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Figure 1. The Location of the studied area in the country, province and location of sub-basins
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Figure 2. Flowchart used to simulate rainfall-runoff
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Table 1. Specifications of calibration and validation courses of Abajalu station and Tepik stations

The date of the storm .
Row Term Station  and the corresponding deSt&r_nr:]m Base time hydrograph Peak(glricsr;arge
hydrograph P
1 Abajalu 2011-06-11 20.8 9 12.6
2 Abajalu 2011-05-07 6.60 11 9.90
calibration
3 Tepik 2009-09-17 10.9 9 243
4 Tepik 2012-04-11 2.00 11 8.90
5  validation  Tepik 2011-04-05 18.3 11 24.0
6 Abajalu 2015-05-07 3.80 11 232

mmmmmm ° s 10 20 Klometers
iy e

a

Figure 3. Geological map (a) and land use and vegetation (b) of the studied area
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Table 2. Values of calculated parameters of calculated characteristics for sub-basins in HEC-GeoHMS

sub-basins Area (km2) Itri]rlT?ea\I/gFuI:g Optimée(i Selay Imttll'?r! \éilrlilis A cu?\[/):irzr:jrzr?ger
(hr) number(CN)
1 240.61 60 88 75 70
2 230.11 60 112 80 70
3 245.02 65 95 80 70
4 125.78 25 25 85 85
5 488.43 40 33 80 75
6 77.80 20 20 85 80
7 138.33 18 18 85 80
8 22.66 10 10 75 70
9 100.33 20 20 85 80
10 5.00 8 8 85 80
11 41.90 15 15 70 65
12 208.00 40 27 80 75
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intervals (in the calibration stage)

5
25 45
_ 4
- 2 £ 35
B =4
£ s 3
S 15 & 25
=1 =
£ s 2
% 1 L 15
o
<4 1
o
0s 05 [ 3
- o= - -
0 S S S
-30: 45+ -00: 3 o5
19:30:00 19:45:00 20:00:00 N & N
Time(hr) Time(hr)
A Opfrszaton Trim Tl g ERETY = V1 Optmizsion Tral Traltesd”
Hydrograph Comparison Hydrograph Comparison
25
20
. s
g
& o
1200 0000 1200 000 o000 0300 0800 2500 1200 1500 1800 2100 coon
1ZApT201Z | 13ApIZ012 | T4Apr201Z 17S8p2008

Legend fampute e a0z, L5 5]

—— OPtTRIAL T4F3 Skment JUNCTICR-2 ResuttOution. —— Opt TRIAL TAP3 Element N TIONE Result Ctsered Flave

Lo G e T 2300202, 145

—— GUUTRIAL T4P! Element JUNGTIGN-E ResuftDintaw —— DRETRIAL TAP1 Eement.UNCTION 6 Resut Caserved Flzu

(a) 12April 2012 — Tapic_-Calibration

(b) 17Sep. 2009 — Tapic_-Calibration

Figure 5. The simulated hydrograph compared to the observations for "Tepik station" in daily and hourly
intervals (in the calibration stage)
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Figure 6. The simulated hydrograph (blue curve) compared to observations (black curve)
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Table 3. The statistical criterias in the calibration and validation stage

RMSE

PeQp

stage Station  date QO QpC  TpO  TpC A PETP  NASH  R?
m®/sec % %

Calibration Abajalo 11June 2011 12.6 13.9 8 9 0.23 10.32 12.50 0.85 0.95
Calibration Abajalo 07May 2011 9.9 135 10 11 0.37 36.36 10.00 0.60 0.82
Calibration Tapic 17Sep. 2009 24.1 16 9 9 0.67 -33.61 0.00 0.63 0.90
Calibration Tapic 12April 2012 9 9.7 12 11 0.34 7.78 -8.33 0.57 0.86
Validation Tapic 09May 2015 23.2 316 16 11 0.98 36.21 -31.25 0.59 0.80
Validation Abajalo 05Apr. 2011 24 22.7 11 11 0.77 -5.42 0.00 0.65 0.81

Average 0.56 8.61 -2.85 0.65 0.86
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Table 4. The amount of precipitation calculated for each station for different return periods in mm
return periods(yr)

station
2 5 10 25 50 100 200 500 1000 10000
Abajalu 29.77 39.72 46.18 54.24 60.17 66.07 71.96 79.82 85.83 106.47
Tepik 31.15 4343 5416 7166 88.23 108,51 133.37 175.15 215.24 427.04
Karimabad 3549 4449 4992 56.29 60.76 65.03 69.14 74.42 78.30 90.81
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Table 5. The results of peak discharge calculated with Lognormal distribution (Q1) and HEC-HMS simulated
peak discharge (Q2) in m3/sec
Return Period(Years)

station
5 10 25 50 100 200 500 1000 10000
o1 687 1137 1481 1961 2352 2769 3216 3855 4377 6381
Q2 707 1189 1587 1989 2551 278 3713 4081 4851  684.2
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Figure 7. The comparsion of peak discharge calculated with Lognormal distribution (Q1) and HEC-HMS
simulated peak discharge (Q2) at Abajalu station in Diffrent Return periods
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Figure (8): A sample HEC-HMS model output hydrographs in different return periods of 2,5,10,...,1000 years
under RCP8.5 climate scenario (2021-2040) for Whole Nazlu basin
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Figure (9): Flood esitimated in different return periods under climate change scenarios (2021-2080) for
Whole Nazlu basin in comparsion with historical recorded and modeled results
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Abstract

In integrated watershed management, calculating peak flow for full identification of flood effects and reducing
damage is essential. Activities related to estimating runoff volume and flood peak can be easily simplified by
adopting a modeling concept and understanding rainfall configuration and the main factors creating runoff.
Building a basin model requires the model to respond to low flows and high flows (high return period), which
for both, the model must meet the needs. In this study, due to the lack of a data logger or short term recording
rainfall gauge(tipping rain gauge) in the study basin; based on six corresponding rainfall events related to nearest
UrmiaCamp station for simulation and validation of flood data was used. Thus, four rainfall events for
simulation and calibration and two rainfall events for validation were used. Also, calibration was performed for
curve number, lag time, and initial losses parameters. After calibrating the model, to ensure the accuracy of the
simulated model and calibrated values, the model was validated with new data. The results showed that the
simulated hydrograph has an acceptable match with the observed hydrograph. The evaluation indices R? and
RSME in this case are 0.90 and 0.67 at Abajalu station and 0.86 and 0.34 at Tepik station, respectively. The R2
value is significant in all cases, below the 5% level. The average Nash index is excellent, and overall, the
average percentage error of peak discharge is below 10%, while the percentage error of peak time is below
3%.To build a model for large floods, rainfall with different return periods of the basin entered the model and the
peak flow of each return period at the final station of lower Abajalu in Nazlu Chay river was simulated. The
results of comparing the estimated flood, observed river flood values (Q1) and calculated with the HEC-HMS
model (Q2) in the 25-year return period were 196.1 and 198.9 cubic meters per second, respectively, and in the
50-year return period were 235.2 and 255.1 cubic meters per second, respectively, and the error in the lower
return periods up to 10,000 years was between 3 to 7 percent, which indicates a high agreement of the simulated
values with the observed ones. Also, by examining the percentage of precipitation changes compared to current
conditions and comparing with climate change scenarios, the results confirm that in the optimistic scenario
(RCP2.6) in the return period of 10 years, 100 years and 1000 years; It was 9%, 42% and 95%, respectively, and
the same comparison in the scenario (RCP4.5) and in the above return period was 12%, 46% and 98%,
respectively, and in the scenario (RCP8.5) in the return period of 10 years. 100 years and 1000 years; 6%, 27%
and 53% were observed respectively. It can also be acknowledged that in the pessimistic scenario and the
increase in droughts, the percentage of flood changes will decrease compared to the other two scenarios.
According to the results obtained from the comparison of historical river floods with future floods under climate
change scenarios with different return periods with the help of the LARS-WG model, it indicates a large increase
in the amount of these floods in the coming years.

Keywords: Rainfall-runoff, floods, HEC-HMS,6 th Climate change report,Urmia Lake
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