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1- Normalized Rainfall Curves (NRC)
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Table 1- Geogr aphical characteristics studied stations

(Station name) olKsuws! o

Aadwin BTN EWIN allye Lo
Characteristic Tabriz Urmia Maragheh Mahabad
_‘”“' 29> 1951-2016 1951-2016 1983-2016 1985-2016
Time Period
(m) ¢l 1455 1332 1478 1320
Altitude
el o2 38° 05' 00" 37°31' 47" 37°22' 18" 36° 45' 41"
latitude
el Jib 46° 15 00" 45° 02 48" 46°12'18" 45° 44 40"
Longitude
(MMl sl Lasie 281.89 335.33 20171 395.69
average annual rainfall
o Sl e 0.0092 0.0099 0.0099 0.0097
annual coefficient of variation
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Figure 1- The geographical location of the Urmia Lake basin and selected stationsin the present study
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1- Generalized Reduced Gradient (GRG)
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Table 2- Candidate modelsto fit the NRC curves, at the selected stationslocated in the Urmia Lake basin

Jo 0ot Jao ol 5l Jo B ol
M odel number M odel name M athematical model Parameters
(17) Olascoaga lwg o &)l ol Jio
1 X, = exp(b b
Exponential model provided by Olascoaga (17) « =@ expby,) &
(2) Soman 4 Ananthakrishnan g oas <l ol Jde
2 Exponential model provided by Ananthakrishnan X, =Y, expl-b@-y,)°] b,c
and Soman (2)
3 2N a5 (clabos wix B b 2, g 4 a, b,cd,e
n' degree polynomial X =atby+oy +dy +ey e
4 Hoerl x =ab’y" abc
5 (s 52elyl 93 oLes) Exponential x = e ab
6 (i)l 4w L) Exponential Association (3) x =a(b-e ) ab,c
7 (sls) Powver X = ayb ab
8 (023 Mol Slg) Modified Power x =ab” ab
b
9 (;5,L28) Vapor Pressure a+yiciny ab,c
X =e
10 ((swrin) GeOMetric X = ayby ab
. _ (1
11 Harris X (Amy” ab,c
12 Gompertz X = ae—CkH:y ab,c
13 Logistic X = %+ be o ab,c
_ab+cy®
14 MMF X = %erd ab,cd
15 Weibull « —a_pe VY ab,cd
16 ((sw9iem) SinusOIdl x =a-+bcos(cy +d) ab,cd
: -(y-b)?
17 Gaussian X = ae 42 ab,c
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Table 3- Performance evaluation criteria of used modelsin this study

eyl oo o 5, oo 0,8
Evaluation . ge .
. Reference Statistic equation form
Criteria
. 1¢ ,
RMSE (mm) Dai etal (7) RMSE = _Z(xobsi X i)
nia ’ '
(Z (X gpsi = X_obs,\ ) < (X e i x_model i DA
R? (1ms0) Sentelhaseta (18) R° = —=

—_ 2 — 2
Z(Xobs,i _Xobs,i) Xz(xmodel,\ =X inoda i )
i=1 i=1

andllas 3,90 W0k &ilj9, (5L 0l Ol pasds Ly JBli g ST yslie £ Jouo

Table 4- The values of maximum and minimum coefficient of variation of daily precipitation in the studied stations

Station 5K/

e ; Y dumg,! 4l ye bl
Oyt o & Tabriz Urmia Maragheh Mahabad
Coefficient of variation
el > 5512 4 A . .
Maximum coefficient of variation (cgl) 9.47 (e9)) 10.62 (<)) 15.03 (e4)9.25
August August August August
Syt oyt Jola (Jos) 234 () 263 (Jsl) 260 ()l) 2.59
Minimum coefficient of variation April April April March
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Table 5- The performance evaluation criteria of the most appropriate model (model 2) and its parametersfor NRC curvein
the selected stations in the whole time period

ol ¥ s sl il R’ RMSE (mm) N cv
Station Model 2 parameters
c b
”’” 0.8158 0.0675 0.9996 0.4858 5250 1.3470
Tabriz
9 ‘ 0.8069 0.0745 0.9997 0.4049 4882 1.4262
Urmia
e 0.841 0.064 0.9996 0.4736 2357 1.3384
Maragheh
e 0.8248 0.0667 0.9994 0.5612 2366 1.3566
Mahabad
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Note: b and c are parameters of the model 2 and N is the number of the observed data and cv is the coefficient of variation of data
used (with rainfalls having depth at least 0.1 mm per day)
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Figure 2- NRC curveswith daily normalized rainfall (in the time period) with the minimum depth of precipitation of 0.1 mm
and using the most appropriate model (model 2) at the selected stations: a) Tabriz, b) Urmia, ¢) Maragheh and d) M ahabad
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Figure 3- Scatter plot of cumulative percentage of observed and computed daily rainfalls with minimum depth of rainfall 0.1
mm per day and using the most appropriate model (model 2) at the selected stations: a) Tabriz, b) Urmia, c) Maragheh and
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Figure 4- NRC curveswith daily normalized rainfall in therainiest month of theyear (April) using the most appropriate
model in the studied stations: a) Urmia, b) Maragheh, ¢c) Mahabad and d) Tabriz
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Figure 5- NRC curveswith daily normalized rainfall in the driest month of the year (August) using the most appropriate
model in the studied stations: a) Tabriz, b) Urmia, c) Maragheh and d) Mahabad
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Figure 6- Scatter plot of cumulative per centage of observated and computated daily rainfallsin the rainiest month of the year
(April) and using the most appropriate model in the studied stations: a) Urmia, b) Maragheh, c) Mahabad and d) Tabriz
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Figure 7- Scatter plot of cumulative percentage observated and computated daily rainfallsin the driest month of the year
(August) and using the most appropriate model in the studied stations: a) Tabriz, b) Urmia, c) Maragheh and d) Mahabad
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Table 6- The performance evaluation criteria and the values of parameters of the most appropriate model (model 2) in the
selected stations of therainiest (April) and driest (August) month of theyear for NRC curve

o s obo Y Jao sl el R2  RMSE(mm) N cv
Station month Model 2 parameters
b c
el 0.0537 0.8515 0.9992 0.6934 765 1.2343
$30] April
gl 0.0915 0.7577 0.9997 0.4210 72 1.5129
Tabriz August
Joss! 0.0678 0.8216 0.9997 0.4434 703 1.3480
April
dyos)l &) 0.1263 0.7018 0.9996 0.4167 70 1.7363
Urmia August
Syl 0.0584 0.8645 0.9999 0.2559 341 1.2966
alye April
Maragheh &) 0.2657 0.4768 0.9992 0.6464 24 21273
August
Joys 0.0625 0.8229 0.9993 0.6263 311 1.3104
Sblee April
Mahabad Sl 0.0465 0.8170 0.9993 0.7305 22 1.0133
August

i (59) 50 iocdee /) 51 G 3L L) edlatul 3y90 (glaodld Ol pnss cypi OV 5 (Slialie gloody SN g ¥ Jio (gbayiol )l € g b ren g
Note: b and c are parameters of the model 2 and N is the number of the observed data and cv is the coefficient of variation of data
used (with rainfalls having depth at least 0.1 mm per day)
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Table 7- The performance evaluation criteria of daily rainfall model respectively, in therainiest (April) and driest (August)
month and with minimum depth of rainfall 0.1 mm per day

LYo ol Je 0lewd b o R2 RM SE (mm)
Station Month Name or M odel number
Joyel Exponential Association (3)  0.9993 0.6709
R April
Tabriz &gl 2 0.9997 0.4210
August
Jool @ 0.9997 0.4434
40| April
Urmia &gl 2 0.9996 0.4167
August
Josl @) 0.9999 0.2559
4&lye April
Maragheh &gl 2 0.9992 0.6464
August
Josl @) 0.9993 0.6263
dblee April
Mahabad g 4™ Degree Polynomial 0.9994 0.6707
August
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Introduction: Study of various aspects of daily rainfallsis so crucial from the view of scientific management
of water resources in every region. Iran is located in subtropical high-pressure belt, which had low annual
rainfall. The precipitation regime isvery irregular both in time and space. The East and West Azarbaijan
provinces are known as the important areas of agriculture, especially cereal production in Iran. Therefore, study
of temporal and spatial distribution of daily rainfallsis very important in this region. The purpose of this study is
to extract the best model for normalized rainfall curves (NRC) in the four selected stations namely, Tabriz,
Maragheh, Urmia and Mahabad.

Materials and Methods: In this study, daily rainfalls of four stations namely, Tabriz, Maragheh, Urmia and
Mahabad were used to fit the normalized rainfall curves (NRC). For this purpose, the two custom hydrologic

modelsi.e. X, =&, &Py, ) and X, =Y, exp[-b(1-Y, )] were employed for NRCs. In order to find the

values of X, (cumulative percentage of daily rainfalls) firstly the amount of daily rainfalls observations were
arranged in ascending Order. Then, cumulative percent of rainfall calculated during the time period. The NRC

curves of each station, plotted by drawing the X, versus Y, for a total statistical period, separately. This was

done for a given month (eg, January) data across the whole period and whole day's rainfall during the
consecutive months of the years of the study period. In the latter case, the daily rainfals of the first month of the
first year of the study period were written consecutively in a distinct column of Excel spreadsheets. Then, daily
rainfalls of the second year were written similarly, following the first years data. Daily rainfals of the third,
fourth and so on were written consecutively in the same mentioned column of Excel spreadsheets. Similarly,
another column attributed to the number of rainy days in the studied period. Then, the values of non-zero daily
rainfalls (arranged in ascending order) accumulated consecutively, and the resulted value were divided to the
total number of observed rainfalls in the period (R). Similarly cumulative rainy days were divided to the total
days (N). Moreover, the other fifteen models (including the power, exponentia ...), were tested for the stations
observations separately. Among the mentioned models, the most suitable one is selected according to RMSE and
R? criteria

Results and Discussion: Results showed that the maximum amount of daily rainfall experienced in Mahabad
station in the rainiest month of the year or April (equivalent to 68 mm per day). The minimum value of daily
rainfall belonged to the August (equivalent to 6 mm per day). The shape of NRCs created in this study for period
in each of the four stations, showed that these curves were concave in almost all of the cases. This implies that a
small amount of rainfall fell in along period. In addition, the results showed that nearly in all of the stations the

model of X, =Y, exp[-b(d-y, )] had the lowest value of RMSE and the largest value of R*. Therefore, this
model selected as the most suitable one for NRCs of the stations. Although, the Exponential Association (3)
model (in Tabriz) in April and the 4" degree Polynomial model (in Mahabad) in August selected as the most
suitable model for them. Furthermore, the difference of R’statistics for the two models (at both of the time
series) obtained as less than 0.0001. In the rainiest month and driest month of a year, the range of RMSE varied

between 0.2559 mm in April (Maragheh) and 0.6709 mm in April (Tabriz). Moreover, the R® values varied
between 0.9992 in August (Maragheh) and 0.9999 in April (Maragheh). In general, it can be concluded that the
amount of precipitation receives in half of the rainy days is less than fifteen percent of the total rainfall depth. In

this study, the values of R? of the most appropriate model for Tabriz, Urmia, Maragheh, Mahabad obtained as
equal to 0.9996, 0.9997, 0.9996 and 0.9994, respectively.

Conclusions: Among the 17 candidate models, the model number 2 showed the highest R?, and the lowest
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RMSE. Therefore, the model X, =Y, &Xp[-D(L—Y, )’] was selected as the most appropriate model for

drawing NRCs. Also, the mentioned model, were selected as the most appropriate model for all the months (in
the four stations). The results showed that the NRCs were concave and in most cases, a small amount of total
rainfall fell during the large number of days. In addition, in the two stations namely, Tabriz and Urmia the
amount of rainfall receives in the 25, 50, 75 and 90 percent of rainy days were about two, 10, 30 and 60 percent
of the total rainfall depth, respectively.

Keywords: Daily rainfall, Experimental model, Normalized rainfall curves, Temporal and spatial distribution



