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Fig 1. Location of Sanij watershed in Iran/Yazd province/Fizabad hydrometric station
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Table 1. Characteristics of the study stations in Sanij watershed

il rer lasis

°L<f-wi‘ & WL Ju. Geographical characteristics Kt oliss, °K"""§| =]

Station type Established . . . Station
gLl o2 Jsb station River Cod
year Height latitude  Longitude ode

oLl 1997 2487 315000 539000 oty R 966
Rain gauge BidAkhavid  BidAkhavid

S 1991 2000 314216 535948 Sl o g 46-055
Hydrometry Fizabad Sanij

SiP5bAS sl a0

. 1991 2000 . .
Climatology 314251 535925 Fizabad 46-649
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Table 3. Hourly precipitation height and discharge values in
corresponding events (statistical period 2002-2020)

Y (mm) zele 5oL (m¥/s) jSla= s
Row Hourly rainfall Maximum Discharge
1 20.5 4.4
2 18.2 7.2
3 26.2 8.6
4 32.7 9.7
5 43.8 343
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Table 2. Maximum 24-hour (daily) rainfall and maximum
discharge values in the corresponding events in the studied
stations (statistical period 1992-2020)

M3/s) jSlas

s, (mm) aela Y2 550 Maximum
Row 24 Hour rain Discharge

1 8 0

2 135 0

3 15 43

A 19 8.6

5 26.5 11.5

6 35 25.5
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Fig 2. An example of the adaptation of hydrographs and its corresponding hytographs
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Table 4. The minimum rainfall values for the start of runoff using the adaptation of hydrographs and hytographs in selected
(events and the average rainfall intensity (mm / hr) for each event (statistical period 2019-2021)

s, (Mm) rexs 5oL Jol b S o3l Sk o Sk
Row  Minimum Cumulative Precipitation (mm) Total precipitation Continuity Precipitation intensity

82/09/14 16.8 82 30 2.73
82/01/06 19.5 20.5 17 1.2
91/01/09 16 21.5 19 1.13
95/01/15 233 81/6 45 1.81
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Table 5. The maximum intensity of precipitation in the time bases of 1, 15, 30, 45, 60 and 120 minutes

Year Jlw
. b.
© f_ 81 82 83 84 85 8 87 88 8 90 91 93 94 96 97 98 99 MAX
(azds)
Time (min)
1 1.5 15 09 06 05 04 1 33 34 34
15 3.6 37 18 16 13 3 28 65 5 35 14 23 15 35 59 5 6.5
30 6.5 6.8 2.8 3 21 5 5 85 6.7 52 25 32 28 5.5 6.8 5 8.5
45 7.5 72 39 42 27 68 57 97 17 36 33 41 36 6.8 83 52 9.7
60 8.2 8.6 48 55 3 76 58 13 82 79 3.6 4.6 45 8.2 10 7.2 13
120 94 156 61 10 32 11 6.1 21 108 47 73 74 124 193 9.7 21
OTL blize (a5l 53 cxo me) o3 5 (o hoo) wsle Y8 3L gl -1
Table 6. 24-hour rainfall height (mm) and flow rate (M3/s) corresponding to it
i, (mm) el YE 5L (m’/s) gSla= s
Row 24 Hour rain Maximum Discharge
1 8 0
2 13.5 0
3 15 43
4 20.5 4.4
5 18.2 7.2
6 19 8.6
7 26.2 8.61
8 32.7 9.7
9 26.5 11.5
10 35 25.5
50
Q 40
2 o
) g y=14/018x+0/9131
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%. S 20
52
3 10
0 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
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24-hour rainfall (mm)
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Fig 3. Chart of 24-hour rainfall changes and its corresponding flow rate
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Fig 4. Chart of height of minimum precipitation (mm) for the start of runoff (M?/s) based on the matching of hydrographs and

corresponding hytographs in the Sanij area of Yazd (statistical period 2002-2020)
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Table 7. The results of estimating the minimum rainfall for

the start of runoff using two study methods

(mm)ui)btl.d)‘ ))}"ﬁ&j‘) g_zunéj
Precipitation Method Row

14.01 wele ¥E AL 1

24 Hour rain
5 ] glals se Gl
18.9 oLl 2
Adaptation of hydrometer and
rain gauge charts
Sl
16.45 S 3
Average
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Abstract

Introduction

One of the most important features of any watershed is the threshold of the start of runoff, which can reflect
the different characteristics of the watershed and is an important factor in identifying and determining the
flood status of the watershed. Accurate estimation of the amount and duration of runoff due to rain events,
followed by the starting point of the flood, is one of the main points of interest in hydrological studies of
watersheds. The runoff threshold is the amount of effective precipitation that is required during a certain
period of time at the level of a certain watershed to start a flood at the outlet of the drainage channel of that
level. The purpose of this research is to determine the minimum rainfall, or in other words, the effective
rainfall on the start of runoff, in the Sanij watershed in the province of Yazd. By determining the height
of the minimum rainfall for the start of runoff in the mentioned basin or other basins, one of the main and
effective components in studies related to flooding and flood risk zoning is provided.

Materials and methods

The study area in the current research is the Sanij watershed, 30 km from Yazd city in Taft city, Yazd
province, with an area of 153.173 square kilometers and geographic coordinates 31°32°48 to 31°18°42
north latitude and 36°54° north latitude. 53 to "54 "03 ° to east longitude. Its annual rainfall is 220 mm, the
average annual temperature is 11.2 degrees Celsius and the average relative humidity of the basin is 42%,
the maximum height of the basin is 4036 meters and the lowest point is 2020 meters high. The concentration
time of the area (Tc) according to the Bransby-Williams method is 5.18 hours. The stations targeted in this
research are the Faizabad hydrometric station at the outlet of the Sanij watershed to provide flood discharge
data, the Bidakhoud rain gauge station for hourly rainfall data and the Faizabad climatology station to
provide 24-hour rainfall data. daily) whose data was available for the period from 1370 to 1400. To achieve
the goal of the research, the relationships between maximum 24-hour rainfall and runoff threshold were
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investigated. Also, the compatibility of the corresponding hydrographs and hyetographs was studied in
order to estimate the minimum rainfall for the start of runoff, and the intensity of rainfall was checked in
the time base of 1 hour. Then EXCEL software was used to analyze statistics and information.
Results and discussion

The results of investigating the relationship between the runoff threshold and the maximum 24-hour
rainfall, whose data was a combination of 24-hour rainfall and torrential rainfall, showed that their function
is y=0.9131x+ 14.01 and the minimum amount of precipitation with 82% of R2 is equal to 14.01 mm.
It also showed the results in the adaptation section of water patterns and corresponding rain charts; The
average height of precipitation for the start of runoffis 18.9 mm. Finally, the average value for the minimum
precipitation height in both study methods was 16.45 mm. Also, the intensity of precipitation in the time
base of 1 hour was estimated as 13 mm; Therefore, if the intensity of precipitation is more than 16 mm in
the time bases above 1 hour, it is expected that runoff will be produced at the outlet of the basin.

Conclusion

The aim of the present research is to determine the threshold of effective precipitation that leads to the
flow and start of runoff in a complete basin in the arid regions of central Iran..By knowing the threshold
of the start of runoff in watersheds, one of the main components in hydrometric studies and optimal flood
management is provided. The results showed that if the duration of rainfall in the basin is more than one
hour and its amount is more than 16 mm, the runoff will flow at the outlet of the basin. It is also important
to know the threshold of effective precipitation in the beginning of runoff in watershed plans, optimal use
and management of precipitation, as well as the design of rain catchment surfaces to absorb precipitation. It
should be noted that the results of this research depend to a large extent on the direction of the entry of rain-
producing systems as well as its distance from the outlet of the basin, which is suggested to be investigated
in future researches.

keywords: Hydrograph, Threshold, Hyetograph, 24-hour rainfall, Runoff.
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