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Extended abstract

Introduction

Rapid population growth and economic development, especially in sensitive areas like watersheds, have
increased the demand for water resources, leading to significant challenges. In watershed management,
monitoring erosion and sedimentation processes is of paramount importance, as these processes directly
influence the quality and quantity of water resources. Awareness of suspended sediment loads in these
basins can facilitate a deeper understanding of ecological processes and assist in the assessment of the
environmental status of watersheds, which in turn improves the management and conservation of water
resources. The word “transform” in your sentence means to change or significantly improve something. In
this context, it suggests that the design and implementation of advanced systems will lead to a significant
enhancement or alteration in the way research is conducted regarding watershed management, sediment,
and erosion. By aggregating and analyzing hydrologic data, this system provides accurate and up-to-date
information on the amount of suspended sediment in rivers, enabling continuous and comprehensive
monitoring and evaluation of watersheds. This, in turn, facilitates the adoption of necessary measures for
the optimal management of these resources..

Materials and methods

In this research, a specialized spatial system for the management and analysis of hydrological data has been
developed using the C# programming language and open-source spatial libraries. This system utilizes the
SQLite database as its underlying data storage platform and employs Entity Framework 6 (EF6) and LINQ
for facilitating data extraction and management. In the database design, sedimentation and flow discharge
data have been comprehensively collected and stored. The system is capable of executing a variety of spatial
and descriptive queries and analyses on this data. Furthermore, it provides the capability to perform
statistical analyses and extract statistical summaries from the sedimentation data. These features enable
researchers to process and analyze the data with ease, allowing for a more precise examination of results
related to erosion and sedimentation processes. The designed system serves as an efficient tool, facilitating
the monitoring and assessment of watershed conditions.

Results and discussion

The results of this research can be summarized into two main sections: system design and construction, and
statistical analysis of sedimentation data in the Aras watershed. In the first section, which focuses on the
design and development of the spatial system, appropriate graphical interfaces for data storage, user
interaction with the database, and data management were designed and coded with the help of modern
techniques and advanced methods. By utilizing these tools, the data extraction and management process
was streamlined, and the possibility of performing statistical analyses was enabled. As a result, users can
process and analyze the data with greater accuracy and ease. In the second section, the statistical results
obtained from the analysis of the sedimentation data of the Aras Basin (with 26,156 data points recorded
up to 2017) indicate that, at the basin scale, the average daily suspended sediment discharge is 11,814.95
tons per day, the average concentration of suspended sediment is 4,185.68 milligrams per liter, and the
average instantaneous flow discharge is 13.16 cubic meters per second. At the level of study units, the
highest and lowest average suspended sediment discharge values were found in the study units of Jolfa-
Diuizal (code 1105) with a value of 10,312.33 tons per day, and Qara Ziyaldin (code 1108) with a value of
991.96 tons per day, respectively. Moreover, at the hydrometric station scale, the highest and lowest average
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daily suspended sediment discharge were observed at the Jolfa hydrometric station (code 807-19) with
571,697.82 tons per day, and Navar-Khrouji Neor (code 0195-19) with 2.82 tons per day, respectively. The
extreme values of suspended sediment recorded at the Jolfa hydrometric station are significantly high (over
3 million tons per day), so these figures should be used with caution. According to the findings, the land in
this area is located in marly zones that are highly susceptible to erosion, and the contribution of lateral
erosion in producing sediment is significant in river sections that have developed meandering patterns.
However, further studies on land-use changes and other factors influencing sediment generation in this area
are required.

Conclusion

This research was conducted with the aim of developing a national software infrastructure for managing
suspended sediment data and flow discharge from hydrometric stations. The developed system possesses
the capability to store, retrieve, and analyze spatial and temporal data, and it is specifically utilized for
simulating suspended sediment in rivers. Additionally, advanced graphical interfaces have been created to
significantly facilitate user interaction with the data. One of the notable features of this system is its use of
open-source technologies in its design and development. This ensures that there are no legal restrictions or
dependencies on foreign licenses for its use and development. This characteristic significantly enhances the
commercialization potential of the system both domestically and in international markets. In addition to the
design and development of this software system, the results obtained from its application in rapid and
accurate statistical analysis of sediment data from the Aras watershed clearly demonstrate its unique
capabilities in data management and analysis. Given the importance of accurately understanding erosion
and sedimentation processes in the watersheds of the country, this system serves as an efficient and effective
tool for obtaining precise and reliable information.
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Table 1. The number of hydrometric stations by province in the country until the end of the water year 2016-2015 (Ministry of
Energy, 2019)

Regional Water Grade Grade Grade Grade

Total Regional Water Company

Grade Grade Grade Grade Total

Company 1 2 3 4 1 2 3 4
East Azerbaijan 27 6 9 25 67  Fars 30 11 3 4 48
West Azerbaijan 31 19 10 23 83  Qazvin 7 2 6 20
Ardabil 13 0 3 16 32  Qom 3 1 8 12
Isfahan 15 8 1 22 46 Kurdistan 28 8 7 0 43
Alborz 8 2 2 10 22 Kerman 22 12 0 5 39
llam 18 3 7 3 31  Kermanshah 31 15 2 4 52
Bushehr 8 0 0 10 Gilan 19 12 20 54
Tehran 25 9 4 19 57  Golestan 16 15 12 52
ggiﬂgr;liahal and 16 8 0 5 29 'I:Err;g;(ljuyeh and Boyer- 6 5 0 0 1
South Khorasan 0 0 4 0 4 Lorestan 12 14 0 8 34
North Khorasan 2 0 9 7 18 Mazandaran 13 9 11 41 74
Razavi Khorasan 17 14 20 19 70  Markazi 6 6 0 13 25
Khuzestan 24 20 3 49  Hormozgan 33 1 0 1 35
Zanjan 13 0 23 Hamadan 4 12 11 27
Semnan 1 2 10 17 Yazd 13 8 1 3 25
Sistan and Baluchestan 19 7 2 2 30 Total 480 224 130 305 1139
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Geospatial software of the sediment
measurement database

Developer: Dr Mahmoudreza Tabatabaei
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Fig. 3. The initial screen displayed after running the software
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(") Rank 2 watersheds:
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[ station info.

Select station with simple search

() Station selected with GIS:

Which parameters must be extracted?
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[] Sediment, previous discharge, julian day

Number of previous days:
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Fig. 8. Methods for selecting hydrometric stations
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Sedi Daily di Station info. Sedi discharge of previous days and julian day Sediment data grouping with statistical summ| + | * |

4 Ostan Salabi Abi Code Station |River ‘Sal Mah Rooaz Debi Ccm ‘Rusuh
(93|85 1346 47 41-101 | juss TS a7 3 26 29.39 812.33 2062.746|*
|94 | o) g5 1346 47/41-101 |y [ a7 a 10 2472 0 0
145 o) 45 1346, 4741-101 ||y 25 a7 5 29 8.88 77 59.077
146 |l 45 1346 47/41-101 |y s 47 6 23 6.27 0 0
197 | o) g5 1347 43/41-101 | s a7 7 2 4.95 0 0
|98 | o) g5 1347 48/41-101 |y [ a7 12 20, 59.89 5254 27186.8
[49 | ol 85 1347 48 41-101 | st zS a7 12 21 49.13) 1727.67 7333.669
150 o) 45 1347 43/41-101 |y s 47 12 22 36.06 889 2769.754
151|458 1347 43/41-101 | s a7 12 23 3738 1482 4786.315
|52 |l g5 1347 48/41-101 |y [ a7 12 23 4694 1590 6448.429
[53 |l 85 1347 48 41-101 | jas TS a7 12 24 58.17) 2963.33 14893.37
[5% | ol 88 1347 48 41-101 | et [y 47 12 24 48.95  1027.67 4346.304
155 | ol g5 1347 48 41-101 | ot forey a7 12 25 38.53| 1018.33 3390.012
156 | ol 45 1347 48 41-101 | s TS a7 12 26 32.25 739.67 2061.017
[57 | ol 85 1347 48 41-101 | jas [y a7 12 27 30.78 398.33 1059.316

58 1.1 2% 1347 -

W« v wi|sheets |+ 1 0 | 0]

- |

End of process...
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Fig. 10. Suspended sediment data extracted from the database related to the Sierra hydrometric station (code 101-41)

Sediment Daily discharge Station info. Sediment, discharge of previous days and julian day Sedimemdaugmnpingwith:mﬁsﬁulsnmm
a|0stan [station  [Abi sal Code  |[Ertefa  [Arz Tool shr s6 Mor  [s5

1016 1~ ol 5 |z 50 a7 1346/41-101  |1819 03-61-38 | 00-51-99 6.6 1 [+]

1017 |1- OI)G; E)S(I)E“" 47 1346 41-101 1819 03-61-38 |00-51-99 6.6 11

1018 [1- g5 |28 e { a7 1346/41-101 1819 03-61-38 |00-51-99 6.6 11

11019 [1- o6 |8 a7 1346/41-101 1819 03-61-38  00-51-99 6.6 10

1020 [1- ol |2 S0 ( a7 1346 41-101 1819 03-61-38  00-51-99 6.3 10

11021 (1= ol g5 |80 e 47 1346 41-101 1819 03-61-38 |00-51-99 6.3 10

1022 [1- a5 28] e ( a7 1346/41-101 1819 03-61-38 |00-51-99 6.3 10

1023 [1- e 250 a7 1346/41-101 1819 03-61-38  00-51-99 6.3 10

1024 [1- ol |2 S0 ( a7 1346 41-101 1819 03-61-38  00-51-99 6.3 10 []

1025 1- ol g5 |80 e a7 1346/41-101  |1819 03-61-38 |00-51-99 6.3 9.3

1026 [1- a5 2,81 e ( a7 1346/41-101 1819 03-61-38 |00-51-99 6.6 9.3

1027 [1- a5 |25 a7 1346/41-101 1819 03-61-38  00-51-99 6.6 9.3

1028 [1- ol |2 S0 ( a7 1346 41-101 1819 03-61-38  00-51-99 6.6 9.3

1029 (1~ ol 5 |z 80 e a7 1346/41-101  |1819 03-61-38 | 00-51-99 6.3 8.9

1030 [1- ola5 |28l ( a7 1346/41-101 1819 03-61-38 |00-51-99 5.9 8.9

1031 [1- g5 |28 e ( a7 1346/41-101 1819 03-61-38 |00-51-99 5.9 8.5
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Fig. 11. Daily flow discharge data extracted from the database related to the Sierra hydrometric station (code 101-41)
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Fig. 12. Zooming in on the selected hydrometric station
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Fig. 14. Selected hydrometric stations in the Ardabil study unit (selected stations are marked with red stars)

Sediment Daily discharge Station info. Sediment, discharge of previous days and julian day Sediment data grouping with statistical summ * | *

4/5azman | Ost |Ostan |Salahi |Code |Station |Ri\rer |Sa| |Mah |Ruoaz |Dehi
1|25 25- Jus,l |8l 1380 8119-022 | dsec  sb iy 80 3 24 0.015
|2 (25 25 Jwa,l o8 dilauls 1380 8119-022 o dsee sk ddy 80 9 3 0.18
|3 ]25 25 Jwa,l o8 dilauls 1380 8119-022 o dsee sk ddy 80 10 29 0.1
| 4]25 25 Jwa,l o8 dilauls 1380 8119-022 o dsee sk ddy 80 11 24 0.25
|5(25 25 Jwa,l od el 1380 8119-022 o dsec Sk dde 80 12 28 0.11
|6 (25 25 Jwa,l o dilauls 1380 8119-022 o dsec Sk ddy 80 8 24 0.01
|7 |25 25 Jwa,l o dilauls 1380 8119-022 o dsec Sk ddy 80 9 3 0.18
| 8|25 25 Jwa,l o dilauls 1380 8119-022 o dsec sk dlde 80 10 29 0.1
|9 |25 25 Jwa,l o dilauls 1380 8119-022  dsec  sb dde 80 11 24 0.25
| 10|25 25 Jwa,l o dilauls 1380 8119-022  dsec  sb dde 80 12 28 0.11
|11]25 25 Jwa,l o ilauls 1380 8119-022  dsec Sk dde 81 1 10 0.13
|12|25 25 Jwa || jlilauly | 1380 8119-022  dsec Sk dlde 81 1 20 0.09
13|25 25— Jwa || ond ilauly | 1380 8119-022 | fsec sk sl 81 2 7 0.01
14|25 25- Jws,l o8 lilauly 1380 8119-022 | Ssec sl bl 81 2 11
15|25 25- Jws || o8 dilauly 1380 8119-022 | Ssec sl aldgs 81 2 15
16 25 25— Lus el sl 1380 81119022 daes Lslw slle a1 2 25 1417
[ T | Sheetl | + i[4] | lI‘
Export
End of process...
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Fig. 15. Daily flow discharge data extracted from the database related to the Ardabil study unit (code 1103)
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Fig. 17. Selecting required data from the database

oS (gl b sales e wilobs 5 )5 e
sloosls p odle FV-VeN 05 L o]
o) alis, o bbesls il (! Blre g,
Sl o a5 090 uliBlools oL 5l (s926 4 oK)
STy 5 (Al 8,55, o L3 59, 4w b
OA JK8) 09l
Sojey ot iy (20 dmbre n odle
Ll ool dle Sledbl 5 )55, o sl 5 g3
@il g Jlo ST 51 555 05led «rdss 59 51 yskane
L] (A gl Jls ) YEF L YFO U SO yule
olo Sudgmd)l 99 59y Slp Oalsd 59y Jlie Olgre 4
Gilwas ;o bo,lads () Cownl el YV sue
i g (Gedle 50k sla by, 50) Blae Cgm,
Slp ladiges Jloy Lulid mudss g lad Lo

Lol (S o i ol sl el b ol
(Olgi oo o) SeS 4y 50098 Sige ool oL 5l ledis!
30 45 dgad (wlidlools oL Iy ledol 45 Lo
Wgd o 0310 sgi laisl 4y aslel
:Discharge 4 Sediment slaas ;5-

% 9 Bl gy laosls daas 35 ol Clsl Ly
gz 0 3,5 (b)) ol 4l
py =l i 4o Daily Discharge 4 Sediment
gl oa oaly lad 58l
:Sediment, previous discharge, julian day . ;5-

sleosls 5 odle lgy o aiyiT ol 5l ool b
Wlis) oy @ slr @iy, @35 Bl oom)
Dged A ools oL I ol i slaig, slaosls
Bed 4y pj Jle 4 Gl (ol 3 Helareds

1 Extraction



VEAO ) o lad A ol 5ol S ke g oiige [ VYV

sl Jige sl Lo Joe (35501
oo Jled 4y 35wl azilis :Station info. a5
Sledb| Sol> ous ol ‘5?.»_50&.)—‘ o] 5 b

19 IS ]‘_]m szg_\? o Q] SleMbl wasb g5°-“-“’9"

Dl oo o3l iule

Sediment Daily discharge Station info. Sediment, discharge of previous days and julian day = Sediment data grouping with statistical summ| * | *
4 Code Name |Date Inst.D (m3fs) |D_0 D1 D_2 D_3 Julian $SC (m... |SSI (t/d...
70(41-101 |1 48/1/6  22.79 9.31 9.47 10.5 10.32 6 39 76.793 *
71(41-101 |1 48/1/6  22.79 9.31 9.47 10.5 10.32 6 432 850.632
72(41-101 || e 48/1/7 2242 9.31 9.31 9.47 10.5 7 77 143.156
73(41-101 || e 48/1/7  22.95 9.31 9.31 9.47 10.5 7 0 0
74(41-101 || e 48/1/7  22.95 9.31 9.31 9.47 10.5 7 0 0
75(41-101 || e 48/1/7  22.95 9.31 9.31 9.47 10.5 7 0 0
76 41-101 || e 48/1/7  22.95 9.31 9.31 9.47 10.5 7 38.67 76.678
77 (41-101 || e 48/1/7  22.95 9.31 9.31 9.47 10.5 7 0 0
78 |41-101 || puu 48/1/8  32.49 9.81 9.31 9.31 9.47 8 0 0
79 (41-101 || puw 48/1/8  32.49 9.81 9.31 9.31 9.47 8 159.33 447.261
80 141-101 || o 48/1/8  32.49 9.81 9.31 9.31 9.47 8 0 0
81141-101 || jyouw 48/1/8  32.49 9.81 9.31 9.31 9.47 8 0 0
82141-101 || o 48/1/8  34.2 9.81 9.31 9.31 9.47 8 195.23 577177
83141-101 || s 48/1/8 343 5.81 9.31 9.31 9.47 8 0 0
84141-101 || s 48/1/9 28,51 11.04 9.81 9.31 9.31 9 135.33 308.721
8541-101 || s 48/1f/9 325 11.04 9.81 9.31 9.31 9 0 0
86(41-101 | e 43/1/9 311 11.04 9.81 9.31 9.31 9 0 0 hd
Sheetl | + HE 3
Export
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Fig. 18. Suspended sediment data from the Sierra hydrometric station along with daily flow discharge data (up to three days
prior) and Julian day
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Fig. 19. Displaying descriptive information of the hydrometric station
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Sediment, discharge of previous days and julian day Sediment data grouping with statistical summary
Drag a column header here to group by that column
Ost Ostan |Saz Salabi | Abi C. Tlctati |piver |gal Msh | Donaz Inehi |om Ros
V6 igh. . 1347 48 19 'aues  TextFiters 673... | 26
6 Sl sl | 1347 48 190 254.... 36
Enter text to search... »
6 Sl sl | 1348 49 190 422, 5
6 sl | .. | 1348 49 194 |1 19017 * 212| 23
6 5 Lil.. | 1348  49) 190 19-020 | |33s....| 3.
. . 19-021
6 Pl i | 1348 48 190 730.... 70.
R - 19022
[ Sl .. | 1348 49 190 0% 255... §
6 Bl sl | 1348 48 190 12027 249, 19
[ Sl sl | 1348 49 190 19031 107 7.
6 Sl sl | 1348 49 190 19032 7| |22 12
6 sl .| 1348 49 190 433... 26
6 sl bl | 1349 50 18400 [ oo Close | 193 11
6 sl .. | 1348 50 190 114... 42{
6 Sl Wl | 1399 50 190.. als... skl 50 3 23 243 1#3 30
% [v] |[code =|13017| ~
Group data Ungrouping data Summary and chart

slgds a5 b o] slao

K] (0305 2l Yo IS

Fig. 20. Filtering hydrometric stations by desired code
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Fig. 21. Filter window for numeric field

From (0.00 To | 30821208.63

Clear Filter Close
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Advanced query with SQL and LINQ
Sediment Discharge

Field Mames: Unique Values
sazman ~l[== -
Ost ‘11002
Ostan . 11003
Salabi ‘11004
Abi 11007
i 11011
Station 11013
River < ‘11015
Sal i 11019
‘11020
And ar == <= 110210
‘11022 w7
Validate Get
Unique Minimum: 11001
Values .
Maximum: 68005

SELECT * FROM [Attributes] WHERE
[Code] = '11-001"

Result: Expressiom is valid.

Apply

451)‘5) ulJ),’> <09 dLm Sy 6“""3"5 BN w)..w ng 0y -Yy JS...;
Fig. 22. Advanced search window in suspended sediment and daily flow discharge data
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Advanced query with SQL and LINQ
Sediment Discharge

Field Mames: Unique Values
Station ~ == ‘41093 ~
River 41094
Sal 41095
Mah =0 |a1097
Rooaz ‘41 099
Debi :
cm ‘41-103"
< 41106
NameMNemonehbardar v 41-109
41111
And Or == <= 41113
‘41115 he
Validate Get
Unigue Minimum: 5,392
Values )
Maximum: 537318554141

SELECT * FROM [Attributes] WHERE
[Code] = '41-101' AND [Rosub] > 100000

Result:

Apply

Wby Seans 0o 3 (QUETY) sy Sy slom] VY U
Fig. 23. Creating a query in the advanced search window
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oolaiwl b )5 VF s jo abal,y cpl o aules pladl als slaas Get Unique Values aoSs 0,08
lrosls ¢ iy G ol jo sl ol slo Klas 51 (Unige Values) cewly caos b jo ol
@S PN WS L o] s 3lae g, 3 O g o0 00ld iulad g ool LaSTg ools oKL
35008 5y 50 o3V e e e 5 YL Ll ailie; g, ! akly sleygilnl 5l ool b wigi e )5 o

Lol 00505 STy o0l oKL g P) 5 () 5SS a (lawslie)

Sediment Daily discharge Stationinfo. Sediment, discharge of previous days and julian day Sediment data grouping with statisti,
4 |5alabi Abi Station River sal Rkah Rooaz Debi cm
1 1346 4741-101 | o TS a7 3 2 50 27715 11972.88
2 1346 47 41-101 | b o a7 3 5 43.5) 2795.67 10507.25
3 1346 47/41-101 | TS 47 3 6 A5.08 3313 12903.84
e 1346 47 41-101 | o TS 47 3 7 43,99 4155.67 15734.61
5 1347 48 41-101 | s TS a7 12 20 59.89 5254 27186.8
6 1347 48 41-101 | o o= a7 12 24 58.17 2963.33 14893.37
7 1347 48 41-101 | s o= 48 2 22 83.87 5680 41159.37
8 1347 48 41-101 | o [ 43 2 23 83.1 3441.67 24710.64
9 1347 48 41-101 | o o 48 2 23 96 5851 48530.53
10 1347 48/41-101 | s TS 48 2 24 80.04 5742 39708.55
11 1347 43 41-101 | o TS 45 2 24 102.99 8639.67 76878.69
12 1347 48 41-101 | o o3 48 2 25 84.6 7640.67 55849.02
13 1347 48/41-101 | TS 48 2 25 102 10741.33 954661.19
14 1347 43 41-101 | o TS 458 2 26 39 9252 79137.51
15 1347 48 41-101 | o [ 43 2 26 105 9223 83671.06
16 1347 48 41-101 | o 48 2 27 90.58 4021.67 31474.04
Sheetl | + HE
Export
End of process...
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Fig. 24. Suspended sediment data retrieved from the database by executing a query
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Which parameters must be extracted?
Sediment Discharge

Other calculations required (for only one station and
based on station code)

[] Sediment, previous discharge, julian day

‘Number of previous days: 0
[ Station info.

Apply

|Sediment data grouping with statistical summary | Dis

Code |Stat

64 190.. OBl
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Fig. 25. Selected hydrometric stations in the Aras basin
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Sediment data grouping with statistical summary Discharge of previous days and julian day ao
Drag a column header here to group by that column el
Ost |Ostan |Saz.. |Salabi |Abi Code |5tati... |River |Sal Mah |Rooaz |Debi |Cm Rosub [Mam... [Noe... [Hoz.. |Mah... |Hoze...

b 6B s, Lpsl.. 1363 64 190 0yl L. 64 1 21 6.7 3533 204 1pe.. 111.. 11 gu [+
g il bdl.. | 1363 64190 GELL | slw. 54 2 10 29 2033 5094 Tha 1l 11 gl
g il bdl.. | 1363 64190 GELL | slw. 54 2 19 11 0 0 Tha 1l 11 gl
g il bdl.. | 1363 64190 GELL | slw. 54 2| =8 11 0 0 Tha 1l 11 gl
g il bdl.. | 1363 64190 GELL | slw. 54 2 . 29 0 0 Tha 1l 11 gl
g il sl 1363 64 190.. GELL | lw. 54 30 17 13 0 0 Loae 1L 11wl
g il sl 1363 64 190.. GELL | lw. 54 30 19 13 0 0 Loae 1L 11wl
g il sl 1363 64 190.. GELL | lw. 54 4 17 16 0 0 Loae 1L 11wl
g il sl 1363 64 190.. GELL | lw. 54 4 0 Loae 1L 11wl
5 il bl 1363 64190, OB | slw. 54 2 mo07 0 0 L 1L 11w
5 il bl 1363 64190, OB | slw. 54 50 24 07 0 0 L 1L 11w
5 il bl 1363 64190, OB | slw. 54 50 24 08 0 0 L 1L 11w
5 il bl 1363 64190, OB | slw. 54 5 24 06 0 0 L 1L 11w
5 Sl bl 1364 65 190, UEl slw. 64 74 1 0 0 Lya 1L 11l
5 Sl bl 1364 65 190, UEl slw. 64 74 0 Lya 1L 11l
5 Sl bl 1364 65 190, UEul slw. 64 8 7 14 0 0 Lya | 1l 1o [+

Croup data Ungrouping data Summary and chart Export (xlsx)
Fig. 26. Information records of hydrometric stations located in the Aras basin
Sediment Daily discharge Station info. Sedis i Julian day with statistical summary  Discharge of previous days and julian day
= »

» ¥ Hozeh3D_t: 11 ywy! (Count=26156), (Rosub: Max=30,821,208.63), (Rosub: Hin=),

> Mahdodeh_t: 1101 3ui gyl - =3978), 2,761.17),

> Mahdodeh_t: 1104 U5 a1 ,252.48),
> Mahdodeh_t: 1106 Jieis! (Count=1532), (Rosub: Max=1363,223.35), (Rosub: Min=), (Rosub: Av=

> Mahdodeh_t: 1107 ~163), (Rosub: Max=986,277.11),

> Mahdodeh_t: 1109 5> (Count=3856),

> Mahdodeh_t: 1102 s uins (Count=1130), (Rosub: Max=84,257.76), (Rosub: Min=), (Rosub: Av=1,462.36),

. (Rosub: Av=8,908.39), (Cm: MAX=98,581.00), (Cmc Min=0.00), (Crm: Av=1,490.81), (Debt Max=953.00), (Deb Min=), (Debi: Av=37.90)

(Cox: Av=4,185.68), (Debic Min=), (

> Mahdodeh_t: 1103 Jus,1 (Count=4885), (Rosub: Max=35,279.20), (Rosulx Mun=), (Rosub: Av=148.83), (Cin: MAX=36,755.33), (Ci: Min=0.00), (Cn: Av=237.15), (Debic Max=908.00), (Debi Min=), (Debi: Av=1.97)
(Rosubx Av=3,731.40), (Cm: MAX=937,535.16), (Cm: Min=0.00), (Cm: Av=16,363.99), (Debi Max=193.00), (Debe Min=), (Debk: Av=4.33)
> Mahdodeh_t: 1105 ul5 tat> (Count=1490), (Rosub: Max=30,821,208.63), (Rosub: Min=), (Rosub: Av=103,120.33), (Crc MAX=025,344.49), (Ci: Hin=0.33), (Cm: Av=25,492.68), (Debe Max=888.11), (Debk: Hin=), (Debt: Av=24.45)

33), (C = 00), (Debk: Min=), (Debt Av=14.87)

3,593.14), (C

=1,358.16),

(Rosub: Av=18,703.06), (Cm: MAX=744,252.89), 2
> Mahdodeh_t: 1108 L/u1ts 6,3 (Count=549), (Rosub: Max=21,747.53), (Rosub: Min=), (Rosub: Av=991.96), (Cim: MAX=32,229.33), (G Min=0.00), (Crn: Av=1,440.81), (Debe Max=28.15), (Debi Hin=0.00), (Debi: Av=4.93)

) (Con: Av=3,649.82), 1.35), (Debi: Min=),

(Debe M=), (Debk Av=2.83)

.73),

351,992.70), ) (Rosub:

> Mahdodeh_t: 1111 g ka5 . 15,54 (Count=1757), (Rosub: Max=179,188.20), (Rosub: Min=),
> Mahdodeh_t: 1112 ,598.46),

Group data Ungrouping data

> Mahdodeh_t: 1110 cusssts (Count=3896), (Rosub: Max=27,503,532.46), (Rosub: Min=), (Rosub: Av=15,366.56), (Cm: MAX=514,321.72), (Cm: Min=0.00), (Circ Av=1,507.24), (Debi Max=722.61), (Debi: Min=), (Debi: Av=18.48)

), (Co: Min=0.00), (Con: Av=1,981.13), (Debt Max=101.32), (Debe Min=), (Debk Av=2.94)

(Rosub: Av=820.47), (Cm:

(Cm: MAX=168,750.00), (C (Cm: Av=1,219.41), (Debic Max=30.11), (Debi: Min=), (Debi Av=2.28)

> Mahdodeh_t: 1113 &, (Count=327), (Rosub: Max=7,114,391.74), (Rosubs Min=), (Rosub: Av=106,210.56), (Cr: MAX=462,575.02), (Ci: Hin=1.00), (Ci: Av=11,476.53), (Debe Max=527.48), (Deb Min=), (Debi: Av=53.33)

- ) «

Av=2,153.66), ), (Debe M=), =

Summary and chart Export (xlsx)
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Fig. 27. Categorized information records of hydrometric stations located in the Aras basin

‘ > Mahdodeh_t: 1101 sui gk - wlie (Count=3978), (Rosub: Max=817,767.17), (Rosub: Min=), {(Rosub: Av=8,908.39), (Cm: MAX=98,581.00), (Cm: Min=0.00),

olﬂ L)")L’_UL“Q @LJUQA J.>|5 BN éﬁ‘s Ls?u.w«_j (_ngoLf.u..u‘ dl_ua Sy (_ngooL) 6)ui A -YA J.i.«)
Fig. 28. Statistical summary of suspended sediment data from hydrometric stations in the Moghan-Parsabad study unit

g iSlas polie 5l a1 jelateds (pizan ailoass
o] ol ;3 oabind ae wgm, JBlos
S 0 sy (20 polie ()l ads> 0 &l
3 load L5 e SzsS 4 I il e e s
il polie ol (5lel (slo el s cabogy po o
w5 S5 sln Blae Dgm) sloosls (S0l 5 oS

Sl 00 43‘)‘ O’“")‘

Blas gy slaosls (SIS alei jslisen

A 6,50 Sl I les oo 0l g3is0g,S
G 4>y b ooged solatwl (ol ool anws ailelws
3 Blae Ggay slrools (6 )ll Jdo (g gog0 Coonl
o)l ¥V ay adg> aliSie (ulidie du )5 )l 4ds>
2l s ol camsSes Slllas slaosls
oo plxl Sldllae axly o iwo] slasliiin]
A F LY sl Jgaz ,o b des ool mlis .ol

w)‘ M9> le.\.a S ‘_ngad‘\) L;)La‘i <_ng,..a|)b -y Jju\-?
Table 2. Statistical parameters of suspended sediment data in the Aras basin

Variables /Statistics

Minimum®  Maximum Average Count

Suspended Sediment Load (toneday™)
Suspended Sediment Concentration (mgl™)
Instantaneous Flow Discharge (m3s™)
Total number of samples with null data

0.01
0.04
0.01

30,821,208.63
937,535.16
953.00

11,814.95
4,185.68
13.16
26156

#Minimum values after removing null data
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Table 3. Statistical parameters of suspended sediment data from study units in the Aras basin

Min. of SSL”

Max. of SSC ~ Av.ofSSC  Min. of IFD™"  Max.of IFD  Av. of IFD

Name of the study area (tonday™) Max. of SSL (tonday™) ~ Av. of SSL (tonday™) ~Min. of SSC™* (mgl*) (mgh) (mgl) (s (s (m's?) count
Julfa Dozal (1105) 0.01 30821208.63 103120.33 0.33 925344.49 25492.68 0.01 88811 2445 1490
Poldasht (1110) 0.03 27503532.46 15366.56 0.33 514321.72 1507.24  0.02 72261 1848 3896
Zanganeh (1113) 0.01 7114391.74 10621056 1.00 462575.02 1147653 0.01 52748 5333 327
Merand (1107) 0.07 986277.11 18703.06 33.00 74425280 2041873 0.01 22882 283 163
Ahar Varzghan (1104) 0.01 861252.48 3731.40 0.04 93753516 16363.99 0.01 19300 433 1912
Moghan-Parsabad (1101) 001 817767.17 8908.39 2.00 98581.00 1490.81 0.01 95300 3790 3978
Uaghli (1106) 0.01 383223.35 3503.14 6.00 153627.67 3649.82  0.01 12435 803 1532
Khoy (1109) 0.01 351992.70 1358.16 2.00 110286.67 198113  0.01 10132 294 3856
aalzfl'?a”"(es“m“h Tapeh 401 179188.20 534.00 033 16875000 1219.41 001 3011 228 1757
Meshkin Shahr (1102) 0.05 84257.76 1462.36 3.00 94666.33 94568  0.01 73100 1487 1130
Ardabil (1103) 0.01 35279.20 148.83 2.00 3675533 23715 0.01 90800 197 4885
Siyah Cheshmeh (1112)  0.01 27598.46 82047 8.00 78668.67 2153.66  0.01 69800 306 681
Qara Ziyauddin (1108) 053 2174753 991.96 10.33 3222933 144081 0.19 2815 493 549

*Suspended Sediment Load **Suspended Sediment Concentration ™ Instantaneous Flow Discharge

Table 4. Sorted suspended sediment data of hydrometric stations in the Aras basin by study units

No  Station code Name of the study Maximum of S Average of SSL Minimum of SSL
area SL (tonday™) (tonday ™) (tonday™®)
1 19-807 1105 Jolfa Dozal 30,821,208.63 571,697.82 231
2 19-143 1110 Poldasht 27,503,532.46 287,629.88 3.31
3 19-020 1105 Jolfa Dozal 23,881,015.30 821,435.11 22.12
4 19-005 1113 Zanganeh 7,114,391.74 113,871.65 0.00
5 19-037 1107 Marand 986,277.12 19,053.74 0.07
6 19-105 1104 Ahar Varzegan 861,252.48 10,934.00 0.00
7 19-069 1101 Moghan - 817,767.17 11,971.37 0.00
Parsabad

19-137 1105 Jolfa Dozal 563,882.49 9,772.98 0.00
9 19-045 1106 Oghli 383,223.35 4,869.89 0.00
10 19-031 1109 Khoy 351,992.70 2,265.46 0.00
1 19071 107 Moghan - 295,007 51 6,562.44 0.00
12 35-039 1109 Khoy 278,070.37 861.02 0.00
13 19-013 1110 Poldasht 231,477.74 809.54 0.00
14 19-067 1104 Ahar Varzegan 224,002.10 3,307.31 0.00
15 19-135 1105 Jolfa Dozal 212,539.56 5,246.19 0.00
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16

17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

19-914

19-131
19-039
19-015
19-141
19-854
19-027
19-081
19-147
19-011
19-065
19-043
19-089
19-087
19-075
19-873
19-127
19-053
19-963
19-101
19-083
19-151
19-032
19-153
19-055
19-059
19-063
19-017
19-145
19-022

19-007
19-021
19-123
19-051
19-121
19-093
19-149
19-144
19-981
19-910
19-949
19-148

19-099

1111 Bazargan -
Kashmash Tepe

1105 Jolfa Dozal
1106 Oghli
1110 Poldasht
1104 Ahar Varzegan
1105 Jolfa Dozal
1109 Khoy
1109 Khoy

1104 Ahar Varzegan

1111 Bazargan -
Kashmash Tepe

1102 Meshkin Shahr
1106 Oghli
1105 Jolfa Dozal

1109 Khoy

1111 Bazargan -
Kashmash Tepe

1103 Ardabil
1104 Ahar Varzegan
1103 Ardabil
1112 Siah Cheshmeh
1103 Ardabil
1108 Qara Ziyaoddin
1103 Ardabil
1105 Jolfa Dozal
1112 Siah Cheshmeh
1103 Ardabil
1103 Ardabil
1102 Meshkin Shahr
1109 Khoy

1104 Ahar Varzegan
1103 Ardabil

1111 Bazargan -
Kashmash Tepe

1109 Khoy
1103 Ardabil

1103 Ardabil

1101 Moghan -
Parsabad

1103 Ardabil
1103 Ardabil
1103 Ardabil
1103 Ardabil
1103 Ardabil
1103 Ardabil

1103 Ardabil

1101 Moghan -
Parsabad

F Jous aldl
Table 4. Continued
179,188.20
151,890.69
141,745.83
125,466.94
112,756.23
110,429.94
108,169.38
94,402.97
93,953.78

88,492.30
84,257.77
70,527.54
64,183.57
47,818.10
45,086.47

35,279.20
33,334.36
31,693.09
27,598.46
24,672.41
21,747.53
20,474.20
18,783.52
12,148.98
10,627.73
9,593.84
5,850.90
5,110.94
4,872.73
3,726.40
2,637.99
2,615.50
2,559.04
2,359.71
2,179.21
1,402.38
657.71
619.40
391.87
352.39
22351
183.73

182.46

1,055.60

4,278.69
2,772.66
2,304.40
1,290.63
2,939.67
2,918.39
1,067.93
1,146.89
758.02

1,820.54
1,339.45
713.60
1,411.99

399.31

622.15
924.01
321.69
1,024.75
879.51
993.77
177.38
770.62
172.35
344.15
173.37
108.26
151.92

82.33
30.99

33.57
75.60
49.85
34.35
16.20
8.85
11.61
8.03
7.35
15.95
5.90
2.67
1.67

0.07

0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.03
0.00

0.00

0.06
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.01
0.03
0.00
0.00
0.00

0.00
0.00

0.00
0.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.21
0.01
0.01
0.00
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59 19-119 1103 Ardabil 173.77 9.87 0.00
60  19-026 1103 Ardabil 114.68 3.50 0.00
61  19-049 1103 Ardabil 85.52 1.95 0.00
62 19-152 1103 Ardabil 73.51 2.69 0.00
63  19-097 1103 Ardabil 49.48 1.62 0.00
64  19-150 1103 Ardabil 40.89 353 0.00
65 19095  LLliBazargan- 12.45 2.82 0.03

Kashmash Tepe
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