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Abstract

Changing contexts in a long-term and short-term perspective should be ma-
naged within an integrated risk management framework that accounts for
both temporary management strategies and permanent preventive measures
to reduce the impact of natural hazard processes. In this study, statistical
transformation indicators of short-term (20 year) to long-term (30 year) used
flood regional coefficients. After the tests of data validation and the recon-
struction of missing and outlier data, the data of 18 hydrometric stations were
completed for 30 years (1985 to 2014). In the next phase, the return period
values were prepared for 20-year and 30-year statistical periods (1985 to 2004
and 1985 to 2014) using the HYFA software. Thus the 20-year to 30-year ratio
for various return period discharges obtained and these dimensionless values
were plotted for the return periods of 2, 5, 10, 20, 50 and 100 years, also fitted
the logarithmic trend line and the values of coefficients of the relationship
were obtained. The statistics including average, standard deviation, coefficient
of variation (CV), skewness coefficient (CS) and Kurtosis coefficient (CK)
were calculated for 20-year data period for each station and we identified the
statistics as independent parameters and the coefficients of A and B as depen-
dent parameter, thus analyzed using linear multivariate regression, and re-
gional factors were obtained. In the hydrometric station with 17-027 code, the
discharge using the regional factors was calculated and compared with the
discharge values of 30 years data. The results showed that there is little differ-
ence between the observed and estimated values from regional factors thus
this method can be used in projects that require at least 30 years of data.
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1. Introduction

Flood frequency curves describe the relationship between the magnitude of river
peak flows and the recurrence interval or return period. They can be derived
from data at flow monitoring stations and regionalized for use at any location
along the basin’s river network, by relating the spatial differences to geographical
regions and to variations in upstream sub-basin characteristics inside each re-
gion. Regional flood frequency analysis is used for the estimation of floods at
sites where little or no data are available. It involves the identification of groups
(or regions) of hydrologically homogeneous catchments and the application of a
regional estimation method in the identified homogeneous region.

According to global and European reports [1] [2], in past decades the number
of disasters caused by natural hazards has demonstrated an increasing trend fu-
eled by changing contexts in socioeconomic, environmental and climatic pat-
terns.

There are three commonly-used methods for handling for consistency of hy-
drological series, ie. genetic analysis method, discard method, and direct calcu-
lation method. The genetic analysis method has a clear target, so the method has
been widely used for handling hydrological consistency. When the discard me-
thod is being used, it should have a sufficient time-series length, so this method
has limitations. The direct calculation method is a method for which the theo-
retical derivation and actual application have been conducted by Xia et al (2005)
[3]. It is strongly theoretical but has relatively high uncertainty.

In the design of water conservancy projects, the calculation of design flood is
undoubtedly a key step. Frequency analyses are needed. The reliability of the re-
sult is related to the reliability, consistency and representativeness of the hydro-
logical series employed. Hydrological series are influenced by many factors and
the influence of human activities is comparatively prominent [4].

According to Tasker and Stedinger (1987) [5], useful flood information can be
obtained for the pregauged period by incorporating paleoflood data, and, in so
doing, to supplement the systematic gauge record at a site. Palaeoflood hydrolo-
gy is a reconstruction of the magnitude and frequency of recent, past, and an-
cient floods (approximately 50, 500 and 5000 years ago, respectively) using geo-

logical evidence [6].

2. Methodology

East Azerbaijan Province is one of the 31 provinces of Iran. It is located in north
west of Iran, bordering with Armenia, Republic of Azerbaijan, Ardabil Province,
West Azerbaijan Province and Zanjan Province. The capital of East Azerbaijan is
Tabriz. The province covers an area of approximately 45,481 km?, it has a popu-
lation of around four million people. The highest peak of East Azerbaijan is Sa-
hand Mountain at 3722 m of elevation, lying south of Tabriz, whereas the lower
lying areas are around Garmadooz (Ahar). In hydrology at least 30-year period
has been recommended to approach the statistical population. The main prob-

lem in many regions, especially East Azerbaijan province is short of time during
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of data in hydrometric stations. Therefore, use of short-term data is needed to
estimate the flood with long return period.

In this study carried out the outlier test and the result showed that the outlier
data there are in 8 hydrometric stations. Thus correlation matrix obtained for 18
hydrometric stations. Thus missing and outlier data reconstruction based on re-
gression relationship. The data of 18 hydrometric stations were completed for 30
year (1985 to 2014).

3. Results

In this study, the return period values were prepared for 20-year and 30-year
statistical periods (1985 to 2004 and 1985 to 2014) using the HYFA software.
The three-parameter log Pearson distribution was recognized as the dominant
distribution and the values of discharge calculated for return periods of 2, 5, 10,
20, 50 and 100 years based on 20-year and 30-year period using the HYFA soft-
ware are shown in Table 1.

Thus the 20-year to 30-year ratio for various return period discharges ob-
tained and these dimensionless values are plotted for the return periods of 2, 5,
10, 20, 50 and 100 years that Figure 1 and Figure 2 showed the regression rela-
tionship between (Q,,/Q;,) * 100 and return period in hydrometric stations code

of 17-027 and 19-067 as sample.
A logarithmic equation fits the data; the equation for the logarithmic rela-

tionship is (Y = ALn(X )+ B ) where Yis %xloo , X is return period (year),

30
A and B are the values of coefficients of regression relationship that showed in
Table 2.

The statistics including average (A V), standard deviation (8D), coefficient of
variation (CV), skewness coefficient (CS) and Kurtosis coefficient (CK) were
calculated for 20-year data period for each station and we identified the statistics
as independent parameters and the coefficients of 4 and B as dependent para-
meter, thus analyzed using linear multivariate regression, and regional factors

were obtained that showed following:
A=-0.003( AV )+0.189(SD)+20.411(CV )—4.382(CS ) +0.557 (CK ) -10.927 (1)

B =-0.337(AV )+0.434(SD)+39.181(CV )~ 4.135(CS ) +2.29(CK ) ~109.153 (2)

The various statistics were calculated for 20-year data period for each station
and the coefficients of A and B were shown in Table 3.
Therefore the Q30 discharge data for various return periods (X) were calcu-

lated using following relationship:

QZO *
o (W] ®

In the hydrometric station of 17-027 code, the discharge using the regional
factor was calculated and compared with the discharge values of 30 years data
that showed in Table 4.

The results showed that the statistics of R, RMSE, MAE and RE were obtained
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Table 1. The values of discharge calculated for return periods of 2, 5, 10, 20, 50 and 100 years based on 20-year and 30-year period

using the HYFA software.
Hydrometric
. 17-027 19-067 19-081 31-011 31-013
stations code
Return periods
(year) 20-year 30-year 20-year 30-year 20-year 30-year 20-year 30-year 20-year 30-year
y
100 136 106 128 97 110 101 133 104 17 22
50 123 100 108 89 97 87 100 80 14 17
20 103 89 83 76 78 69 66 54 9 11
10 85 78 64 65 64 55 46 39 7 8
5 65 64 45 51 49 41 31 27 5 5
2 33 37 22 28 28 23 15 14 3 3
Hydrometric
. 31-015 31-019 31-021 31-029 31-031
stations code
Return periods
(year) 20-year 30-year 20-year 30-year 20-year 30-year 20-year 30-year 20-year 30-year
100 246 260 7 12 16 14 43 45 9 12
50 212 226 7 10 14 12 38 40 7 10
20 171 185 6 8 11 10 31 32 5 7
10 144 156 6 7 9 8 26 26 4 5
5 117 128 5 6 7 7 20 20 3 4
2 83 90 4 4 5 5 11 11 2 2
Hydrometric
. 31-037 32-005 32-007 32-011 33-001
stations code
Return periods
(year) 20-year 30-year 20-year 30-year 20-year 30-year 20-year 30-year 20-year 30-year
y
100 424 419 18 15 65 63 38 30 26 23
50 35.1 349 16 14 60 59 31 25 23 21
20 26.8 26.8 14 12 54 53 23 19 19 18
10 21.2 21.4 12 11 47 47 18 15 16 15
5 16.2 16.4 9 9 40 40 13 11 12 12
2 10.1 10.3 5 6 28 29 6 6 7 7
Hydrometric
. 33-003 33-005 38-001
stations code
Return periods
20-year 30-year 20-year 30-year 20-year 30-year
(year)
100 66 70 60 54 20 22
50 60 63 53 49 17 18
20 52 54 44 43 13 13
10 45 46 36 37 10 10
5 37 38 27 30 7 7
2 24 25 16 18 4 4
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Figure 1. The regression relationship between (Q,,/Q;,) * 100 and return period in hy-
drometric stations code of 17-027.
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Figure 2. The regression relationship between (Q,,/Q,,) * 100 and return period in hy-
drometric stations code of 19-067.

Table 2. Values of coefficients of regression relationship.

Hydrometric stations code Regression relationship
17-027 y =9.5773In(x) +85.292
19-067 y =14.071In(x)+66.409
19-081 y =-3.365In(x)+123.96
31-011 y =5.5315In(x) +103.67
31-013 y =—4.053In(x)+96.894
31-015 y =1.141In(x)+89.457
31-019 y =-11.53In(x)+109.58
31-021 y =5.38961In (x) +94.365
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Continued

31-029

31-031

31-037

32-005

32-007

32-011

33-001

33-003

33-005

38-001

y =-1.085In(x)+99.247

y =-3.838In(x

(
(
y =0.8082In(x)+97.441
(
(

+89.809

)
)

y = 4.8613In (X) +94.452
)

y =1.3201In(x)+97.054

y =4.9631In(x)+105

y =2.8104In(x)+99.28

y =-1.137In(x)+100

y =6.7601In(x)+81.626

y =-1.87In(x)+102.38

Table 3. The various statistics were calculated for 20-year data period and the coefficients of A and B.

Hydrometric
stations code

17-027
19-067
19-081
31-011
31-013
31-015
31-019
31-021
31-029
31-031
31-037
32-005
32-007
32-011
33-001
33-003
33-005

38-001

A

9.5773

14.071

-3.365

5.5315

—4.053

1.141

-11.53

5.3896

-1.085

—3.838

0.8082

4.8613

1.3201

4.9631

2.8104

-1.137

6.7601

-1.87

B

85.292

66.409

123.96

103.67

96.894

89.457

109.58

94.365

99.247

89.809

97.441

94.452

97.054

105

99.28

100

81.626

102.38

Average

40.5
28.8
33
23.1
3.55
93
4.05

5.25

6.1
29.2
8.55

8.35

4.95

Standard
Deviation

28.2

22.6

2.97
8.96
1.57
8.21
3.88
12.8

7.48

14.3
12.9

391

Coefficient of variation

(V)
0.697

0.786
0.714
1.14
0.845
0.445
0.294
0.566
0.674
0.666
0.673
0.636
0.438
0.875
0.639
0.548
0.697

0.791

Skewness coefficient

(CS)
0.338

1.03
1.66
2.95
1.49
1.29
0.102
1.55
1.09
1.45
2.2
1.35
0.0243
2.09
0.711
1.34
1.24

1.84

Kurtosis coefficient

(CK)
1.69

34
4.51

9.06

4.39
3.05
4.31

591

2.46
4.76

3.48

Table 4. The values of calculated discharge using regional factor and observation discharge of 30 years data in hydrometric station

of 17-027 code.

Return period (year) 2 5 10 20 50 100
Observation discharge from 20 years data (m?/s) 334 64.9 85.1 102.8 122.8 135.7
Observation discharge from 30 years data (m?/s) 37.4 63.7 78.0 89.1 100.1 106.3
Calculation discharge from regional factor (m*/s) 36.7 65.8 81.7 93.8 105.1 110.9
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as 0.9998, 3.80, 3.47 and 4.38 respectively. The results showed that there is little

difference between the observed and estimated values from regional factors thus

this method can be used in projects that require at least 30 years of data.
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