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Abstrac:

Forecasting for the rate of precipitation is so important because
in these lately years the climate has changed that effects on the
weather this caused by the pollution of environment which is increase
positively with the developing of industrials sector. In our country
agriculture is one of the main branches of economic specially wheat
and barley that are need rain, that’s why who may concern it must pay
attention to collect pure data and analysing them and then forecasting
the rate of precipitation to put a plan for the economic in future years,
the GM(1,1) and FOGM(1,1) models have been used for forecasting
the rate of precipitation, to compare and select the appropriate model
the researchers depended on MAPE and precision rate for both
models, according to their results the FOGM(1,1) model was the more
appropriate model to represent the behaviour of precipitation rate in
Iragi-Sulaimani  governorate with precision rate = 0.939297 and
MAPE = 6.07029, four periods have been forecasted which tells that
the precipitation rate will be between (796.926 — 801.047)mm for the
next four years.

Keywords: Grey system theory, Ordinary least squares, Fourier
transformation

: gadlall

Flid)l iy 5aY) gl sda 4 ALl lgae Bl e Jola Jaear 5all ey
glhad ol ae day A Al Eigh e Aasl il sday ekl Gle i Lee maaly <8
il e 55 Al L)l el e 5aaly Laly 8 puedlly adll dehy3l) s L e lial
Jaeas 5ot 8 Lgldatl 338y Cilily pens g O JeY) degs 0 e Giny ) 13l calgal
FOGM 5 GM (1,1) 73l alasiad &5 ¢ Aliall clgiad Loaleatll ddad auagl jUasY) Jslaa
o e Ogialll gaaie) Cauliall zasaill ladly Ajlial ¢ UadY) Jolaa Jaas gl (1
SV z35aill 58 (FOGM (1,1) z3sai oIS aeilll Gy ¢ pndgaill ST 48 Jaeay MAPE
)l 483 Joras Adhall daleoddl dlilae 8 UadY) Jsha Jaee ol Jial 2dl
o @l g G desld Glsie oY sall 5 ¢ MAPE = 6.07029 5 (0.939297
e (801.047 ~ 796.926) i Lo zslsis dadlall das)¥) clgiaad 5Una¥) Jslaa Jane

b Jasat ¢ Atlal) (gual) clasall ¢ (gabayl AU Ayl dslisal) cilald)

302



2021 (1) sl (11) Adaal) Lpalai®y) g 4y 51aY) a glall o oS S daala ddaa

Introduction:

In Kurdistan region the rate of precipitation is so Important, because our
country has not enough main factories that be able to raise the economic, the
main factor is agriculture like wheat, barley and corn that have main effect on
raising the economics of Kurdistan region, therefore the seasonal rate of
precipitation should be studied to forecast its rate in the future years to plan
and decision making. In this study we want to forecast the seasonal rate of
precipitation to plan for the future years. Deng Julong in (1982) proposed the
Grey System Theory, this theory works when there exists a lack of
information. Essentially, the colours were chosen to Grey System Theory. In a
way that for hidden information black colour is used and for full information
white colour is used. The incomplete known and incomplete unknown
information for analysing is depending on Grey System Theory.

In many fields has been applied Grey System theory successfully for those
cases that have lack of information. The other prediction methods, such as
Time Series needs a large number of observations in another word one can say
that the sample size must be greater than 100 observations, also the statistical
distribution of response must be exist so as to estimate inference parameters
for prediction. But grey system theory does not have the above mentioned
assumptions about the data set that is why it used to predict uncertain systems.

Objective of the research

In this study firstly we want to compare GM(1,1) and FOGM(1,1) models
and secondly to forecast the precipitation rate in Sulaimani governorate to
p | an f or t h e future y e a r s.

2. Methodology

2.1 Grey system theory

Deng Julong in (1982) developed grey system theory to analysed the
uncertainty of a system. (Deng 2012)
As far as fisher information is concerned, the systems that lack information,
such as structure behaviour document, operation machinery and message are
referred to as grey systems. (Huo 2012)
The grey system theory consists of five major parts which are grey
prediction, relation, decision, programming and control. Grey model is the
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core of grey system theory, which features available information to obtain the
internal regularity without using any assumptions.( Javed 2018)

The intention is to make forecasting useful for decision and policy
makers who need future predictions.

2.2 Advantage of Grey models

The most important advantages of Grey Prediction Model have been
shown below:
1- Grey models can be used even you have four observations.
2- To characterize an unknown system a few discrete data are sufficient.
3- The researchers can depend on the results of grey system theory in case
having a suspected large sample.(Liu 2017)

2.3 Time series Data and use of Grey Model

Time series data is observing data at the equal period time respectively,
to forecasting a phenomena depending on a time series model a large full
information sample is needed, sometimes it is the common problem that the
researchers are faced at the beginning of their study, that is why advise to use
grey models instead of time series models in case lack of information.(Mao
2006)

2.4 Grey Theory Steps

The lack of information is named by grey, the Grey system provides an
adequate results despite of uncompleted information or small samples under
study that is because of the a cumulative generate operator which gives more
weights for each observation of the sample.(Pai 2013)

2.5 Grey Model

In grey systems theory, GM (m,n) definition of lack information model, where
m is the order of the difference formula and n is the number of factors. Grey
models can predict the future outputs of systems with relatively high accuracy
without a mathematical model of the actual system. The majority of the
incisive researchers have fastened their awareness on the GM (1, 1) model in
their predictions because of its computational efficiency.(Li 2014)

2.6 The GM (1, 1) Model
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The GM (1, 1) is most type model that is used among the others type models
of Grey System model, which determines that there is one input variable in the
model. The accumulation generating operation (AGO) is the first order
differential equation that adopted to match the data. (Javed 2018)

For the algorithm of GM (1, 1), the raw data sequences are presented as
follow:

First of all, in order to ensure the feasibility of modelling method, it is
necessary to make the necessary known data column inspection treatment. A
reference data for: (Xiaolu 2017)

x (0) = (x(o)(l),x (0)(2)...x (0)(n)), calculation sequence stage than

x(©(k—-1)

o(k) = O

k=23, ..n (2.1)

If all the level thang (k)have fallen on can let cover(e 2 2 )inside, series

T n+1, en+l

x(© can be used as a model GM (1, 1) of grey prediction data. Otherwise,
need to seriesy(®make the necessary transformation processing, make its fall

into can let cover inside. Namely take appropriate constant c, for translational
transformation

y© =xO k) + ¢, k=1,2,..,n Makeseries

y© = (y©(1),y@(2),,y® n))Level than g, (k) fall in to can let coverage
area.( Lian 2005)

In grey system theory, the GM (1, 1) model is one of the most widely used
models. In general, GM (1, 1) requires a few numbers of observations to build
a prediction model. Assume that is the original sequence as follows:

x(0) = xO)1) x(O2),... x(O)ny)

Where n is the total number of modeling data. The accumulated
generating operation (AGO) formation of x @ is defined as:

x() = x(Wy) xD2),... xDny)

where x(D(0)=x(%)1),and
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xW= 3yt x@p) t=12..m (2.2)
The GM (1, 1) model can be built by establishing a first order
differential equation for x (1)(t) as

€)
2O+ ax®() = b 2.3)

Then the discrete from of the GM (1, 1) differential equation model is
expressed as:

xO )+ az®(t) =b (2.4)

Where z(D = (z(M(2),zM(3), ...,z (n))are called background values

®
of dx‘H(t)

and calculated by

zD() =05 (x<1>(t — 1)+ x<1>(t)) t=23,..n (2.5)

Coefficients a and b are called the updating coefficient and grey input,
respectively. In practice, coefficients a and b are not calculated directly from
Eq. (2.3). Therefore, the solution of Eg. (2.5) can be obtained by using the
least square method that is

& = [o,b]” = (BTB)"1BTY (2.6)
—zM2) 1

p=| —zV® 1 @.7)
_.Z(l) (n) .1

Y = [x©(2),xO(@3), ... xOm)]" (2.8)

Then, the modeling values of Eg. (2-3) are obtained as

~ b _ b

Ok +1) = (x<0>(1) - ;) e~k +2 (2.9)
Applying the inverse accumulated generation operation (IAGO)

ROK+1) =20k +1) —2D%), k=12,...,n (2.10)
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The prediction sequence can be obtained as:
Ok +1) = (x(o)(l) — S) (1—-eMNe |, k=12,..,m. (2.11)
Where 2@ (1) = x©(1),{2©(1),£@(2), ..., £ (n)} are called the

GM (1, 1) fitted values, while {2 (n+ 1), (n +2),..,2 QN +j)} are
called the GM (1, 1) predicted values.( Guo 2005)

2.7 Fourier Residual Modifications (FR)

The original idea of the Fourier model is derived from Tien. Meanwhile,
the forecasting of primary series trends originally uses GM (1, 1), Then the
GM (1, 1) model is adaptive using the Fourier series. The main goal behind
using Fourier series is to gain a better forecasting with a high precision. In
order to achieve the accuracy of forecasting models, the Fourier series has
been widely and successfully applied in adapting the residuals in Grey
forecasting model Fourier Residual Modification FOGM (1, 1) is:

1- According to the original sequence to build the GM(1,1), the
residual time series as the difference between the real time and model
fitted is obtained by ¢ = {£(©(2),£©(3),..., @ (1)}

where O =xO@) —2@@),t=2,.....m ....(2.12)

2- Transfer ¢(0)(¢) into Fourier series from

() = 050 + BL, [, cos (2% (t)) +

b; sin (% (t))] e (2.13)

m-—1

wheret =2,3,...m ,T=m—1andF = (—) -1

3- from £(® = pc to find the value of
C = (PTP)_lpT[E(O)]T ........ (214)

Which use least square method where
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2m2

(5*
T

2n2) 327TF )
T ... cos( T)sm

1
= COS

2T

2mF

211) ( 2n2) _ ( 2712)
—)cos|m——|)sin|m——

(27‘[F>
T T T mer )

o8 (mr)sn

...cos(m T) sin

C = [aq) @), bay, @), b2y, - Ay ey

substitute all data into the Fourier series to get the value of £(0)(¢)

£O(t) = 0.5a@ + ¥F | [ai cos (% (t)) + b; sin (% (t))] v oo (2.15)
the final prediction value is show in equation (2.16)
£71) = 20(1)

(0) e s (2.16)
2 (t) = 2O + Q) t = (2,34,...,m)

2.8 Evaluate Precision of forecasting Models

Some statistical tests and measurements used to test the accuracy and the
performance of the proposed model, including residual test, MAPE, precision
Rate and Posterior Error Ratio (c).

2.8.1 Residual test

Stepl: compute the relative error and absolute percentage error presented as
follow:

AO®@) = [xO) 2O i=12..,n (2.17)

~ _ AO@) . (2.18)
o@) = mOTeS X 100% i=1,2,..,n
Step2: compute the two —step minimum and maximum of the relative error:
Apin= min|A© ()| (2.19)
Amax= max|A© ()] (2.20)
Step3: compute coefficients of grey incidence

AmintP-Amax (221)

r(20 0, x@0) = 201 ()P Amax
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Of which the distinguishing coefficient p is 0.5

Step4: compute the degree of grey incidence
~ 1 ~ . .
y(2@,x@) = 3Ly (RO @, 20 0) (2.22)

According to experience, the GM model is qualified if
y(a?(o),x(o)) > 0.6,whenp = 0.5

2.8.2 Mean Absolute Percentage Error (MAPE)

Means Absolute Percentage Error (MAPE) is used to test the accuracy of
forecasting model, there is an index used to evaluate the performance and
reliability of forecasting technique. It is defined as follows: (Christopher 2000)

xO(k)—2@ (k)

1
MAPE = -3, |25

x 100% (2.23)

Wherex (0 ():The actual value in time period k
% (k): The forecast value in time period k

And the grade of MAPE is divided into four grades:

Precision rank MAPE
Highly accurate | MAPE < 0.01
Good MAPE < 0.05

Reasonable MAPE< 0.1
Inaccurate MAPE < 0.15

The lower the MAPE, the higher precision the forecasting model can
achieve.in general the MAPE below 0.01 is an accurate model and the MAPE

in between 0.01 and 0.05 is a good model with acceptable accuracy.(Wu
2005)

2.8.3 Precision Rate (p)

Precision Rate, which measures the level of the closeness of the statement of
forecast quantity and the actual value, p is defined as follows:

p =1— MAPE (2.24)
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precision rank Precision Rate
Highly accurate p = 0.99
Good p = 0.95
Reasonable p = 0.90
Inaccurate p < 0.90

The higher the precision rate, the higher precision the forecasting model can
achieve. In general, the precision rate greater than 0.99 is an accurate model
and the precision rate in between 0.99 and 0.95 is a good model with
acceptable accuracy.( Chih 2003)

3.Applications
3.1 Data Description:

The data were collected from the directorate of meteorology and
seismology of Slemani during the years (2000-2001 to 2018-2019) in
seasonal as (19 consecutive observations). The data is measured in
mm.

3.2 Model Specifications

The data that has been collected as described in previous sections are
used to perform grey and fourier grey models and then comparing
their results to select appropriate model for forecasting the
precipitation rate.

3.3 Fitting GM(1,1) and FOGM(1,1) and Their Results
Depending on Eq (2.2), by using OLS method the parameters of GM(1,1)
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model have been estimated which are intercept and slop of the model with

Table (3-1) Table (3-2)

Represents the model value and MAPE bv usina Represents the model value and MAPE bv usina

values (738.3606 and 0.0116) respectively.

Time Real value | Model value MAPE Time Real value | Model value MAPE
2000/2001 523.90 523.9 0 2000/2001 523.90 523.9 0
2001/2002 782.50 644.7172641 | 0.17608 2001/2002 782.50 743.2302885 | 0.05018
2002/2003 880.30 651.3921686 | 0.26003 2002/2003 880.30 824.7868164 | 0.06306
2003/2004 842.70 658.13618 0.21901 2003/2004 842.70 862.3170372 | 0.02328
2004/2005 653.50 664.9500137 | 0.01752 2004/2005 653.50 611.4962192 | 0.06428
2005/2006 758.50 671.8343925 | 0.11426 2005/2006 758.50 717.7108425 | 0.05378
2006/2007 607.50 678.7900469 | 0.11735 2006/2007 607.50 583.7309627 | 0.03913
2007/2008 369.00 685.8177147 | 0.85858 2007/2008 369.00 340.5766071 | 0.07703
2008/2009 430.30 692.9181416 | 0.61031 2008/2009 430.30 464.8806362 | 0.08036
2009/2010 799.70 700.0920808 | 0.12456 2009/2010 799.70 741.6716248 | 0.07256
2010/2011 568.50 707.3402935 | 0.24422 2010/2011 568.50 603.225445 | 0.06108
2011/2012 574.40 714.6635485 | 0.24419 2011/2012 574.40 539.8930887 | 0.06007
2012/2013 579.40 722.0626229 | 0.24622 2012/2013 579.40 543.7679539 | 0.0615
2013/2014 703.70 729.5383016 | 0.03672 2013/2014 703.70 798.8315909 | 0.13519
2014/2015 699.80 737.0913776 | 0.05329 2014/2015 699.80 656.7257273 | 0.06155
2015/2016 860.90 744.7226524 | 0.13495 2015/2016 860.90 800.2071504 | 0.0705
2016/2017 587.50 752.4329355 | 0.28074 2016/2017 587.50 638.3265169 | 0.08651
2017/2018 850.00 760.223045 | 0.10562 2017/2018 850.00 797.6894802 | 0.06154
2018/2019 1137.80 768.0938072 | 0.32493 2018/2019 1137.80 1101.67662 | 0.03175

Table (3-1) represents the model value and MPAE by GM (1,1) model
depending on Eq(2.2) and table (3-2) represents the model value and MPAE
by FOGM (1,1) model depending on Eq(2.16) it is clear seen that the MAPE
values of FOGM (1,1) are less than MAPE values of GM (1,1) it is means
FOGM (1,1) model values more accurate than GM (1,1) model values.
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Table (3-3)

Represents the accuracy of models

test GM(1,1) accuracy | FoGM(1,1) accuracy

c 0.304064153 0.01142
MAPE 21.93997555 6.07029
P 78.06002445 93.9297

From the above table the value of posterior error ratio (c) is less than
0.35 for both postulated models, from the value of P we can select the
best model for forecasting the precipitation rate which is FOGM (1,1)
with P = 93.92.

3.4 Goodness of fit of FOGM(1,1)

FOGM (1, 1) is a time series model then the goodness of fit
of the model should be tested by using Box-price test that depends on
the ACF of the residuals of the FOGM (1,1) the results were as
follow:

Time Series Plot for Residuals of FOGM(1,1)
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Figure (3-1)

Shows the scatter plot of residual series of FOGM (1,1) model
Box-Pierce Test
Test statistic = 2.5654
Sig.=0.863331

The hypothesis of that the series is random cannot rejected because the sig.
value is greater than 0.05.
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Table (3-4)
Represents forecasting values by using GM(1,1) and FOGM(1,1) models
Period GM(1,1)forecasting value | FoGM(1,1)forecasting value
2019 - 2020 776.0460572 798.091
2020 - 2021 784.0806386 800.169
2021 - 2022 792.1984039 796.926
2022 - 2023 800.4002143 801.047

4.1 Conclusions

From the results we conclude that:

1-

2-

From the results it can be conclude that the FOGM(1,1) is better
than GM(1,1) to represent the behaviour of precipitation rate in
sulaimani governorate.
From the forecasted values one can conclude that the
precipitation rate will fall between (796.9 to 801.041) mm which
is good for agriculture.

4.2 Recommendations

1- We suggest that the directorate of meteorology and seismology
of Sulaimani governorate to form and organize these data in a
standard database so as to the researchers be able to access them
easily.

2- We proposed to use this model with the other climate variables
(Temperature, humidity and wind speed).
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