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Extended Abstract

Introduction: One of the most important natural disasters is drought phenomenon. If it lasts longer than
a season or a long period, it will have economic, social and environmental effects. Drought has no
absolute definition and has a specific definition in each region. Each drought varies in severity, duration
and extent. Moreover, Drought can be considered as the equivalent of a dry and unusual period or climate
that lasts long enough to create a serious imbalance in the hydrological state of a region. Drought can
also be regarded as an inevitable phenomenon, including disasters that cannot be prevented but can be
managed and organized. Drought indices are an important tool for monitoring and evaluating drought
and establish an accurate relationship between many climatic parameters. The information obtained
from the indices can be useful for planners, designers and managers of water resources, which is also
confirmed by comparative studies of indices.

Materials and Methods: This study focuses on studies of drought indices and how they function on
different time and place scales. In order to conduct this research, the required materials were collected
from domestic and foreign sources. In this study, 19 drought indices used in Iran and the world are
evaluated, the results of different researchers are investigated, and logical conclusions are made from
different researches.

Results and discussion: The results showed that each index can be used in different regions according
to its nature and water resources indicators, plant-related indicators and risk indicators of agricultural,
economic and social indices. All indicators in turn and in areas compatible with the nature of these
indicators can have a good prediction of drought, and these indicators all should not be compared
because the results of this comparison will not be appropriate, but they should be selected appropriately
according to the study area. Meanwhile, time scale is very important in each of the indicators and should
be considered in order to achieve a more reliable result. Another point that was obtained from the results
of this study is that most of the indices used in Iran and the world have paid more attention to the severity
of drought andless to the duration, extent and frequency of drought, which is one of the weaknesses of
existing drought indices in Iran and the world. An index of drought can persist in the world to pay for
the severity, duration, frequency and extent of drought simultaneously and accordingly, it can definitely
have appropriate predictions.

Conclusion: The results showed that the indices of DI, SPI, PDSI, SPEI, BMDI index are the most
widely used drought indices. The results also showed that the weakest drought index is the PNPI index
and the strongest indeices of drought are SPEI and BMDI indices. In general, in order to use drought
indices, the time and place scale related to those indices should be considered in their use. Since each
index of drought has been created under certain conditions, it is suggested that they should not be used
in Iran or be used with caution. The overall results of this study suggest that it is better to conduct native
statistical models of linear and nonlinear regression according to specific climates of Iran in relation to
drought indices according to Iranian meteorological and hydrological data and be introduced
multivariate Iranian drought index which definitely has more valuable results.
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Extended Abstract
Introduction: Water limitation is regarded as one of the most important obstacles to agricultural development in arid and semi-arid climate
regions. Rainwater harvesting is one of the most significant management methods of rainwater exploitation to deal with water shortage. Due
to the wide variety of rainwater extraction methods, in choosing the appropriate method, special attention should be paid to features such as
land topography, climate, soil type and socio-economic factors and the amount of water consumption to apply extraction methods in each
region. In this research, the promotion of water catchment surface systems in the establishment and development of marigold cultivation in
rainfed conditions has been discussed. The use of effective strategies to increase productivity in agriculture has been the focus of researchers
for a long time. Any process that leads to the optimal use of rainwater and makes it possible to use it better is known as rainwater harvesting.
The aim of this research is to promote the systems of water catchment surfaces in the establishment and development of rose cultivation in
rainy conditions.
Materials and methods: The research area was chosen on the northern slope of the village with a slope of about 20%. Soil depth was measured
by sampling. An 80 cm deep nationwide channel was dug downstream of the systems with an excavator. The channel was filled with a mixture
of straw and stubble and a combination of animal manure with soil (in the amount of 20% by volume) in order to increase the moisture retention
capacity in the soil. To carry out the present research, 12 rectangular catchment systems with dimensions of 6x5 meters were built using earth
mounds on slopes with a 20% slope. These systems, due to being located on the slope and carrying out a series of measures in their beds, cause
the production and direction of runoff towards the target point (seedling cultivation site). Downstream of each system, a hole was considered
for planting seedlings. The research was carried out in the form of three system treatments including: cleaned ground using a pebble filter in
the seedling hole, semi-insulated system treatment using a pebble filter in the seedling hole and a control (natural ground cover) according to
local custom. To make a semi-insulated system, the vegetation on the surface of the system was first removed and the system bed was insulated
using thick nylon and a 3 cm layer of gravel on it. Also, the downstream part of the system at the seedling pit was paved using the rubble in
the area to reduce evaporation. Gravel filters are a column of gravel that is built in the upstream part of the seedling using two polyca pipes
with a diameter of 10 cm and a depth of 40 to 50 cm during embankment at the foot of the seedling. Gravel was poured inside the pipes. In
order to establish a hydraulic connection between the gravel column and the soil of the pit and its surroundings, the lower part of the pipe was
meshed. These filters are used to optimally penetrate the extracted runoff to the depth of tree root development. To build the bare system,
vegetation and pebbles were collected from the surface of the system.
Resultsand Discussion: In variance analysis, the effect of irrigation treatments on the height trait in 2017 with a probability level of one percent
(P<0.01) and in 2018 and 2019 the effect of treatment on the height trait at the probability level (P<0.05) was significant. The highest length
of the height belongs to the third treatment (with filter and semi-insulating system) and the lowest height and crown belongs to the control
treatment. Regarding the effect of the treatments on the crown length trait, it is significant in all years 2017, 2018, 2019, 2020 and 2021. In
2019, it is significant at the level of one percent (P<0.01) and in the years 2017, 2018, 2014 and 2011 at the probability level (P<0.05). In the
years 2021 and 2022, the effect of the treatments on the height trait is not significant. The results show that the effect of the treatments on the
crown is greater than that on the height. The highest crown was obtained in the third treatment (with filter and semi-insulated system) and the
lowest crown was obtained in the control treatment. According to figure (5), in the years 2017, 2018 and 2019, the total rainfall in the spring
season was 247, 285 and 187 mm, respectively, and in the years 2021 and 2022, it was 31 and 14.5 mm, respectively. Rainfall has a direct
effect on the treatments. In fact, the amount of rainfall and its management in terms of systems of catchment surfaces, filters and insulation
have a direct effect on the amount of moisture at the base of the plant, the water required by the plant, and the vitality of the rose.
Conclusions: The results showed that in the analysis of variance, the effect of irrigation treatments on the height trait in 2017 was significant
with a probability level of one percent (P<0.01) and in 2018 and 2019, the effect of the treatment on the height trait was significant at the
probability level (P<0.05). The highest length of the height belongs to the third treatment (with filter and semi-insulating system) and the
lowest height and crown belongs to the control treatment. Regarding the effect of treatments on crown length in all years 2017, 2018, 2019,
2020 and 2021, it is significant. In 2019, it is significant at the level of one percent (P<0.01) and in the years 2017, 2018, 2014 and 2011 at the
probability level (P<0.05). In the years 2021 and 2022, the effect of the treatments on the height trait is not significant due to the the effect of
spring rainfall on filter treatments and semi-insulated and filter systems.
Keywords: Inclined surfaces, insulated surfaces, rain catchment, Damask rose, Rainfed.
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Figure 1- The image of the location of the project on the map of the province and the country
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Figure 2- Selection of the location of sloped rainfed land for planting Damask rose (canals filled with soil
and fertilizer) in Zaheerabad village of Shazand
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Figure 3- A: The steps of implementing the system and treatments of Damask rose planting, B: Hamyar
group observing the implementation of the plan in the sloping lands of Katiran village, Shazand city
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Table 1- The amount of rainfall in the seasons of need for irrigation in Shazand region
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Table 2 - Average monthly rainfall (mm) of Khandab station in the 5-year statistical period (2016-2021)
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Table 3- Seasonal rainfall in different years (mm) in Shazand region
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Figure 4- Rainfall in different months of the project years in Shazand region

- oo FAND 5:Siloo g e oo BYYIF sgu VTAA
S5k Bk 5T ol e (F) Jgar o o
Ol 44z Lo o e 1) kel Al Sl g

sloosls & axg5 b Sl g bl oyg0 wlal
Jlo yo a5l ol ¥l ()L oy S Sa5L

Jlo 0 o i e doe YFo sga V-



Y4 VEeY ol ¥ ojleds cpgn Jlo el sloojem pul> o oo

OLen g 015 (g0l e

35l adilie 53 gaezo J5 obS 50 (gLl AIlS 5Li g Fie Syl o 2Blg B85 9 judd (( BLS o -F Jgux
Table 4- Vegetative coefficient, actual evaporation and transpiration, effective rainfall and net irrigation
requirement in the damask rose in Shazand region
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Table 5- net water requirement and net irrigation water requirement (in cubic meters per hectare,
excluding efficiency)
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Table 6- Variance analysis of the height trait in Damask rose in Shazand city
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Table 7- Comparison of the average effect of different irrigation treatments on the height trait of the
Damask rose in Shazand city
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Table 8- Variance analysis of the crown trait in the damask rose in Shazand city.
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Table 9- Mean values of the crown trait in the damask rose under different irrigation treatments
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Figure 5- The amount of rainfall in the spring season in the years of project implementation
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Extended Abstract
Introduction: In arid and low rainfall regions where evaporation is high due to special climatic conditions, the

possibility of surface storage of waters in many cases, on a small scale, is difficult and uneconomic because part
of the water is out of reach due to evaporation and the other part of the water is out of reach due to infiltration.
Also, many surface reservoirs do not have a long shelf life and are filled and out of reach due to accumulation of
sediments. Therefore, underground dam studies are very important. One of the new technologies used in the field
of groundwater development is the underground dam, which is used for various purposes such as preventing the
movement of saline waters in desert. Underground dams are compatible with environmental conditions.

Materials and methods: To do this research, the watershed of The Rayen Underground Dam in the south of The
City of Rayen and southeast of Karman city was selected. Geoelectric studies of the underground dam in The
Reyen area were carried out in several stages with a total of 35 electric sondages. After harvesting the data and
processing them by IPI2win software, the information of each of the harvest points in the region has been
determined. The type of used geoelectric method is the harvesting method of four electrodes with Schlumberger
array.

ReSEI/“:S and Discussion: The importance of underground dams has been considered by most researchers around the
world in recent years, and new types of methods are also used for their detailed studies, among which is the use of
geoelectric method for studying underground dams. This has been considered in this research. Also, according to
geological studies of Rayen region and geoelectric and topographic samples of the region, it can be concluded that
the studied section is confined to two rock extrusions with the genus rhyolite and pyroclastic. Also, subsurface
information of geoelectric sodages indicates the persistence of volcanic Igneous Stone below the intermediate
surface between the two mentioned rock extrusions at a depth of 8 to 14 meters above the river bed surface and
the slope of the bedrock from the sides to the center of the cross section in such a way that the maximum depth is
in the center of the river and the minimum depth of bedrock is in the vicinity of rock extrusions. Considering the
high importance of underground dams, it is suggested that the geoelectric studied methods in this study be studied
more and more accurately to study underground dams in different watersheds throughout the country.
Conclusions: The results showed that the specific electrical resistance of the bedrock increases from upstream to
the proposed axis. This indicates the change of bedrock in close range to the proposed axis compared to the
upstream points. However, the specific resistance values related to alluvial layer in the whole study area do not
change much and this state indicates the uniformity of alluvial layer in the study period. The specific resistance
values of the bedrock are generally higher than the specific amounts of alluvial layer and the alluvial layer shows
low specific resistance due to its abundant salts and brackish water. In addition, the specific resistance range of
sediments and rocks showed a total of at least 36 ohms -meters and a maximum of 1313 ohms- meters.
Keywords: Bedrock, Geotechnical, Drought, Rayen
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Figure 2- The site selection of the Tutak
underground dam
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Figure 1- Location of the study area in Kerman provinc
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Figure 13- Information of the points picked by IPI2win software in Sondage No. 5
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Extended Abstract
Introduction: Drought is a weather phenomenon that causes much damage every year. Kohgilouyeh and

Boyer Ahmad province is located in the Southwest of Iran. Since it provides a substantial portion of the water
of Karoun, Maroon, and Zohreh, which are three important rivers in this province, and evaluation and
prediction of drought in this province seems necessary. This study aims to evaluate the compliance of
meteorological and hydrological drought of the Zohreh river basin is in this province.

Materials and methods: Using SPI (Standardized Precipitation Index) and SWI index (Standardized Water
level Indicator), the relationship between meteorological and hydrological drought was evaluated, and the
comparison between the occurrence of meteorological and hydrological droughts was performed. The SPI
was calculated for 10 meteorological stations with 30 years of data, and SWI for 11 piezometric wells for the
whole statistical data available. The trend of the river streamflow and piezometric wells' groundwater levels
was assessed using the Mann-Kendall test for 5 hydrometric stations and the piezometric wells. The Pearson
correlation coefficient was used to assess the relationship between rainfall, discharge, and groundwater level
in different time lags.

Results and Discussion: Results showed that in negative SPI1 durations, the groundwater level decreased with
some delay. The delay increased when the drought scale increased. In recent years, the duration and intensity
of drought have increased. Maximum volume of 3, 6, 9, and 12 months precipitation drought of Nazmakan
station occurred in 1999, the maximum intensity of 3, 6, and 9 months in 2004, and 12 months occurred in
2009. When the drought scale increased, drought duration and intensity increased, and the drought frequency
decreased. Results for the other stations were nearly similar. SWI of Basht well showed that 6, 12, 24, and
48 months droughts continued nearly 48 months, from the end of 2006 to the middle of 2010. The intensity
of 48 months drought was maximum and 12, 24, and 6 months were in the next level of intensity. This trend
shows the long time accumulating effect of meteorological trends on the decreasing level of groundwater,
although pumping withdrawal of groundwater is also effective. The trend for other wells was nearly similar.
The Mann-Kendall test did not confirm the trend of stations discharge, but the decreasing level of
groundwater in all wells was statistically confirmed. The Pearson’s coefficient of precipitation-discharge
showed the maximum correlation with the same month data. It could be from the surface water's direct
relation with groundwater, and the decreasing amount of snow precipitation in recent years, which lead to a
delay between them. The maximum Pearson’s correlation of the groundwater level -precipitation, and
groundwater level -discharge was observed with two months delay. It could verify the groundwater recharge
with surface water, and the time needed for infiltration and movement of water in the aquifer.

Conclusions: The results could be used for predicting the effects of meteorological drought on hydrological
drought. The properties of meteorological and hydrological droughts could be used to manage drought and
water resources, supply water for agriculture, industry, and livestock, and supply drinking water for humans
in the province.

Keywords: Meteorological drought, hydrological drought, SPI index, SWI index.

Citation: Razmkhah, H., Ghahremani, E., Fararouie, A., & Rostami Ravari, A. (2022). Assessment of
meteorological and hydrological drought (Case study: Zohreh river). Integrated Watershed
Management, 2(3), 58-81. doi: 10.22034/iwm.2022.563458.1047

Copyrights:

Copyright for this article is retained by the author(s), with publication rights @
granted to Integrated Watershed Management. This is an open-access article
distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/ by/4.0).

Integrated Watershed Management, Autumn 2022, 2(3), 58-81 Avrticle Type: Research

< doi: 10.22034/iwm.2022.563458.1047 Online ISSN: 2783-4581


mailto:Homarazmkhah@gmail.com

g3y i llie g9 (BA-AY) Slxins AP+ 30l o o losds 9o Jlw «judul glaojgo zolo &y yoe

doi: 10.22034/iwm.2022.563458.1047 TYAY-FOA 1 Sasg sl Ll %

(03 41509, 359 90 axlliac) S35l )i g wlidlgd JluSis b 3

‘LS)S‘) (05w y ool “,__,,-15)):3 Lo yule ‘Y«.s;L“)-Qé olos fﬁobﬁu)’) b
Ol ecniiog po o godll ol3T olStils wuing po aoly woT (swigee 5 psle 09,5 Jlobil -
Ol g o e ool o131 olKzils «uing po aly wol cwidige g pole 09,5 axsgal Lisls -V
Homarazmkhah@gmail.com : J gk odduws 95*

OF VAN s pdy gyl VEVANY 56,5550 gu b VE A VITY il e g ,b)

ouS

aw Of 5l (g BB i 4yl 4 4z g8 b 0591 (0 Hb @ 69b) L s a5 cunl (glgh g O oy I (S Jluis
! 31 Bun .l (559 06 bl (! 53 S (a1 39 g0 moli Aol 192 9 0 sleKaS il 31 0325 9 (3950 (39,5 W09
03225 21315 9 Gl 0 Alble i jliie (s ol Adg> (S Jelg it 9 (ouilidlsr S Sl Gl o)y sy
SIn SWI (sl g (ommylib 5 Sy g o8|V (6122 SPT (a2 L bl (caliblgn (JLo Sl .00 )5 (a2 b g2 el 50
Oloj s 45 310 Gldd s .ed 5 plnil S Jglg aad 5 (wliblgr (JLw Sl o dummlio (bl 50 0d dwlno SO g olz 1)
o3 ol Gl3d b g 039 olpen Gloj ;b b Gl (nl mo g0 LS (g piten I (o) T law Wil o SPI
V¥ sk 39a08 px (e Cannl AT Gl 531 L JLuwSis oid g pglod o sl Sl 33 99 o0 pidur ;i3 ¢ Jlusiis
w38 b Cawl diwgn €989 A IVAA ;0 4l \Y g IVAY jo adlod g7 ¥ Wuds oy il IYAA Jlo 50 5050 oKiws | aalo VY
g YF Y & ola JlucSics aF 815 oLid bl ola SWI &l puods .ol 00y pinS 1,55 g i pold (b JlwcSiis Silo) ol
Wl § g YF Y o )5 & (3T 5lams 9 999 oyt yidons adlo FA oo .a31ails palad 1WA+ g1 100 B IFAS aioasl 31 colo FA 39a> anlo FA
T 51 cadls y aiz y 03gr (Sono) ) T (Jo3i wigy 2 owlidilgd JLoSids om0z g oo il SLLS Ggd gy 0,15 1,8
(§O9%0 Wiz Jg W w20 Wig doly O 51y 5 4ils0g) (9 Wigy (s yo Mann-Kendall (9057 @il oms i o 55
g b O pditane bLI,I 5 250 Toae 45 (o saslice slo lod 45 o33-hl (Kimaod fiSTas .093,8 ali bols 1,5 <l
o oupline o8 olo 90 by (29~ (Somo 303 ST 515 9 il (o203 DT 5157 (ot (39 35 s ensl B3 Gyl 99085 9 (im0 325
Sygpe Wi b ol Glatel j0 OF €8y g 598 sl p3¥ Glojne g (ol Of bug (nojp ol % p guanl o8
! bl 53 OT 2ol 31 eolaiuwl cawbio (34 340l

S5 yuud JlwSis (awbiilgr  JlwsSis SWI asLi SPI jasli : goudS sojlg

uiv)j.lﬁ)..\...m 9 G..:L....u‘ﬁ.b ‘511.....&..0 G'b))‘ (\\c’ \) A 46)9|) ‘50..;.&0) 9 é& ‘(5’5)‘)3 s.& ‘LS'LQ)'G(S «.0 so‘ﬁ.ﬁbo)’) :oL;.:.wl
DA-AY Y (V) Mfcgla 0552 mol> oo 0,0 Al 163,90 dxlllas)

il @

@ ® o yiowd b Ll les elul sl bgise allie cpl (0 ooy lp ol G
O3 p3es ly 4 td Colg o ol Oygo 85 onl 5o e ol Slalllas ples ;]



mailto:Homarazmkhah@gmail.com

(0,2 4539, 158,90 aslllas) Sujelg 0 5 cwlidlen JoSas Jbj)l 2

(Patel etal., el 55,5laS § 5809 0m ¢ cwlidlsn
Sas ol wsbie glre,gs samb jsbas 2007)
Pydise seiny ol e Dol Slileg el g
Sl oges (Lol Jalse 51 osline sla JluSis ¢4
iy 2l shelae Jlad oS col (ol ST gy sa
Shamsi Pour & Morad Mohammadi., ) g8 s o,
5 iy 2l S8l (e ool 4 L8 2004
Sl Jlosiis Lol glasely 5l lee,an ol ;5
O Soeds e JluSes o5, (Karami, 2011)
2l 05 5 o iaie (sl dnmg e
Slodezmy e &jg0ar ez Sl ok sbeis

(Faraj zadeh, 1997) el sawl o
(Ghlis anng )3 JloSis slosaly a5 4 >y
ot el 055 a5 Cwl g aely sieils
s swmin (Khazaei, 2003) col JloSis
Dol 9 SdeoliyS dwsgs 4 Gles oo |) (S3elg e
b s in (Zealand et al., 1999) Sges i
g Wbl 0jg iz Sloj @1 shils el DaeelisS
Soaibels (28ly Lo ()10 50 0 5 e Jlaie jslateay
3 sl Canaily o ciw i g,y o0 0 o ol
s 6l g 00gs Lo G B atin G 5l i Slej
Spe NS & JlaSas Sl gals 5 gyl o
ol g i cds )l CuwelisS sla cn st
Dol sla s Lol )15 1 (6 e (s 3lwaned
il plos a4y g alils 5y Gl Sz 5 L
Morid et al., ) ool i )l pe e ,o ol Cooal
Copde ;0 sape b JloSis o i (2006
5 ol 3 om ool e el (oanib glie
i gl o wbie Wl olls b
Cewl ol Byae Jo Sz gl oo slo >l
Mendicino ) ceul lag o JloSias glgl 51 SG L oS
Uik el e asls ol 5l S et al., 2008

doddo

(JloSzs) o] sgmaS 5 Conl dnngs swlal 5, O]
S9b o ptucwsST 50 (owlal i g g3l el
Slp SHr way ol mle 9505 .(Samiei, 2004)
ale slp Lol o8l o conl po e S0y ¢ olaidl
S g Oy Sy wals coge o
(Hisdal & Tallaksen, 2003) ssi oo (JlwSis
(Sd] 4 85 el b UM ) S JleSes
SaT ) 995 BT ety o8 5 pdoesS (2,0
9 ogdse AU owpE sl plyiea Ll 5 w5 (oo
Lt len b oSy Jsb bole b boatan ol Soe
(Alizadeh, 2007) obs ais |, JlaSis
O Slogas o cusl orlil Sy o Jlokas
4>l 2 (Sigdernen 5 ouldl Sla Sy 4 (S
4 Gloj 0y90 y0 ) I Sedir B9l (SIS )l
g jlame 155l Ol gl o (Ysb o
g se ol g solaidh clozzl Jilos

WSSty sl il Daa Vb ol JluSas
Gl ol mlie adss § Sllge 5 Bl 4y ol el

Elgl parteis 09b o0 (215 SrolSy S 5 (done Slaal
el e o ablie sl 5ol axwss gl oS
«Sislaer olidlen g kx4 ) JlSas
WS (oo gamates eleirbgolatl 5 (g5laS
Vsoro wlislsn JluSizs (Dracup et al., 1980)
Lo Jby nolie boawlie j0) 5k dg0eS ol 5
Glantz ) 9 co iy ya5 aseine 0,95 Job 5 ((eKks
als 4 Syssls oun JluKis (& Wilhute, 1985
ot 5 O drdilsog) daazl o Ol gy St
wiS alpd 4 g)sles JsSas 5l by ye
Jyaze slp SB  95290 Cagh; i a5 095 o0
Debise Jpaze o O)lud 4 e g el (S
g ao,e il sl clainh golaidl JloSlis oy e
oSz lal b ol slaVS 5, lols



£y

AR )...'la Y O)Lo..:: @9 Jl...q c)...‘)u—‘ L5L°°}9-> éal? Co i

024Y) L, Ken 5 Mckee 0,138 51 wilgs oo Jlo
35005 e 5 JlonSis il pslaiens |, SP sl
ale FA 5 Y XEAY Sl sbobie ol ook

ols drwgs
solaiuwl b  JloSas ol 9,91 4 (144Y) Sharma
@i by anly 5 Jins (So3909,008 slags o
cho ;o Gul oSl oy als o sl lis
Fara] .cosl J5omb byl 5l i 5YL slo Lo
o Jly sy asls ) eslinal L (124Y) zadeh
IS S laeygs (seges oSy (o)
S eslshd STas b ayliy a8 ols oles gl weasls
sgidu 5l azye g wWloyen gy (SoS
Dad l ogd e 485 Alold y9iS 635 e 9 (29i>
Wilhite 5 Byun 055 o als Sz sleoygo
3 b)) oyse |, JlecSiis Gae g s (1299)
s o Lzl Jloces sla_asls SYISA 4 ool
g 005 ol JloSis mexd 15 LG g g9
alig, Sl Jelg b JusSias v glagasls
LYoo )) ohSen g WU Laisls slpiny alale slx
Glooarls bl a wilale Sui,l slaesls ) eslicel
Sy slawbis o (Z-Score) Z 0,05 ¢ CZI” SPI
o o a8 0l ol gl amSle, e L dilie
3,18 ol yon &y Lo plido 45" (6l LSl s (as Lo
alzog, wlble oo W, (V- - ¥) Kahya 4 Kalayci
TS 4 SP (Spearman) o JlaiS cpo bg, 4 4S5
Slaasy> a5 axd S axl g ow,p (Thiel-Sen)
W 30 slaadg g wdly 3 LAalS W) (2
o)Ben g Zarea Abyaneh .&losg el Wiy,

6. China Z-Index

Ol Ker 5 olgze,

Sl 4 pdiome 5l 6 b ol SPIY s sl
Slos liie 2 sly T 05 5 SPI (g ndybllasil
» sl SPI (Hayes et al., 1999) aslaisls ledl
ol GaeVsb o Sl ool bl bk

(Khan et al., 2008) 545 g0 4slxs
el 485 O a0 Slade Sl Sy 69 S
sy, o Sael> 1 S (V420) Palmer el
e Sile JloSis e wl)) |, JloSas
ol &5 (rubpd g etae Cugb, 0geeS
FJloSis a4l (S (S g adsl Sy g0 ol
sl iagh o JuSis Oluogas s 090 . Cul
Sl 0 03,91 (V4 ¥ +) | Ke2 o Khani Temeliyeh
ol a8 1 anleossles Sl ulidie 5 2 jally asls
35 g P (Sl wile S5LS sla it
2loyl3 2l ee ) aleos; 0l 9 PDSH e cie
bilyd (eejny slool a3ls 5 PDSE ;)
Qilgi oo Jo iz als ¥ aS ol advie iz e
Guttman .aas ;Lis |, JlSis Oglae Coogas ¥
Jlosis ks cols 50U oy & (0391)
ey b bl g 5 She 4 el (Sojels s
3 Syl a0 slaglual Sl as ol las mls
e S o3 lge 5 edamy 55 el 3ozl b b gl
Yo i (Sis L Cusb, sl o weole né b

1.Standard Precipitation Index (SPI)
2. Duration

3. Severity

4. Magnitude

5. Palmer



(0,2 4539, 158,90 anlllas) Sujelg 0 g (owlidlen JoSas Jbj)l 2

Sl 65100 00 o 5 e a8 ol Lt Ll sl 5o (e 05
0505 2 s 9 SP G (60L5 050 50 (025
sy 4 (Y++9) Shaban .5 )ls sg>g (558 bls)|
5 e o Sujgdsyne Jlusis glaasls
g Laslog, as ols lis ol .cslo, b oy
Sl 4 s (500, YY-YA GralS o e ) o]
O (Y- +) o, Ken g Razmkhah .occiils aids ams
SPI )‘ oolawl L» LJ‘“")LQ L)L“'“'“" o G]L.m_im} o
Gy bl blis 251 55 a5 ols oyl ol ausls
S35y Scwend ;o wog ol b hugie JloSis
2l &) Cod (655 70 Gl I o )ls (g iy uls

318 518 (6 i (5 pdyam] (2 yme 40 oty
2 P50 ool Jalge (Y1) +) o San o Kariminazar
50,5 gy pl, S ISl e LTy Bl (JloSias g8
L olas Jlo (5ol o ddead a5 ols flis b
G5 9y Gezep e JloSiS (p aad
FoSis g8y She Jelse it S ey
(Y+1)) Soleimani-Motlagq 4 Maleki Nejad ...l
ads> Suigleyee g eeldlse sl JluSiis wal
50,8 aslllas SWIT o SPI L 1, sliw,) swislix
Ky, 9 plml Sz S 0y, b JloSias ganay
@l ab yp S geeil b JleSes
°)-'5‘b LQ(_g'LMM ‘Bj‘s.\.l 9 oAl u,...bs\ OMOULHJ
gdy om Oslite Jloy 3l 5 (Sigglg,us
5 e ol Ghsls e 5 oulilse Jlosias
Wy, ey 4 (Y1) Al-Tabbaa 4 Pal .09 ey
REG (linear o JlaS o g, b asa Lad o)L
Sl yo Gk as ols las b as s, regression)
38 gy Gline 5 5y )0 5 (s2elS Wg) Ll
Jodos a4 (Y-\Y) Safi ¢ Razmkhah el atils

3. Standardized Water level Index (SWI)

had g aldle pulidlss JlosSas i, (V- F)
Jloy aoys dFe alis] b asls L1, loes
ey omandlS (Sl 5 Bzl (3L o sl
S ol Glis mls wsged owyy LSR5 3L
el ooloz ) lad 25 g Sl & jgoas JloSiis
LIy ol JwSes (V--0) o, s Moghadassi
Sl 590 @iy, EDI) jige JnSis asls
(Y- -0) Ensafi Moghadam .ais )57 b5, S
5 b (Jlo s oy sonlil JloSis sla_asls
O emlio 5 b))l Sed azl o asg> 0 1) ZSIY
Jelow ez aS ols lis ol 0,8 e 1) sl
p90 ZSl (Jgl sl> (o laSas el 9 SPI cawasd
5 (Y %) Kucuk g Partal el pgw Jloy auo o 4
ST o gy b 4S5 (Sl Sasaddy 8ig) (o) 2
ol STy o)L cewls &g, a5 wls las
Oogy b1y a6Vl g ailale (3,L ag, gyl o ls 842
sy 4SOk sl A% 10 s ol g JIaS (e
w98 gy 5o o e Big; D92y LS s s ge
(Y -#)Mozafari .og a¥ls lawgio [o,b 5 jeliw g
Sl 5 oolidles JlSas Gl o) 5
badg> )3 olowglis @i 055 b Jlopa adg> 93 )
SloSiz Wy awbpas w8, Jde sl las
Ssloee oSz ) wadlaie 5o o wlidlys
O 0,55 9l oblZd o (Jg e ol aedlul o
R WY oLl Zd o 00 g b o ol adal,
poldl g Al awyp 4 (Ve A) Telvari 4 Samiei

2l 2315 5 il 53 Sasls e oSt
don ;8 (JloSias Sald g polas (o (Vb (Son
s bl mhv Gl Lo ool olis belSi]
2 (VA Lo g Khan o 5 i JleSes

1. Effective Drought Index
2. Z-Score Index



sY

AR )...'la Y O)Lo..:: @9 Jl...q c)...‘)u—‘ L5L°°}9-> éal? Co i

VG ole £ Gloy p3b b gty o 2 Sajslyyann
o)ea 5 Khani Temeliyeh 5,5 o & 50 Jlo
olitlgn JlucKas opitonis Julos 4 (Y+Y+)
Ik el b ol alie g plgs 05aS axli L ]
wals as ols lis gl a1 5 oads sl o lailisl
@ |y o9k (ad Dl s salp Mol s bl ()L
el s all &) Cur a5 (e oy
m ek Jlil s Sl slegubide 4 onles
39ra5 ezl jl Bz Jloj lagulide o 5L
ol Kea ¢ Janbozorgi .ays,5 solizul (DI plgs
lidlsn JlaSis oy i 4 (YY)
ale VY 58 & & Luliio ;0 SDI g SPI L (g5s)s 0 o
Sad el gl Jle o ol las mls sl

ol azily g5 s JloSis
Ol el el aliss slacdlas (50350 @ 4255 L
5 Ol Cu e Jlosl i gaib @lio 5 (55,5L8S (5 12
Ll Sldes 5 basly szl 5 25k 5 S,
b JloSias pglas 5 jlade b canlite (358 sloalled
oo 4309, aw 3,90 5 slodes isu aSlxlsl .l
el aelng 5 skSeS 5l opn) 5 ogile 098
S399,0ep 5 (oolidlse o JluSis (o) 09 b o0
48,5 &g Slalllas (g 50 ey o0 SR 4 (5590
Ban 030,55 odslive dalaie ;05 50 (pl o b
5 bl Joses gllad oy Goi on! )l
Lol ozl g 9 45l eS )0 005 ailsog, (Su3sls 000
L 9 29 Ol AVl lale cailyy) Sl (o)
5 obdlep Jlosis bl wye; ailss, adg>
PIR HF e R S SSIE P WIS RS VP PRV
ol gt ol Gl e JluSes ks

4. Joint Deficit Index

Ol Ker 5 olgze,

Oy il S ailseg; Sojsly e sla JluSis
b plp oy 5595 ailiw] ao ¢ qmry p allo ¥V Lol jglais
slooygs Sloogas 5 bld (:Ska (o0 VO
O 5 Gl bl 0 5 2l Jlesles

o o 0 paiediz (6,055 5l colanul b QT e

4 (Y- V%) Razmkhah aiges jsbas .ailazsls , SDF

55 Sajslsyien JloSis SDF (sla gimie 4t
el g Sl n oy e 5l eslaul Loy 89, 0l
Ll abn] o> glgieas oo nSle 1Y Guboo
Gl 5 Gl gy og Gl LS bl S

By JoSias e g Sow

5 Ve albisl sgas 56w, 4 (V1Y) Razmkhah
alol> o3l 0 JloSes SDF oo 0 74

ool g alisl aigy og sy Slo mls .aslsy,
A B 00y alewl g0 50 b JlSis o g Do
Solate aasbin! )0 sodaule JoSis Sloogas
4 (Y+YA) Soleimani Sardooy Mesbahzadeh .c..!
oldlse o Soisly e Jlusis Slej 3, (o) 2
;0 SDIY glaslsog, bl > sl o SPI 5l eolaul b
E58y oloy oo plis mls Bl a5 asss
30 SloSlis 485wl iSlas anle FA o5L o

uu&iclawu—‘fouvb\)&‘bl’bo?f“w

Sy g, cwyp 4 (VoY) ol Sen 5 Zandifar sl

oy ase> uein ol JsSis Sl
sy Sl gl .axzsls y SDI 5 GRIT gla_asls |

osgame iy 50 SDI 5 GRI (yy  Siecod

Soses L 5b olse cdel o e Sllls

1. Severity Duration Frequency
2. Stream flow Drought Index
3. Groundwater Resource Index



(0,2 A53g; 158,90 aslllas) Sujelg 0 5 wlidlon JoSas oLyl #F

@ i o 4ol o ien o e PP gl L Lo
el b0 a5 e B glas

doogS gz 9 gl DS sz (S Shelss
Slop slrosgs 0959 (F9m Jole 9 b0 5l alold o JSxr
5 2lsp 5 Ol 8555 s Sy 5 0,5 Jguad o calie
bl 50 oS 5 Sy loie oulBl g0 ol
Ol G5 g Jlo ;o aly s s adlaie )5 .Cenl ous
Jbo 9w laole 5l la Sl 0)boe oy oLl g S
eSiles ol oo dslol )8 Jad glanl b g o9 oo ]
dilae 0 ol oo Ao B Fee s alIle o)L
Jyereysbds Sl lisl 0,8 g Cgix Jold jne )5
dalsl Cotgmd)l gl b g 0gdoe £9,0 GLI 2l ]
Bee B Yer o Gble cnl (5L (Sle 5 Wbie
Y S8 5 olpl je bl cosBes ) JSE al yte oo
amd e ol |y el Lol sl (sloejs>

¢
SR
& N
o
| 2% M -
h
0y
U a
rF .
b ¢
— g p———— ——— py—
< * 0 290 0 o o0 o~ "0 L ) =0
Bl

sl Jsus 6)-’*")-‘-’[-’ o bl el
FloSis i g e slac] Sojglsyae
a3l SWI 5 SPI (glaasls 1 oolitul | _wlislsa
o0 Alig) 3yl 059> 50 Glay 2B g Db cpglas

28,8 Jales e

o g 9 olge

axfllaod ygo ddilaio

3 oSy slaaials jo adly s 519y 9 43l SeS il
YV U agdo Q@ gax,0 Ve alold o g o nl o6 o>
4880 TY gax 0 F 5  Jod 5,0 4880 YV g ax 0
sy qyoyioskS VIV Lo 505 Job az 0 OV
@9 SlwdsS o)y Ol (nl eal onys 5 &8l
S3lye sloaid) b (o 515 sloosS a5 009) &l po Connd
ald bl aads o ol ol as S o0 ], ol ek

> X Saamadh o aond
B .

Scale 1 9521690

295 53 oy 99 9 419l SeS (L] CprBge —) JSCU
Figure 1- Location of Kohgilouyeh and Boyer Ahmad province in Iran
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Table 1- Rainfall stations characteristics
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740 30-16 50-46 e ol ol e
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800 30-48 50-34 S i RV
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870 30-33 50-46 SR o
820 30-40 50-30 SR by
640 30-41 50-43 PESURA NN oL
650 30-38 50-46 eI R RLORE
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Table 2- Hydrometry stations characteristics
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Longitude Longitude Longitude
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640 30-41 50-43 S Fagyded Sl
650 30-38 50-46 S fagyded oS3
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Table 3- Piezometer stations characteristics
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Table 5- SWI index classification (Bhuiyan, 2004)
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Figure 10- Monthly ground water level trend in Basht station
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Extended abstract

Introduction: Today, the increase in the concentration of greenhouse gases in the atmosphere causes changes in the
components of water resources on a global and regional scale. On the other hand, forecasting the river flow in the future
period is considered a basic tool in water resources management. The rainfall-runoff process is completely non-linear,
and it is completely random in terms of time and place. Therefore, it is not possible to easily describe its mechanism
using simple models. The IHACRES hydrological model is used to simulate precipitation and runoff in large basins and
most weather conditions, and it is also an integrated and conceptual model. The main advantage of this model compared
to other rainfall-runoff simulation models is the acceptable accuracy of the results along with the use of minimal input
data and its simple structure. The aim of this research is to compare the performance of IHACRES models and the fuzzy
neural inference system in the simulation of the outflow of the catchment of Kurit Dam in Golshan Tabas and its forecast
in the near future under the RCP4.5 scenario and the large-scale GISS-E2-R model.

Material and method: In this research, the performance of IHACRES models and Adaptive Neuro-Fuzzy Inference
System (ANFIS) in forecasting the runoff was investigated. Model performance comparison of these models introduced
the superior model. To simulate the future climate, the downscaling LARS-WG5.0 model was used under the RCP4.5
scenario. The temperature and precipitation data of the output of the large-scale model of the fifth GISS-E2-R report of
the American country were extracted from the site. The precipitation and temperature data from 2022 to 2051 were
downscaled and then the discharge values for the mentioned years were estimated with the superior model. The input
data to the IHACRES rainfall-runoff simulation models and the ANFIS model include rainfall and temperature on a
monthly scale. In this research, 60% of observed precipitation, temperature, and runoff data were used for training and
the remaining 40% of data were used for validation of ANFIS and IHACRES models. After calibration of the two
models, evaluation was done using RMSE and NS indices.

Results and Discussion: Investigation of linear correlation between precipitation and temperature with observed runoff
showed that there is a significant relationship between precipitation and runoff in low and high monthly precipitation,
but changes in observed runoff and temperature do not have a significant correlation (at the 95% confidence level). The
evaluation criteria of RMSE and NS in the validation section of the IHACRES model were calculated as 0.1 and 0.95,
respectively, and for the ANFIS model as 0.05 and 0.52 respectively, which shows the superiority of the IHACRES
model over the fuzzy neural inference system model at this stage. In order to complete this section, as explained in the
research method section, the LARS-WG5.0 software was used for downscaling of precipitation and temperature output
of the large-scale model GISS-E2-R in the near future (2022-2051) under the RCP4.5 scenario. Extracting the long-term
monthly average showed that the average values of precipitation and temperature in the future horizon are equal to 17.38
mm and 21.7 °C, which, compared to the same values in the base period, shows that an increase of 5.45 mm in the
average monthly precipitation and 2.9 °C an increase in the average temperature will occur. It can also be expected that
this change in the values of climatic parameters will cause changes in the runoff caused by precipitation in the future.
After simulating the monthly rainfall and temperature data from 2022 to 2051 by the LARS-WG5.0 downscaling model,
these data were given as input to the IHACRES model to simulate the discharge by this model for the near future time
period. Based on the results of flow simulation by the superior model (IHACRES model), the flow rate in the river will
increase in the near future horizon.

Conclusion: In this research, in order to evaluate the IHACRES models and the adaptive neuro-fuzzy inference system,
the available data (2013-2018) were divided based on the ratio of 60% to 40% for calibration (2013-2016) and validation
(2016-2018). The validation result showed that the IHACRES model was more capable than the neural-fuzzy inference
system model in simulating the observed runoff at Mavder station. The American GISS-E2-R large-scale model and the
RCP4.5 scenario was used as input of hydrological model to simulate the runoff in the near future horizon. The results
of statistical downscaling by LARS-WG from 2022 to 2051 showed an increase of 2.9 °C in temperature and an increase
of 5.45 mm in total monthly precipitation. The output of the downscaling model was used as the input to the superior
IHACRES model to simulate the runoff in the near future horizon for the investigated watershed.

Keywords: Adaptive Neuro-fuzzy Inference System, Climate change, Golshan Tabas, Rainfall-runoff model.
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Figure 1- location of the Kurit dam catchment
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catchment during the statistical period
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Table 3- The optimal value of parameters of the
nonlinear module in the calibration step
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Figure 5- Investigating the relationship between
precipitation and average temperature variables
with observed runoff
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Figure 7- The comparison of observed and

simulated values with Addaptive neuro- fuzzy
inference system in the validation section
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RCP4.5 scenario in the near future horizon
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10 Runoff in future horizon

9
8
7
6
5
o
" 4
Flow
3
'
2
1
0

IEEEEEEEEEEREEREEREEEEESE]

T 2 T 2 = 2 = s 2 = 2> = = 2 0k

BEBE B SRR R R R

< F < g 2 < g 2 < F < 2 < e

L 8 1 g 3 ¢ 3 8 [ 6

(ole) e
Time [month)

S5 00T @I 55 0u g ilwands Ulgy polie -4 i
IHACRES Juao bwsgs

Figure 9- Simulated runoff values in the near future
horizon by the IHACRES model

S gz ol A Kb a g L
2 Jel S a S el oai 090, ea sl 58
P39S S« —aishee PYIVY 5Ly 51 po 4
— oS ia AT o Lo VYA ool o
s Sy e yto Lo FFIA 5Ly 5 51 0 il
u_xS.o. )&AA/?? wdbv‘f\‘ w)LAOLA)O
S e Lo YO )L Sl o a b
?/Y’f >_a~> l_: YO '._’)31 ol )O TB)LQ:D-
S VOA) /A S BRI | RN WS | SN S UYL o



6‘;] 0,99,0 Cu,S A f:uT 035> guj) S O O Lg)'lé—‘_qf.,a.c. Cl:.;:,.,l s 9 IHACRES (gloJon ‘_,’_3[9‘)')\ Q¥

References

Ahmadpour, A., Mirhashemi, S. & Haghighatjou, P.
(2020). Evaluation of classical, conceptual
ihacres and hybrid arma-ann models in
simulation and prediction of daily discharge
of Maroun River. Iranian Journal of Soil and
Water Research. 51(3), 727-736. (In Persian)

Abushandi, E. & Merkel, B. (2013). Modelling
rainfall runoff relations using HEC-HMS
and IHACRES for a single rain event in an
arid region of Jordan. Water Resource
Management. 27(7), 2391-2409. DOI:
10.1007/s11269-0130293-4.

Amiri, E. & Roudbari Mousavi, M.M. (2016).
Evaluation of IHACRES hydrological model
for simulation of daily flow (Case study
Polrood and Shalmanrood rivers). lIranian
journal of Ecohydrology, 3(4), 533-543. (In
Persian)

Bacanli, U.G., Firat, M., & Dikbas, F. (2009).
Adaptive neuro-fuzzy inference system for
drought forecasting. Stochastic
Environmental ~ Research and  Risk
Assessment, 23(8), 1143-1154.

Dastorani, M.T., Sharifi Darani, H., Talebi, A. &
Moghadam Nia, A. (2011). Evaluation of the
application of artificial neural networks and
adaptive neuro-fuzzy inference systems for
rainfall-runoff modeling in Zayandeh-rood
dam basin. J. of Water and Wastewater, 80,
114-125.

Fakhr Hashemian, S., Farabi, H., Kazemi, M., &
Solaimanian, M. (2017). Presenting an
efficient model for river flow estimation
using fuzzy inference system, case study of
Baba Aman River. The 5th National
Conference on  Geomorphology and
Environmental Challenges, September.
Mashhad, Iran. (In Persian)

Hafezparast, M., & Marabi, S. (2021). Prediction of
Discharge Using Artificial Neural Network
and IHACRES Models Due to Climate
Change. Journal of Renewable Energy and
Environment, 8-3, 75-85.

Hejazizadeh, Z., Ashofteh, P.S., Fatahi, E., &
Gholampour, Z. (2015). Analysis of
streamflow changes under climate change
using rainfall-runoff model in the Kor River

basin. Journal of Applied researches in
Geographical Sciences, 15(38), 31-47 (In
Persian)

Lotfirad, M., Adib, A. & Haghighi, A. (2018).
Estimation of Daily Runoff Using of the
Semi-Conceptual Rainfall-Runoff
IHACRES Model in the Navrood Watershed
(a watershed in the Gilan province. Iranian
journal of Ecohydrology, 5(2), 449-460. (In
Persian)

Momeneh, S. (2022). Performance comparison of
artificial intelligence models with IHACRES
model in streamflow modeling of the
Gamasiab River catchment. Water and Soil
Management and Modelling, 2(3), 1-16. (In
Persian)

Rezaei Moghaddam, M.H., Hejazi, M.A. &
Behbuodi, A. (2019). A Calibration and
Dvaluation of IHACRES Model in Runoff
Simulation the Lanbaran Sub-basin, Ahar
Chay. Hydrogeomorphology, 6(20), 187-
204. (In Persian)

Sedighi, F., Vafakhah, M. & Javadi, M.R. (2014).
Application of Adaptive Neuro-Fuzzy
Inference  System for  Rainfall-Runoff
Forecasting in Latyan Watershed. The
second national conference of applied
research in civil engineering, architecture
and urban management, Tehran, Iran. (In
Persian)

Zandi Daregharibi, F., Khorsandi, Z., Mozayan, M.,
& Arman, N. (2017). Comparing the
Performance of Two Hydrological Models,
IHACRES and GR2M for Simulating
Monthly Flow of Dareh-Takht Basin.
Irrigation Sciences and Engineering, 40(2),
147-158. (In Persian)

Zarei, M., Habibnezhad, R.M., Shahedi, K., &
Ghanbarpour, M.R. (2011). Calibration and
Evaluation of IHACRES Hydrological
Model for Daily Flow Simulation. Journal of
Water and Soil, 25(1), 104-114. (In Persian)



Integrated Watershed Management, Autumn 2022, 2(3), 95-110 Avrticle Type: Research

¢ doi: 10.22034/IWM.2022.1972720.1050 Online ISSN: 2783-4581

Evaluation of Artificial Neural Network and regression models in prediction of soil

organic carbon (Case study: The Pakal Catchment, Markazi province)

Amir Moradinejad®”, Saied Khosrobeig?
1- Assistant Professor, Soil Conservation and Watershed Management Research Department, Markazi
Agricultural and Natural Resources Research and Education Center, Arak, Agricultural Research Education
and Extention Organization (AREEO), Iran
2- PhD in Watershed Management and Head of Technical and Engineering Department of the General
Department of Natural Resources of Markazi Province, Iran
* Corresponding author: amir_24619@yahoo.com

(Received: 15 November 2022 Revised: 10 December 2022 Accepted: 18 December 2022)

Extended Abstract
Introduction: Organic carbon is one of the most important components of soil ecosystems, and changes
in its amount and composition have fundamental effects on the processes that occur in each system. Soil
is a source for carbon storage and deposition in connection with the atmosphere. Since pastures have a
great capacity for carbon sequestration and are broad in arid and semi-arid areas of Iran, the study of
organic carbon content and spatial changes in these ecosystems are important. In developing countries
such as Iran, which are facing a soil erosion crisis, this issue can lead to the creation of a solution that
aims at soil conservation, optimal utilization of land, as well as reforming and reviving destroyed
pastures. Considering the role of organic carbon in soil management and stability, preventing soil
erosion, monitoring the amount of carbon dioxide in the air, and predicting soil organic carbon on a
regional, national and global scale are of particular importance.
Materials and methods: The study area of this project is the Pakel catchment from the sub-basins of
the Qara Chai River. This catchment is located in the southwest of Shazand city, at a distance of 43
kilometers from the city of Arak. Random-systematic sampling was done in 60 points from the soil
depth of 0-30 cm. Soil properties such as apparent specific gravity by cylinder method, pH and EC were
measured after the preparation of saturated soil. Organic matter were measured using cold method based
on oxidation of organic carbon. Then, soil properties were used to model soil organic carbon. For this
purpose, statistical regression and artificial neural network (ANN) were used.
Discussion and results: The amount of organic carbon in the soil is affected by the physical and
chemical properties of the soil. It is therefore necessary to use calculation methods with optimal accuracy
in estimating this complex and important parameter. It is possible to compare different models using
RMSE, R? and CE indices. Paying attention to the index values shows the relative advantage of the
models. The general results of the research show that in natural areas where the problem of sampling
and the costs of their analysis are at a high level, it is possible to use artificial intelligence methods with
the help of data to estimate soil organic carbon. It is expected that in future studies, in order to create a
more reliable model that predicts more variability of the amount of soil organic carbon, denser sampling
and integration of physiographic and soil variables affecting organic carbon will lead to satisfactory
results. Due to the complexity of soil organic carbon relationships and soil physical and chemical
properties, it is better to ignore complex analyses that include various coefficients for adjusting the
mathematical formulas of models and use artificial intelligence methods which have high flexibility.
Conclusion: The results showed that the ANN with RMSE=0.043 and CE=0.87 compared to the
regression model with RMSE=0.08 and CE=0.51 is better in estimating organic carbon. The comparison
between the regression and neural network models showed that the values estimated by the neural
network are more accurate than the regression method. It is suggested to carry out periodic carbon
deposition monitoring studies in the study area in order to check the temporal changes of carbon
deposition in the intended land uses.
Keywords: soil properties, modeling, efficiency coefficient, soil carbon.
Citation: Moradinejad, A., & Khosrobeig, S. (2022). Evaluation of Artificial Neural Network and
regression models in prediction of soil organic carbon (Case study: The Pakal Catchment, Markazi
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Figure 2- The stages of soil sampling from the study area

1. Double Sampling
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Table 4- Error statistics and coefficient of determination resulting from the implementation of ANN for the
stages of training, verification and testing in the estimation of organic carbon of soil particles
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