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O ABSTRACT O

Prediction of the daily maximum and minimum temperatures is one of the most important
topics in climate research and all vital areas. It can help managements in the economic and
strategic planning and decision-making.

This research use time series single models of linear Box- Jenkins ARIMA (p,d,q) and
non-linear ANN models and then integrates them into the ARIMA-ANN model, assuming
series includes linear component estimated using a Box- Jenkins (ARIMA) model, and a
non-linear component represented by model errors (Residual) can be estimated using ANN
models to obtain the best and most accurate future prediction for time series.

The selected model to present daily minimum temperature serie In Al-Basel Station
including linear model ARIMA (1,1,1) and non- linear model ANN (1-26-1); while model
ARIMA (0,1,2) and model ANN (1-17-1) were selected to present daily maxmum
temperature serie, The results showed that (ARIMA-ANN) model was superior to other
models according criteria of accuracy check (R, RMSE, MAE, MAPE).
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(1) Js2all e sall (ADF) passall Sl Son Ll oty Gl (e oSEI (Sayg oyl
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(Tmin) (guall 5al cilas Aulud (ADF) gugal) Jligh <3 G380 2(1) Jsaad

Model A B C
Exogenous: Constant Constant, Linear None
Trend
. toct t- taticti t-
t_test Statistic t-Statistic Statistic
Augmented le:k_ey-FuIIer test -4.038 -4.399 -1.261
statistic: e
Prob.* 0.002 0.005 0.190
1% level | -3.505 -4.063 -2.591
.. ) 5% level | -2.894 -3.461 -1.944
Test critical values: 10% =
1| -2.584 -3.156 -1.614
level

*MacKinnon (1996) one-sided p-values

ted (1) bl dlas) ded Gua (C) zsall Jal e sansll Hia Jain Aldadl o (1) Jsandl e Jaadls
Byfise e AL saalgl) jia dgag Apieal) il Jis Ml ¢(0.05) ssie o ST (Pyalue=0.190)

I Ll Al sy asis calad) slaiN) ABY (VY = V=Y, 1) Y dajall (e cligall ks .
(k = il dypuadl S LY clbee of Lol dun o(4) JSAL mnse 5o WS S5l il
‘[‘356,*\1/%’6] AR Jlaal dieall 3p0al) 21 lgaen oy aall (e dwd S @obs 1,2,...,15)
Dl (S sl Gaki oSar (V) gl dpnall Al Al (e SElly e gl Al
A(2) Js2all zuasall (ADF)

Sample: 12/21/2014 3/11/2015
Included observations: 80

Autocorrelation  Partial Correlation AC  PAC Q-Stat Prob

I 1-0.181 -0.181 27070 0.100
| 2 0.013 -0.020 27214 0.256
I 3 -0.088 -0.092 33794 0.337
I 4 -0.118 -0.157 45901 0.332
G 5 -0.030 -0.090 4.6698 0457
I 6 -0.054 -0.099 49258 0.553
I 7 -0.085 -0.161 55724 0.590

9 0113 0033 67979 0.658

= | I

(I I

g I

Ig ! I

(N I

gt I

gt I

gt g 8 -0.025 -0.131 5.6285 0.689
(el I

Iyt I 10 -0.007 -0.042 6.8019 0.744
I @ I

gt I

= I

1o I

(N I

g 11 0151 0.094 8.9612 0.625
| 12 -0.059 -0.028 9.2971 0.677
C 13 -0.160 -0.194 11.813 0543
I 14 0002 -0.078 11.813 0.621
g 15 -0.063 -0.085 12212 0.663

(dTmin) _3s¥) Lol e byl Auda Jal e ) 1My I3 T 2 AN 2(4) Jei)
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LAl lee Lasall raally adaall hall ilayay 505l (ANN) L lilaaV) Lppanll 1S0305 ARIMA (e (ot 7350
(dTmin) ¥ daall e cilbg il Aludud (ADF) Jligh o jLadl:(2) Jgaad
Model A B C
Exogenous: Constant Constant, Linear None
Trend
. toct t- taticti t-
t_test Statistic t-Statistic Statistic
Augmented Dlpkgy-FuIIer test -11.096 -11.032 11161
statistic:
Prob.* 0.000 0.000 0.000
1% level | -3.505 -4.064 -2.591
.. ) 5% level | -2.894 -3.461 -1.944
Test critical values:
10%
level -2.584 -3.15 -1.6147

*MacKinnon (1996) one-sided p-values

(3) sl b daiasally sadinall Alalidll ulee DA e bl ulid) Slasy) ziseill paaty o5
L (BICHQ) Luledd) 4y (AICH) jladd dad Ji (38150 ARIMA (1,1,1) zaseill o) 253 Cua

Aadpal) g iall ¢ Aldalial) yylea ad Jiay 3(3) Jstad

Model AlC* BIC HQ

(p.1.9)
(1,1)(0,0) | 4.672 4.791 4.720
(2.1)(0,0) | 4.697 4.846 4.756
(1,2)(0,0) | 4.697 4.846 4.756
(3.1)(0,0) | 4.705 4.884 4.777
(1,3)(0,0) | 4.706 4.884 4.777
(3.3)(0,0) | 4.708 4.947 4.804
(0,4)(0,0) | 4.711 4.890 4.783
(22)(0,0) | 4.719 4.898 4.791
(41)(0,0) | 4.725 4.933 4.808
(2.3)(0,0) | 4.725 4.934 4.809

iad o) 2a3 (4) sl 3 dsmsdl @) (e :ARIMA (1,1,1) zigad alas dgina jlid) v
Lyl Gmip Ml (%5) dsied) ssie oo Ll Ji z3seaill clded (P=0.00) laay) dilaal
il aall Alaal) dedl) Loy ad gsina il il Z3sail) Alles ol AN Aad) dum ) Jig cigyiual)

Zasadll e Adia (Kayg Aysina pre )
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[(Tmin) Lia)) Audud) Ao ARIMA (1,1,1) gisadll il gilss :(4) Jssad

Type Coef SE Coef T* P
AR (1) 0.6378 0.0959 6.65 0.000
MA (1) 0.9891 0.0356 27.74 0.000

Constant 0.01719 0.01590 1.08 0.283

Differencing: 1 regular difference
Number of observations: Original series 81, after differencing 80
Residuals: SS = 442.874 (backforecasts excluded)
MS = 5.752 DF =77

O i pall 3 paill S Sy 4oy

Z, = 0.6378 % Z,_, + a, + 0.9891 * a,_, a,~N(0,5.752) .. .. .. (9)
a3 (Zy = Y= Yioq) o
Yt - 16378 * Yt—l + 06378 * Yt—Z + at + 09891 * at_l (10)

A5V Chlaa¥l DA e 2y :ARIMA (1,1,1) z3saill (Residual Analysis) 2lsa) Aludu Jalas v
A(5) JRa 8 daim sl zagail)l cilapie A (e 1 Blsall azalal) gl cLad) (1

(a) nNormal Probability Plot (b) Versus Fits
99.9
L J
9 - 5 . ®
%0 e en®l® # E]
.é g ol L] L ‘ * " n ? Ld
; = 3 ® el ..o 0.
a & e te @
10 -5 =
e ® .
1 L] ]
0.1 10
-10 -5 0 5 5 10 15
Residual Fitted Value
(c) Histogram (d) Versus Order
24 —
5
> 18 -
s g 0
e 12 @
L @
6
ole= [ = -10
-8 -6 -4 -2 0 2 4 6 1 10 20 30 40 50 &0 70 80
Residual Observation Order

Zasall) g Ui (d) g S goaall (C) (pUadSU jinsa hahaia (b) ((K-S) sl Jlaia¥) (a) :(5) Jsal

o S Nan Lt mlal sl OS5 aly SBLN Grany gags (5) JSA (b (oSl gpall ) s
o paill Q) (s g (3 (Normal Probability Plot) auhll Jlaa¥) hbadl) ) s o e
mbn oo ) (P —Value = 0.142) adlaay) dasl) colal Cua «(Fitted Line) Bldl Laal)
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Sl ¢ las el Lg‘)a...an} L;A.LIJ\ Tvba.“ Gl saill (ANN) :ﬂ,}:\.\-‘:m\}“ Lasll Gl ARIMA BB cj}u

dgiuall dumdll Jias Jalls ((%5) oo 81 Ll (Kolmogorov—Smirov) K-S Ly (Minitab 16)

gmpls lsd) o Al
Lall ) shall i ) laall s e (5) JS 8 i) Lkl a1 Sled) duilgde

(2

s il (e JSE ) L aa) WS Vo4l G c(fangd) s Al Sl g deady A
(Runs Test) caleill il g Skl oadll ool 3 cli § pulas @l o Jle sa5 ¢ lsd)

ARIMA (1,1,1)z 3saill Blss s o (Runs Test) cdlaill jLad) gilii :(5) Jgaad)

Runs Test: RESI1
Runs above and below K = 0
The observed number of runs = 43
The expected number of runs = 40.6
44 observations above K; 36 below
P-value = 0.585

(%35) Lysidl ssise e S (P — Value = 0.142) Ll allaa¥) dadll of (5) Jsaall e Laadls
v liapll Al ¢35 oy Algde A cld sl ol ALY dpacall Al Jais il
(6) JSEL mmse s LS (PACF) 5 (ACF) lls auy DA (e cllg 2 Bload) AibEL) LS4

Autocorrelation

Partial Correlation

AC PAC

Q-Stat

Prob

[
[
[
I
I
I
g
I
[
[
[
[

Dl:lDl:l

1 0.011 0.0M
2 0105 0.105
3 -0.015 -0.018
4 -0.085 -0.097
5 -0.038 -0.033
6 -0.076 -0.057
7 -0.099 -0.096
8 -0.039 -0.034
9 0.082 0.098
10 -0.008 -0.017
11 0.105 0.066
12 -0.081 -0.096
13 -0.186 -0.216
14 -0.056 -0.054
15 -0.099 -0.046

0.0096
0.9392
0.9592
1.5818
1.7071
2.2252
3.1144
3.2535
3.8724
3.8778
49269
55674
8.9564
9.2723
10.267

0.922
0.625
0.811
0.812
0.888
0.898
0.874
0.917
0.920
0.953
0.935
0.936
0.776
0.813
0.803

ARIMA (1,1,1) g isaill SHlss Jal G il 3y A Byl Ay JLa) :(6) JSa

3
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—-1.96 +1.96

vn ' Vn

d@@c}‘[ ]wx\ Jlae JA1S lgnsan a5 A BLEY) cDUles o 235 (6) JS2) A ¢pe

Ve oyliie) (Says z 35ail

gy lly Ciseal) Jusb JNA (TMEX) Gpasal) oalindl ) cilas Adudes Julas .2

Al 5y ((2015/9/20-2015/6/21) 2l DA Asasll aliall 8l o) el Aludd) 321 sic
ALkl ole 513l LS50 35 (5 (7) SN reainge b LS ¢(2015/9/10-2015/6/21) s5all s Ly

.'é)s'.':m)_\c

Trend Analysis Plot for Tmax
Linear Trend Model
Yt = 28.776 + 0.0809%t

40.0 - Variable
—&— Actual
—B— Fits
37.5
Accuracy Measures
MAPE  4.70272
35.0 1 MAD 1.55025
MSD 4.36020
]
E 32.5 1
30.0 4
27.5 4
25.0 4

T T T T T T T T T T

1 8 16 24 32 40 48 56 64 72 80
days

(Tmax) _aliadl 5 al) cilags Audad Jhaal) il iadal) :(7) JS&
Gal) s A BLET A agis o(8) JSEN 8 maage b LS () daall e iyl 2k .

Byfie ALl Hlie) Sy djaall dgaall e lgzrea @.' L@_ﬁ Laadlsd g g jall Alilud
Included observations: 81

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

l -0.036 -0.036 0.1081 0.742

-0.289 -0.291 7.2218 0.027
-0.119 -0.156 8.4437 0.038
-0.008 -0.124 8.4491 0.076
0.045 -0.055 8.6291 0.125
0.057 -0.002 8.9221 0.178
-0.276 -0.328 15854 0.026
-0.041 -0.113 16.011 0.042
0.167 -0.040 18.628 0.029
10 -0.001 -0.152 18.629 0.045
11 0.005 -0.047 18.631 0.068
12 -0.111 -0.224 19.840 0.070
13 0.015 -0.056 19.864 0.099
14 0155 -0.045 22262 0.073
15 0171 0.113 25224 0.047

[

|

= =T

|
|

|
—
[

W ~NdDM A WN =

o

ull I

I
I
|
I
I
I
|
|
|
I
I
I
|
I

|l I |

(dTmax) A1 daall ¢ cilig il Aada Jal (a5l SIA IR Jag3l A 2(8) Je
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Sl ¢ las el Lg‘)a...an} L;ALIJ\ Tg)ba.“ Gl saill (ANN) :ﬂg:h):m\}(\ Lasll Gl ARIMA BB Cj}u

(AIC*) ad Gan ) (9) JSal dlaadle PIA (e (g dsalll asiii) gisalll Ao il da s .
JEN1 (Says AARIMA (1,1,2) z3sall s slamall Ao J8Y 385ally ceiipall z3saill of 2a3 (z3sai (20)4

osall maalall sl Ay o 3ail) Aygina and (e Al A Alsyall )
3.98

3.97

3.96 +

3.95+

3.94 4

3.93 -

3.92

3.91 4

- — o — — —— —t
o e . . . e s . e .

b e — — - — — —a
———— ——— — ——— ————
S ——

' 4
v I
3.90 - & S
} &l
i 4]

M 1 1 M H
389 Ll I | L ) L} 1 1 | 1 | ] ) 1 1 Ill 1 '

. - -,

s s e T
P e e T T T T e T e

N et e et et et e et et et e et et et it et et et et e

Aadpdl) okl o Alalid) @il gy 3 (6) Jsaall DA (e gisalll allea dygina Jlgdl
el sl Lok slehe ge ) (AIC) Sl (385 il Aajid) zilall dllae dygine Gasd ey
gliany) b dlly adindl Jbadll 335 ARIMA (0,1,2) z3sall ) llagi ¢ S5l
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(Tmax) Ay}l Audad) o zilal) allaa a5 gilli :(6) Jsaal

Model Coefficients P-value | AIC* | BIC HQ

@, = 0.5041 0.000
6, =0.7281 0.000

1,2 8, = 0.2046 0.000 -3.162 || -3.015 |-3.103
Const. = 0.043887 0.000
¢, = —0.0157 0.000
@, = —0.0382 0.745

(2,2) 6, = —0.9799 0.000 -3.159 || -3.011 | -3.100
Const.= 0.2036 0.3966
6, =0.2942 0.004

0,2) 6, = 0.4796 0.000 | -3.150 |-3.032 | -3.103
Const. = 0.09013 0.040
¢, =—-0.9178 0.000
@, = 0.1843 0.244
@5 = 0.3509 0.019

(3,3 6; = —0.7330 0.000 | -3.156 |-2.919 | -3.061
6, = 0.8442 0.000
65 =0.9323 0.000
Const. = 0.09847 0.000

: IS ARIMA (0,1,2) z3saill 4,58 (Say il
Z; =0.09013 + a; + 0.2942 xa;,_, + 04796 xa,_, ; a,~N(0; 2.715) ......... (11
a3 (Zy = Y= Yeoq) o
Y; =Y,_1 +0.09013 + a, + 0.2942 x a;,_1 + 04796 x a;_, ......... (12)

:ARIMA (0,1,2) z3sill (Residual Analysis)  Bsdl el Jlas v
Allaay) dedll of aa ((10) JSall Gadl K-S laal (DA e 1 Bleall asdall a6l cLss) (1
gl sl o AN Ayl Ay dll Jis Sy o(%5) e ST sy (P — Value = 0.128)
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Sl ¢ las el Lg‘)a...an} L;AL’J\ Tvba.“ Gl saill (ANN) dae i) Lasll Gl ARIMA BB cj}u

Probability Plot of RESI1
Normal
9.9

Mean 0.001144

° StDev 1.627

99 1 N 81

KS 0.087

951 P-Value 0.128
90 -
80 -
= 70
g 60
Q 50
g 40
o 30
20 1
10
5 -
1 -

0.1 1 T T T T
-5.0 -2.5 0.0 2.5 5.0
RESI1

- Alsal) dadal (Kolmogorov—-Smirnov) jLadl :(10) Jsil

G Al bl i) cilajie DA e :ARIMA (0,1,2) gisalll Bl dulpde Lo (2
dpaydl Ja Jalls ((%5) oo 5SE (P — Value = 0.916) Jlaadd dllaay) dedll of axs (7)d sl
vl Aozl ¢35 aiiiy Slsdie alg iyl b ABE) dyaal

ARIMA (0,1,2)g 3saill Blgs Ades Ao (Runs Test) cdlail) jLid) milis (7) Jgaad)

Runs Test: RESI1
Runs above and below K = 0
The observed number of runs = 40
The expected number of runs = 40.4568
34 observations above K; 47 below
P-value = 0.916

On 0 bl g aae Ll (11) JSall Pl e 1 Bleall Aially A JLay) Al Jalas 3
Ol L) Al Alulicie Jalail wi lsd) o) Jay 138y cclfidll apaad (%5) e ST Adlaia) ae il
Al e duilaie )
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lnclubed observations: 81

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0.102 0.102 0.8664 0.352
0.102 0093 1.7550 0.416
-0.096 -0.117 25422 0468
0.002 0.013 25425 0.637

B 1
il 2
3
4
5 -0.093 -0.075 3.3019 0.654
6
7
8

0
0

|:|——
EI__

[
- |

-0.017 -0.013 33290 0.767

-0.267 -0.255 9.8244 0.199

-0.081 -0.047 10426 0.236
9 0.067 0.138 10.849 0.286
10 -0.026 -0.103 10.912 0.364
1 11 0.069 0.055 11.364 0413
0 12 -0.029 -0.053 11.448 0.491
| 13 0131 0.125 13.144 0437
a ! 14 0.149 0105 15375 0.353
my 15 0216 0.131 20.129 0.167

= -
==

i |

|
|
|
I
|
|
|
|
|
|
il
I
sl
sl
[

ARIMA (0,1,2) zisalll Bles Jal e Bl AIM I Jag 3l Al £(11) Je

(ARIMA-ANN) 7 aill alaiiady dpa gl (gsually calind) 5all cilass ad il .3

£Uai¥) ae dyladll (ARIMA) dglasy) =3l s jie Layy e (FFNN) dypasl) cl€uil) aladinl i
V) 385 sl Al slial

lelisaiy Yo(15:15:70) dpmsy JLEaly indy qappsi 1o sana DB LY lpapudiy Gl Sie) 23y o
(0,1) Al JEb Slapaally o(=1,1) ksl ALl <8 adlasdl)

agkll & 56t A (Hyperbolic tangent) akall Jlall dlls e slaie¥) &8 sl s .
siill (Alyuda Neurointelligence)zalin alaaiul abaill (e de gane Gy LS chla i) A8k 4363])
& 0smae(30) 5 (10) o Cilismanl) aaal Jlae Graum Gllhg cgasdl alaally (gall Blall Jiny G IS
((8) Usaally A sall ilidl) e Ulas s cdgal) dadal)
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S ¢ lee

el (g yiaally aliall al clayy 5ll (ANN) e llaeay) dsanll 1Sl ARIMA G (a7 350

II:) Avrchitecture WZiSLts Fitness g?g; Vaggr%trlon gﬁztr AIC* Correlation Sqllfz;re d
§. 1 |[[1-10-1] |31 0.75 |1.23 [1.14 1.19 |-152.00 | 0.75 0.56
512 |[[1-30-1] |91 0.76 [1.19 |1.17 1.18 |-3385 |0.76 0.57
S [3 [[1-2211] |67 0.75 |1.21 [1.14 1.17 |-80.87 |0.75 0.56
7 |4 |[1-17-1] |52 0.74 [1.23 [1.15 1.17 |-10061 | 0.74 0.55
3|5 [[1-26-1] |79 0.83 [1.08 |1.14 1.18 |-63.02 |0.83 0.68
3|6 [[1-28-1] [85 0.74 |1.24 [1.15 1.21 |-4345 |0.74 0.55
S 7 |[1-241] |73 0.76 |1.21 [1.16 1.19 |-6895 |0.76 0.57
® 18 [[1-27-1] |82 0.76 |1.18 [1.15 1.23 |-51.96 | 0.76 0.58
9 [[1-25-1] |76 0.76 |1.17 [1.16 1.20 |-64.42 [0.76 0.58
ID | Architecture Wfi(;fh ts Fitness g?g: Vag:irz:\)trlon gﬁztr AlIC Correlation SqEz;re d
=[1 [[2-101] [31 0.73 |1.00 | 0.65 0.86 |-163.62 | 0.73 0.53
5- 2 [[1-30-1] |91 0.73 [0.99 [0.74 0.89 |-4395 |0.73 0.53
E |3 [[1-22-1] |67 0.73 |1.01 |0.66 0.82 |-91.12 [0.73 0.53
g 4 [[1-17-1] |52 0.82 |0.75 [ 0.70 0.87 |-137.43 | 0.82 0.68
3|5 [[1-14-1] |43 0.73 |1.01 |0.63 0.64 |-138.96 | 0.73 0.53
@ 6 |[1-20-1] |61 0.73 |1.02 [0.70 0.83 |-10254 | 0.73 0.53
2|7 [[1-18-1] |55 0.63 |[1.19 [0.70 0.64 |-10558 | 0.63 0.33
© 8 |[1-15-1] |46 0.71 |1.03 [0.74 0.76 |-131.91 | 0.71 0.51
9 [[1-16-1] |49 0.72 |1.02 [ 0.63 0.67 |-126.48 | 0.72 0.52

&t (Fitness) auwa ulasS (Correlation) Lls¥) yuleas (AIC*) Hlas Je alie¥Wls (8) Jsaadl (e
FNNN(1-26-1) & dpesdl ymall ihall dayn Jiial dplere Juail of Laag ASE A< las)
FNNN(1-17-1) (& Gaasd) adaall 8)all da s il 3plana Juadly

Al ((Matlab 20148) gealiy i Jals da gl 73kl Cupsi (¥ oS (At 3K 20s5 ay

a3l culiy ((Learning Rate=0.1) olaill das cudii aw (LM) GAN L) Zaa )l aladiuly
gy A el ul€adl) s of Wle «(Itreation=2000) <))& 2ae 5 ((Momentum Constant=0.1)

co%ae Ut J8 Giadle a5 Lilian] Jsie gsine ) Jguas)) s

sl ale )y (ndpail) il e o el Aluludl (ARIMA-ANN) 35aill Zaedla (530 (3o (il Alnja 3
Haje b ol zsall @il amg (9) Jsaally cduld) s Aana 3 (gyiaally aliall Bl Gaps o

2z 3sadll dlae g il
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ARIMA-ANN ¢ 3sail Lilaay) yleall :(9) Jgsad

Variable Minimum temperature (°C) | Maximum temperature (°C)

Model ARIMA | ARIMA-ANN | ARIMA | ARIMA-ANN
Included Observations: 80 80 81 81
Root Mean Squared Error 2.39 1.23 1.618 1.05
Mean Absolute Error 1.69 0.93 1.204 0.81
Mean Abs. Percent Error 30.59 5.69 3.623 2.5
Correlation 0.68 0.93 0.82 0.93

da) 0o JS Jia e (ARIMA-ANN) #3lall )08 8 Jagale g i) U i (9) Jpaad) 8 42 jiall il
shall A0 (RMSE) Watd) wpye Joussial xppsill Ll A ity Sum clasl (galinlly (gyanall 3
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