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Figure 1- The location of Asman Abad watershed in Ilam province and Iran.
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Table 1- Linguistic variables and triangular fuzzy numbers (Sati 1980).

linguistic variable

fuzzy number triangular fuzzy scale fuzzy inverse scale

same preference 1
the interval of the same preference and

slightly preferred 2
slightly preferred 3
slightly preferred interval and strong 4
preference

strong preference 5

the boundary between strong preference
and very strong preference

very strong preference 7
the preference interval is very strong

and completely preferred

absolutely preferred 9

(1.1.1) (1.00,1.00,1.00)
(0.33, 0.50, 1.00)

(12.3)

(2.3.4) (0.25, 0.33, 0.50)
(0.20, 0.25, 0.33)

(3.4.5)

(4.5.6) (0.17, 0.20, 0.25)
(0.14, 0.17, 0.20)

(5.6.7)

(6.7.8) (0.13,0.14,0.17)
(0.11, 0.13, 0.14)

(7.8.9)

(8.9.10) (0.10, 0.11, 0.13)
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Table 2- Random inconsistency profiles (Saaty 1980).

n RI
6 1.24
7 1.32
8 1.41
9 1.46
10 1.49

n RI
1 0.00
2 0.00
3 0.58
4 0.90
5 1.12
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Table 3- Indicators and sub-indices affecting non-participation of people in watershed projects.

indicator subindex index
economic ignoring people's income as a direct economic incentive X1
the late return of watershed projects X2
low income of the residents of the basin X3
social low level of literacy and awareness X4
ethnic and local differences X5
lack of trust in the results and effectiveness of plans X6
design-executive concentration of decision-making power in the center X7
lack of attention to the local workforce in the implementation of X8
projects (employment creation)
lack of attention to non-governmental organizations (Semans) in X9
watershed planning
failure to pay attention to the opinions and suggestions of the
watershed residents in different stages of needs assessment and X10
project implementation
educational - promotion  lack of training of the residents of the basin regarding the relevant X11
plans and goals
not using native promoter groups X12
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Table 4- compatibility ratio and the calculated normalized weight of the indicators.

indicator CI RI CR L M U normal weight
economic 0.09 040 1.29 0.336
social 0.08 033 1.12 0.315
design-executive 0.061 0900 0.068 ~508 16 0.88 0.258
educational -promotion 0.04 0.1 0.20 0.090
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Table 5- Ranking of factors affecting people's non-participation in watershed management activities from the
perspective of experts.

subindex average rank priority subindex averagerank priority
X1 9.35 1 X7 8.62 2
X2 6.58 X8 6.82 7
X3 6.57 9 X9 3.69 12
X4 5.23 10 X10 7.77 4
X5 4.77 11 X11 8.50 3
X6 6.96 6 X12 7.65 5
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Table 6- Ranking of indicators affecting non-participation of people from perspective
of local communities.

average number degrees the
I . K A
priority index rank of of significance
square
samples freedom leve
1 economic 3.62
design- executive 3.28
3 social 2.57 312 214.321 3 0.000
educational
4 . 1.44
romotional

oy 39051 b (bt a5 olas! ) W a5 sy -V Jgur
Table 7- Ranking of sub-indices (based on the opinions of watershed residents).
with Friedman's test.

subindex average rank priority subindex average rank priority
X1 8.16 1 X7 6.02 10
X2 6.87 4 X8 7.94 2
X3 6.48 5 X9 6.20 6
X4 6.07 7 X10 7.17 3
X5 6.03 9 X11 5.78 11
X6 5.23 12 X12 6.05 8
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Figure 2- Prioritization of sub-indicators affecting non-participation of people from the perspectiv of two
expert groups and local communities
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Introduction and Objective

The participation of villagers in watershed management activities has been paid attention to by
the country’s planners. Surveys have shown that the amount of people’s participation was not as
expected. Thisresearchisaimedatidentifyingthesocio-economiccharacteristicsoflocal communities,
identifying indicators that are effective in reducing barriers and increasing public participation in
the implementation of natural resources and watershed projects, understanding the expectations
and needs of the local community, and finally providing scientific and technical solutions with the
aim Increasing the amount of public participation was done in Asman Abad area of Cherdavel city.
Materials and Methods

Inthisresearch, the indicators influencing the non-participation of villagers in watershed management
activities were determined and categorized based on four economic, social, design-executive and
educational-promotional indicators and with 12 sub-indices. The necessary information in this
research was collected in the form of a survey and using questionnaires, interviews and numerous
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meetings with community members and local experts. To determine the sample size from Cochran’s
correlation, SPSS software was used for data analysis and Cronbach’s alpha was used to check the
validity of the questionnaire.

Results and Discussion

The results obtained from this research showed that in the Asman-Abad watershed,
economic, design and implementation indicators played a greater role in people’s non-participation than
educational-promotional and social indicators. From the perspective of experts, the sub-index of
ignoring people’s income as a direct economic incentive and not paying attention to non-governmental
organizations were the most and least important in people’s non-participation, respectively, with an
average rating of 9.35 and 3.69. From the point of view of the local communities, the sub-indices of
ignoring the people’s income as a direct economic incentive and not trusting the results and effectiveness
of the projects are the most and the least important, respectively, with an average rating of 8.16 and 5.23
in the non-participation of the people. they had. The general result of the survey of local communities
indicated that the factors of implementing multi-purpose projects and considering the interests of
watershed residents can be the basis for trust and attracting active participation of people in watershed
management projects.

.Conclusion and Suggestions

In Asman Abad watershed, the prioritization of indicators affecting people’s non-participation in
watershed projects showed that economic and design-executive indicators played a greater role
compared to educational-promotional and social indicators. Also, the results of the weights obtained from the
Friedman test for ranking the sub-indices affecting people’s non-participation showed that two
sub-indices - ignoring the people’s income as a direct economic incentive and not paying attention to
the opinions and suggestions of the watershed residents in the different stages of needs assessment,
design and the implementation of watershed projects, from the point of view of both groups, were in the
first four priorities and were relatively more important in the non-participation of rural communities.
Therefore, according to the findings of the research in order to create or improve people’s
participation in watershed management projects in the studied area, it is suggested that before the
implementationofnaturalresourcesandwatershedmangementprojects, inrelationtotheexistingproblems, the
conditions of the region and even the necessity of implementing the project Collect the points of view of
the local community. Attracting the opinion of the residents of the watershed with the aim of cooperation
in the implementation, protection, restoration and maintenance of projects, balanced and equal use of
natural resources by the beneficiaries, appropriate use of the economic, social and technical abilities and
capacities of the residents and the local community in creating and strengthening the participation of the
local community is very effective Is.

Keywords: Friedman test, Unsuspectinge tests, Cronbach’s alpha, multi-criteria decision making,
Cochran’s relationship
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Figure 1 - The location of the studied area (the area affected
by flood spreading on the Qaracherian Aquifer).
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4 - Land Surface Temperature

5 - Remote Sensing

6 - Satellite Data Imagery

7 - Thermal Infrared

8 - Normalized Difference Vegetation Index (NDVI)
9 - Leaf area index (LAI)
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11 - energy fluxes estimation

12 - satellite spectral observations
13 - surface emission

14 - roughness height

15 - soil heat flux=G

16 -sensible heat flux=H
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Table 1- Characteristics of Landsat 8 images used in the study area.

id Solar date AD data Path and row Julian day
1 1399.7.3 2020.9.24 167- 034 268
2 1399.7.19 2020.10.10 167- 034 284
3 99.7.28 2020.10.19 166- 035 293
4 99.11.11 2021.1.30 167- 034 30
5 99.11.27 2021.2.15 167- 034 46
6 99.12.29 2021.3.19 167- 034 78
7 1400.1.24 2021.4.13 166- 035 103
8 1400.1.31 2021.4.20 167- 034 110
9 1400.2.9 2021.4.29 166- 035 119
10 1400.2.25 2021.5.15 166- 035 135
11 1400.3.17 2021.6.7 167- 034 158
12 1400.4.2 2021.6.23 167- 034 174
13 1400.4.18 2021.7.9 167- 034 190
14 1400.5.3 2021.7.25 167- 034 206
15 1400.5.19 2021.8.10 167- 034 222
16 1400.6.4 2021.8.26 167- 034 238
17 1400.6.20 2021.9.11 167- 034 254
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Figure 2- Preparation of Sebs model input layers on 2021.7.9 date.
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Figure 3- Actual evapotranspiration map estimated using Sebs model of the studied area on 2021.7.9 date.
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Figure 4- The relationship between reference evapotranspiration (ET0) and
actual evapotranspiration resulting from Sebs model (ETa).
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Table 2- Calculation of statistical indicators for evaluating the results of Sebs model.

id date ET0 FPM ET SEBS R? MAD MSE RMSE
1 2020.9.24 5.555797 4.073
2 2020.10.10 2.503595 2.959
3 2020.10.19 3.253535 3.871
4 2021.1.30 2.019262 2.65
5 2021.2.15 3.592898 4.15
6 2021.3.19 3.629282 4.77
7 2021.4.13 6.301774 5.29
8 2021.4.20 5.604182 5.67
9 2021.4.29 4.698033 5.64 0.844 0.25 1.12 1.06
10 2021.5.15 6.920953 6.084
11 2021.6.7 6.615086 6.62
12 2021.6.23 10.64675 7.716
13 2021.7.9 7.885473 6.696
14 2021.7.25 8.858867 8.4
15 2021.8.10 8.384 7.82
16 2021.8.26 6.037106 6.67
17 2021.9.11 6.838003 6.02
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Table 3- Comparing the results of Soil Water Balance model and Sebs model in the study area.

Volume of irrigation water Effective precipitation ET Water Balance model Evapotranspiration — Sebs model
() () () ()
20165 3950 24115 28750

Holisul &8 S lgin gk nl @l luly ol
dunglio )3 ((Bly 3y 505 35l 2 3 slolgale sl g
OSde 4y a2 L g Canl ST BB (Shase el 09, L
(9 pole; g ldadi asle) gy (M slagby,
395 Loy 9 38> lpl 4 jld s yd s ol b a e
oo 31 oolital (sblse g (siomny I odlitel Sl
BELL g)lje ) (glo2 i o (3> by o) o lgale
Ondy b OI$ e G e 05900 3 (009 e 9 )
Dy9l Cawddy Jod b gl oS clbas

9 Fow Yl 29800 ek (ipgh (nl @l & 424 L
b g odlitiol sive) (slics,sSolinl gy ygbuS Do
Jols s JAo (9395 slodomins (3,5 (eiusly (8]
Sl S (oals b (gl (o (glod b gl
Cge 9 99 ]S rdomis 103 9 gmre Lo yS (S
Sib ) o9d Bly 55 9 e dglp o S talS
5 bl Sloj SUSE 08 dguy yglatedr ;503
Cowdd) sdiomiw (glojlonle (ol yguat 3 odel Cawddy §ys5
03l b (pbvosioti sl pgead jl 395 oo Sleuiy 39, V7)
025 ol 3y slagbyy 9 pmdge dile ol (Sloj
g 0dlawl

S35 ol
Cpas X L Glds b B Glagh ol
s SB bl (coaSimgh —FV-Ya--yF-AV.04Y
S )31 s ) lis ) g5 5 plos] (gl e
5 SigkiS hjgel 5 Sliios 1She Sty ) efige
g S ocblis goaSingh (b bl (bl
Slowons ub") Ql‘.‘..»l le.;..i»\? Jf a)bl 9 d)b)’ﬁéqi

S o S8

By By Gl B ud aw Glegg ol
O JuSy IS4y g e 551 Oilg Jae 3l eolanl b
2y o Sly g hojlsale paas by oloj ) Jusy
85 e o)l e oy cal B 25 4l
OISy saoye el 50 G Jedllygiios S8 L g
Sl & o ol gl glyp—od gl OMew
b laly ol asye ol o O e (aipy Cople
ol P g s hg)y 93 0 SWl Glacglas dp29 L g
Caawddy (Bly (5, poed b asuiie 0l odlaiwl el
Cuoddy ogilly (353505 b duglio )3 L Jio 51 ool
il gyl gxe ©glds  ulo— yois g6 (galrlas I oal
9 355 x50 ly p3Y B s Jhe Glmgh nl )
2 098 &b Gl gk opl saomd el ) )5
saul olide 5 Ol mlie Copie jd Joddlygiws opl o)
P ol olgie oyl Sidaes 5 Sts adlil baylys
@l amlio col 2 g9l o |y (BB o0 s e
MAD: (s co o (0Slie (saumlome g by 93 ()
N5 g VY /Y0 /Y 554 RMSE ¢ MSE
A gl cetile oiy P g Gurw Joallygins @l ol
9 258 e Gyl 2L e Joddljgies o8
e ey il oasa e g ilais 3 3y
Cbleo 5l osel Caddy woj (ABly slaodly b zls oyl
g youd gojll wlal cpl p A duwlie S ol oMo
ool Cawdds 55 g e b L Jbo 5l ool Codey 505
TAPNY s oy g b dunlie SB O oMo Jse
255 Dyl (Sl uam Jo a5 3l LS ol el ey

by sV lael (Aly 5)55



U’/';/'.{,Tu’fjﬁj

Allen RG, Pereira LS, Howell TA, Jensen ME.
2011. Evapotranspiration information re-
porting: 1. Factors governing measurement
accuracy. Agricultural Water Management.
98 (6):899-920. https://doi.org/10.1016/].
agwat.2010.12.015.

Allen RG, Tasumi M, Trezza R. 2007. Sat-
ellite-based energy balance for mapping
evapotranspiration with internalized cali-
bration (METRIC)-model. ASCE Journal
of Irrigation and Drainage Engineering.
133 (4):380-394. https://doi.org/10.1061/
(ASCE)0733-9437(2007)133:4(380).

AllenR G, Burnett B, Kramber W, Huntington
J, Kjaersgaard J. 2013. Automated calibra-
tion of the METRIC-Landsat evapotrans-
piration process. JAWRA Journal of the
American Water Resources Association.
49  (3):563-576. https://doi.org/10.1111/
jawr.12056.

Babajafari H, Paimozd S, Moghaddasi M.
2018. Estimation of actual evapotranspi-
ration in the Urmia Lake Watershed using
SEBS remote sensing algorithm and NOAA
satellite images.Iranian Journal of Eco-
hydrology.-5(4):1285-1296. (In Persian).
10.22059/1JE.2018.258554.888.

Bolhasani K, Zarei H, Taghizadeh A. 2022.
Estimation and calculation of actual eva-
transpiration using SEBS energy balance
model and Landsat 8 Satellite imagery (Case
study: Bakhtegan-Maharlo Basin).Irrigation
and Water Engineering.12(4): 292-309. (In
Persian). 10.22125/IWE.2022.150748.

Enku T. 2009. Estimation of evapotranspira-
tion from satellite remote sensing and mete-
orological data over the Fogera Floodplain—
east of Lake Tana, in northwest Ethiopia.
International Institute for Geo-information
Science and Earth Observation (ITC), En-
schede, The Netherlands, MSc. Thesis. 101
p. https://purl.utwente.nl/essays/93088

e 3 (et (Pt (653 (et J e 2eiwnly 9 (255

Fakhar MS, Kaviani A. 2022. Comparison and
study of the role of PYSEBAL and SEBS al-
gorithms in estimating actual evapotranspi-
ration in Qazvin Plain.Water and Irrigation
Management.12(2):277-293. (In Persian).
10.22059/JWIM.2022.338119.961.

Hailegiorgis WS. 2006. Remote sensing analy-
sis of summer time evapotranspiration using
SEBS algorithm. International Institute for
Geo-Information Science and Earth Obser-
vation (ITC), Enschede, The Netherlands,
MSc thesis. 130 p.

Jia D, Kaishan S, Zongming W, Bai Z, Dian-
wei L. 2013. Evapotranspiration estimation
based on MODIS products and surface en-
ergy balance algorithms for land (SEBAL)
model in Sanjiang Plain, Northeast China.
China Geographical Science. 23(1):73-91.
https://link.springer.com/article/10.1007/
s11769-013-0587-8.

Lin W, van de Velde R, Su Z. 2006. Satellite
based regional scale evapotranspiration in
the Hebei Plain, Northeastern China. Pro-
ceedings of Dragon. 1(1):2004-2007.

LulJ, Li ZL, Tang R, Tang BH, Wu H, Yang, F,
Zhou G. 2013. Evaluating the SEBS-estimat-
ed evaporative fraction from MODIS data for
a complex underlying surface.Hydrological
Processes.27(22): 3139-3149. -https://doi.
org/10.1002/hyp.9440

Mahour M, Stein A, Sharifi A, Tolpekin V.
2015. Integrating super resolution mapping
and SEBS modeling for evapotranspiration
mapping at the field scale. Precision Agri-
culture. 16(5): 571-586. https://link.spring-
er.com/article/10.1007/s11119-015-9395-8.

McCabe MF, Wood EF. 2006. Scale influences
on the remote estimation of evapotranspira-
tion using multiple satellite sensors. Remote
Sensing of Environment. 105 (4): 271-285.
https://doi.org/10.1016/j.rse.2006.07.006.

Mohamed A. 2010. Remote sensing based esti-

&



VPV olimo; IFY (aly (g0,lowi oF (68 Lo FF (50,90

mation of evaporation among different land
cover types in the Mkindo Catchment. Up-
per Wami Basin-Tanzania. M.Sc. Thesis in
IWRM. . 65 p.

Nisa Z, Khan MS, Govind A, Marchetti M,

Lasserre B, Magliulo E, Manco A. 2021.
Evaluation of SEBS, METRIC-EEFlux, and
Qwater Model actual evapotranspiration for
a mediterranean cropping system in southern
Italy.-Agronomy.11(2): 345 p. https://doi.
org/10.3390/agronomy11020345.

Pakparvar M, Cornelis W, Pereira LS, Gabriels
D, Hosseinimarandi H. 2014. Remote sens-
ing estimation of actual evapotranspiration
and crop coefficients for a multiple land use
arid landscape of southern Iran with limited
available data. Journal of Hydroinformatics.
16 (6):1441-1460. https://doi.org/10.2166/
hydro.2014.140.

Pakparvar M. 2015 Evaluation of floodwa-
ter spreading for groundwater recharge in
Gareh Bygone Plain, Southern Iran. In Soil
Management Dept., Faculty of Bioscience
Engineering. Ghent University, Ghent, Bel-
gium. 252 p. http://hdl.handle.net/1854/LU-
6997248.

Payandeh H. 2021. Master’s thesis in remote
sensing and geographic information system,
Yazd University. 138 p. (In Persian).

Qahari Gh, Pakparvar M. 2021. Determining
the water consumption of different types of
vegetation with energy balance models and
remote sensing in Dasht Garbaigan. Final
Report of the Research Project. 92 p. (In
Persian).

Rwasoka D, Gumindoga W, GwenziJ.2011. Es-
timation of actual evapotranspiration using
the surface energy balance system (SEBS)
algorithm in the upper Manyame Catchment

U’/'/TU’ f&}}

in Zimbabwe. Physics and Chemistry of
the Earth, Parts A/B/C. 36(14-15):736-746
. https://doi.org/10.1016/j.pce.2011.07.035.

Singh RK, Senay GB. 2015. Comparison of
four different energy balance models for
estimating evapotranspiration in the Mid-
western United States. Water. 8(1): 1-19.
https://doi.org/10.3390/w8010009.

Su H, McCabe MF, Wood EF, Su Z, Prueger JH.
2005. Modeling evapotranspiration during
SMACEX: Comparing two approaches for
local-and regional-scale prediction.Journal
of hydrometeorology.6(6): 910-922. https://
doi.org/10.1175/JHM466.1.

Su Z, Timmermans W, Gieske A, Jia L, Elbers
JA.2008. Quantification of land—atmosphere
exchanges of water, energy and carbon diox-
ide in space and time over the heterogeneous
Barrax Site. International Journal of Remote
Sensing. 29 (17-18): 5215-5235. https://doi.
org/10.1080/01431160802326099.

Su z. 2002. The surface energy balance system
(SEBS) for estimation of turbulent heat
fluxes. Hydrology and Earth System Sci-
ences. 6 (1): 85-100.

Sun Z, Wei B, Su W, Shen W, Wang C, You D,
Liu Z. 2011. Evapotranspiration estimation
based on the SEBAL model in the Nansi
LakeWetland of China. Mathematical and
Computer Modelling. 54 (3-4):1086—-1092.
https://doi.org/10.1016/j.mcm.2010.11.039.

Van der Kwast J, Timmermans W, Gieske A,
Su Z, Olioso A, Jia L, De Jong S. (2009).
Evaluation of the Surface Energy Balance
System (SEBS) applied to ASTER imagery
with flux-measurements at the SPARC 2004
site (Barrax, Spain).Hydrology and Earth
System Sciences,13(7): 1337-1347. https://
doi.org/10.5194/hess-13-1337-2009.



sle>
Watershed Management Research Q,‘,ﬁi}

Fars Agricultural and Natural Resources Agricultural Research, Education
Research and Education Center ISSN: 2981-2038 and Extension Organization

Evaluation and Calibration of SEBS Surface Energy Balance
Model in Determining Evapotranspiration of Plains Affected by
Flood Spreading (Qaracherian-Zanjan Province)

Ghobad Rostamizd *!, Mojtaba Pakparvar 2, Parviz Abdinejhad 3
land 3- Assistant Professor of Soil Conservation and Watershed Management Department, Zanjan Agricultural and Natural
Resources Research Center, AREEO, Zanjan, Iran
2- Assistant Professor of Soil Conservation and Watershed Management Department, Fars Agricultural and Natural Resources
Research Center, AREEO, Shiraz, Iran

Extended Abétraclt

Introduction and Objective:

Evapotranspiration govern the water and energy balance of the soil, primarily used in general
circulation models and hydrological modeling of weather conditions. Consequently, predicting river
flow, forecasting crop performance, water management systems, and the quality of rivers or lakes
all depend on evapotranspiration levels. Therefore, accurate estimation of water bilan is essential.
Improved and precise estimations of evapotranspiration enable effective irrigation planning and
optimal water usage for other agricultural purposes. The goal of this research is to evaluate and
validate the surface energy balance model, SEBS, in determining evaporation-transpiration in the
Sohrin-Qareh Chiran Plain, located 30 kilometers northwest of Zanjan city.

Materials and methods:

In this study, the actual evapotranspiration were determined using the SEBS energy balance model
and Landsat imagery in the Sohrin-Qareh Chiran Plain. A total of 17 Landsat-8 images, along with
weather data from the Zanjan airport station, were examined. Additionally, with the help of the
SEBS model, the evapotranspiration of a five-hectare wheat field was calculated and validated for
the time period from September 22, 2020, to September 22, 2021. The required inputs for the SEBS
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model, including albedo, land surface temperature, emissivity, NDVI, vegetation cover index, leaf
area index, vegetation height, and canopy density, were prepared in the ENVI software environment.
The data on precipitation and water consumption volume were also determined using the soil water
balance model.

Results and discussion:

The study found that the evapotranspiration estimated by the soil water balance model was 24115
m3, while the evapotranspiration estimated by the SEBS model was 28750 m3, with a 16.12% error.
Additionally, the SEBS model was calibrated using four indices - R2, RMSE, MAE, and MBE - with
values of 0.844, 1.06, 1.12, and 0.25, respectively. These results indicate that the SEBS algorithm is
accurate enough to estimate ETa in the study area.

Conclusion and Suggestions:

Therefore, based on the results of this research, it can be said that the use of satellite images in
estimating actual evapotranspiration (ET) is reliable compared to field measurement methods.
Considering the limitations of traditional moisture balance methods (such as being point-specific,
time-consuming, costly, requiring precise instruments, and almost impractical with the use of
lysimeters) and the advantages of utilizing satellite images (covering a wide area of farms or
orchards, being cost-effective and fast), acceptable results can be achieved in estimating
evapotranspiration while accepting a low margin of error.

Key words: Satellite images, Soharin plain, remote sensing, soil water balance model
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Figure 1- Location of Gareh Bygone Plain and Aquifer Management Kowsar Station in Iran
, Fars and Qare-Aghaj Basin Watershed.
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Figure 2- Satellite Image of the Flood Spreading Area in Gareh Bygone Plain in Year 2002.
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Table 1- Variance Analysis Percentage Canopy Cover of Plants between years, Networks,
Strips and Control at the Studied Area.

source of variables DF sum of squares mean squares F significant level
year 6 1257.676 209.613 80.87 <0.0001**
year error 63 163.285 2.592

flood spreading network 1 90.099 90.099 44.61 <0.0001**
year in network 6 109.331 18.221 9.02 <0.0001**
network error 63 127.226 2.019

strip 2 2.261 1.130 0.41 0.6623 ns
year in strip 12 14.485 1.207 0.44 0.9459 ns
strip in network 2 60.057 30.028 10.96 <0.0001**
year in strip in network 12 50.758 4.214 1.54 0.1108 ns
error 252 690.518 2.740

ns: non-significant o I3 xa

**: at the level significant 1%
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Table 2- Comparisons of Mean Percentage Canopy Cover of Plants between Years,
Networks, Strips and Control at the Studied Area.

The name of flood ﬂooc.l years of study
spreading network spregdmg
strips
2016 2017 2018 2019 2020 2021 2022
Strip 1 36.62a 41.64 a 12.35 ab 52.47a 79.11a 847a 2295cd
Bishehzard 1 Strip 2 28.28ab  30.01 ab 8.55bc 28.28 be 5240bc  7.99a 19.65d
Strip 3 30.69ab 4093 a 12.03ab  37.40abc  35.03cd 9.63a 22.80cd
Strip 1 20.38b 20.84b 1.20d 2930bc  4840bcd 1.83b  26.50bc
Bishehzard 4 Strip 2 26.48 ab 19.55b 4.10cd 41.40 abc  62.85ab 3.10b  32.30ab
Strip 3 3246ab  22.43b 1.28d 46.40 ab 68.50ab 245b 3540a
control 21.05b 21.23b 1526 a 22.60 ¢ 28.42d 9.18b 18.17d

o jles o Jg 05 o s o )0 G mhas {0 aSLS
Jlo 5o )lg lee 5 4l 3l lgs o Jlow ol
osbly 30 gl g lo gme gl Ay
Lol 0als oals LS Y Jga jo a5 e LS o e

% o LS wdgi-o
e ollS aJgi il )ly s bl ) 0
sl Jw uL..a QL@LS AJgi oglas as olo QL.M
2 b e g M Gidy sladSil lee ¢ gy

ouud oy 2 gadlaio 53 Wl g boylgi el b Jlw glw GLLS wdgi (Wil )lg e 3= Jguar

Table 3- Variance Analysis Production of Plants between years, Networks,
Strips and Control at the Studied Area

source of variables DF  sum of squares mean squares F significant level
year 6 1731.570 288.595 61.17 <0.0001**
year error 63 297.228 4.717

flood spreading network 1 364.001 364.001 112.24 <0.0001%*%*
year in network 6 228.180 38.030 11.73 <0.0001%**
network error 63 204.312 3.243

strip 2 27.415 13.707 2.77 0.0647 ns
year in strip 12 11.543 0.961 0.19 0.9986 ns
strip in network 2 27.637 13.818 2.79 0.0633 ns
year in strip in network 12 55.051 4.587 0.93 0.5211 ns
error 252 1248.109 4.952

ns: non-significant W R PPN

**: at the level significant 1%
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Table 4- Comparisons of Mean Production of Plants between Years,
Networks, Strips and Control at the Studied Area.

The name of flood £ stud
flood spreading  spreading years of study
network strips
2016 2017 2018 2019 2020 2021 2022
Strip 1 62.50ab  62.04bc  22.21ab 80.02 a 9224 a 15.63ab  36.55b
Bishehzard 1 Strip 2 573labc  66.48Db 22.63ab  57.35abc 85.36a 15.09ab  34.07 be
Strip 3 66.33 a 98.84 a 31.21a 76.62 a 66.46 ab 21.88a  38.67 ab
Strip 1 28.83d 29.20d 1.72d 43.03 be 69.17 a 2.69 ¢ 37.58b
Bishehzard 4 Strip 2 38.16 cd 28.64d 577 cd 60.45 ab 90.94 a 453 ¢ 45.52 ab
Strip 3 41.63bcd  31.16d 1.95d 30.41 ab 95.81a 3.04c¢ 50.49 a
control 24.29d 31.60 cd 17.15 be 22.60c 36.36b 13320 2335¢
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Table 5- Variance Analysis Density of Plants between Years, Networks,
Strips and Control at the Studied Area.

source of variables DF  sum of squares mean squares F significant level

year 6 47.667 7.944 9.81 <0.0001**
year error 63 51.046 0.810
water spreading network 1 149.550 149.550 317.34 <0.0001**
year in network 6 1.532 0.255 0.54 0.7742 ns
network error 63 29.689 0.471
strip 2 1.397 0.698 1.78 0.1711 ns
year in strip 12 1.835 0.152 0.39 0.9668 ns
strip in network 2 0.384 0.192 0.49 0.6136 ns
year in strip in network 12 1.489 0.124 0.32 0.9863 ns
error 252 99.0834 0.393

ns: non-significant s 0 i

**: at the level significant 1%
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Table 6- Comparisons of Mean for Density of Plants between Years,
Networks, Strips and Control at the Studied Area.

The name of flood flood spreading years of study
spreading network strips
2016 2017 2018 2019 2020 2021 2022
Strip 1 4.80a 485a 2.40a 5.40a 7.05a 2.00a 440a
Bishehzard 1 Strip 2 4.65a 4.70a 245a 495a 620 a 2.00a 4.25a
Strip 3 4.15 ab 4.85a 2.75a 490 a 5.55 ab 2.30a 375a
Strip 1 1.20¢ 1.10b 0.00 ¢ 1.00 b 2.50 ¢ 0.00 ¢ 1.00 be
Bishehzard 4 Strip 2 0.70 ¢ 1.20b 0.00 ¢ 1.10b 2.60 ¢ 0.00 ¢ 0.50 ¢
Strip 3 1.50 ¢ 0.70 b 0.60 be 1.70b 3.10 be 0.00 ¢ 1.10 be
control 2.20 be 2.10b 1.20b 240b 2.30¢ 1.00 b 2.00 b
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Table 7- Comparison of Rangeland Condition Factors the total Scores (Numbers in Parentheses)

in Flood Spreading Networks and Control in the Years of Study.
range condition (total scores of 6 factors) in networks and control

years of study BishehZard 1 network BishehZard 4 network control

2016 good (74) good (75) Poor (42)

2017 good (81) fair (63) Poor (39)

2018 fair (60) very poor (26) non-suitable for grazing (9)
2019 good (83) good (82) fair (55)

2020 good (79) good (86) fair (60)

2021 fair (65) very poor (26) very poor (24)

2022 fair (62) good (75) Poor (35)
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Table 8- Correlation between Production with Plants Canopy Cover and with Climate and Flood Indices.
canopy annual rainfall number flood autumn and  rainfall (plant maximum minimum annual
variables production rainfall during duration winter growth temperature  temperature  temperature
cover of floods . N
(mm) floods (hours) rainfall period) mean mean mean
canopy cover 0.86 **
annual rainfall (mm) 0.92 ** 0.71 *
rainfall during floods 0.84 ** 0.71 * 0.81 **
number of floods 0.96 ** 0.78 ** 0.95 ** 0.78 **
flood duration (hours) 0.96 ** 0.80 ** 0.86 ** 0.80 ** 0.92 **
autumn and winter
rainfall 0.94 ** 0.68 * 0.90 ** 0.7 ns 0.93 ** 0.94 **
rainfall (plant growth
period) 0.93 ** 0.67 * 0.88 ** 0.69 * 0.92 ** 0.91 ** 0.97 **
maximum temperature
mean -0.46 ns -0.30 ns -0.49 ns -0.53 ns -0.49 ns -0.45 ns -0.58 ns -0.46 ns
minimum temperature
mean -0.04 ns -0.11 ns 0.12 ns -0.41 ns 0.12 ns -0.07 ns -0.00 ns 0.03 ns 0.30 ns
annual temperature
mean 0.28 ns 0.34 ns 0.18 ns 0.12 ns 0.32ns 0.37 ns 0.18 ns 0.15 ns 0.23 ns 0.44 ns
ns: non-significant RO PN

*: at the level significant 5% JROU R PPNV O A

**: at the level significant 1% el S, dxe do 0 ) e 48
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Table 9- Prediction of Step by Step Regression Model to Estimate
the Production of Plants with Climatic Indices.

Step by step regression levels

characteristics
1 2 3 4
constant number -954.7 -704.3 -691.1 -249.4
annual rainfall 15.9%* 15.3%%* 13.3%* 11.6%*
minimum temperature mean -20.9 -27.1 -11.6
rainfall (plant growth period) 3.9 6.4*
annual temperature mean -248 *
R-Sq (adj) 92.42%* 93.89%* 95.12%* 98.06**
ns: non-significant s IS ixe

**: at the level significant 1%
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Table 10- Prediction of Step-by-Step Regression Model to Estimate the
Canopy Cover of Plants with Climatic Indices.

Step by step regression levels

characteristics

1
constant number -37.71
rainfall (plant growth period) 0.15 *
R-Sq (adj) 82.78*

*: at the level significant 5%
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Introduction and Objectives

The history of flood spreading in the lands adjacent the rivers and flood irrigation reaches several
thousand years. There are evidences of the use of floods to increase plant production in different parts of Iran,
including the cities of Qazvin, Baluchistan, Khorasan, Fars, Isfahan and Khuzestan. Surveys conducted
in 20 arid and semi-arid regions of the country indicate that in most regions, production indices and the
percentage of plant canopy cover have increased significantly in the field of flood spreading compared to the
control. The purpose of this research is to investigate the effect of flood spreading on rangeland vegetation
dynamics and to determine the fluctuations of plant indices corresponding to climatic indices in a 6-year
period.

Materials and Methods

In order to monitoring and comparison the fluctuations of vegetation indices was selected in Aquifer
Management Kowsar Station, 2 networks (representative of the flood spreading area) with the names
Bisheshzard 1 and Bisheshzard 4 and adjacent to them an area of 5 hectares outside the networks spreading
as a control. The representative of the area without flood spreading). From 2016 to 2022 for 6 years, in the
second half of May every year, 10 transects with a length of 150 meters and 100 plots of one square meter
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were established in a systematic-randomness manner in the strips of networks and the control field.
The rangeland type indice species of flood spreading Gareh Bygone Plain (GBP) of Fasa shrubs are
Dendrostellera lessertii (Wikstr) Van Tiegh., Heliantemum lippii (L) Pers Astragalus ssp. with
understory of annual Grasses and forbs respectively. Plant indices (species name, percentage of
canopy cover, number of bases per square meter, vegetative form and species biomass) and soil surface
coverage (percentage of stones and pebbles, percentage of litter and percentage of bare soil) were
collected every year. Using the modified six-factor method, the rangeland condition in flood
distribution networks was evaluated in wet years and in dry years. For the comparison of differentrangeland
treatments in the survey years, flood spreading networks and strips and control area from different
statistical methods (split-split plot design in time and space in the form of complete random blocks),
correlation coefficients, was used step by step regression to determine the forecasting model for the
production and canopy cover of rangeland plants and for average comparisons Duncan’s test at the 5%
level.

Results and Discussions

The results of the analysis of variance showed that the amount of plant indices evaluated between the
survey years, between the networks and between the flood spreading strips had a significant difference
at the level of 1% with the control. The percentage of plant canopy cover during the survey period
from 8.69% in 2021 to 55.51% in 2020 and the production rate from 175.32 kg per hectare in 2021 to
813.55 kg per hectare in the year 2020 was variable. Using the adjusted 6-factor method, the rangeland
condition in the networks with flood spreading in wet years was evaluated as good and in dry years as
fair, while in the control area (without flood spreading) in wet years, It was assessed as poor to fair and
in dry years, very poor to non-suitable for grazing.

Based on the results of the correlation analysis, a positive and significant correlation was obtained
between the canopy cover and plants rangeland biomass at the level of 1% (R?=0.86). The step by step
regression results also showed that in the plant production prediction model, the independent variables
(climate indicators) are the annual rainfall (R?>=0.34) the average minimum temperature (r=0.26), the
amount of rainfall in The growing season of plants (R?=0.15), the average annual temperature (R?>=0.11)
and their sum (R?>=0.86) and in the prediction model, of plant canopy cover percentage, the independent
variable of rainfall in the growing season of plants (R>=0.87) had the main and decisive contribution in
estimating the value of the dependent variable.

Conclusion and Recommendations

In general, it can be concluded that the percentage of plant canopy cover of Bishehzard network 1 in wet
years (water years 2015-2016, 2016-2017,2018-2019 and 2020-2021) compared to Bishehzard network
4 and control. It is statistically significant and in dry years (water years 2017-2018 and 2021-2022) these
percentages are higher in control compared to two networks of Bishehzard 1 and 4. In general, there
is a correlation between the production of plants with a canopy cover (R>=0.86), with the amount of
annual rainfall (R?>=0.92), with the amount of rainfall during floods (R*=0.84), with the number of floods
(R?>=0.96) =), with the duration of floods (R*=0.96), with the autumn and winter rainfall (R>=0.94) and
with the rainfall in the plant growth Period (R?=0.93) positive and significant correlation at the level of
1% was obtained. In general, the changes in the amount of the plant canopy cover index are in harmony
with the changes in the amount of annual rainfall, the number of rainy months, its distribution, and the
number and volume of effective floods in the growing season of plants. Based on the statistics from
2016 to 2022, the 6-year average dry matter production in control is 252.25 and in Bishehzard 1 and 4
it is estimated to be 528.31 and 362.17 kg per hectare, respectively. The production of flood spreading
networks is about 1.43 to 2 times that of control. From 2015 to 2022, there was a significant difference in
plant production index fluctuations in Bishehzard 1 and 4 networks compared to the control. In general,
considering that water is one of the main factors limiting the growth and development of plants in arid
and semi-arid regions, the use of flood spreading as a simple, low-cost and nature-compatible method to
improve quantitative growth indices rangeland plants are inevitable.

Keywords: flood effect, rangeland monitoring, plant canopy coverage, rangeland production, Gareh

Bygone of Fasa
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Figure 1- Location of the study area.
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Table 1- Internal factors (strengths) in order to manage the water resources of the Samlaqan Plain.

Rank  Strengths . Relative Grade Final
importance value
S1 Coherence and solidarity between different organizations and social forces 0.117 1 0.117
9 Increasing thg 'govemment s attention to the development of infrastructure and 0121 1 0121
water transmission networks
3 Increasmg attention to integrated water management and proper allocation of water 0147 3 0442
resources in upstream formal documents
S4  The possibility of creating a capital fund to carry out basic actions 0.109 1 0.109
S5 The poss@lhty of investigating the exact amount of water demand and per capita 0127 5 0255
consumption of citizens
S6 The possibility of optimizing water consumption in the drinking water sector 0.109 1 0.109
S7 The possﬂ_:nllty of equipping water wells with smart meters to control and manage water 0121 5 0242
consumption
S8 The possibility of implementing of watershed management activities to collect flood flows 0.147 3 0.442
Sum 1 14 1.838
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Table 2- Internal factors (weaknesses) in order to manage the water resources of the Samlagan Plain.

Rank  Strengths . Relative Grade Final
importance value
W1  Lack of intellectual space in order to make people aware of the issue of water crisis 0.084 1 0.0843
W2  Lack of rules and regulations to prevent excessive exploitation of water resources 0.114 4 0.456
W3 Absence of water resource users in the planning department 0.101 3 0.303
W4 Lack of proper information for public information 0.094 1 0.094
W5 People's lack of awareness of the water crisis issue due to the ease of public access 0.098 2 0.197
W6  Lack of a coherent organizational structure in the water resources management sector 0.107 3 0.322
W7  Lack of expert and experienced people in water resources management 0.089 1 0.089
W8  Weakness of education in the field of operationalization of optimal consumption model 0.097 2 0.194
W9  Destruction of water resources due to profit from allocation 0.105 2 0.21
w10 Lack of active and legal supervision of government departments in water consumptionin 0.107 3 0.322
the agricultural sector
Sum 1 2.276
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Table 3- External factors (opportunities) in order to manage the water resources of Samlaqan Plain.

Rank  Strengths . Relative Grade Final
importance value
ol Participation of farmers in the management of underground water(take over the 0115 3 0344
management of water exploitation)
The possibility of promoting the culture of correct use of reducing the consumption of
02 . O 0.115 3 0.344
water resources by using promoters and religious leaders
O3 Suitable climatic conditions for the cultivation of low water-demanding species 0.059 1 0.059
04  Public participation between farmers and government officials 0.106 2 0.212
05 Community activists' awareness of water limitations and the need for proper allocation of 0108 5 0215
water resources
O6  Decentralization of political power and delegation of authority to local NGOs 0.092 1 0.092
Participation of stakeholders in the formation of water delegation patterns and
07 . . 0.101 1 0.101
acceptance of management role in the process of water allocation
08 The existence of the potentlal. to create different cooperatives in order to create 0.095 1 0.095
local markets for buying and selling water
The possibility of consolidating land and preventing fragmentation of land through
o9 . AR 0.118 3 0.353
integrated irrigation systems under pressure
010  The possibility of using low-water mineral and industrial potentials instead of agriculture 0.092 1 0.092
Sum 1 18 1.908
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Table 4- External factors (threats) in order to manage the water resources of Samlaqan Plain.

Rank  Strengths . Relative Grade Final
importance value
T1 Lack of dlalogufe between stakeholders, non-governmental organizations and 0,081 1 0.081
government organizations
Inadequate income, lack of job creation and strong dependence of the rural economy
T2 " . o 0.09 3 0.271
on agricultural production and activities
T3 Ts\i:(;t;l;owmg the real value of water in agriculture, industry, drinking and health 0.093 3 0279
T4 Incgnsmtency ‘petween relevant bodies (regional water, environment, 0.081 1 0.081
agriculture and industry
T5 Lgck of sufficient mfonngtloh and awareness of farmers regarding the issue of water 0,092 3 0275
crisis and ways to reduce it
T6 The existence of traditional irrigation system and low irrigation efficiency 011 4 0440
and productivity
T7  The occurrence of successive droughts and climate changes 0.11 4 0.440
T8  Existence of small peasant system 0.093 3 0.279
T9  Increasing trend of inappropriate cultivation pattern in the region 0.075 1 0.075
T10  Absence of agricultural products stock market 0.086 2 0.171
The change of hydraulic gradient and the movement of salt water towards fresh
T11  water due to the indiscriminate extraction of underground fresh water 0.09 2 0.181
resources by operators
Sum 1 27 2.572
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Figure 2- Determining water resources management strategies of
Darband Samalghan watershed in the SWOT matrix.
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Extended Abstract

Introduction

Iran is located in arid and semi-arid areas of the world and the major factor in this region is water
shortage. The intensive use of groundwater resources has often affected ground water levels in many
parts of the world. This research was carried out with the aim of determining the appropriate management
strategies for the optimal use of water resources in the Darband Samalghan watershed with the SWOT
approach.

Materials and methods

In order to carry out this research, several stages have been implemented, which include collecting
information and data from the study area, as well as collecting all the strengths and weaknesses,
opportunities and threats of the area, from the perspective of a group including experts and specialists in
water resources to make a decision about the strategies. In the next stage, they were informed about the
conditions of the region and the purpose of this study, and then scoring of internal factors (strengths and
weaknesses) and external factors (opportunities and threats) was obtained. And by examining the factors
with the current situation and choosing the best strategic group among SO, WO, ST and WT strategies,
the SWOT matrix was formed and the most important management strategies compatible with the region
were presented.
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Results and discussion

To determine the management strategies of water resources in Darband Samalghan watershed, the average
of all SWOT tables was calculated. The sum of the scores obtained from the evaluation matrix of internal
and external factors were 1.838 Strengths, 2.276 weaknesses, 1.908 opportunities, and 2.572 threats
respectively, and as a result, the weaknesses outweigh the strengths. They prevail and also the threats
are ahead compared to the opportunities. WT strategy, from the point of view of the experts present in
the brainstorming session, had the most establishment among other strategies, and the strategies of this
study area were close to defensive strategies. This strategy aims to minimize losses caused by threats and
weaknesses.

Conclusions and suggestion

After determining the parameters of weakness, strength, opportunity, and threat, finally the defensive
strategy was determined as the best management strategy in Darband Samalghan area. According to the
results obtained from this research, based on the opportunities and strengths in the region, it is possible to
propose solutions that neutralize the threats and weaknesses in order to achieve the balance of the region’s
aquifer. If we lose time and the main factor of opportunity, the situation in the not so distant future will
become much more critical than the current situation.

Taking advantage of new technologies to improve the patterns of water allocation and supply,
developing and upgrading the skills needed in the field of efficient use of water resources among users,
changingthe type of cultivation, irrigation methods, watershed measures and artificial feeding of the aquifer to
prevent floods and The waste of water resources and the installation of volume meters are among the most
appropriate solutions to reduce consumption and approach the goal of balancing the underground aquifer
of Samleqan Plain.

Key words: Aquifer, defensive strategy, water shortage, SWOT
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Figure 1- Location of study area and Soil sampling points in different landuses.
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Table 1. Descriptive statistics of soil characteristics of the study area.

Soil Min Max Mean Standard CV  Skewness Kurtosis Kol-Smi
Charectristics” Deviation  (a) (b) (b) Test (c)
pH 7.02 877 770 0.21 2.78 4.67 0.72 0.619
EC 046 1632 284 2.16 76.19 13.11 2.96 0.001
Sand 21.90 72.60 43.61 10.05 23.04 0.18 0.20 0.809
Silt 1890 54.10 38.46 5.48 14.24 1.41 -0.56 0.310
Clay 7.60 33.50 17.92 5.64 31.48 -0.65 0.36 0.009
CCE 31.15 8582 52.74 7.29 13.83 2.81 0.62 0.225
OM 0.02 672 3.00 2.15 71.65 -1.50 0.10 0.008
CEC 458 2091 1242 3.97 31.93 -0.79 0.02 0.535
Pb 349 15.67 741 2.31 31.13 0.38 0.51 0.753

sl 005 e 33 OM 5 CCE o, ¥ ooy slojlal .ol cmol(+).kg ™ 5 dS.m™ 5 5y CEC s EC claasly
J¥ <ol sl LYY e hgie oglis SV oY e 1S Sl LYV e > S s ol @
-2<Normal<2 :b Normal, sig>0.05:c

Note: The units of EC and CEC are dS.m™ and cmol(+).kg™", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent. a: (Very low diff. <
0.1, Low diff. 0.1-0.2, Medium diff. 0.2-0.3, high diff. >0.3), b: -2< Normal<2, ¢: Normal, sig>0.05. Fe: Iron, Pb: Lead and Cd: Cadmium.
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Table 2- Experimental variogram fitting model and summary of geostatistical analysis of the soil characteristics.

Soil Variogram Model Nugget Sill Effective C/CytC  CO/CytC  R2 RSS
Charectristics” Direction range (m)

pH Anisotropic  Exponential ~ 7x10%  2.01x107 9087 0.65 0.35 0.22 141x10*
EC Anisotropic ~ Exponential ~ 0.36 0.87 770 0.59 0.41 0.26 0.22
Sand Isotropic Exponential ~ 82.50 165.10 433 0.50 0.50 0.51 2389
Silt Anisotropic Spherical 28.08 79.58 774 0.65 0.35 0.25 132055
Clay Isotropic ~ Exponential ~ 24.80 49.61 433 0.50 0.50 0.59 186
CCE Isotropic Spherical 0.18 0.36 811 0.50 0.50 0.68 0.03
oM Isotropic Spherical 3.37 6.74 811 0.50 0.50 0.82 7.02
CEC Anisotropic  Exponential ~ 15.01 3743 376 0.60 0.40 0.56 238.33
Pb Anisotropic  Exponential ~ 4.41 11.96 183 0.63 0.37 0.67 33.09
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Note: The units of EC and CEC are dS.m™ and cmol(+).kg", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent.
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Table 3- Selective model for mapping soil charectristics and the amount of Lead with different estimators.

Soil IDW Kriging Choosen model
Charectristics* RMSE MAE RMSE MAE
pH 0.24 0.004 0.23 0.005 Kriging
EC 16.89 -0.37 17.11 0.25 IDW
Sand 10.63 0.04 10.70 0.15 IDW
Silt 6.04 -0.01 6.07 -0.01 IDW
Clay 5.71 -0.03 5.68 -0.08 Kriging
CCE 8.30 -0.38 8.28 -0.38 Kriging
oM 2.38 0.18 2.20 0.03 Kriging
CEC 4.20 0.19 3.98 -0.08 Kriging
Pb 1.36 0.02 39.48 -0.29 IDW

RMSE sl a3 o 3 T 8lgo 5 Jolas puedS Ly S e im0 055 ool .ol cmol(H).kg ! 5 dS.m™ Cossay Sissls Jols b b 5 (S0l culin sloasls #
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Note: The units of EC and CEC are dS.m™" and cmol(+).kg™", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent

RMSE: Root Mean Square Error, MAE: Mean Absolute Error.
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Figure 2- Mapping of spatial variability of soil charectristics. 2a: pH, 2b: EC, 2c: Texture 2d: CCE, 2e: OM, 2f: CEC.
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Figure 3- Mapping of soil Lead amount of study area.
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Table 4- Descriptive analysis of soil charectristics and Pb amount in relation to land use.

Soil Bare Garden

Mountain range land Urban parks

Charectristics* K K
Min Max Mean Min Max

Mean Min Max Mean Min Max Mean

pH 702 794 760 745 797
EC 054 1632 323 068  6.59
Sand 23.60  72.60 4409 2190 59.40
Silt 18.90 49.00 3878 2970 54.10
Clay 850 290 17.17 1090 28.70
CCE 3925 6557 5285 3115 6557
oM 005 576 134 001  6.50
CEC 514 1853 1008 740  20.04
Pb

8.47 15.67 1033 5.02 7.98

50.25

7.22 8.13 7.69 7.48 8.71 7.79

0.46 8.75 2.51 0.96 9.36 3.09

4386 22.80 68.30 44.10 2590  65.10 42.39
38.48 2410 46.90 37.75 2550  47.70 38.81

17.66 7.60  33.50 18.15 9.40 29.00 18.70

38.15 8582 55.72 42.08  65.57 52.16

0.07 6.72 2.79 0.03 5.86 3.64

13.72 458  20.27 12.30 6.32 2091 13.57

3.49 6.11 4.68 6.58 9.80 8.01

sl 30y e 1 I Slge 5 Joles pendS LS ooy sY oo slaoslil ool cmOl(H).kg ! 5 ST Loy SslS Jols byl 5 S S cylan ool slaasly %
Note: The units of EC and CEC are dS.m™ and cmol(+).kg", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent.

10.00 bababa

E 4583
el 1

EC Sand Silt

CCE oM

i Bare land ®Garden #Mountain park ® Urban park

Means followed by different letters are significantly different at (P<0.05).
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Figure 4- Comparison of soil charectristics and Lead amount in relation to different land uses.
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Table 5- Correlation between Lead and other soil charectristics of study area.
CCE OM Clay Silt  Sand
LY ) W ) NN ) S M 1)
Pb_ 0.077 0.038 -0.124 -0.240" -0.307"_ -0.062 -0.029 0.020
T olge o3l OM. . S95t5” Jobs cud s :CEC «Jolas pundSolis,s :CCE (S0 58Il culan coils :EC
N B O R R I SIS URE WOV 325 N B O R N LW WOV 3
EC: Electric Conductivity; CCE: Calcium Carbonate Equivalent; CEC: Cation Exchange Capacity; O.M: Organic Matter.
*: Correlation is significant at the 0.05 level. **: Correlation is significant at the 0.01 level.
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Figure 5- Lithology of study area.
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Table 6- Maximum permissible range for heavy metals in soil.

Heavy Metals EU STD= UK STD US STD WHO
mgkg” mg kg™ mg.kg”! mg kg mg.kg”

Fe - - - -
Zn 300 200 200-300 16-60
Hg - - - 0.001-0.04
Cu 140 63 80-200 1-12
Cd 3.0 1.4 400 0.002-0.5
Cr 180 6.4 400 0.002-0.2
Pb 300 70 300 0.3-10
Ni - - - 0.1-5

(Hong et al., 2014; Asemave and Anhwange 2012; Nangia 1991) jLxe =* STD . Jle> coilag olele=WHO* wosie VL] = US® ik » = UK™ Wg,l = EU
EU = Europe, *UK= United Kingdom, *US = United States, *WHO = World Health Organization, *STD = Standard. (Hong et al., 2014; Asemave and

Anhwange 2012; Nangia 1991).

&



VPV olimo; IFY (aly (g0,lowi oF (68 Lo FF (50,90

5&‘5) o .‘ay).o o e LgL(b)Lﬁ))faéju_,_MS
(i ol 0 (Y VA LS gy Ve 0 o] IS
Seid Sl S Ole 00l csalin biwgle (Sl
JUVECHP LT SV NP K¢ PR {Ep o POV
S Sladele 13l s b S Sla Shg
S S Sie glad oo daslllas gddlais ;o .04
Olgs oo St das Glopddl jo oS sl s S>
Slge ¢ Jolro puudS Lo S (S gal ol sloojlul
Syl paiges L1y S SO Sl colas cobls g T
oS sboslail o, S i 5 SYsb slaalols o
5 595 Jols el sl sael Cansas 5o gl
LS 0 0490 sXenl Jdoa wilgs oo S5 by
Pleasas ool b S 5l S Jlal 5l ot
slradlaie jo oud Jie ¢ >0 o S 3l solaul

Bedse BT 3 (uz Gla et 4 e xS

S SRy B0 Lb pati (098 (gaaiey
O w go)lail g S

Sl Shy S Sbyess oy sl Jve e
U.S_vl...a u.v)...osds Sl GIJ.A I s L_So)‘u\.u‘j S
) Sl e (Sle 4y sl 5 5o L o>
Sysln 00 S icmlie 02,15 Soom S by, F Jgar
[S29) u‘.b U"‘ bl e 60)|J.1‘ 9 S le.ﬁb‘;).'5
S 50l ol 565 e ieghy sus y0 o8 Cd
Ll caoows laadlaie 558 0 alive

bl b S 25Ty slaojlasl adbaie ol o
54 S 515 slge ,3b Cos a1y W, Lo

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

S b i (o
6“%;)"3 6)L‘°‘u~°) J—"l?“ 9 4 6""\—‘59
&7 LS sls s 3l e g 00 diom
eldl i Cgo awl oal ool ¥ Jga o
adhie )3 pste slo s (Sen Sob plSs)ly
oolaiul gloy 0,5 luoal ZMasl 59y oo Saslllae
ISR ENNES L ONE VIS OV-Y HPL S
odline oyl 5 ol s 00l cnalie L8l x>
Jedods wglate slacys o iz slapl 5s g
u‘“"Sb ‘é_v)..s.” u_»L.\.m u...LulB ‘ou\_.i)‘sm))..v S
pl—=s0ls (=5l Jolbs ed)b g Y SLS
Co g Jdods ansly ol as an sl o 5| 2l
looygs Jsb 0 (s0d slaysel slass oslise
B LSO)LM‘ (o (O J}.ﬁ J.vlﬁ usl.n...a LS’LQ)
ol b adly b as sl o )8 ) lwanls pl 59y )lg
O plie cddaslllas gddlaio 10 092 g0 pudS LG S
slaSB o as ool ol wilg oo o o .osls
S s Koo aslen oy (Sogll ( Sal
SB5 A S —ate opl Gl S o8 ooy
Ol eS8 o e Sl gy ol 5l g 0o Jae S
AL) 095 o0 @l B ol ez 5 oy GAlg
VVF LSS g o155 (geail V2NV IS oo g
o)L (C/Cy+ C) olad o 5 ylued s
2 eoplple cwl G gl e LSl sl
9050 S (o3l a3l g8 S sl ax
LA (SR e 09,5 D5 dge S0y ) das 4
Sily sa4258 006 sl 5 (Cy/CO + C)

=

odalive wisg a13,5 Liie Sal 5,0k slacks
50 0dd (s pSoslasl pHob; slaejlasl (F i) o
L b slackw 929 Joloar Jlod slacend
S gl LB e 5 s gl ]
S syl olge Lice wiile (LVoay wilg oo S
Jo 59955 5 i 2l b )bl o S
5 23055 sazu ;0 S Jodoe slaSad jo
(g ol o ol eog S bl oy pas
sla i 5 oSS Solan bl sl slaolu
Condge ;I e (S gloartgs ot g
% L““ﬁ%:—“ Ghwgny 33 5 5hlee Hob saz b0
198G L W9, b (0g) L 925 adlaie o
o BB 6ok b pwlinSn Jdoa
Jod S SL0,S ws p0 o _Salllas gadhaie 009
3k Slse 5 (ulidpmoj slawizl s Jloay bios

L_S'(" *‘5 )f‘ \59_...4‘5@ sola__wl kf’li'o le_hj..v...a
S e ) Bl e S sl S
Sl S ly 5145 o 5 g anlys < /Y0 5|
S s S Suwly cpl dasl b )0 yioren
05 IV 3l yiden Carwd (ol a5 Ol vales a8 5
Gl Shs ¥ Jguz mbs 6 azg L.(V- ¥ ln0)
).u L L5°)“‘\" (o i als .la_~.45...a @lia
Oles |y s plad b Gl (Sodly cnl 0529
2l ecs oo gools asle S 513 sla ule 4
Crpnd Sl § nd Lnd S (Simly (oS 52
Slmoge o 23358 aiile (ST gy csla lole 4

&



U’/’/TU’ f&}?

5 &9 iy Al Ol 5 aiile olo ele (S pH
“57&:«4 S 5 lem 6[.:&;10.2 &y ‘5{00055 Lso)'b.}‘
Sy chlizee gladilaie o S sl g COp04>4
L bl o S oSl colos c LB e slaoslall
Jedods ailgs coaS o odmline i oLS i by
obes Jsb 5o (kS salwsar Jolowe slosiel i
uw.ﬂ)_» Godae lo s S Wig, (gosalin ail
S o s S (goame LS5 @l s
Sl Glac s plxil g (lalS cuns Jdoas calixs
3 Jolre pedSSln S ds o 0y HlalS i) (ol
Sg bl ;500 51 e oS b b ey )
L 8l bose slaSls 555l Wl o o] Judo oS
aslie ,o LS cpl cils e jo S Sal as)o

el el e e S8 Szl slag b
slag )5 L S Jlolge jo ilaie slo s b
Sl Hlawl ol pl g ooiasdlas gadlaie jo Calisee
,0 3925 calin BLS i bg aS olaasl o as
Slge oy .l aalgs ol38l 5 T olge ojla]
oS o ot ol 93 S sy sojladil 5 ]
ol @iy we S Sesls Jols cud )b sle s
5 (S yeba il Jlgan jeie sla Jule b (S5
bawe Jl ) S5 sl s (6 50 (o S5
S Copde g Sla=| (.SLQ"B"—“" 9 LQ)L.J.A a);)lfl..
Oiniogy L) oy JT soole b Hlasl jws sloddlaie gy
Slge asile o fele 5l S p il cov wlgs oo 6 o
(Sl sl dled Jloe ol 5 £55 (e (525 ey
LSLQ‘M-".T)é b yigh onl goadl (Y- VA LS oo 4
S gashais jo .o il cillas g Slsran 550
SIS Jlssl ioran g S o pase slapladl
WAS (Sl f Cundg Sgnge Hekiteds (o> el
9, U"‘ )l .b)‘.) S u...sls 9 ar” b‘yo).v 6‘0);9 )...alJ
Sl )5 Gl (D <-/+0) Lo sime Dglas goumlice

g gk e calis

Sl Jols cedyb sojlal g Sl aSil 4 4z g L
9 Cils Jol...l)‘ M) 6(0‘;.\)‘ 9 (5” o|9.a S 40 L| S
S Sy Sasse JS—ta Salas s Kos g5
a8 og g Jleixl (pl S o )l |, SL=
Jobee pndS Ol 5 LSS sloojlasl b calizes (5 0,18
oo Sl gme D9l plgty Sglite (AL sy

iy $031] p SB- G S g 9 05 55208 Hl b))l

30 s 1eSy L.,_w.a &9 o A S og S
oo dils ko Loe S8 Cople b b Si—wanls 4
o 6 ed see] S (slolid, 5y Sl
S duékj sdddalllas sadlaio JRgRwIE )L')f )J'
as 033 LSJJ"—‘ LSLQ‘)?—“”) ).uia ol ob).'i_...j )5.’04.‘
STy a0 HUal LB e cowl i i
5 T olge o9 EBeiSy e soanmsylis JIolge
3 S Jll 5l b aS 0gy ey it s )8
SolS iS¢ 5l g ol il slaailais
] 009 Juw LgLaS w).o.mf 6‘)" 4.».»..;9.».: uuLw B
slaoslail ¢ Jolee [‘,.......ISUL...)S 649§) (AL u»l.wlﬁ
bl ey slas )5 et Jodoas Lsdes (Shs 0
LS” .)‘3.@ 9 JL‘> Sa3) u:.l...‘;u le_ibc)‘u\.u‘ 9 6)10).,:\;54.‘
50 Ces 6 e s S LS i (IS e bas
A)“‘c 97 8 o GL“JA
b)) 09— oo pol> slaanT s 5o Sy oloul 4
sa gl s (S gonims LS i sla ole
Ql)l_io.m5 lgglw ¢V = VY Ql)l.io.cog uj—o.m‘ ARRTAN
Sad il cod 5o S S8 sl Shg (Y Ve
aiile Cwl Jgomo 0 O as Ql_w_;l slecdls
éb)mjé).ﬂlwbguﬁbbmuélp@w
JL‘> e L_SO)L.\J‘ (5055) dj‘bfd.m.m (Y’ \/\ ub&o.ﬁ

e oS Cel il i

St sbaihis 1o lag,095 o i g Jel a5 ols oyLis
slaizn jo 1) (S 518 ol w55 Wilgs ol
Sogdl ol ools 13 156 Cow s g, cilisee
soz Jsl Joas (g 0h sladdbie )0 wilgi go oy
e dete 1355 Jl 155 aile s 5l 1 0l
ol @l (VN F Ll 5 Sl5issmil) sl ogzga,
kol arn Gl s 4 S as ol lis gy
4 Wiz 2 g0 Oy ohgd (e slajls  Sogll
slaS o ongh g SLS 50 (IS jobar paie
wald Ll 5 8 wlg e Lol 5l oS 5,05 Sl
50,5 (i ny slacl el 5l JUl (gaie; ai
CobeS e lasl oy 4 995 9 (BT (googiCn 9 )L
AV Y lacdly) aoo 1,3 550 co |y )l et S

Gy o3Il g S s S p o) 5,5 5]
LsL:bo)L.\.J o 00 oudlie le.ﬂb).....u Licwe U’“'&5)" u-" o

&



VPV olimo; IFY (aly (g0,lowi oF (68 Lo FF (50,90

3 6k Gl a5 55 pb (40 il S
(Y‘ YA u‘)&o.b 9 ‘5.“..».”.:) w‘ 0Ju U"’)‘)f l.a:u.,.ass).;
Sl s o laoslail b5l 5l e i g, ol S
@ S Gl S la Sy b d g oz

o el ol e o

oledulions 9 (5 o5 dmnid

6&’“)“ ‘_;L:oJL&lng’é.A)e d)ﬁ*’)—‘-"’i 6[.@5[5
L 5098, gyl pa—sii Lo gl Jow sl ol
L oams )0 9 899)3 Ols—ear g le—by Lo e
4o, wi».w slesls L;o}i'l Ssle G;Lmuu.lb VRV
JB g 330 sloa_iis sail,l 0gzg LoligS yloj o
9 S 6l.®§)49 ‘5:&4 e)y &S )J)‘ﬁ_wo OQLQ.A.MJ‘
$355 el sls sladoe iy b (093 4 oy (S
s_i».au; ‘5)LO—‘Q.~A) JM ol 00 My G:Lo.: 9
S5 S Sy (g8 6,0 At 93,91 sl
Lg)erijﬁﬁqTéLle})od%;‘.oywao&dﬂUaA
ol 8 yme Mol sl e 5l s (ST 510
s e 3l 0 g Oy cdale Lol gl i
OS5 ol s wlgi co BlsS o) Dus o
5 S o Shy gl 0 a5 el azg L
Slga laoslail ol 6 s el satanlllas olonds
o3l )3 Sloag (i S95S Jols ced )b 5 (]
as ols las g opl gl i als oy Sogll
73 5l Sl dlex Sl ey 625 e oo
sl )d patie jebay g (aLS Abe b sl )8
S5 ol 5 b slegl 5l cblis Gl b el
S e )3 (oten G Wil oo LSl (6 )5 et ]
ozl 4 S Sogll g 5 a8 Lyl Sb o aS
Glacagsl 5l by Jsb )0 ab e alox 5l K
L b ogd oo oloiiy 0k (508 @lajsul Cupae
5B D Sl por S 50 i slagtagy el
o3l 2 e slas )5 53 (BLS slaaisS el
Elgl CllS LU ogs gy S j0 S slojls
Dgdh SeS S sl Sl 4 ylals

v &
U’/'V{'(ﬂ(ﬂ’}
. ®

5,5 canlie S ol S

P<1+0) ©y—w o3l o )lar;.m ) VES IRPESN
S5k ot 0l oo calize slags )5 e
Wilgs oo a8l ol oo o ool b S cpl jo 0l
5 C eSS e 9> DYg3 g iy Ml st
Lawlis ;o b lacpe; ol dalaio alizes bl
o yo,b ol Jdoa) ogul LS ide b pleddlais
3 i laojlul (S sl 4 0lS sloS 1 s
Oog oS 9 B g Joo STe st sl
oanlice JJo ol b a_lin ;o ! Bl by
Wz ) Slp s e 39— (SN
@ pb slagme; Lo (dowe glagl b 5 w3l Jl
A Sl jew sLad 1S pslaieds 6 b sloS L
a5y, 00l las )5 Gloreds s et slaS L b
(eod ogul LS ibe Jods aigd aislil pgo
ST 5l o 0392 590 9 LEL Gl (85 o
s oanlis (¢S Sogll g y055 S 5 Jar Lo
RS S OUSE TN SN PERER
5 2l 5l 509 599 e ol Sz s 3 gl o
009l oS5 oy xaS caisV] sl K50 5 9,09 0l
5Guﬁwt.osa>tf . 5—" o ols ‘)
sleasl Sg oaalice O‘l‘ 6‘)% Lg)i"o Jdo Lg‘d.;w.: S50
VA GhlSen 5 (U o iogs b g3
RURCOVSRPR 2111 28 RN SV SRR A
ol callas YY)

i S99 S sl T ol sl
slge (S STy asle S Sl sl Jole 51 S
5,25 gojlail (Bl g SewlS Jobs ed b T
OhlSen 5 (5ol Sll) atas 5o 0y (oonl B
slosls Soglas ol i jiogh opl gl (YY)
)5.144.: \5” O‘yo 9 S Kal do)b.x‘ Lx O u.o..i._w
(s RGP IV P TR GOV p-3 N e
S5l mis wilgi oo SLS Sl S cnl onlnle
A S8 Sh cod dalaie ol Oy S 58
deaghio pul o adglolg o 51l S oS JolSS J—dogs
et a8l (ol )0 e o pme S il sln
dyore Sy Ole—et Py ) (He (Bl



U’/';/'.{,Tu’fjﬁj

Alengebawy A, Abdelkhalek ST, Qureshi SR,
Wang MQ. 2021. Heavy metals and pesti-
cides toxicity in agricultural soil and plants:
Ecological risks and human health implica-
tions. Toxics. 42 p.

Alengebawy A, Abdelkhalek ST, Qureshi SR,
Wang MQ. 2021. Heavy metals and pesti-
cides toxicity in agricultural soil and plants:
Ecological risks and human health implica-
tions. Toxics. 42 p. https://doi.org/10.3390/
toxics9030042.

Appiah SK, Aidoo EN, Owusu DA, Nuon-
abuor MW. 2018. Geostatistical analysis of
contamination of soils in an urban area in
Ghana. International Journal of Mathemati-
cal and Computational Sciences. 12(6):139-
147. http://scholar.waset.org/1307-
6892/10009292.

Asemave K, Anhwange BA. 2012. Evaluation
of heavy metals in waste dumpsites. Ger-
many, Lambert Academic Publishing; 36 p.
ISBN: 978-3-659-37380-0.

Barzin M, Kheirabadi H, Afyuni M. 2015.
An investigation into pollution of selected
heavy metals of surface soils in Hamadan
Province using pollution index. Journal of
Science and Technology of Agriculture and
Natural Resources. 19(72): 69-80. (In Per-
sian). http://dx.doi.org/10.18869/acadpub.
jstnar.19.72.7

Chapman HD. 1965. Cation-exchange capaci-
ty. Methods of soil analysis: Part 2 Chemical
and microbiological properties. 9:891-901.
https://doi.org/10.2134/agronmonogr9.2.c6

Chen T, Liu X, Li X, Zhao K, Zhang J, Xu
J, Shi J, Dahlgren RA. 2009. Heavy metal
sources identification and sampling uncer-
tainty analysis in a field-scale vegetable
soil of Hangzhou, China. Environmental
Pollution. 157(3):1003-1010. https://doi.
org/10.1016/j.envpol.2008.10.011

Cheng H, Li M, Zhao C, Li K, Peng M, Qin

iy $031] p SB- G S g 9 05 55208 Hl b))l

A, Cheng X. 2014. Overview of trace met-
als in the urban soil of 31 metropolises in
China. Journal of Geochemical Exploration.
139 (1):31-52. https://doi.org/10.1016/].
gexplo.2013.08.012

Design G. 2004. Geostatistics for the environ-
mental science version 7. Gamma Design,
USA. 159 p.

Enjavinezhad SM, Kasraian A. 2014. Compar-
ison of the distribution of heavy elements of
Lead and Cadmium around two highways in
Shiraz. The 1st National Conference on Sus-
tainable Management of Soil and Environ-
ment Resources, Kerman. (In Persian).8 p.

Ersahin S. 2003. Comparing ordinary kriging
and cokriging to estimate infiltration rate.
Soil Science Society of America Journal.
67(6):1848-1855.  https://doi.org/10.2136/
$s5aj2003.1848

Fan Y, Li Y, Li H, Cheng F. 2018. Evaluating
heavy metal accumulation and potential
risks in soil-plant systems applied with mag-
nesium slag-based fertilizer. Chemosphere.
197:382-388. https://doi.org/10.1016/j.che-
mosphere.2018.01.055

FAO. 2015. World Reference Base for Soil Re-
sources 2014. World Soil Resources Report
No. 106. ISSS-ISRIC-FAO, Italy, Rome.
203 p.

Golia E, Tsiropoulos NG, Dimirkou A,
Mitsios 1. 2007. Distribution of heavy met-
als of agricultural soils of central Greece
using the modified BCR sequential ex-
traction method. International Journal
of Environmental and Analytical Chem-
istry.  87(13-14):1053-1063.  https://doi.
org/10.1080/03067310701451012

Hazelton P, Murphy B. 2016. Interpreting
soil test results: What do all the numbers
mean?. CSIRO publishing. Hong AH, Law
PL, Onni SS. 2014. Environmental bur-
den of heavy metal contamination levels in

&



VPV olimo; IFY (aly (g0,lowi oF (68 Lo FF (50,90

soil from sewage irrigation area of Geriyo
Catchment, Nigeria. Civil and Environmen-
tal Research. 6(10):118-124.

Islam MS, Ahmed MK, Al-Mamun MH, Ea-
ton DW. 2020. Human and ecological risks
of metals in soils under different land-use
types in an urban environment of Bangla-
desh. Pedosphere. 30(2):201-213 https://
doi.org/10.1016/S1002-0160(17)60395-3.

Islam S, Ahmed K, Al-Mamun H. 2015. Dis-
tribution of trace elements in different soils
and risk assessment: A case study for the ur-
banized area in Bangladesh. Journal of Geo-
chemical Exploration. 158: 212-222. https://
doi.org/10.1016/j.gexplo.2015.07.017

Kishe MA, Machiwa JF. 2003. Distribution of
heavy metals in sediments of Mwanza Gulf
of Lake Victoria, Tanzania. Environment
International. 28(7): 619-625. https://doi.
org/10.1016/S0160-4120(02)00099-5

Loeppert RH, Suarez DL. 1996. Carbonate and
gypsum. Methods of Soil Analysis: Part 3
Chemical Methods. 5: 437-474. https://doi.
org/10.2136/sssabookser5.3.c15

Lorenz K, Lal R. 2015. Managing soil carbon
stocks to enhance the resilience of urban
ecosystems. Carbon Management. 6(1-
2):35-50. https://doi.org/10.1080/17583004
.2015.1071182

Mihailovi¢ A, Budinski-Petkovi¢ L, Popov
S, Ninkov J, Vasin J, Ralevi¢ NM, Vasi¢
MV. 2015. Spatial distribution of metals in
urban soil of Novi Sad, Serbia: GIS based
approach. Journal of Geochemical Explora-
tion. 150: 104-114. https://doi.org/10.1016/].
gexplo.2014.12.017

Nangia SB. 1991. Soil pollution. New Delhi.
Ashish Publishing House.

Nelson DW, Sommers LE. 1996. Total carbon,
organic carbon, and organic matter. Meth-
ods of Soil Analysis: Part 3 Chemical Meth-
ods. 5:961-1010. https://doi.org/10.2136/
sssabookser5.3.c34

Paltseva A, Cheng Z, Deeb M, Groffman PM,
Maddaloni M. 2018. Variability of bioac-

U’/'/TU’ f&}}

cessible Lead in urban garden soils. Soil
Science. 183(4):123-131. DOI: 10.1097/
SS.0000000000000232

Paltseva AA, Cheng Z, Egendorf SP, Groff-
man PM. 2020. Remediation of an urban
garden with elevated levels of soil contami-
nation. Science of the Total Environment.
722:137965p. https://doi.org/10.1016/].sci-
totenv.2020.137965

Reza SK, Baruah U, Singh SK, Das TH. 2015.
Geostatistical and multivariate analysis of
soil heavy metal contamination near coal
mining area, Northeastern India. Environ-
mental Earth Sciences. 73(9): 5425-5433.
https://doi.org/10.1007/s12665-014-3797-1

Rhoades JD. 1996. Salinity: Electrical con-
ductivity and total dissolved solids.Methods
of Soil Analysis Part 3-Chemical Methods,
(methodsofsoilan3). pp. 417-435.

Rhoades JD. 1996. Salinity: Electrical con-
ductivity and total dissolved solids. Meth-
ods of soil analysis: Part 3 Chemical meth-

5:417-35.  https://doi.org/10.2136/
sssabookser5.3.c14

Rowell DL. 1994. Soil science: Methods and
applications. Harlow, Essex (UK): Long-
man Scientific and Technical.

Rowell, D.L. 1994. Soil Science Methods and
applications. Longman Scientific and Tech-

ods.

nical .Harlow. Essex. UK.

Savva Y, Szlavecz K, Pouyat RV, Groffman
PM, Heisler G. 2010. Effects of land use
and vegetation cover on soil temperature in
an urban ecosystem. Soil Science Society
of America Journal. 74(2): 469-480. https://
doi.org/10.2136/sss2j2009.0107

Shchepeleva AS, Vasenev VI, Mazirov IM,
Vasenev 11, Prokhorov IS, Gosse DD. 2017.
Changes of soil organic carbon stocks and
CO2 emissions at the early stages of ur-
ban turf grasses’ development. Urban
Ecosystems. 20(2):309-321. https://doi.
org/10.1007/s11252-016-0594-5

Shomali AR, Khodaverdilo H. 2012. Con-
tamination of soils and plants along Urmia

&



U’/';/'.{,Tu’fjﬁj

Salmas highway (Iran) to some heavy metals.
Journal of Water and Soil Science. 22(3):157-
172. (In Persian).

Skrbi¢ BD, Buljovéi¢ M, Jovanovié G, Antié 1.
2018. Seasonal, spatial variations and risk
assessment of heavy elements in street dust
from Novi Sad, Serbia. Chemosphere. 205:
452-462. https://doi.org/10.1016/j.chemo-
sphere.2018.04.124

Smagin AV. 2012. Theory and practice of soil en-
gineering. Moscow, MSU Press. 544 p.

Taalab AS, Ageeb GW, Siam HS, Mahmoud SA.
2019. Some characteristics of calcareous soils.
A review AS Taalabl, GW Ageeb2, Hanan S.
Siaml and Safaa A. Mahmoudl. Middle East
J. Middle East Journal of Agriculture Research
8(1):96-105.

Vasenev VI, Van Oudenhoven APE, Romza-
ykina ON, Hajiaghaeva RA. 2018. The eco-
logical functions and ecosystem services of
urban and technogenic soils: from theory to
practice (a review). Eurasian Soil Science.
51(10):1119-1132. https://doi.org/10.1134/
S1064229318100137

Wang Y, Zhang X, Huang C. 2009. Spatial vari-
ability of soil total nitrogen and soil total phos-
phorus under different land uses in a small wa-
tershed on the Loess Plateau, China. Geoderma.
150(1-2):141-149.  https://doi.org/10.1016/j.
geoderma.2009.01.021

Wang Z, Hong C, Xing Y, Wang K, Li Y, Feng
L, Ma S. 2018. Spatial distribution and sourc-
es of heavy metals in natural pasture soil
around copper-molybdenum mine in North-
east China. Ecotoxicology and Environmental
Safety. 154:329-336. https://doi.org/10.1016/j.
ecoenv.2018.02.048

Weissert LF, Salmond JA, Schwendenmann
L. 2016. Variability of soil organic -car-
bon stocks and soil CO2 efflux across urban

iy $031] p SB- G S g 9 05 55208 Hl b))l

land use and soil cover types. Geoderma.
271:80-90. https://doi.org/10.1016/j.geoder-
ma.2016.02.014

WulJ, LuJ, Li L, Min X, Luo Y. 2018. Pollu-
tion, ecological-health risks, and sources
of heavy metals in soil of the northeast-
ern Qinghai-Tibet Plateau. Chemosphere.
201:234-242. https://doi.org/10.1016/j.che-
mosphere.2018.02.122

Wu S, Peng S, Zhang X, Wu D, Luo W, Zhang T,
Zhou S, Yang G, Wan H, Wu L. 2015. Levels
and health risk assessments of heavy metals
in urban soils in Dongguan, China. Journal of
Geochemical Exploration. 148:71-78. https://
doi.org/10.1016/j.gexplo.2014.08.009

Xiaobing WANG, Wuxing LIU, Zhengao LI,
Ying TENG, Christie P, Yongming LUO.
2020. Effects of long-term fertilizer applica-
tions on peanut yield and quality and plant and
soil heavy metal accumulation. Pedosphere.
30(4): 555-562.  https://doi.org/10.1016/
S1002-0160(17)60457-0

Yang JL, Zhang GL. 2015. Formation, charac-
teristics and eco-environmental implications
of urban soils—a review. Soil Science and
Plant Nutrition. 61(supl): 30-46. https://doi.
org/10.1080/00380768.2015.1035622

Ye L, Tan W, Fang L, Ji L, Deng H. 2018. Spa-
tial analysis of soil aggregate stability in a
small catchment of the Loess Plateau, China:
I. Spatial variability. Soil and Tillage Re-
search. 179: 71-81. https://doi.org/10.1016/j.
still.2018.01.012

Yuan Y, Cave M, Xu H, Zhang C. 2020. Ex-
ploration of spatially varying relationships
between Pb and Al in urban soils of London
at the regional scale using geographically
weighted regression (GWR). Journal of Haz-
ardous Materials, 393: 122377pp. https://doi.
org/10.1016/j.jhazmat.2020.122377

&



sl
Watershed Management Research Q,‘,ﬁi}

Fars Agricultural and Natural Resources Agricultural Research, Education
Research and Education Center ISSN: 2981-2038 and Extension Organization

Evaluation of the Effect of Land Use and Soil Properies on the
Amount of Lead in Shiraz Urban Watershed Soils, Using
Geostatistics and Digital Soil Mapping

Seyed Javad Naghibi*l, Majid Baghernezhadz, Seyed Ali Abtahi3, Ali Akbar Moosavi4, Mehdi Zarei®

1- Ph.D. Candidate, Department of Soil Sciences, School of Agriculture, Shiraz University, Shiraz, Iran
and Head of Research and Extention of Green Space and Landscape Organization of Shiraz Municipality
2, 3 and 4- Professor, Department of Soil Sciences, School of Agriculture, Shiraz University, Shiraz, Iran

5- Associate professor, Department of Soil Sciences, School of Agriculture, Shiraz University, Shiraz, Iran

Extended Abstract

Introduction and Objective

urbanization has led to environmental challenges; one of these challenges is heavy metal
contamination in which is a serious concern for the public health and health of watershed residents issues.
One of the heavy metals that play a major role in soil pollution in urban ecosystems is Lead (Pb). Pb has
been used by humans for a long time, and in recent decades, leaded gasoline is one of the main sources
of this pollutant in urban watersheds. The use of digital soil mapping using the functions available in
geostatistics has changed the zoning of soil pollution compared to the old methods and can lead to the
optimal management of soil pollution while land use can also have a great impact on this management.
The aim of this research is to determine the amount of Pb heavy metal in soil and its relationship with
land use.

Materials and methods

The study area was Shiraz urban watershed with an area of 41133 hectares, as a part of the Maharloo
lake watershed, located in the central part of Shiraz township, Fars province in the south of Iran. Soil
moisture and temperature regims of study area are xeric and thermic respectively. The studied land
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uses were bare lands, urban parks, gardens and mountain range lands In order to determine the
physical and chemical properties of the soil, 30 soil samples were taken from the depth of 0 to 20 cm
from each land use. Geographic information system (GIS) and spherical and exponential variogram
geostatistical models were used to produce digital maps. Kriging method was also used to estimate
the physical and chemical properties, and the amount of Pb.

Results and discussion

Based on the results of this research, the difference in soil chemical properties such as reaction,
equivalent calcium carbonate and the amount of organic matter in different uses was significant.
Also, the amount of cation exchange capacity and lead pollution was significant at the level of 0.01.
The results of this research showed that in urban watershed soils of Shiraz, the amount of Pb was
influenced by some chemical characteristics of the soil such as organic matter and cation exchange
capacity. In the studied area in different land uses, the trend of Pb contamination was as follows:
mountain range lands < gardens < urban parks < bare lands.

Conclusions and suggestions

The results of current research showed that different land uses can affect the amount of Pb.
Considering the problem of soil pollution in urban watersheds and the important effect of land
use on its amout, it is suggested to carry out research and urban development projects for detailed
investigations of land use and its relationship with other environmental characteristics, including soil
pollution. It is also suggested to carry out more local and thematic researches in urban ecosystems
on the effect of various types of plant species on the amount of heavy metals in the examined soil, so
that by planting that type of vegetation, soil decontamination can be helped.

Keywords: Urban watershed, lead, GIS, kriging
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Figure 1- Geographical Location and Waterway Network of the Ferizi Watershed in the Razavi Khorasan Province.
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Table 1 - Parameter Values Used in the Gene Expression Programming Method.

Parameter Value Parameter Value

Number of 30 Mutation rate 0.044

chromosomes

Head size 7 Gene transposition rate 0.1
General Number of genes per 5 Genetic Gene recombination rate 0.1
settings  chromosome functions

Error criterion of the R One-point recombination rate 0.3

fitting function

Linking function SUM (+) Two-point recombination rate 0.3
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Table 2- Selected Combinations of Input Parameters for the Gene Expression Programming Model and Support Vector

Machine.
Model Selected combination
number
1 QM=IQ(t-1)]
2 QM=Q(t-1) Q(t-2)]
3 QM=TQ(t-1) Q(t-2) Q(t-3)]
4 QM=IQ(t-1) Q(t-2) Q(t-3) Q(t-4)]
5 QM=11Q(t-1) Q(t-2) Q(t-3) Q(t-4) Q(t-5)]
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Support Vector Machine (SVM) (b).
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Table 3- Classes corresponding to Nash-Sutcliffe criterion values (Ahmadyousefi et al. 2019).

Evaluation criteria

Very weak Weak

Good Very good Excellent

Nash-Sutcliffe <0.2

0.2-0.5+

0.5-0.65 0.65-0.85 >0.85
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Figure 6- Taylor Diagram to Determine the Best Model Used in the Test Phase: GEP (a) and SVM (b) Models
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Table 4- Flow simulation in the test phase using GEP and SVM methods.
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Figure 7-Dispersion of Observed and Simulated Discharge Values in the Test Phase: Gene Expression Programming Model
(a) and Support Vector Machine (b).
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Table 5-The Evaluation Criteria Results of GEP and SVM Models in Discharge Prediction During the Test Stage.

Parameter GEP SVM
R? 0.93 0.97
RMSE 1.65 1.15
NS 0.78 0.85
KGE 0.69 0.79
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Extended Abstract

Introduction and Objective

Rivers serve as crucial sources of freshwater on Earth, and precise prediction of river flows plays a vital
role in effective water resource management. To address this need, researchers have proposed various
models. These models can be categorized into two types: (1) hydrological/hydraulic physically based
models and (2) data-driven models. The cited papers provide evidence of the significance of employing
data-driven models for hydrological issues, particularly in predicting river discharge.

Materials and Methods

In this study, the researchers utilized a gene expression programming model (GEP) and support vector
machine (SVM) to predict the discharge of the Ferizi River. The dataset used in the study covered a
period of ten years (2011-2020) and consisted of daily Ferizi river discharge readings obtained from
the Moushang hydrometry station. The study area had an average altitude of 2171 meters above sea
level, with a longitude range of 58° 49° 30” to 59° 4’ 30” E and a latitude range of 36° 20° 1” to
36° 32’ 1”. For the prediction models, daily river discharge data from 1 to 5 days ahead were utilized
as input variables for both the GEP and SVM models. To ensure data homogeneity and address any
deficiencies, the researchers employed the run test and calculated the correlation coefficient between
neighboring stations. Subsequently, the dataset was randomly divided into two groups: 80% for model
training and 20% for model testing, as well as evaluating the modeling error. The performance of
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the models was assessed during the training and validation stages using various evaluation metrics,
including root mean square error (RMSE), coefficient of correlation (R), bias, Kling Gupta (KGE),
and Nash—Sutcliffe model efficiency (NSE). Additionally, in order to estimate the inflow to the Ferizi
River using the SVM model, three common types of kernel functions in hydrology were examined,
namely linear kernel, polynomial, and radial basis functions.

Results and Discussion

Among the different functions considered, the radial basis function was selected due to its lower
error compared to other functions when applied to the variables. The best input model, Model No. 5,
incorporated previous flow variables with a delay of five time steps. In the training phase, both the
GEP and SVM models exhibited the highest performance in forecasting the daily flow of Moshang
station. The performance of the applied models suggests that SVM (RSME = 1.15, R = 0.985,
NSE =0.85, and KGE = 0.79) demonstrates higher precision in the validation stage for river discharge
prediction compared to GEP (RSME = 1.65, R = 0.964, NSE = (.78, and KGE = 0.69).

Conclusion and Suggestions

This study has demonstrated that the utilization of soft computing techniques, such as SVM and
GEP, is a powerful tool in predicting river flow. These techniques are capable of establishing a
favorable relationship between input and output parameters, enabling accurate simulation of average and
maximum daily flow.

Keywords: Artificial intelligence, Ferizi watershed, gene expression, runoff, soft computing
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Figure 1- The location of Bemo National Park in Iran, Fars and the cities of Shiraz and Sepidan.
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Figure 2- Soil Sampling Sites within and Outside Bemo National Park's Boundaries.
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Table 1- Estimation of Soil Carbon Sequestration, Absorbed CO, Equivalent in the Atmosphere, and Economic Value

within the Park.
Number of . Absorbed Estimate of Damage Cost Avoided
. Soil Percentag L .
Sampling . . CO, (Million Rials/Ha)
. Soil Specific eof Carbon  Carbon . - -
Locations Texture Gravit Oreanic Jm? ton/ha Equivalent Low Medium High
Row Indicated on the 3y s & (ton/ ha) Level Level Level
Map g/m Carbon
1 1,2,4 Loam 1.25 1.11 4162.5 41.63 152.76 127.96 426.55 3412.38
5 3 lésrz::iny 135 0.95 34875 34.88 141.2 118.28 394.27 3514.14
3 6.7.8 Ié:i:iny 135 0.95 3487 5 34.88 141.2 118.28 394.27 3514.14
4 9,10, 11,17 Loam 1.25 1.11 4162.5 41.63 152.76 127.96 426.55 3412.38
5 12,13, 14 iiz(g 135 0.95 3487 5 34.88 141.2 118.28 394.27 3514.14
6 16 Loam 1.25 4162.5 41.63 152.76 127.96 426.55 3412.38
7 18,19 Loam 1.25 4162.5 41.63 152.76 127.96 426.55 3412.38
8 20 Is‘gs(liny 1.35 0.95 3487.5 34.88 141.2 118.28 394.27 3514.14
Mean - - 1.30 1.03 4005 40.05 146.98 123.12 410.41 3286.26

Source: Research data and authors’ calculations
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Table 2- Estimation of Soil Carbon Sequestration, Absorbed CO, Equivalent in the Atmosphere, and Economic Value Outside the Park.

SSigns1 .of Soil » Abé(gbed Estimate( Ii)/[f' Eam;ge lC/(I)_;t )Avoided
amplin, . . ercentage illion Rials/Ha
Localziongs T Soil (S}pCC‘l fic of Organgic Ca/rbgn Ca;%) n Equivazlent Low Medium High Level
Row Indicated on the exture ravlt}y Carbon gm tonha (ton/ ha) Level Level
Map gm
1 A Loam 1.25 0.55 2062.5  20.63 75.69 63.41 217.35 1690.82
2 B Loam 1.35 0.6 2250 22.50 82.58 69.17 230.57 1844.53
3 C Loam 1.35 0.6 2250 22.50 82.58 69.17 230.57 1844.53
4 D Loam 1.25 0.5 1875 18.75 68.81 57.64 192.14 1537.11
5 E Loam 1.25 0.65 24375  24.38 89.46 74.93 249.78 1998.24
Mean - - 1.25 0.58 2175 21.75 79.82 66.86 222.88 1783.04

Source: Research data and authors’ calculations
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Table 3- Results of the Comparison Test for Average Carbon Sequestration Values and Damage Cost Avoided whitin and Outside the Park.
Lyon's Test for Assessing T Test for Assessing Equality of

Variabels Equality of V'c.lria.nces Varianc.es .
F Significance T Significance

Level Level

Carbon Sequestration (ton/ha) 0.041 0.84 17.24 0.000

Damage Cost Avoided at a Low 0.041 0.84 17.25 0.000
Level (million Rials)

Damage Cost Avoided at a Medium  0.041 0.84 17.24 0.000
Level (million Rials)

Damage Cost Avoided at a Low 0.041 0.84 17.24 0.000

High Level (million Rials)
Source: Research data and authors' calculations
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Table (4)- Estimation of Soil Carbon Sequestration and Damage Cost Avoided for Plant Types whithin the Park at Low, Medium and High

Levels.
Row Plant Type Carbon Absorbed Estimate of Damage Cost Avoided
Sequestration CO, (Milliard Rials)

Number Name* Area (ha) Ton/ha  Thousand ﬁg“wzl:;t Low Medium  High Level

on the s Ton (12;) s Level Level

Map

s.Su - As.Rh - Ar.Au . . . : . : :

1 1 As.Su-AsRh-ArAu  566.92 3488 1978 5772.56 2306 74334 59484
2 2 As.Su-AsGo-EbSt 88386 3488 30.83 113.13 347.78 - 1159.26 92741
3 3 As.Su - St.Ho - Eb.St 1246.79 41.63 51.9 190.47 585.53 1951.77 15614.18
4 4 Eb.St- As.Go- StHo  1566.33 41.63 65.2 239.28 735.59 2451.96 19615.66
5 5 Sc.Or - As.Go - Eb.St 1380.81 41.63 57.48 210.94 648.46 2161.55 17292.4
6 9 Am.Sc - Pi.Kh- Fi.Ca  8906.31 34.88 310.61 1139.93 350.43 11681.3 93450.42
7 12 Eb.St - As.Su - St.Ho 1354.74 41.63 56.39 206.96 636.22 2120.75 16965.99
A 15 AS.Su - As.Ce-Eb.St  774.46 34.88 27.1 99124.13 304.73 1015.76 8126.1
Total - - 16680.22 - 619.29 2272.38 6985.77 23285.9 186287.15

Source: Research data and authors calculations OB N 99 s dwlxo g Lodls g

*-Full Names of Each Type of Plant in Numerical Order:

1. Astragalus susianus-Astragalus rhodosemius-Artemisia aucheri. 2. Astragalus susianus-Astraglus gossypinus-Ebenus stellata. 3.
Astragalus susianus-Stipa hohenackeriana-Ebenus stellata. 4. Ebenus stellata-Astraglus gossypinus-Stipa hohenackeriana. 5. Ebenus
stellata-Astragalus susianus-Stipa hohenackeriana. 9. Amygdalus scoparia-Pistacia khinjuk-Ficus carica. 12. Ebenus stellata-Astragalus
susianus-Stipa hohenackeriana 15._Astragalus susianus-Astragalus cephalanthus-Ebenus stellata.
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Extended Abstract

Introduction

Carbon dioxide gas, produced from fossil fuels in industrial centres and near big cities, has a significant
effect on climate change and global warming. Sequestration of carbon in plants and soil of protected
areas, especially national natural parks, is the simplest and most economical way to reduce atmospheric
carbon dioxide. The National Bamou Park, with an area of 46,913 hectares near the industrial centres
of Shiraz, Zarghan, Maroodasht and Abbarik, provided a good chance for carbon sequestration. In this
research economic analysis of this park’s soil carbon sequestration capability in 2022 was done.
Materials and Methods

Based on vegetation cover and geomorphological conditions, 20 and 5 locations inside and outside the
park were selected for sampling. Composite soil samples were taken from the 25 profiles with a depth
of 30 cm length and width of 20 cm. The Wallcly-Black method was used to determine the percentage
of soil organic carbon in the laboratory. The economic evaluation of the sequestered carbon was done
using the damage cost avoided method at three levels: low estimate based on the values of trade in the
Prototype Carbon Fund, medium estimate based on anticipated values in the future European Union
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carbon trading scheme and high estimate based on the damage cost assessment made by Intergov-
ernmental Panel on Climate Change.

Results

Based on the results, the average measures of carbon sequestered in the soil of the lands inside
and outside the park were 40.05 and 21.75 tons per hectare, respectively. Based on the t-test, the
average carbon sequestered inside and outside the park significantly differs at 1%. The average
economic value of avoided damage related to carbon sequestration per hectare of land inside the
park at low, medium and high levels are 123.12, 410.41 and 3283.26 million rials, respectively. The
corresponding amounts outside the park are 66.86, 222.88 and 1783.04 million rials. The average
economic value of sequestered carbon in the soil of each hectare of land inside and outside the park,
based on the t-test, has a significant difference at the level of 1%.

Conclusions and Recommendations

The suitable conditions of vegetation and soil of Bamou National Park have caused this park to
have a high economic value because of the environmental services of carbon sequestration in the
soil and absorption of carbon dioxide gas. Thus, it is possible the economic value of such services is
considered in financial calculations, and all or part of it is allocated for the protection and
expansion of these parks. An important point about the economic value of the parks and
forest ecosystems services is the possibility of buying and selling carbon sequestered or carbon
dioxide gas emitted into the atmosphere. For this purpose, it is suggested to pay attention to the
legal frameworks and necessary infrastructures for creating an applied market of carbon sequestra-
tion and carbon dioxide emission at the national and regional levels. In addition, concerning the
natural resources of Fars province and the criteria of international climate change agreements, it
is possible to use foreign capital to help create and expand national parks and forest ecosystems as
greenhouse gasreservoirs. Therefore, itis suggested to use these legal agreements to attract credit from
international organizations.

Keywords: Carbon sequestration, damage cost avoided method, Fars, national Bamou park, soil
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Figure 1- The area study and the location of the springs in the current research.
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Area under the curve

Model (AUC)
Support vector machine 0.918
Support vector machine and the bee metaheuristic optimization algorithm 0.932
Support vector machine and optimization algorithm of particle swarm optimization (SVM-PSO) 0.945
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Extended Abstract

Introduction

Finding the potential of groundwater resources is one of the basic principles in water resources
management. The aim of this research is to determine the potential of groundwater using support vector
machine learning (SVM) models as well as metaheuristic algorithms (hybrid support vector machine
model and the bee metaheuristic optimization algorithm (SVM-BA) and hybrid model of the support
vector machine and particle swarm optimization algorithm (SVM-PSO).

Materials and methods

The factors of elevation, slope, aspect, topographic humidity index, distance from stream, drainage
density, distance from fault, lithology, topographic position index, land roughness index, relative slope
position and flow convergence index were selected in Bojnurd region. Information on the location of
359 springs was received from the regional water company. Random division algorithm was used to
divide training points (70%) and validation points (30%). Based on the removal sensitivity analysis,
the importance and contribution of the input variables in determining the groundwater potential were
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determined. The accuracy of the models was evaluated in two stages of training and validation based
on the receiver operating characteristic (ROC) curve method.

Results

The evaluation of the accuracy of the models based on the evaluation criteria of the area under curve
(AUC) showed that the prediction accuracy of the hybrid model of the support vector machine and the
particle swarm optimization algorithm (SVM-PSO) is 0.945 more than other models (SVM: 0.918 and
SVM-BA: 0.932). Based on the results of the superior model, the high potential class and the very high
potential class accounted for 7.75% and 38.66% of the area respectively. Among the factors, relative
slope position with 14.5%, distance from the fault with 13.4% and lithology with 12.3% were the most
important in predicting groundwater potential.

Discussion and Conclusion

Based on the results of this research, the support vector machine model has a high
performance, and two optimization algorithms, the bee metaheuristic and particle swarm optimization
algorithm, strengthen the predictive power of the model. Also machine learning models can identify the
relationship between the environmental factors and the water supply of the springs and determine
their role by using the available data. The relative slope position factor was identified as the most
important variable and the distance from the fault factor was considered as the second most important
variable in the present study. The results of the research showed that the faults in the region play an
important role in aquifer recharge, storage and flow of groundwater. The lithological factor was also
introduced by the model as the third important variable in identifying the state of groundwater potential.
In this research, by presenting the groundwater potential map, it is possible to plan and verify land use
planning for the Bojnurd watershed.
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