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Fig. 1. The location of the study area in Ardabil province and Iran
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Table 1. Rainfall and evaporation gauge stations corresponding to hydrometric stations in the study area, Ardabil Province
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Table 2. characteristics of the main variables in the studied river flows in Ardabil Province
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cubic meter per second Maximum R
cubic meter per second Percentile 10 P10
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- CvV O et g (General statistics)
- Standard Deviation s Gl
- Skewness S
- Variability Sl et
Number of days Zeros Ol e glajy, sl
cubic meter per second High Spell Threshold W ol v
Number of High Spell YU wlen gl Sl
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_ Mean durat.ion ofR.ises sl bl el Sl CHRRCRHINE
_ Total duration of Rises Sl Sl g S el (Rise Rate)
cubic meter per second Mean rate of Rise il 3l Sl g Ol e
cubic meter per second Greatest rate of Rise sl P DUl Ol 1 5 o
Number Number of Falls als Sl g sl
cubic meter per second Mean magnitude of Falls Al Dbl g e Sl
- Mean durat.ion of Falls Sl Ul gl Sl LAl bl g
_ Total duration of Falls A Ul g S sl (Fall Rate)
cubic meter per second Mean rate of Fall alS Sl g Ol 1 Sle
cubic meter per second Greatest rate of Fall als DUl s Ol o 5 0
cubic meter per second  Moving Average 3 days MaxMean (i) 0555 ¥ S e (1SSl
cubic meter per second ~ Moving Average 7 days MaxMean (2i) 0355V S e (1SSl
cubic meter per second  Moving Average 30 days MaxMean (i) 0555 ¥ S e 1SSk
cubic meter per second Moving Average 90 days MaxMean (020) 0335 40 S e 5 S0ke S e Sl
cubic meter per second ~ Moving Average 3 days MinMean (4005) 63, ¥ S e Solee (Moving Average)

cubic meter per second

cubic meter per second
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Moving Average 7 days MinMean
Moving Average 30 days MinMean

Moving Average 90 days MinMean
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Table 3. The results of climatic variables trend of rainfall and temperature in the studied stations in the hillslopes of Sabalan,

Ardabil Province

Slsbas s e e Sl e bl il ol
. Corresponding temprature . . Corresponding rainfall Hydrometric Gauge
Significance Hydrometric Gauge Significance )
gauge gauge station
s pme oKzsT oK1 s gme é oLt oKzsT
ns (Atashgah) (Atashgah) ns (Atashgah) (Atashgah)

* lslies oS gLl Olag Jal S me KWW Ol !
Significant  (Abyari Meshghinshahr) (Ahl-e-Iman) ns (Ahl-e-Iman) (Ahl-e-Iman)

*jlsbine AL G Slabe s I - Sk
Significant  (Abyari Meshghinshahr) (Pol-e-Soltani) Significant - (Pol-e-Soltani)
o gne 8 Ol e Sogre b Je) e

ns (Samian) (Amoghin) ns (Ardabil ) (Amoghin)

* ylsbae <Y <Y D3 e o8 <Y <Y
Significant (Lay) (Lay) ns (Lay) (Lay)
Dl 8 Olelss Ol s Dls o 8 Sl Ol s

ns (Samian) (Nooran) ns (Ardabil) (Nooran)

*olabias » 7 s s & 7 7
Significant (Nir) (Nir) ns (Nir) (Nir)
BILAEV R oL ) " lsbae e S
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Table 4. The change points in river flow data and distinguished periods before and after the changes in climatic components in

meteorological stations with significant change
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Pre-effect period

Jj‘)'].).;.:a)jé fo;db
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1YVE-1Ya0 IFEA-Y VT An'ax oS gl slale |
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YFAQ-1Y40 JFAY=VFAA YFAA oS gl Ol Jal
2010-2016 2003-2009 2009 (Abyari Meshghinshahr) (Ahl-e-Iman)
\VA-1T40 Y04\ TVY \a'2% <Y <Y
1999-2016 1980-1998 1998 (Lay) (Lay)
\YYE-1Ta0 FOToN YV s 5 5
1995-2016 1974-1994 1994 (Nir) (Nir)
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Fig 2. Change point analysis in rain and temperature gauge stations with significant change in Sabalan hillslopes; (a) Sarein

rain gauge station, (b) Meshghinshahr temperature gauge station, (c) Samian evaporation gauge station, (d) Lay evaporation

gauge station, (e) Nir evaporation gauge station
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Table 5. Quantified values of the studied variables in river gauge stations of Ardabil province
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Viladaraq ~ Pol-e-Soltani Nir Ahl-e-Iman b yasLs ol sl ize
S I T S - TR
Post Pre Post Pre Post Pre Post Pre Post Pre Indicators Main variables
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Minimum

7.0 0.7 21.6 116.0 7.9 74.0 1.3 5.3 9.6 7.0 Maximum

0.0 0.0 0.0 0.0 0.4 0.5 0.1 0.0 0.0 0.0 Percentile 10

0.7 0.1 1.3 1.5 1.7 2.2 0.2 0.2 0.5 0.7 Percentile 90

0.3 0.1 0.6 0.8 1.0 1.3 0.1 0.1 0.2 0.3 Mean B
01 01 04 07 09 13 01 0l 01 01 Median S slaslel
23 08 18 21 06 09 06 09 19 23 cv General statistics
0.7 0.1 1.1 1.8 0.6 1.2 0.1 0.1 0.4 0.7 Standard Deviation

3.7 1.1 1.6 1.2 1.2 1.0 1.1 1.1 2.0 3.7 Skewness
9.1 -1.3 -3.5 -2.1 -1.5 -1.3 -1.5 -1.6 -4.4 9.1 Variability

6.0 0.0 2435.0 1488.0 0.0 1.0 3.0 4.0 207.0 6.0 Zeros

1.5 0.4 3.1 4.2 5.2 6.7 0.7 0.5 1.1 1.5 High Spell Threshold
13.0 12.0 39.0 30.0 3.0 9.0 5.0 5.0 25.0 13.0 Number of High Spell
20 90 160 290 30 50 20 100 100 22.0 Longest High Spell W o
4.0 0.5 6.3 14.9 6.9 17.9 0.9 1.5 2.3 4.0 Mean of High Spell Peaks High spell
4.4 2.8 33 4.9 2.3 1.8 1.2 3.0 2.6 4.4 Mean Duration of High Spell
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0.2 0.0 0.3 0.4 0.5 0.7 0.1 0.1 0.1 0.2 Low Spell Threshold
52.0 18.0 99.0 167.0 1140 107.0 161.0 930 79.0 52.0 Number of Low Spell
128.0 97.0 257.0 176.0 159.0 1440 153.0 127.0 145.0 128.0 Longest Low Spell ok Cﬁlﬂ“
0.1 0.0 0.1 0.1 0.4 0.5 0.1 0.0 0.1 0.1 Mean of Low Spell troughs Low spell
144 26.1 36.3 21.2 11.2 19.7 7.8 14.3 13.7 144  Mean Duration of Low Spell
285.0 106.0 415.0 1009.0 960.0 938.0 1065.0 329.0 441.0 285.0 Number of Rises
0.3 0.1 0.9 0.8 0.3 0.5 0.0 0.1 0.2 0.3 Mean magnitude of Rises
1.8 15.2 6.0 4.0 4.2 4.0 3.0 10.8 2.2 1.8 Mean duration of Rises el ) bl g
527.0 1610.0 2477.0 4077.0 4043.0 3736.0 3235.0 3540.0 965.0 527.0 Total duration of Rises Rates of rise
0.2 0.0 0.3 0.4 0.1 0.3 0.0 0.0 0.1 0.2 Mean rate of Rise
5.7 0.3 10.6 67.5 1.3 73.3 0.7 52 2.3 5.7 Greatest rate of Rise
285.0 105.0 415.0 1008.0 960.0 938.0 1065.0 328.0 441.0 285.0 Number of Falls
0.3 0.1 0.9 0.8 0.3 0.5 0.0 0.1 0.2 0.3 Mean magnitude of Falls
2.0 15.8 12.5 5.0 3.8 4.2 2.8 9.2 2.8 2.0 Mean duration of Falls alS Ul
566.0 1664.0 5191.0 5050.0 3621.0 3929.0 2973.0 3029.0 1222.0 566.0 Total duration of Falls Rates of fall
0.1 0.0 0.3 0.4 0.1 0.2 0.0 0.0 0.1 0.1 Mean rate of Fall
24 0.2 7.1 62.3 2.3 36.6 0.4 0.2 24 24 Greatest rate of Fall
Moving Average 3 days
3.1 0.3 4.6 7.1 2.9 5.4 0.4 0.4 2.2 3.1
. MaxMean
Moving Average 7 days
2.0 0.3 3.6 4.9 2.6 4.1 0.3 0.3 1.6 2.0
MaxMean
Moving Average 30 days
1.1 0.2 2.1 2.5 2.1 2.8 0.2 0.2 1.0 1.1
MaxMean
Moving Average 90 days
0.6 0.1 1.4 1.6 1.7 2.2 0.2 0.2 0.6 0.6
' MaxMean S e uﬁb
Moving Average 3 days .
0.0 0.0 0.0 0.0 0.3 0.4 0.1 0.0 0.0 0.0 . Moving average
. MinMean
Moving Average 7 days
0.0 0.0 0.0 0.0 0.4 0.4 0.1 0.0 0.0 0.0 )
MinMean
Moving Average 30 days
0.0 0.0 0.0 0.0 0.4 0.4 0.1 0.0 0.0 0.0 .
MinMean
Moving Average 90 days
0.1 0.0 0.0 0.1 0.5 0.5 0.1 0.0 0.0 0.1 .
MinMean
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Fig. 3. Changes in average annual discharge in the periods before and after being affected by climatic components in stations
(a) Pole-e-Soltani and (b) Nir
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Table 6. Percentages of differences in the main variables of river flow in selected hydrometric gauge stations

b ol sl pine M s s

Percentage difference of the main variables of river flow ol sl iz 3,
SNy Sk by » s oles! Jal
Viladaraq Pol-e-Soltani ~ Nir Lay  Ahl-e-Iman Main variables Row
-18.39 -26.67 -21.99 28.76 -29.24 High Spell Threshold \
-41.67 30.00 -66.67 0.00 92.31 Number of High Spell Y
717.78 -44.83 -40.00  -80.00 -54.55 Longest High Spell v
7.86 -57.64 -61.27  -39.65 -41.84 Mean of High Spell Peaks §
86.59 -33.02 31.21 -60.00 -41.62 Mean Duration of High Spell 0
-20.00 -26.62 -21.97 27.78 -29.33 Low Spell Threshold |
172.22 -40.72 6.54 73.12 51.92 Number of Low Spell v
22.68 46.02 10.42 20.47 13.28 Longest Low Spell A
0.00 -12.86 -23.12 56.25 -23.94 Mean of Low Spell troughs q
-36.09 71.06 -4320  -4537 -4.61 Mean Duration of Low Spell Vs
177.36 -58.87 2.35 223.71 54.74 Number of Rises X
-54.22 19.47 -45.51 -45.78 -33.97 Mean magnitude of Rises VY
-31.59 47.71 5.72 -71.77 18.33 Mean duration of Rises Yy
89.75 -39.24 8.22 -8.62 83.11 Total duration of Rises V¢
-48.15 -16.83 -61.97 -43.48 -47.37 Mean rate of Rise Vo
50.00 -84.25 -98.25 -87.45 -59.15 Greatest rate of Rise 1
180.00 -58.83 2.35 224.70 54.74 Number of Falls XY,
-54.76 19.31 -45.31 -45.78 -33.20 Mean magnitude of Falls A
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-40.25 149.66 -9.95 -69.77 39.53 Mean duration of Falls 9
67.31 2.79 -7.84 -1.85 115.90 Total duration of Falls Y.
-47.83 -24.32 -48.17 -13.33 -26.21 Mean rate of Fall Y\
6.00 -88.55 -93.75 90.91 -2.21 Greatest rate of Fall Yy
-39.42 -35.24 -45.58 4.38 -29.53 Moving Average 3 days MaxMean Yy
-40.74 -26.34 -36.42 -0.62 -18.32 Moving Average 7 days MaxMean Y$
-34.16 -18.38 -26.74 -3.23 -8.25 Moving Average 30 days MaxMean Yo
-23.88 -14.87 -23.07 4.81 -7.57 Moving Average 90 days MaxMean 1
11.11 300.00 -4.74 124.00 -25.00 Moving Average 3 days MinMean YV
18.52 66.67 -4.51 110.71 20.00 Moving Average 7 days MinMean YA
28.57 -92.31 -2.26 91.18 -57.14 Moving Average 30 days MinMean Y4
14.29 -88.89 -0.63 65.96 -74.14 Moving Average 90 days MinMean .
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Fig. 4. Histogram of Percentage difference of some important variables of river flow in selected hydrometric gauge stations:

(A) number of falls; (B) Greatest rate of Rise; (C) 3-day moving average and (D) 7-day moving average
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Abstract

Water resources management needs to consider the effects of climate change on its main hydrologic
cycle components. Therefore, the present study was conducted to analyze the impact of high and low flow
variables from rainfall and temperature changes in the rivers of Sabalan in Ardabil Province. The rainfall and
temperature gauge stations corresponding to hydrometric stations were selected. Then, the dependency of
discharge and climatic components were examined during 1969 to 2019. The Change Point Analysis was used
to test the significant changes in rainfall and temperature time series. Then, the discharge data were divided
into periods before and after the change of climatic variables. For both periods, 41 variables of high and low
indicators were calculated using RAP software. Based on the results in Lay, Nir and Pol-e-Soltani stations,
the maximum flow discharge in the period after the change in climatic components has a decreasing trend
compared to the before period. The trend of the average value of rising rate in most stations was decreasing.
The number of zero days in Ahl-e-Iman and Pol-e-Soltani stations has increased by 201 and 947 percent in the
post-effect period, respectively. The mean values of the 3-day moving maximum in Ahl-e-Iman, Nir, Pol-e-
Soltani and Viladaraq hydrometer stations decreased by 29.53%, 45.58%, 35.24% and 39.42%, respectively.
In conclusion, the hydrological behavior of the stations has changed under the influence of precipitation and
temperature components.

Keywords: Flow duration, Low flow indicators, Hydrological indicators, Environmental flow

components, Rate of rise.
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