

4 Conclusion
Forecasting trend of agriculture production in Nigeria using empirical data has always been a
difficult task, this is as a result of small sample size available and its strong connectivity with climatic
elements that exhibit randomicity and fluctuation. However, with the mathematical prowess of
grey forecasting model, that not only requires minimal data but also has the capability of long-
time forecasting with minimal error. The study was able to make forecast of Nigeria annual yam
production with high level of accuracy.
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