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Extended abstract

Introduction

Monitoring of hydrological droughts is one of the basic needs of water resources management in watersheds,
especially in the field of water agriculture. Drought is divided into three major groups: meteorology, agriculture
and hydrology. Hydrologic drought can be studied in different ways. One of the common methods is the use of
low flow indexes and threshold level approach.

Materials and methods

In this research, the minimum flow indices (Q7s, Qoo and Qos) extracted from the flow continuity curve and
minimum flow series (10 and 30 days) as well as the amount of flow deficit for hydrological drought monitoring
in the Caspian Sea Basin were investigated and evaluated. For this purpose, 40 hydrometric stations with 41-
year statistics (1970-2011) were selected. In the next step, the data of the studied stations were evaluated in
terms of homogeneity, independence and randomness. Then, with the help of hierarchical cluster analysis and
step-by-step regression, hydrological homogenous areas were determined and regional analysis of these
indicators was done.

Results and discussion

In order to investigate the characteristics of the minimum current in the Caspian Sea Basin, first, the continuous
flow curve was drawn for each of the stations, and then, three indices Q7s, Qoo and Qgs were calculated for each
of the stations. For the spatial comparison of the minimum flow, the specific minimum discharge or gs
(minimum discharge value divided by the area) was used. qs75 index varies between 0.0006 and 13 m3s'per
km?. The value of qs7s is less (drier) in the eastern parts and in the western parts of the region, the amount of
dryness of the stream is less than other places. Examining the spatial distribution maps of these three indicators
shows that the trend of their spatial changes is almost similar and they all indicate that the western regions of
the Caspian Sea Basin are more humid than the eastern and central regions. In the next step, to examine the
minimum flow indicators, a series of minimum flows of 10 and 30 days was prepared. By comparing
distribution parameters with the help of scoring method, Log-Pearson type 3 distribution was selected as the
best distribution in most stations. After choosing the most appropriate distribution, the values of the 10-day and
30-day minimum indices with different return periods were calculated. Examining the average indicators shows
that the minimum discharge value of 10 days with a value equal to 0.01 m’s™! in Vatana Station (12-035) located
in the east of the basin and the highest with a value of 19.2 m3s™, it is at Rudbar Station (17-034) in the western
region of the basin. Regarding the average minimum discharge of 30 days, the lowest value is equal to 0.20
m’s! and the highest value is equal to 8.52 m®s’'in these two stations. In order to investigate the temporal
changes of hydrological drought intensity, the annual time series of 10-day and 30-day low flow at each station
were plotted in relation to the year of their occurrence, in order to determine the trend of changes in the drought
situation in different years. Examining the time trend of the minimum flow indicators on the graphs, shows a
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decrease in the value of the indicators in recent years and a negative trend of the indicators. In other words, the
graphs in almost all stations show hydrological droughts (reduction of minimum flow indicators) during recent
years. In order to determine the length of minimum flow periods, 10 and 30 day moving averages of discharge
were compared with Qoo index value in different stations. The results show that the persistence of drought in
the central parts of the Caspian Sea Basin (Pulor, Razan, Karsang, Tange Lavij, Pol Zoghal and Zowat sub-
basins) is more than the rest of the regions, these sub-basins are located in Mazandaran Province. The lowest
duration of drought (between 22 and 25 days) is related to the sub-basins of Shalman, Pol-e-Sazman, Pashaki,
Astana and Tutkabon in the eastern part of the Caspian Sea Basin and in Gilan Province. The eastern parts of
the basin have also experienced a drought period between 28 and 30 days.

Conclusion

Results indicate that the years 1990 to 2010 have undergone severe and long droughts in most of the stations.
The review of the spatial distribution of indexes shows better conditions in the western parts of the study area
compared to the eastern sections in terms of dryness. However, the duration of hydrological droughts in the
central study area is longer than in other parts of the basin. Investigating the time trend of the indexes also
shows the increase in the frequency and duration of hydrological droughts in recent years. A comparison of
different indexes shows that all of them have similar results in the region. The results of cluster analysis divided
the area into three distinct homogenous units (in 0.01 significant level). The result of the regional analysis
showed that in the eastern homogeneous region, the influencing factor on low flow indexes is elevation, while
in the central and western regions, the drainage area and density have a greater impact.
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Fig. 2. Flow duration curve of Polzoghal Station (16-021)
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Fig. 3. Spatial distribution of specific low flow index (m’s™ per km?) with different return periods (qs) in the Caspian Sea Basin: A) the
100 years return period, B) the 90 years return period, C) the 75 years return period
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Table 1. The values of annual low flow index series in the study stations (m’s™!)

Station 12-001 12-005 12-007 12-011 12-013 12-017 12-019
Qio,100 0.48 0.70 1.73 5.94 0.99 1.09 1.23
Qios50 0.41 0.57 1.58 2.85 0.89 0.94 0.70
Qio2s 0.34 0.44 1.43 1.35 0.78 0.80 0.39
Qio10 0.25 0.29 1.21 0.48 0.63 0.60 0.18
Q30,100 0.63 0.92 1.88 7.04 1.11 1.78 3.22
Qso50 0.55 0.78 1.75 4.25 1.03 1.57 1.86
Q3025 0.46 0.65 1.62 2.47 0.95 1.36 1.04
Q30,10 0.35 0.47 1.41 1.10 0.82 1.06 0.46
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Table 1 Continued
Station 12-021 12-037 12-053 13-005 13-025 14-001 14-005
Q10,100 0.31 2.00 0.05 1.25 7.20 431 0.95
Q150 0.22 1.72 0.04 0.84 6.59 4.01 0.82
Qo5 0.15 1.44 0.03 0.55 5.95 3.69 0.70
Quo.10 0.08 1.07 0.02 0.29 5.00 3.20 0.53
Q30,100 0.40 5.35 0.10 1.16 8.34 5.78 1.36
Q3050 0.33 4.29 0.08 0.91 7.77 5.35 1.20
Q3025 0.26 3.33 0.06 0.69 7.15 4.89 1.05
Q3010 0.18 2.23 0.03 0.44 6.22 4.21 0.83
Station 14-011 14-017 15-007 15-015 15-017 16-003 16-021
Q10,100 3.06 3.39 4.17 3.32 26.76 0.63 9.63
Q150 2.67 2.88 3.65 3.16 25.06 0.61 9.03
Qo5 2.27 2.36 3.11 2.98 23.23 0.59 8.39
Quo.10 1.74 1.68 2.37 2.68 20.57 0.55 7.49
Q30,100 4.82 591 547 3.51 28.35 0.91 10.63
Q3050 4.30 5.20 4.34 3.33 26.42 0.84 9.93
Q3025 3.77 4.49 3.36 3.13 24.40 0.76 9.20
Q3010 3.02 3.54 2.25 2.84 21.54 0.65 8.18
Station 16-025 16-041 16-051 16-059 16-061 18-039 17-021
Q10,100 3.81 27.48 1.09 0.93 0.87 0.34 7.68
Q150 3.28 23.05 1.02 0.82 0.68 0.28 6.36
Qo5 2.78 18.78 0.94 0.72 0.51 0.23 5.07
Quo.10 2.15 13.45 0.83 0.57 0.31 0.17 342
Q30,100 4.37 31.85 1.53 1.34 3.78 0.64 10.64
Q3050 3.90 25.30 1.38 1.16 2.58 0.53 8.14
Q3025 342 19.84 1.23 0.99 1.70 0.43 6.05
Q3010 2.76 13.98 1.03 0.77 0.90 0.31 3.81
Station 17-029 17-033 17-035 17-039 17-043 17-045 17-053
Q10,100 10.27 14.31 3.96 5.31 66.64 1.58 2.49
Q150 8.35 12.64 3.85 4.81 58.38 1.39 2.23
Qioas 6.51 10.90 3.71 431 49.94 1.19 1.97
Quo.10 422 8.47 348 3.63 38.32 0.92 1.63
Q30,100 16.02 21.84 5.50 5.88 87.71 1.63 4.14
Q3050 13.13 18.90 5.18 5.40 76.67 1.49 3.72
Q3025 10.34 15.92 4.84 4.90 65.54 1.33 3.29
Qs0.10 6.82 11.89 433 4.20 50.55 1.10 2.72
Station 17-055 17-057 18-019 18-021 18-027 18-029 18-035
Q10,100 1.05 48.56 1.43 3.11 2.39 3.50 0.89
Q150 0.76 40.94 1.20 2.82 2.37 3.33 0.72
Qo5 0.54 33.56 0.99 2.53 2.33 3.14 0.55
Quo.10 0.33 24.20 0.73 2.14 2.25 2.84 0.35
Q30,100 1.40 72.44 1.78 4.07 3.92 4.17 1.77
Q3050 1.12 61.91 1.50 3.65 3.60 3.93 1.30
Q3025 0.87 51.55 1.24 3.23 3.27 3.68 0.93
Q3010 0.59 38.12 0.93 2.67 2.84 3.29 0.56

| meanof specific low flow 10-day series *1000 (m*/s)
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Fig. 4. Spatial distribution of the mean of low flow series, A) 10 days series, B) 30 days series
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Fig. 5. Temporal variability of annual time series of low flow
at station 16-021
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Fig. 6. Spatial distribution of hydrological drought duration in basins
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Fig. 7. Map of the percentage of drought deficit volume in Caspian Sea Basin
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Table 3. Parameters used in the regional analysis of the low flow in Caspian Sea Basin

. X Y Area Perimeter Lc'ngth of Mcan.of Slope Drainage L?l]gth of Léng‘h of Areal mean of
Basin cod (degrec) (degree) (Km?) (km) main stream elevation (%) density main stream stream rainfall (km)
(km) (m) (km) (km)

12-025 57.74 3721 2703 25 2014 4335 2.61 2.85 24.75 680
13-019 53.23 36.25 1329 204.5 22 2095 33.12 2.67 39 39.75 657
14-005 53.23 36.25 352 122.5 24.75 1831 35.28 2.7 5.46 3437 979
14-011 53.23 36.25 434 101.8 32.78 1692 30.35 2.93 7.72 35.83 971
14-017 52.67 36.53 1654.35 195.15 797.8 13.81 0.28 43 70 49 764.74
15-015 52.18 36.18 119.157 187 68.75 2777 25.62 0.27 3.21 81.35 581.37
15-017 52.18 36.18 3941 346.25 18.5 2989  29.98 2.79 2.91 536
16-003 52.05 36.40 112.26 50.52 215 1412 30.57 0.25 12.79 215 843.77
16-007 51.90 36.57 34.8 26.99 10.25 426 14.7 0.43 10.73 10.25 92231
16-011 51.47 36.67 75.67 50.08 19.5 762 12.25 0.29 3.13 19.5 793.77
16-016 50.22 37.17 378.95 94.75 37 684  21.81 0.39 6.75 37 1183.08
16-021 51.34 36.51 1622 209.7 33.03 3030 20.94 2.47 5.49 4237 625
16-023 51.24 36.47 191 14.55 2410 34.69 2.92 11.3 19.85 620
16-035 51.08 36.72 168.65 63.33 20.25 1042 20.52 0.18 6.17 20.25 1078.89
16-041 50.83 36.75 778 146.76 554 2352 39.74 0.18 7.11 554 880.50
16-049 50.73 36.83 416.2 16.2 38 2030 32.56 0.34 7.76 38 1035.42
16-051 50.63 36.92 117.42 48.16 18.5 1549 29.98 0.39 14.05 18.5 1112.77
16-059 50.30 36.98 100.9 4732 25 1233 4335 0.24 16.97 20.2 956.83
16-063 49.87 37.12 162.4 62.49 22 858.5 33.12 1.14 3.76 48.08 1217.08
16-089 51.00 36.65 206.11 69.17 24.75 1969 35.28 0.24 13.13 24.75 898.40
17-045 49.52 36.88 433.53 102.59 32.78 1296.7 30.35 1.1 4.98 39.75 553.34
17-051 49.67 37.02 24425 76.5 24.75 97.903 35.07 0.9 7.24 34.37 727
17-055 49.80 37.13 121.13 49.28 17.5 366 20.94 0.93 33 35.83 959.36
18-019 49.08 37.48 128 70.2 28.5 1031 34.69 1.22 6.22 32.78 1453.17
18-021 49.08 37.53 346.9 100.7 36.4 847 35.18 1.63 59 43.7 2025.63
18-023 49.07 37.62 211.07 93.54 33.03 1242 36.17 1.54 431 4237 1505.66
18-025 49.00 37.68 73.3 309.1 14.55 185.2 28.02 1.46 7.76 19.85 1635.36
18-035 48.88 38.10 86.62 61.39 24.98 1367.5 35.7 1.62 10.39 28.47 977.92
18-039 48.87 38.18 70.03 42.8 28.5 1203 20.94 291 122 185 1015
18-047 48.85 38.33 41.95 41.95 15.46 633 34.69 1.12 6.6 18.38 977.92
18-055 48.88 38.05 67.54 4538 17.5 4552 35.18 1.66 10.96 20.2 977.92
18-029 48.84 37.80 585 121.75 28.5 1639 20.52 2.95 6.25 845

! Step wise
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Table 4. Regional relations of low flow indices in the study area
Low flow index unit Relation R? SE MAE
1 Q=182.4-0.04*ELE 099  0.87 43
Qoo 2 Q=51.9-75.3*Dd + 0.003*L + 0.8*S — 0.1* LB — - 0.02*R 0.99  0.001 5
3 Q=229 -0.004*A - 50.6*Dd+ 0.01 *ELE+ 0.15*L — 0.1*LB 099 049 7.5
1 Q=13.8+0.017*R—-0.01*ELE 099  0.03 1.8
Q10,20 2 Q=34.2-49.8*Dd + 0.001*L + 0.5*S — 0.07*LB - 0.01*R 0.99  0.001 0.6
3 Q=19-10.002*A —29.5*Dd + 0.01*L+ 0.3*S — 0.05*LB -0.01*R 099 045 5.9
1 Q=11.66 +0.013*R - 0.01*ELE 099  0.01 1.3
Q10,50 2 Q=29.9 — 43.4*Dd+ 0.001*L+0.45*S — 0.06*LB — 0.01*R 0.99  0.001 0.3
3 Q=12.5-0.002*A —27.2*Dd + 0.005*ELE+ 0.01*L — 0.06*LB 099  0.34 8.4
1 Q=-0.84 + 0.37*R —42.1*Dd 099 0.14 0.1
Q10,100 2 Q=27.1-39.2*Dd + 0.001*L + 0.4*S — 0.05*LB - 0.01*R 0.99  0.001 0.1
3 Q=11.2-0.002*A — 24.4*Dd + 0.004*ELE+ 0.005*L — 0.05*LB 0.99 0.3 1.1

R: Rainfall, S: Basin slope, L: Length of main stream, LB: Length of basin, ELE: Mean of elevation, A: Area
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