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Extended Abstract

Introduction: It is necessary to evaluate, identify and prioritise areas prone to erosion. However, the nature of soil
erosion and its processes have necessitated effective water and soil conservation strategies, which require hazard assessment
at various temporal and spatial scales. Therefore, the current research utilizes the PAP/RAC qualitative model to predict and
determine the water erosion hazard status of the Qharnaveh watershed. It also investigates the uncertainty of the factors
affecting the erosion hazard map obtained from this model using Bayesian Model Averaging (BMA). This is done to enhance
the evaluation, identification, and prioritization of points at risk of water erosion, thereby providing effective strategies for
water and soil conservation to mitigate the trend and development of soil erosion.

Materials and Methods: The Priority Actions Program/Regional Activity Centre (PAP/RAC), established in 1977, is
one of the six Regional Action Centers of the Mediterranean Action Program (MAP), which is itself part of the United
Nations Environment Program (UNEP). The MAP includes 21 Mediterranean countries and the European Union, with a
common objective of creating a healthier Mediterranean environment on the basis of sustainable development principles. The
main area of PAP/RAC is to support Mediterranean countries in improving the sustainable management of their coasts, in
particular through the adoption and implementation of the Integrated Management Protocol in the Mediterranean Coastal
Zones. In 1998, the PAP/RAC model and approach were presented and employed as a PAP/RAC. According to the executive
structure of the PAP/RAC model, in the first stage (predictive approach), in the first step, a Watershed slope map was
prepared from a DEM at a height of 30 m, and based on the valuation manual, it was divided into five classes. In the second
step, the lithological map was prepared from 1:250,000 geological maps of Golestan province, which was divided into five
classes based on the valuation manual. In the third step, the slope erodibility map, which is the result of integration of the
rock unit map and the slope map, was evaluated and prepared according to the instructions. In the fourth step, a land use map
was prepared based on the classification of the Sentinel 2 satellite images of August 2023 in the Google Earth Engine along
with the existing regional information and divided into four categories: residential, forest, pasture and agriculture and
evaluated according to the instructions. In the fifth step, the vegetation density map for August 2023 was calculated using the
Normalized Difference Vegetation Index (NDVI) and evaluated according to the instructions. In the sixth step, integrating the
land use map and vegetation density map according to the instructions, the soil conservation map was created. In the seventh
step, a predicted erosion hazard map was prepared by integrating the erodibility map (integration of slope and lithology) and
the soil conservation map, considering the influence of slope factors, lithology, land use, and land cover. After creating the
erosion hazard map of the region, field survey and aerial photos were used to assess the erosion states, facilitating the
implementation of a descriptive approach to the model. Finally, by overlaying the erosion states on the erosion hazard
prediction map, the model integration approach was executed. For the second approach of this research, the area of the
watershed (each hectare) was considered as the size of the statistical population. Cochran's formula was utilized to determine
the number of random points. Using the '‘Create Random Points' command corresponding to the boundary of the Qharnaveh
watershed in the ArcGIS software, random points were placed. Based on the value of each point in the model factors (slope,
geology, vegetation, and land use) using the BMA method, the impact of each factor on the water erosion hazard map was
determined in the R program environment.

Results and Discussion: The results of the PAP/RAC qualitative model showed that 0.19, 3.34, 34.94, 227.28, and
514.53 km? of the watershed area were classified as very low, low, moderate, high, and very high erosion hazard,
respectively. In other words, 741.81 km? of the watershed area exhibited high and very high erosion hazard. Generally,
according to the factors of the PAP/RAC qualitative model, the results indicate the high potential of this watershed for
erosion and soil loss. Further, examination of uncertainty with the BMA reveals the significant importance of slope and
lithology in the model output.

Conclusion: Considering the importance of evaluating erosion-prone points, it is recommended that the assessment of
PAP/RAC model factors in the field should be conducted more meticulously. Additionally, if feasible, model guidelines
tailored to the conditions of Iran should be developed to devise more effective water and soil conservation strategies based on
the model results, aiming to mitigate the trend and development of soil erosion.
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Figure 1 - Geographic Position of the Qharnaveh Watershed in Golestan Province, Iran
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Table 1 - Slope Classification Scheme in the
PAP/RAC Model (Benchettouh et al., 2022)
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Table 5 - Land Use Classification Pattern in the
PAP/RAC Model | (Diani et al., 2023,
Benchettouh et al., 2022 and Tahouri et al., 2022)
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Table 6 - Vegetation Cover Density
Classification Pattern in the PAP/RAC Model
(Tahouri et al., 2022)
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Table 2 - Lithological Classification Pattern in
the PAP/RAC Model (Diani et al., 2023)
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Table 7 - Integration Matrix of the Land Use
and Vegetation Cover Density Maps (Labbaci et
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Table 4 - Classification Pattern of the Erodibility
Map (Diani et al., 2023)
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Table 8 - Classification Pattern of the Soil
Conservation Map (Labbaci et al., 2020)
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Table 9 - Integration Matrix of the Soil
Conservation and Erosion Susceptibility Maps
(Labbaci et al., 2020)
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Table 10 - Classification Pattern of Predicted
Erosion Status in the Classic PAP/RAC Model
(Labbaci et al., 2020)
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Figure 7- Erodibility of Qharnaveh Watershed

S cbls> ald -Y-#

SHA JS8) 0gli B psul S cbla> acis glhe
G A YONA FOUYD oy cpl JS colun
St Bl sl (o 4 peyaskS VAV
3bj chwgie (amd) o (s (L3) oS
AUV &S cul (o9 L) by L 5 (0s3)
cbli> a0 ase Colue 5l ayeyiesks
ool a8lg ol U lawgie

3720[}0 3510010 39000]0 39905"0 40300]0
e s
g L8
8 8
H 8
2 3
B3 3
° o
g LS
8 8
= =
b B
e °
2. LS
8 g
& 8
] 8
s s
2 °
21 re
2 | WGS_1984_UTM_Zone_40N . ki
T | e e A
“lo 2 4 8 12 16 P J
T T T T T
372000 381000 390000 399000 408000

09,8 il S cblas> —A S
Figure 8- Soil Conservation of Qharnaveh
Watershed

@l il 3 s Coardg adds Y-
setal ol Glep s Condy ali ags Cue
LSJJAJWLN)S AL L’ Sk cbl> asds ‘cjlj)§
A ganaid Ve Jgaz b caslite G 5 pléol



05l 3 usul 035 (ol by s ise Jelse Coslal pas ) Y

Model Inclusion Based on Best 16 Models

Slope
Geology
Landuse

NDVI |

0 2019849966221.72

4156353183006

Cumulative Model Probabilities

o1 50y Jis! JEs jloges 1) S
Figure 11 - Probability Density Plot in the
Pattern

Sy Y1)
&S ol ol GbsS PAPIRAC Joo mli o)y
St e s adg> Corlas ) aesieskS VEV/AY
or 4 azy b oS cal ol (LS g ok le
Lol @l 2o 695 2 Joe slosdgys #5b ol
s (BMA)  pio Sk 050, 5l eolatal
@ 2l sl s BT Shds oS5 (el S
oo i axdlbioe o5 B ooy 8t sl oS
SISyl a5 3ls oo pdlel IS by (e (e ile
o5t PAPIRAC  Jao  (lolole  aie; o
0 gl (5t 280 b (Gl 5 (St
2 S |y 2V (23,88 Jan (295 @l STz
oo s anlie puzes Wb Jule g0 oy
o, ¢ Saber chenari adla. L PAP/RAC
ot aib | asg> Colas dops FA a5 (Y415)
3,91, Dempster-Shafer Joo b ob; lew ¢ ob;
sl @S s Y Al o oo lis gl
2 (V) ol Kar ¢ Erfanian aslas 5)ls 59>
RUSLE o b S gl b sy o 45 a5
Go,o Y8 Coro Loy lis g3 slaie 5l oolaiul 4
56 adllae onl @l (il ol Slsedlel s U
gl by b 0T Ul Joe @l Gozmen
oy > (YY) o San o Tajiki asllae .o

37200IO 381 0(:0 3900?0 39900I0 4050(=0
B a
g4 L8
g 8
8 g
e 2
B S
s e
g4 L2
8 g
p =
£ 5
N s
3 s
24 L8
g g
] 8
g 8
s ¥
s s
84 51
7] [—— g
8| WGS 1984 CTM Zone 4ON olw b o | B
- == m——— L) Py
0 2 4 a8 12
T T T T T
372000 381000 390000 399000 408000

ogqli ,8 )..:uT 0j95 Holai blii Cuxdgo -V JSi
Figure 10 - Locations of Randomly Selected
Points in the Qharnaveh Watershed

w.r.'as 'QJ.C ey -¥-1
D2 oo s |y oS o e as Jlaasl VY Sl
S50 aioils (i GeSle Jas (29
OV D) (pi Sl Jos (o295 s
)8 Ky wie aal ) sazmo Lz ] S,
ERVE X A RUVE SRS i P S TO U 29 SN O X WA
V) S jlas jebylon el Jao 10 jei> pac
Ol wdlbaswgi glo o an azg Lol (g e
gy w31 g =Sy (6L aizen a2 0
Lol ] Joo dzeis o i ahally gl s LS
PRI VIP | S I SO I S v el P B S
g Sl o adaly glils ol 6 )lS g oS
S Sl S T g i g a Sl e lea
e d Sl ol 3 s a i 6 JAS s
Lol (sl 00g—ai (oBym0 tio |y atal) Joo Jdo
aS dg—ad SVl g oo VY Sl 5l IS jsboas

s PAPIRAC ko it sy 455,



ety (i S Sl by, b He5de Jae
e bl e gancagyl 5 glelid (obj)
Sy Gagh @l ol el o Gl ke
LS cd)j0e g Gulwd o ade> ol (YU ey
5 Ces PAPRAC a5 Joo clodle 4 drg

o Sl (SLgS Cualad pas g S (e
g cn ity il p s LB b3 Cononl
doe gladele aey o (2345) S
Cppo 3 g 95 el g it cds | PAPIRAC
548 bld b cenlite Jae slafedllgims oS4l
cbli> j3e gloojal, @ b 508 ags oy
S iolw drwg g 2y, Grals b, 0 Sbgo]

235 &ly 55t (Jro mli 4 ezl

&l 3wl

J3l edisys 555 sy i B 3o o
&l g SgiS ple oliils (6 iS> (ggmiily lgieay
Sl 48 5 890 S anbs

References

Amore, E., Modica, C., Nearing, M. A. &
Santoro, V. C. (2004). Scale effect in USLE
and WEPP application for soil erosion
computation from three Sicilian Watersheds.
Journal of Hydrology, 293(1-4), 100-114.

https://doi.org/10.1016/j.jhydrol.2004.01.018

Benchettouh, A., Jebari, S., Kouri, L. &
Kherchi, F. (2022). Mapping of soil erosion
using the PAP/RAC directive in the Seklafa
catchment, Djebel Amour region (Saharan
Atlas-Algeria). Algerian Journal of
Environmental Science and
Technology, 8(2), 2419-2428.

Diani, K., Ettazarini, S., Hahou, Y., El Belrhiti,
H., Allaoui, W., Mounir, K. & Gourfi, A.
(2023). Identification of soil erosion sites in
semiarid zones: Using GIS, remote sensing,
and PAP/RAC model. In Handbook of
Hydroinformatics, 169-183.

OhKen g 195 5

Pogmy g piled p s lopsul clebsl pas il
o8 5 Elbadaoui aslllas bl 5 Lol gy ddlais

5 EPM) iglod el Jow plésl 5 (Y+YT)
EPM e aSayl (ks s PAP/RAC (gla foll 520

Sl p S e Sl (b sl s e
dnwss 6l g5 oo PAPIRAC e 5 555 ooliciu

ascg> b Copae ¢l sl GHlel S
PAP/RAC Jowo cuils el g g0 Dgd oolaiul

L e P I E S IT TN WP RgLvy
Qﬁbéﬁxw)ﬁ@.b&é;)ﬁ)oba\fwld1
o);lﬁ S st.:b (Jxe ol o eolaiuls g0 sla Jale
Cds il g oo ole (605 5 0 e

Sz, a oY

S 25 azxpis —F
S Jae g 980, 5l GSewe b pol> adlae
5 ot 4 (O, 0 b odsh) PAP/RAC
5 ogid ol ojem o il sl Cundy s
Ol s aldi e Jelge Coalad pae o)y

https://doi.org/10.1016/B978-0-12-821961-
4.00003-8

Draper, D. (1995). Assessment and
propagation of model uncertainty. Journal
of the Royal Statistical Society Series B:
Statistical Methodology, 57(1), 45-70.

https://doi.org/10.1111/j.25176161.1995.tb
02015.x
Esmaeili Gholzom, H., Ahmadi, H., Moeini,
A. & Motamed Vaziri, B. (2020). Erosion
risk assessment and identification of
susceptibility lands using the ICONA
model and RS and GIS techniques. Natural
Hazards and Earth System Sciences
Discussions, 1-18.
https://doi.org/10.5194/nhess-2020-85,2020
Elbadaoui, K., Mansour, S., Ikirri, M.,
Abdelrahman, K., Abu-Alam, T. & Abioui,
M. (2023). Integrating Erosion Potential
Model (EPM) and PAP/RAC Guidelines for
Water Erosion Mapping and Detection of



https://doi.org/10.1016/j.jhydrol.2004.01.018
https://doi.org/10.1016/B978-0-12-821961-4.00003-8
https://doi.org/10.1016/B978-0-12-821961-4.00003-8
https://doi.org/10.1111/j.25176161.1995.tb02015.x
https://doi.org/10.1111/j.25176161.1995.tb02015.x

o3l el 039> (ol il b jlas S50 Jelse Cualal pie )y Y

Vulnerable Areas in the Toudgha River
Watershed of the Central High Atlas,
Morocco. Land, 12(4),837.https://doi.org/10.
3390/1and12040837

Erfanian, M., Ghaharahmani Saatloo, P. &
Saadat, H. (2015). Preparation of soil erosion
potential risk map using fuzzy logic in
Gharnaveh Watershed, jwmseir, 23(7), 43-
52.http://dorl.net/dor/20.1001.1.20089554.13
92.7.23.3.1 (In Persian)

Hafezi Moghaddas, N., Nikudel, M. &
Bahrami, K. (2011). Evaluation of
collapsibility of loess deposits of
Gharnaveh catchment in north of Kalale,
Golestan province. Scientific  Quarterly
Journal of Iranian Association of
Engineering Geology, 4 (Number 1 & 2),
39-46. (In Persian)

Hassanzadeh, H. (2020). Estimation of erosion
and destruction of the catchment area of
Bidovaz dam using EPM model and GIS
software,  Master's  thesis.  Bojnord
University. (In Persian)

Hatamerad S, Haghighat J, Asgharpur H. &
Adrangi B. (2022). Evaluation of macro
factors affecting stock price index:
Bayesian averaging approach. gjfep; 10
(37), 73-111. (In Persian)

Hembram, T. K. & Saha, S. (2020).
Prioritization of sub-watersheds for soil
erosion based on morphometric attributes
using fuzzy AHP and compound factor in
Jainti River Watershed, Jharkhand, Eastern
India. Environment, Development and
Sustainability, 22(2), 1241-1268.

https://doi.org/10.1007/s10668-018-0247-3
Labbaci, A., Marghadi, S., Laaribya, S., &
Moukrim, S. (2020). Integrating Sentinel-2
Data and PAPCAR Model to Map Water
Erosion: Case of Beni Boufrah
Watershed. Rwanda Journal of
Engineering, Science, Technology and
Environment, 3(1).https://doi.org/10.4314/rj

este.v3il.4S

Mesrar, H., Sadiki, A., Navas, A., Faleh, A,
Quijano, L. & Chaaouan, J. (2015).
Modélisation de 1’érosion hydrique et des
facteurs causaux, Cas de I’oued Sahla, Rif
Central, Maroc. Zeitschrift fiir
geomorphologie, 59(4), 495-514.

Nainiva, S. P. & Parichereh, M. (2023).
Erosion Hazard classification using the

Fargas qualitative model in the Chehelgazi

Sub-Watershed of Kurdistan
province. Integrated Watershed
Management, 3(1), 89-99.

https://doi.org/10.22034/iwm.2023.199587
3.1068 (In Persian)

Nainiva, S. P. & Satarvand, A. (2023).
Evaluation and estimation of the intensity
of soil erosion under Chehelgazi Sub-
Watershed of Kurdistan
province. Extension and Development of
Watershed Management, 10(39), 38-47.
https://dorl.net/dor/20.1001.1.26454777.14
01.10.39.8.8(In Persian)

Najia, F., Bouchta, E., Mohamed, M.,
Benzougagh, B. & El Brahimi, M. (2021).
Evaluation of water erosion by mapping
and application of the PAP/RAC method in
the prerif of ouazzane. Ecology,
Environnement and Conservation, 12.

Nanjundeswaraswamy, T. S. & Divakar, S.
(2021). Determination of sample size and
sampling methods in applied research.
Proceedings on engineering sciences, 3(1),
25-32. https://doi: 10.24874/PES03.01.003

Nguyen, P., Shearer, E. J., Tran, H., Ombadi,
M., Hayatbini, N., Palacios, T., Huynh, P.,
Braithwaite, D., Updegraff, G. & Hsu, K.
(2019). The CHRS Data Portal, an easily
accessible public repository for PERSIANN
global satellite precipitation data. Scientific
data, 6(1), 1-10.
https://doi.org/10.1038/sdata.2018.296

Ousmana, H., EI Hmaidi, A., Essahlaoui, A.,
Bekri, H. & ElI Ouali, A. (2017).
Modélisation et cartographie du risque de
1’érosion hydrique par 1’application des SIG
et des directives PAP/CAR. Cas du bassin
versant de 1’Oued Zgane (Moyen Atlas
tabulaire, Maroc). Bulletin de 1’Institut
Scientifique, Rabat, Section Sciences de La
Terre, 39, 103-119.

PAP/CAR (1998a). Directives pour la
cartographie et la mesure des processus
d’érosion hydrique dans les zones coticres
méditerranéennes. PAP-S/PP/GL.1.split,
centre d’activités régionales pour le
programme d’actions prioritaires
(PAM/PNUE), en collaboration avec la
FAO.

PAP/CAR. (1998b). Directives pour l'approche
int egr ee au d_eveloppement, _a la
gestion et _a l'utilisation des ressources en
eau, centre d'activit_es r_egionales pour le



https://doi.org/10.3390/land12040837
https://doi.org/10.3390/land12040837
http://dorl.net/dor/20.1001.1.20089554.1392.7.23.3.1
http://dorl.net/dor/20.1001.1.20089554.1392.7.23.3.1
https://doi.org/10.1007/s10668-018-0247-3
https://doi.org/10.4314/rjeste.v3i1.4S
https://doi.org/10.4314/rjeste.v3i1.4S
https://doi.org/10.22034/iwm.2023.1995873.1068
https://doi.org/10.22034/iwm.2023.1995873.1068
https://dorl.net/dor/20.1001.1.26454777.1401.10.39.8.8
https://dorl.net/dor/20.1001.1.26454777.1401.10.39.8.8
https://doi.org/10.1038/sdata.2018.296

Programme d'actions prioritaires [rapport].
- [s.1.]: PAP-3/1998/G.1. Split, 1998a.

PAP/CAR. (1998c). Rapport de I'Atelier sur
I' etat de I' erosion des sols par la pluie
dans les zones c/oti_eres
m_editerran_eennes, [Rapport]. - Murcie:
PAP-8/W.1/1, 1998.

PAP/RAC. (2000). National reports on
problems and practices of erosion control
management in the mediterranean region
[rapport]. [s.l.]: PAP/RAC, split, 2000.

Raftery, A. E. (1995). Bayesian model
selection in social research. Sociological
methodology, 111-163.

https://doi.org/10.2307/271063

Refahi, H. (2000). Water erosion and its
control, Tehran University Publications. (In
Persian)

Saber chenari, K., Bahremand, A., Sheikh, V.
B. & Komaki, C. B. (2016). Gully Erosion
Hazard Zoning Using of Dempster-Shafer
Model in The Gharnaveh Watershed,
Golestan  Province. Iranian  journal of

OhKen g 195 5

Ecohydrology, 3(2), 219-231. https://doi:
10.22059/ije.2016.59663. (In Persian)

Tahouri, J., Sadiki, A., Karrat, L. H., Johnson,
V. C., weng Chan, N., Fei, Z. & Te Kung,
H. (2022). Using a modified PAP/RAC
model and GIS-for mapping water erosion
and causal risk factors: Case study of the
Asfalou watershed, Morocco. International
Soil and Water Conservation
Research, 10(2), 254-272.
https://doi.org/10.1016/j.iswcr.2021.07.003

Tajiki M, Najafinejad A, Gholipour M, Siroosi
H, Sadodin A, Sheikh V B, et al. (2022).
Efficiency of Watershed Management
Measures on Erosion and Sedimentation of
Qarnaveh watershed, Golestan
Province. jwmr. 13(26), 163-177.
https://d0i:10.52547/jwmr.13.26.163.  (In
Persian)

Zangiabadi, M., Rangavar, A., Rafahi, H. G,
Shorafa, M. & Bihamta, M. R. (2010).
Investigation of the most Important Factors
Affecting on Soil Erosion in Kalat Semi-
Arid Rangelands. Water and Soil, 24(4), .
doi: 10.22067/jsw.v0i0.3894. (In Persian)



https://doi.org/10.2307/271063
https://doi.org/10.1016/j.iswcr.2021.07.003
https://doi.org/10.52547/jwmr.13.26.163

