Print ISSN: 2322-2069

qﬂp Journal of Water and Soil Conservation
versity of Online ISSN: 2322-2794

(OPEN ACCESS)

Analysis the impacts of extreme precipitation events on Severe erosion
of rainfed lands in Asadli Pass, North Khorasan

Morteza Miri | , Zahra Gerami’ , Mahmood Arabkhedri® A
Aliakbar Abbasi''", Alireza Majidi’

1. Corresponding Author, Assistant Prof.,, Soil Conservation and Watershed Management Research Institute (SCWMRI),
Agricultural Research, Education and Extension Organization (AREEO), Tehran, Iran. E-mail: morteza.miri64@gmail.com

2. Researcher, Soil Conservation and Watershed Management Research Institute, Agricultural Research, Education and Extension
Organization, Tehran, Iran. E-mail: z.gerami530@gmail.com

3. Professor, Soil Conservation and Watershed Management Research Institute (SCWMRI), Agricultural Research, Education and
Extension Organization (AREEO), Tehran, Iran. E-mail: arabkhedri@scwmri.ac.ir

4. Associate Prof., Khorasan Razavi Agricultural and Natural Resources Research and Education Center, Mashhad, Iran.
E-mail: ak _abbasi@yahoo.com

5. Assistant Prof., Soil Conservation and Watershed Management Research Institute (SCWMRI), Agricultural Research, Education
and Extension Organization (AREEO), Tehran, Iran. E-mail: majidi_geo@yahoo.com

Article Info ABSTRACT
Article type: Background and Objectives: Many studies focus on erosion in sloped
Research Full Paper agricultural lands due to its significant impacts on soil fertility and

potential negative effects on downstream water quality. Drylands are

Article history:

Received: 09.29.2024
Revised: 10.29.2024
Accepted: 11.02.2024

Keywords:
Climate change,
Extreme events,
Rainfed agriculture,
Remote sensing

particularly vulnerable to severe erosion because of climate change and the
frequent occurrence of extreme precipitation events. This study analyzes
the effects of an extreme rainfall event on June 5, 2007, on soil erosion in
tilled sloped lands in Asadli Pass, North Khorasan.

Materials and Methods: To document the effects of the extreme rainfall
event, field visits and surveys were conducted to identify the topography
and record deep linear erosion features. Additionally, historical imagery
from Google Earth was used to examine the evolution of these erosion
features. Due to the absence of a local rain gauge station, daily rainfall data
from the nearest synoptic station in Bojnord and remote sensing data from
GPM satellite images with an 11 km resolution were utilized to investigate
extreme precipitation events. Furthermore, extreme precipitation indices
(10 indices based on the CCL/CLIVAR Expert Team's recommendations)
were calculated and analyzed using R software and the ClimPACT2
package.

Results: Field investigations and Google Earth imagery revealed that deep
linear erosions outside agricultural lands in Asadli Pass have existed for a
long time. However, human activities, such as tilling along the slope,
destruction of natural grass cover, and extreme precipitation events, have
exacerbated the erosion. Field studies showed that after the intense rainfall
in June 2007, deep erosive rills and temporary gullies with an average
width of 40 cm, a depth of 30 cm, and an average spacing of 150 cm were
formed, resulting in erosion exceeding 1000 tons per hectare on a tilled
slope in Asadli Pass, North Khorasan. Daily rainfall data from the Bojnord
station indicated that intense showers occur somewhat frequently during
the warm season in this region. The maximum 24-hour rainfall recorded at
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this station during the 1978-2023 period was 54 mm in September 2000.
Notably, there is a relatively high frequency of extreme precipitation events
in this region, especially during the warm season, which, combined with
weak vegetation cover, sets the stage for severe soil erosion. Records show
that more than 5 mm of rainfall occurred on June 5, 2007, at the Bojnord
synoptic station. GPM satellite images for this date revealed that the
rainfall in Asadli Pass, amounting to 8-10 mm, was higher than that
recorded at Bojnord station.

Conclusion: Based on field observations, historical data analysis from the
Bojnord station, interpretation of Google Earth and GPM images, and the
unique climatic and environmental conditions of Asadli Pass, it can be
concluded that the study area is highly susceptible to extreme precipitation
events and soil erosion. Therefore, it is recommended that converting
rangeland to rainfed agriculture be avoided, annual tilling be minimized,
and perennial or cover crops be prioritized for soil protection on such
slopes. Despite the low probability of such extreme events, their impacts
are significant and far-reaching. Documenting these occurrences is crucial
for better understanding the role of intense precipitation in soil erosion and
geomorphological changes in arid and semi-arid regions.
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Figure 1. View of tilled dryland fields along the slope (right) and deep linear erosions resulting from the
extreme rainfall event on June 5, 2007 (left) between Asadli and Palmis Pass.
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Figure 5. Signs of linear erosion along the Bojnord-Esfarayen road, between Asadli and Palmis pass.
The areas marked in red indicate agricultural lands and pastures between them, while the areas marked
in blue show erosion along the roadside.
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Table 1. Dimensions and extent of rill and ephemeral gully erosion on tilled dryland in the Asadli region.

J\qu .b-b ;55'1)
Amount Unit Property
40 om sl B (LA L by (500
Average width of rills/ ephemeral gullies
30 em F&L‘d B sl /L .EM_,QAL;Q&
Medium depth of rills/ ephemeral gullies
150 — Bse ST /el e gz dlols
Medium distance of rills/ ephemeral gullies
5 g0 ST /Lyl
155 m e gL /sl Jsb
Length of rills/ ephemeral gullies
372 m e e S SOl bajld ol adl il p S S oo
The total volume of soil eroded from rills/ ephemeral gullies
B - Sk 15 20
1.4 gom”? S e Sl o S AT =
Bulk density of the soil
520 ton 5 By gL LS Sl asb Ll p S IS 05
Total weight of soil eroded from rills/ ephemeral gullies
-1 > . 378) P:‘:’L"'j”

1120 ton ha” L ;s o5 <
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Figure 6. Longitudinal profile (ground surface curvature) between Asadli and Palmis Pass.
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Table 2. Maximum 24-hour rainfall of 20 millimeters or more at Bojnord station during the period 1978-2023.

well Y 5L Slas S olo Ju cell Y 5L Slas S olo Jl
Maximum rainfall in 24 hours Day Month Year Maximum rainfall in 24 hours Day Month  Year
24.40 15 5 2018 20.00 12 3 1994
24.60 27 4 1992 20.00 18 3 2013
25.00 13 6 2000 20.20 5 3 1988
25.20 25 7 2004 20.20 22 4 1995
25.40 28 3 1979 20.20 21 2 2015
25.40 13 3 2005 20.20 14 2 2017
26.00 15 4 1996 20.30 19 4 1992
26.00 8 2 2007 20.40 13 5 1992
27.00 13 12 1991 21.00 19 2 1980
27.10 18 3 2019 21.00 18 11 1980
28.00 5 12 1989 21.00 31 5 2005
28.10 5 4 2004 21.00 9 6 2005
28.90 11 2 2019 21.10 2 3 2020
29.10 7 5 1981 21.90 7 3 1991
30.00 27 7 1987 22.00 12 4 2002
30.00 27 7 1999 22.00 4 5 2002
32.01 27 3 2007 22.00 4 9 2008
33.00 25 1 1989 22.00 30 8 2016
35.30 23 11 2007 22.00 25 8 2023
37.10 20 7 1981 23.00 5 5 1986
39.00 12 2 1980 23.01 17 4 2004
41.00 21 8 1988 23.50 8 3 2003
45.01 19 9 2000 24.00 9 11 2005
54.31 11 9 2000 24.00 3 4 2007
24.30 3 2 2011
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Table 3. Extreme rainfall events at Bojnord station during the period 1978-2023.

99 95p cwd cdd sdii R20 R10 RXS RX1 preptot

0.00 5510  3.00 115.00 5.63 0.00 9.00 45.00 19.10 275.84 1978
25.40 79.40  5.00  70.00 5.30 1.00 10.00 40.40 25.40 339.11 1979
39.00 81.00  3.00  99.00 4.90 3.00 7.00 50.00 39.00 298.71 1980
66.20 11920 3.00  41.00 5.09 2.00 11.00 49.40 37.10 366.61 1981
0.00 0.00 4.00  66.00 4.40 0.00 7.00 27.21 15.00 237.86 1982
0.00 0.00 4.00  67.00 3.64 0.00 2.00 19.21 15.01 131.06 1983
0.00 3510  4.00  67.00 5.08 0.00 8.00 26.70 19.00 258.95 1984
0.00 0.00 5.00  60.00 3.29 0.00 3.00 17.80 14.50 134.84 1985
0.00 89.10  5.00  40.00 5.09 1.00 7.00 37.80 23.00 280.10 1986
30.00 49.40 4.00  53.00 4.64 1.00 5.00 39.10 30.00 264.35 1987
41.00 6120 4.00  53.00 5.16 2.00 7.00 41.00 41.00 314.51 1988
61.00 78.00  5.00  70.00 5.52 2.00 6.00 54.12 33.00 226.43 1989
0.00 0.00 4.00 154.00 3.49 0.00 2.00 21.31 10.80 115.04 1990
27.00 84.10  3.00 111.00  6.61 2.00 13.00 42.00 27.00 310.74 1991
0.00 6530  6.00  57.00 4.83 3.00 5.00 40.20 24.60 318.74 1992
0.00 5272 8.00 137.00 433 0.00 8.00 29.40 18.21 238.04 1993
0.00 20.00 4.00 118.00 5.99 1.00 8.00 34.70 20.00 245.44 1994
0.00 52.31 3.00  69.00 4.90 1.00 5.00 26.90 20.20 181.34 1995
26.00 26.00 4.00 73.00 4.70 1.00 3.00 26.31 26.00 178.76 1996
0.00 1770~ 4.00  77.00 4.79 0.00 8.00 37.10 17.70 273.14 1997
0.00 19.10  4.00  51.00 4.21 0.00 4.00 22.10 19.10 197.99 1998
30.00 47.00 4.00  58.00 5.17 1.00 5.00 44.40 30.00 278.98 1999
12432 14362 3.00  89.00 7.98 3.00 9.00 54.31 54.31 303.38 2000
0.00 0.00 4.00  68.00 3.69 0.00 2.00 15.40 13.00 129.23 2001
0.00 77.80  5.00  96.00 5.94 2.00 12.00 45.90 22.00 32696 2002
0.00 61.00  3.00  62.00 6.48 1.00 14.00 40.21 23.50 363.04 2003
53.30 92.91 3.00  71.00 6.17 3.00 9.00 39.91 28.10 277.64 2004
25.40 91.40 4.00  59.00 6.06 4.00 8.00 48.32 25.40 351.74 2005
0.00 16.70 ~ 3.00  79.00 4.62 0.00 4.00 23.01 16.70 203.25 2006
93.31 15442  4.00  65.00 6.57 4.00 6.00 60.84 35.30 26291 2007
0.00 40.00 4.00  63.00 4.26 1.00 3.00 25.01 22.00 187.35 2008
0.00 6991  4.00  53.00 5.30 0.00 8.00 31.30 19.01 291.32 2009
0.00 34.00 3.00  81.00 5.30 0.00 9.00 36.11 18.00 21747 2010
0.00 40.80  5.00  68.00 4.36 1.00 5.00 38.81 24.30 23546 2011
0.00 17.00  3.00  62.00 4.32 0.00 2.00 23.21 17.00 20722 2012
0.00 39.00  3.00  99.00 4.54 1.00 5.00 34.01 20.00 167.82 2013
0.00 0.00 4.00  53.00 5.04 0.00 5.00 33.32 12.40 196.54 2014
0.00 57.20  6.00  70.00 4.56 1.00 5.00 37.72 20.20 21897 2015
0.00 38.00 5.00  46.00 5.46 1.00 9.00 28.13 22.00 24044 2016
0.00 3580  4.00  59.00 4.87 1.00 2.00 36.61 20.20 160.70 2017
0.00 40.80  5.00  73.00 4.66 1.00 4.00 55.70 24.40 191.00 2018
56.00 10920 5.00  33.00 6.02 2.00 8.00 60.81 28.90 34890 2019
0.00 40.70  5.00  36.00 5.20 1.00 5.00 35.20 21.10 25470 2020
0.00 0.00 6.00 115.00 4.70 0.00 3.00 42.20 13.50 10820 2021
0.00 16.50  3.00  26.00 4.44 0.00 4.00 27.30 16.50 159.70 2022
0.00 76.30  3.00  76.00 6.50 1.00 7.00 30.51 22.00 234.00 2023
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Table 4. Kendall’s Z-test values for extreme precipitation indices at Bojnord station during the period 1978-2023.

Solslas o Z jols Solal 093 sl J el L els
significant level Z index period Last Year First year Index
-1.91 46 2023 1978 preptot

- -0.98 46 2023 1978 RX1

- -0.06 46 2023 1978 RXS

- -1.51 46 2023 1978 RI0

- -0.04 46 2023 1978 R20

+ 0.51 46 2023 1978 sdii

- -1.14 46 2023 1978 cdd

+ 0.44 46 2023 1978 cwd

- -0.80 46 2023 1978 r95p

- -1.40 46 2023 1978 r99p
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Figure 7. Estimated rainfall amounts using the GPM sensor for June 5, 2007.
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Figure 8. Estimated rainfall amounts using the GPM sensor for May 31, 2005.
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