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1- Mean absolute deviations

2- Mean square errors

3- Root mean square errors

4- Mean absolute percentage errors
5- Akaike’s information criterion
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Table 1- The results of descriptive statistics of total monthly precipitation in Ardabil station

ANU DEC NOV OCT SEP AGU JUL JUN MAY APR MAR FEB JAN

Mean oSk 3022 25 367 321 85 54 66 20 459 402 374 218 245

Median b 2804 224 276 251 56 21 132 433 335 334 213 198

Mode 1893 162 13 184 0 0 0 42 87 49 218 213 158

Std. Deviation )= il 807 158 348 31 96 75 93 236 252 24 216 145 155
Variance .l s 6515 249 1210 962 916 565 86 555 634 578 467 210 242
Skewness Sl 09 09 19 25 21 17 23 19 04 06 13 09 13
Kurtosis 5 1,48 07 09 37 86 61 2 48 42 -08 -05 2 08 13
Range oluws sasb 34498 685 1495 157 451 268 34 102 888 864 883 585 65

3 SUs (N US5) Jea) Setgips o] caslale )k
ool IMawl g oylueds! b (0390500 53 Colps (5,:5,1,8
el Jo sbrosile (139 Jloy (128 Adl oo o I psSde (g
wolle il (g Lol slrosile Jloy s JSS wyp b 50
O S5 (VY USS) el Uiy BB ey Sitygiaes o]
oliwl d:bLbal.n L)")L’ E w0 (S0 (g yiw )J.)LO.A uwf‘)J )l.)w
aS 0 e T 1) 0o yd A0 luebol 3gan b Jud )| Sty gt
saslale iyl Lol (g (slawglin jlsas 35l o bled Yo R
ARATA JLM: [ (B S 9 J.:.g.))l &ww ali’;.;.u.;.]
Jie (5 (3390 <ol e A g oy 93 bl Gl I S
(VF US) el bl
o3laiul 55 g g w595 (sla e 5l eyl Jae ) enlizul
d)l_ai 80,90 )_>T JLw 0 sl o i polie gl .y ,8
¥ Jsi 53 5y 9 g Sos] dal sloe ol cadllas 3550
ol 0]

39 sladioe gl jl Jio oy Scalio QL pslaie 4
lg e 5l odd i Hlde Blsul e Lasls | calllas
Aoyl u‘)_uo ..\_).))f ool Yo L Y.p Jl_w Lgl.baol.a d])f
G 4 g0 Sy90 5 5y dagyl Jae (sl llae (sllas (S0l
ey an ol s Coyd 9 AV/OY 5 YFAINA SVAY L ol
19530 (slajasls (caunlie el Cowd 4 AD/NVY ¢ £V/-V AA/YA
9 53y SlaJie 4y Cuns Loyl o &S ol Coadly ol e
Sl Jlde (050wl 9 e copd (2 PVL L1 g S5
b e (FVAY g MYA L ply cos 5 ) sllae (sllas

GeS i 1 d=1 5 D=0 sladsye 55 5o Joi> illae
D=0) el oyl 3 53,5 el Juce ey il e
o (5l 5 by (npieS Gl e (5w (d=1y
"5 g (NimmendgS (oS mr )5 5 o5 pSam (pl
75 (0=1) Joad ot oS Sl b e Sloj sy (S Shson
3l Sy d s D (sladpo oyl (astie l dn g oad A0l
2l Jie L9 paseiie j5 G Q 9 P P slvaspe oS
S ams e (LR A LSS5 595 bl SARIMA
5 b Ojgo 4 i i 4 PACE 5 ACF ulys sl ioxie
WS (o0 o puo S &y (ol
wadizeo la Jas lae l cewlie Juo Clsal cogs
o @l 5 dnsles cilsee <lasSI MAD 5 AIC RMSE 5l
Jiis o ,a8 SARIMA(L,1,1)(2,0,1) 12 o5l a5 ol lis
sl s3] olgis 4 Wl oo 5 423l |, MAD 4 RMSE, AIC
Lol Jo)) Sgi ol ilale G5k (npie cax
ol gaslale ()l sy SIS J3e wcales 3 oV Jo2) 395
Cley byg (labd jod g (ad e 9 S 5 b Jodl S
£ el )3 SARIMA(L,1,1) (2,0,1)15 & y90 4y ol ol
5l b !y MAD 4 AIC RMSE el oS el sy 4
polde Lo lad] coley s 4y a8 0o )5 duwlore oS Y- -
wizsly |, MAD 5 AIC RMSE Ol (p 5wl 45 o3 osan
B9 JHe a2l Joe QB ) (g lond ST Joua
o OlgSoe baobiyl ol cn s 3105 )13 335 (b)) 390
plS s 3,5 o)Ll Jio saosile ()39 S 5 (1392 Jloy
2ol g o g adllas 3,50 Gloj (5 Sl Jao sloosils
sl i L Jloy i caslio (b3l sl odol Ve S
Al o osile lanlive (g (20 Jloy e dosile lialice
S ol Jra lmosile (Jio (Stunomdsd colpd ()



WWAD  wsl ol e sailale sl gl ol ysdd Julond 5 (St

Jata )l ol (45 £ 9020 (uil g 9 (d) ad of 9 (D) (had (5,5 S5 ilitSeo (S o p23lie - Jguia
Table 2- Amount of Different grades of seasonal difference (D) and non-seasonal (d) and the total variance
of rainfall in Ardabil station

ol s Gl g sl

d D
Mean Variance N. Time Series

0 O 24.62 785.51 408
1 0 0.0577 573.93 407
0 1 -0.289 815.46 396
1 1 -0.0271 1500.62 395
2 0 -0.0704 1203.43 406
0 2 -0.861 877.84 383
1 2 -0.0405 1363.23 383
2 1 -0.19 1696.05 394
2 2 -0.138 1616.23 382
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Table 3- Amount of MAD, MSE, RMSE & AIC for The total rainfall patterns (percent) in Ardabil station

I
ormalize
o RMSE N lized BIC AlIC
(Pattern)
(1,10)(000),, 3181 6.96 901.80
(110)(1,0,0), 29.89 6.85 760.26
(11,0)(1,02), 28.86 6.79 803.42
(1.1.0)(2.0.0), 28.97 6.81 835.02
(11,0)300);, 29.27 6.84 827.34
(LL1)(100), 2241 6.29 74165
11,1)(101), 21.45 6.24 656.16
(L11)@201), 2145 6.22 653.44
(111)(102), 2147 6.24 660.82
(11,1)(0,0,1);, 2274 6.32 752.99
(11,1)(0,02), 2194 6.27 72620
(2.1,0)(0,00), 29.94 6.86 89551
(2.1,0)(1,0.0), 29.95 6.69 804.85
2.11(100), 2238 6.31 740.97
@1,1)(101), 21.46 6.24 674.24
211)(1,02), 2147 6.25 661.09
212)(100), 2156 6.26 658.83
(3.1,00(1,0,0);,  26.16 6282 835.95
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Figure 2- Time series of log of rainfall in Ardabil station Figure 1- Time series of rainfalls in Ardabil station
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Figure 4- Autocorrelation function of rainfail in Ardabil station

53‘
5 %
) 1.0+ 4,
e i
L) 3
S ,
0s] ”
Y
oo I —
 — — T —J
ool
1.0+
T T T T T T I T %%

(Lag Number) oAU slasi

G i LS b s 5l ol o)L S 355 2l logai -7 IS

Figure 6- Partial Autocorrelation function of rainfall in Ardabil stationwith 1 differential
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Figure 3- Time series of log & order of 1 Differential of rainfall in Ardabil station
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Figure 5- Partial Autocorrelation function of rainfall in Ardabil station
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Figure 7- Partial Autocorrelation function of rainfall in Ardabil station with 1 differential
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Figure 10- Histogram of residuals of rainfall in Ardabil station Figure 9-Partial dutocorrelation finction of rainfall in Ardabil station for multiples of the period
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Figure 12- Normal probability plot of vesiduals of rainfall in Ardabil station
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Figure 11- Autocorrelation function of residuals of rainfall in Ardabil station
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Table 4- The predicted values of precipitation (mm) for the last 5 years of the study period (2006 to 2010) using arima,

autoregressive and winters models

(Arima) Le,f

Jw 2006 2007 2008 2009 2010
vear oot My Gmodm Ml Gmote Bl Gmote Sl Gmote o8l

Forecast Actual Forecast Actual Forecast Actual Forecast Actual Forecast Actual
Jan 30.85 38.7 31.93 22.9 35.17 26.7 31.91 14.4 30.67 27.6
Feb 30.43 26.2 28.68 38.4 29.58 11.4 26.43 22 28.23 33
Mar 44.38 314 45.29 66.3 40.91 27.6 42.68 16.6 42.63 49.3
Apr 43.06 59 47.24 96.5 44,58 23.3 40.68 48.6 46.06 63.4
May 51.83 37.9 53.23 335 45.14 43.1 48.66 41 49,57 48.1
Jun 24.67 10 23.29 35 24.56 115 23.45 37.1 24.54 30.3
Jul 15.65 10 17.39 13.2 15.39 11.1 17.09 10.2 16.4 10
Aug 14.84 10 15.02 16.1 14.85 12.6 14.59 11.7 14.44 29.9
Sep 18.09 13 18.62 10 17.65 48.1 18.49 46.6 21.04 11.2
Oct 35.09 45.2 34.65 14.8 38.81 79.8 40.35 15.2 33.09 28.9
Nov 41.69 31.8 36.6 22.2 42.42 14.1 34.15 60.8 37.85 10.5
Dec 32.08 19.3 30.39 60.5 30.15 25.8 34.43 24.9 28.41 10.2

(Winters) ;yq

o @ HBly Pmobe ABly Gmobm ABly Gwodm SBly Gwoim Bl

Forecast Actual Forecast Actual Forecast Actual Forecast Actual Forecast Actual
Jan 37.86 38.7 4412 229 50.38 26.7 56.64 14.4 62.90 27.6
Feb 30.31 26.2 35.26 38.4 40.20 11.4 45.14 22 50.09 33
Mar 55.71 314 64.68 66.3 73.64 27.6 82.61 16.6 91.57 49.3
Apr 56.46 59 65.42 96.5 74.38 23.3 83.35 48.6 92.31 63.4
May 54.50 37.9 63.03 335 71.57 43.1 80.11 41 88.65 48.1
Jun 23.72 10 27.38 35 31.05 115 34.72 37.1 38.39 30.3
Jul 24.49 10 28.22 13.2 31.96 11.1 35.70 10.2 39.44 10
Aug 17.58 10 20.23 16.1 22.88 12.6 25.53 11.7 28.18 29.9
Sep 22.17 13 25.47 10 28.77 48.1 32.07 46.6 35.37 11.2
Oct 50.48 45.2 57.91 14.8 65.34 79.8 72.76 15.2 80.19 28.9
Nov 54.97 31.8 62.96 22.2 70.95 14.1 78.94 60.8 86.92 10.5
Dec 40.91 19.3 46.78 60.5 52.66 25.8 58.53 24.9 64.40 10.2

(AUtOregressiv) guw,S 55!

i HBly Pweodm Hly Gwobe By Gmobe By Gmoie Bl

Forecast Actual Forecast Actual Forecast Actual Forecast Actual Forecast Actual
Jan 33.18 38.7 34.03 22.9 43.43 26.7 35.51 14.4 35.31 27.6
Feb 36.94 26.2 33.33 38.4 34.20 114 31.39 22 34.40 33
Mar 33.75 314 36.53 66.3 30.38 27.6 32.79 16.6 35.30 49.3
Apr 34.60 59 42.56 96.5 33.74 23.3 31.23 48.6 38.69 63.4
May 40.57 37.9 49.12 335 32.42 43.1 38.19 41 41.57 48.1
Jun 35.42 10 34.42 35 36.61 115 36.13 37.1 37.75 30.3
Jul 28.72 10 34.42 13.2 29.06 11.1 34.90 10.2 33.35 10
Aug 28.39 10 29.12 16.1 28.64 12.6 28.43 11.7 28.39 29.9
Sep 28.05 13 29.45 10 28.65 48.1 28.44 46.6 32.59 11.2
Oct 28.40 45.2 27.72 14.8 36.41 79.8 36.07 15.2 27.99 28.9
Nov 35.42 31.8 28.48 22.2 43.31 14.1 28.57 60.8 31.70 10.5
Dec 32.03 19.3 29.84 60.5 27.99 25.8 38.64 24.9 27.17 10.2
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Figure 14- Comparison of the observed and predicted rainfall in Ardabil station
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Table 5- The predicted values of precipitation (mm) for Ardabil station based on SARIMA(1,1,1)(2,0,1);,
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Figure 13- predicted values of rainfall in Ardabil station with 93% confidence

Yw¥F oSbe 5015 2014 2013 2012 2011

34 Year Annual
24.45 20.22 2042 20.61 20.78 18.08 Jan
21.84 1765 1783 18.01 18.18 18.16 Feb
37.45 3086 31.14 3141 3169 3205 Mar
40.20 33.87 34.17 3447 43.78 53.3 Apr
43.94 3591 36.23 3655 36.87 37.26 May
20.02 13.61 13.75 13.9 14.06 14.29 Jun
6.59 5.23 5.32 541 55 5.54 Jul
5.38 4.96 5.05 5.14 5.23 5.45 Aug
8.48 8.31 8.42 8.53 8.64 8.68 Sep
32.10 23.6 23.82 24.05 2427 2447 Oct
36.66 2506 25.29 2552 2575 2557 Nov
25.03 19.85 20.04 20.24 2043 20.31 Dec
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Figure 15- Comparison of the observed and predicted rainfall in 2011 in Ardabil station
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Figure 16- Comparison of the observed and predicted rainfall in 2012 in Ardabil station
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Figure 17- Comparison of the observed and predicted rainfall in 2013 in Ardabil station
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Table 7- The results of t-test to test for the difference in precipitation in the period 1977 to 1993
and 1994 to 2010 in Ardabil station

Bl gl 2 o 0ol
Levene's Test for
Equality of Variances

LoSile gl 8l t 9ol
t-test for Equality of Means
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o iblg s plp 022
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Introduction: Rainfall has the highest variability at time and place scale. Rainfall fluctuation in different
geographical areas reveals the necessity of investigating this climate element and suitable models to forecast the
rate of precipitation for regional planning. Ardabil province has always faced rainfall fluctuations and shortage
of water supply. Precipitation is one of the most important features of the environment. The amount of
precipitation over time and in different places is subject to large fluctuations which may be periodical. Studies
show that, due to the certain complexities of rainfall, the models which used to predict future values will also
need greater accuracy and less error. Among the forecasting models, Arima has more applications and it has
replaced with other models.

Materials and Methods: In this research, through order 2 Autoregrressive, Winters, and Arima models,
monthly rainfalls of Ardabil synoptic station (representing Ardabil province) for a 31-year period (1977-2007)
were investigated. To assess the presence or absence of significant changes in mean precipitation of Ardabil
synoptic station, rainfall of this station was divided into two periods: 1977-1993 and 1994-2010. T-test was used
to statistically examine the difference between the two periods. After adjusting the data, descriptive statistics
were applied. In order to model the total monthly precipitation of Ardabil synoptic station, Winters,
Autoregressive, and Arima models were used. Among different models, the best options were chosen to predict
the time series including the mean absolute deviation (MAD), the mean squared errors (MSE), root mean square
errors (RMSE) and mean absolute percentage errors (MAPE). In order to select the best model among the
available options under investigation, the predicted value of the deviation of the actual value was utilized for the
months of 2006-2010.

Results and Discussion: Statistical characteristics of the total monthly precipitation in Ardabil synoptic
station indicates that in May, the highest and in August, the lowest monthly total rainfall accounted in this
station. Standard deviation of rainfall reached to the lowest level in August and its peak in November.
Coefficients of skewness and kurtosis of total rainfall in all seasons, indicates a lack of compliance with normal
distribution. From the view of the range of total monthly rainfall, October and August have highest and the
lowest tolerance in these parameters, respectively. The results showed that the percentage of the mean absolute
error for Arima, Winters and Autoregressive models was 61.82, 148.39 and 81.54 respectively and its R square
came to be 88.28, 61.07 and 85.12 respectively. The comparison of the parameters is an indication of the fact
that Arima has the highest R square and the lowest mean absolute error of 88.28 and 61.82 respectively than
Winters and Autoregressive models. The presence or absence of significant changes in mean precipitation during
1977-1993 and 2010-1994 in Ardabil synoptic station shows that the difference of rainfall is not significant at the
5% error level from statistical point of view. The comparison between the monthly mean rainfall of Ardabil
synoptic station in 1994-2010 and 1977-1993 indicates that rainfall has somewhat decreased in the former in
recent years. Considering the low average monthly rainfall of Ardabil synoptic station in 1994-2010 compared to
1977-1993 (21.98 versus 26.11 mm), although no statistically significant difference was found in the average
rainfall, low rainfall in this station would not be unexpected in the coming years. The comparison of predicted
and actual values from 2011 to 2013 in Ardabil synoptic station showed that fitting real data with expected data
was relatively acceptable. The observed differences between the actual and predicted values can be related to the
influence of rainfalls and many local and dynamical factors of this area. Therefore, it is necessary for
climatologists to better explain and predict phenomena besides statistical models and pay more attention to
general circulation models (GCM) under different climate conditions.

Conclusion: Results of rainfall investigation by order 2 Autoregrressive, Winters, and Arima models showed
a descending trend in monthly rainfalls in the coming years across the study location. The results of modeling
and analysis of monthly rainfalls in Ardabil synoptic station showed that among these models, Arima was better
than the other two because it enjoyed the lowest MAPE and the highest R2. AIC, RMSE and MAD scales of
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different patterns were calculated and finally, SARIMA(1,1,1)(2,0,1)12 pattern having the lowest AIC, RMSE
and MAD was selected as the most appropriate pattern for monthly rainfall forecasting in Ardabil synoptic
station.
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