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Figure 1- Location of Urmia Lake Basin and Studied Stations
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Table 1- Properties of used stations in Urmia basin Rivers

5lowd oLy Wy, Latitude s ,= Jsb _‘s’w 292 (m3/s_) ot busgio 3
No Station River Longitude Time Period Mean Discharge (m°/s)
W e s 38° 05’ 44°36'  1369-1389 5.39
Chahrig-Olia Zola-Chai
2 & sligsll o a70 9 45°04°  1353-1389 7.88
Dizaj Barandouz-Chai
298 slrasy, 37° 39’ 45°11'  1369-1389 1.36
Kalhor Rozeh-Chai
4 % slptles 36° 42" 45°379'  1369-1389 6.17
Kotar Mahabad-Chai
B sl 36° 58’ 45°23'  1369-1389 13.2
Pigalee Gadar-Chai
oiead sl 29040 36° 29’ 46°29'  1369-1389 49.28
Sarigamish Zarineh-rood
5 o e 36° 39’ 46° 10’ 1369-1389 7.55
Tazekand Simineh-rood
8 Lo Serd 37° 30" 45°01'  1369-1382 5.15
Mirabad Shahr-chai
9 S Skt 37° 40" 44°54°  1352-1389 115
Tapik Nazloo-chai
10 Yos! sl 38° 10" 46°03'  1363-1389 8.53
Akhola Aji-Chai
11 5 o Slrtee 37° 28" 46°16'  1352-1389 3.84
Tazekand Sofi-Chai
12 A O st 37° 01/ 46°16'  1353-1389 1.68
Shirinkand Leilan-Chai
el 28 Sedpr 37° 18’ 46°17'  1353-1391 2.45
Qeshlag-Amir Mardog-chai
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Figure 3- The drought volume extracted of Mahabad-Chai Figure 2- The drought volume extracted of Zarineh-rood river
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Table 2- Results of first evaluation of data

o9l lajolyb sledib s b glbady, bl 39,45 3

Test Barandouz- Nazloo- Shahr- Gadar- Rozeh- Mahabad- Zarineh-
Chai Chai Chai Chai Chai Chai rood
o Test StAtIStics 0.93 2.13 1.40 3.62 3.02 3.98 3.81
p-Value 0.34 0.03 0.16 0.00 0.00 6.95 0.00
Kendall  Statistics 2.40 0.96 0.17 3.47 3.06 3.42 2.09
p-Value 0.68 0.35 0.85 0.00 0.48 0.00 0.03
, Statistics 0.04 0.06 0.62 2.05 2.32 2.73 2.49
Wilcoxon " \alye 0.96 0.94 0.53 0.00 0.01 0.00 0.01

} b o . ; dirons

o] ERE SO b b s ¥s3 o
Test Mardog-Chai Chai Sofi-Chai Aji-Chai Zola-Chai rood
Statistics 3.45 4.30 1.61 2.21 1.99 2.85
w-w Test  p-Value 0.00 1.70 0.10 0.00 0.04 0.00
Statistics 2.79 1.90 0.97 3.31 2.53 3.63
Kendall  p-Value 0.00 0.05 0.32 0.00 0.01 0.00
. Statistics 1.71 2.56 0.45 3.04 2.30 3.51
Wilcoxon 0 \alue 0.08 0.01 0.39 0.00 0.02 0.00
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Table 3- Results of first evaluation of data after applied the trend line’s slope

o9l lajoilyb sledib sl b glbady, sl 39,45 3

Test Barandouz- Nazloo- Shahr- Gadar- Rozeh- Mahabad- Zarineh-
Chai Chai Chai Chai Chai Chai rood
ey Test STASHCS 0.93 2.13 1.40 2.37 2.52 2.58 2.60
p-Value 0.34 0.03 0.16 0.07 0.10 0.14 0.07
Kengal  Statistics 2.40 0.96 0.17 2.51 2.48 2.62 2.01
p-Value 0.68 0.35 0.85 0.03 0.12 0.04 0.03
: Statistics 0.04 0.06 0.62 1.89 2.01 2.44 2.37
Wilcoxon " \alye 0.96 0.94 0.53 0.08 0.01 0.01 0.01

; b . ; ~

o)) sbdgr ie"i o slridse sl sbYs; S? . m
Test Mardog-Chai Chai Sofi-Chai Aji-Chai Zola-Chai rood
ey Test STACISEICS 2.58 2.69 1.61 2.21 1.99 2.41
p-Value 0.11 0.91 0.10 0.05 0.04 0.02
Kendaly  Statistics 2.27 2.31 0.97 2.28 2.53 2.36
p-Value 0.03 0.08 0.32 0.03 0.01 0.03
: Statistics 1.98 1.78 0.45 2.01 2.30 2.23
Wilcoxon - \alue 0.08 0.18 0.39 0.09 0.02 0.04
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Table 4- Results of Chi-Squared test in estimation of Log Pearson type I11 parameters

EHES P oy ZSlas Olaalie oo )l dd i (ke g LS
River Max-Likelihood WRC SAM Moments
290425 7.21 8.21 7.84 7.28
Zarineh-rood
bl 7.21 7.21 5.65 5.59
Mahabad-Chai
Ssleass, _ 3.67 1.67 1.53 1.55
Rozeh-Chai
sl B 6.40 10.00 7.02 7.34
Gadar-Chai
sl gl _ 12.67 14.22 12.68 13.45
Shahr-Chai
sl _ 9.35 12.13 7.65 9.88
Nazloo-Chai
syl 13.22 9.32 8.77 8.67
Barandouz-Chai
D9t 6.43 6.23 5.54 4.33
Simineh-rood
s¥si 20.45 10.34 3.12 3.26
Zola-Chai
N
sl .05 10.02 9.57 9.01
Aji-Chai
sbdse 8.85 9.07 7.26 7.67
Sofi-Chai
st 4.45 3.40 3.26 3.60
Leilan-Chai
kg 8.13 11.73 8.92 9.06

Mardog-Chai
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Figure 5- The curves of intensity - duration and frequency of drought volume of Zarineh-rood River
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Figure 6- The curves of intensity - duration and frequency of drought volume of Shahr-Chai River
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Figure 9- The curves of intensity - duration and frequency of drought volume of Mahabad-Chai River

120

dle G oo
................... s a4
—————— Al i
. L odlw
— Wy
——————— Al o
————  dl.

Wl gy 9 it
................... Wl ot
—————— alow oo

Drought Volume (Mm3)

plgs Lo

Duration

‘51%4.\59) délibg) SSMA cww)ﬁgu.\a-u.\.w dlﬁ E 5V -10 U6
Figure 10- The curves of intensity - duration and frequency of drought volume of Rozeh-Chai River



1035 . Ss5als s oSy 3l ilsog, St 50T

dlw I 0o

Al lya g0
FTEINIYS

dlw

Al Cm g9

Al w0

dlw

Wl T 9 S
Al G

alow oo

Drought Volume (Mm3)

p‘gé [GIN V)
Duration

Gl bl ailiag, Sid wils 8 g Lae -l g doue -11 UG
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Table 5- Correlation between the observed and historical data

&g, Olaalin o ) glodiw > Slas 488k (nle g, LS
River WRC Max-Likelihood SAM Moments
%9423 0.61 0.11 0.99 0.99
Zarineh-rood
slaalle _ 0.65 0.40 0.98 0.98
Mahabad-Chai
slasy 0.63 0.72 0.96 0.94
Rozeh-Chai
sl s 0.93 0.15 0.98 0.72
Gadar-Chai
sl 0.73 0.28 0.97 0.96
Shahr-Chai
skl 0.67 0.57 0.89 0.89
Nazloo-Chai
Sl 0.91 0.51 0.96 0.96
Barandouz-Chai
_ ?)W 0.82 0.30 0.99 0.99
Simineh-rood
Y55 0.80 0.19 0.99 0.97
Zola-Chai
skl 0.65 057 0.87 0.87
Aji-Chai
el 0.89 0.65 0.94 0.95
Sofi-Chai
st 0.80 0.70 0.97 0.97
Leilan-Chai
LRI 0.97 0.71 0.97 0.96

Mardog-Chai
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Introduction: Drought from the hydrological viewpoint is a continuation of the meteorological drought that
cause of the lack of surface water such as rivers, lakes, reservoirs and groundwater resources. This analysis,
which is generally on the surface streams, reservoirs, lakes and groundwater, takes place as hydrological drought
considered and studied. So the data on the quantity of flow of the rivers in this study is of fundamental
importance. This data are included, level, flow, river flow is no term (5). Overall the hydrological drought
studies are focused on annual discharges, maximum annual discharge or minimum discharge period. The most
importance of this analysis is periodically during the course of the analysis remains a certain threshold and
subthresholdrunoff volume fraction has created. In situations where water for irrigation or water of a river
without any reservoir, is not adequate, the minimum flow analysis, the most important factor to be considered
(4). The aim of this study is evaluatingthe statistical distributions of drought volume rivers data from the Urmia
Lake’s rivers and its return period.

Materials and Methods: Urmia Lake is a biggest and saltiest continued lake in Iran. The Lake Urmia basin
is one of the most important basins in Iran region which is located in the North West of Iran. With an extent of
52700 square kilometers and an area equivalent to 3.21% of the total area of the country, This basin is located
between the circuit of 35 degrees 40 minutes to 38 degrees 29 minutes north latitude and the meridian of 44
degrees 13 minutes to 47 degrees 53 minutes east longitude. In this study used the daily discharge data (m®s™) of
Urmia Lake Rivers.

Extraction of river drought volume The drought durations were extracted from the daily discharge of 13
studied stations. The first mean year was calculated for each 365 days using the Eq 1 (14).

ZYij

Kj=——(Fori=1,2,3,...,365)

n 1)

That K; is ai™ mean year, Yijis i" day discharge in j™ year and n is number of period years. After the
extraction the 1 to ndays drought duration, the years with no data were complete with Regression or interpolation
methods. After the extraction, data initial evaluation (Trend, Independence and Stationarity) and completed the
drought volume data, these data were fitted by the common distribution functions and select the best function
based on Kolmogorov-Sminnov test. To read more information about the data initial evaluations see the
NazeriTahroudi et al (15).

Log Pearson type 3 distribution Log Pearson type 3 distribution and its parameters is (7 & 12):

] (Lnx—OL(:)b_l exp[~ Lnx—c]
T o e myef @
= gz, o= = 4 ’

After selectingthe best distribution function based on Kolmogorov - Smirnov test, estimated the selected
function parameter to evaluate the return period. For this purpose, there are many methods such as moments,
Sundry Average method (SAM), Logarithm of applied moments observations and maximum likelihood that in
this study were compared.

Results and Discussion: In this study, using daily flow data fromstations studied; the drought volume of
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days 1 to 60 was extracted, corrected, and completed. Before fitting the extraction drought volume river data
with distribution function, the mentioned data were investigated with Wald-Wolfowitz (Independence and
Stationary), Kendall (Trend) and Wilcoxon (Homogeneity) tests and the results of these tests were accepted in
two significant levels of 1 and 5 percentages. Before estimatingthe Log Pearson type Il parameters, first the
drought volume river data were modeled by the Easy Fit software and common distribution functions and Log
Pearson type |11 was selected by the Kolmogorov — Smirnov test as the best function. Results of two Anderson
Darling and Chi Squared tests foraccurate evaluation were added. After initial evaluation of data and statistic
tests, the time series of drought Volume River data of the studyarea were fitted by log Pearson type Ill. To
estimatethe Log Pearson type Il parameters used the sundry average method and to investigatethe accuracy of
this method, 3 methods (moment, maximum likelihood and Logarithm of applied moment observations) were
used and 4 mentioned methods for all of rivers were calculated. The most river drought relating to Gadar-Chai
river with 1742 million cubic meters low volume and the lowest of it relating to Mardog-Chai river with 68
million cubic meters low volume in 10000 year return period. After Gadar-Chai river the most low volume of
discharge relating the Zarineh-rood river. Two Zarineh-rood and Gadar-Chai rivers among other rivers have a
higher average discharge. Log Normal 111, Gamma, Wikeby and GEV distributions have a good fitting on river
flows data and no difference in investigation models that corresponded with Mosaedi et al (13) and
NazeriTahroudi et al (15). The results of Grifits (7) also introduced the Wikeby distribution has a better than
Beta distribution. Lee (12) also with evaluation the rainfall frequency in the study the rainfall concentration
properties in Chia-Nan (Taiwan) introduced the Log Pearson type 111 as the best distribution function between
the common distribution function. Results of Chi-Squared test in methods of parameter estimation showed that
all methods are acceptable.

Conclusion: Drought occurrence can be estimated bythe analysis of historical data for different regions and
using the results of predicting problems can be reduced. In this research daily river flow of Lake Urmia basin
applied to calculate drought volume of rivers. Log Pearson 111 distribution selected among current hydrological
distribution functions for fitting drought volume of rivers. Using selected distribution function and Sundry
Average Moment method for estimating parameters return period of drought from 2 to 10000 years extracted.
Results showed that volume of drought for Shahar-chai , Barandoz-chai, Nazlu-Chai, Mahabad-Chai, Rozeh-
Chai, Gadar-chai, Simineh-rood, Zola-chai, Aji-chai, Sofi-chai, Leilan-chai and Mardog-chay rivers in the return
period of 10000 years will be 92, 125, 228, 150, 110, 1742, 90, 77, 690, 280, 65, 68 Mm? respectively.

Keywords: Distribution, Drought volume river, Hydrological drought, Lake Urmia



