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Introduction

In arid and semi-arid regions, agricultural sustainability needs to improve the consumption of water and soil
resources. Low rainfall, high evaporation, low water quality and less leaching of solutes in the soil due to limited
water resources are the main problems in these areas. The quality of water and soil resources in the provinces of

Fars, Khuzestan, Yazd, Golestan and Khorasan also shows that most of the wheat farming lands in these provinces
are always facing salinity issues. According to the conducted studies, saline water can be successfully used in
irrigation, but application of unconventional water by surface irrigation systems with low efficiency due to
evaporation and high water salts leads to soil salinity. Micro-irrigation methods increase water use efficiency by
reducing water consumption and increasing yield, so that drip irrigation efficiency of 91-80% and irrigation levels
of 50-73% have been reported. In recent years, the use of drip irrigation system (such as tape on wheat fields) has
been recommended to farmers as a water management solution. Micro-irrigation systems by reducing water
consumption and increasing Yyields, improve water use efficiency. Drip tape irrigation system compared to other
surface and sprinkler irrigation methods, due to short irrigation periods and reduction of evaporation losses and
deep infiltration even for crops can be proposed as an alternative. Drip tape irrigation in wheat cultivation can
increase water use efficiency up to 2 times. Also, in irrigation with salt water, while maintaining humidity in the
environment, it reduces salinity stress and by consuming less water and reducing the amount of wetting, it
introduces less solutes into the soil. This method has limitations in wheat fields due to costs and also the possibility
of soil salinity problems, some of which can be overcome by increasing the distance between the laterals and
reducing the consumption of drip irrigation (Tape) per unit area.

Materials and Methods

In this study, during the 2020-2021 at the Salinity Research Center of Yazd Province (Iran), the effect of
lateral distances on the surface and depth distribution of soil salinity was investigated. For this purpose, two
irrigation water salinity treatments, including 3 and 8 dS / m and two flood (T1) and drip irrigation systems (Tape)
with lateral distances of 60 (T2), 100 (T3) and 140 (T4) cm were considered. Irrigation management treatments
included the use of the flooding method (as the dominant method in wheat fields) and the use of the Tape drip

1 and 2- Ph.D Student and Associate Professor Department of Water Engineering, Faculty of Agriculture, Shahrekord
University, Shahrekord, Iran, respectively.

(*- Corresponding Author Email: tabatabaei@sku.ac.ir)

3- Research Assistant Professor, Agricultural Research, Education and Extension Organization (AREEO), National
Salinity Research Center (NSRC), Yazd, Iran

4- Research Assistant Professor, Yazd Agricultural and Natural Resources Research and Education Center, AREEO,
Yazd, Iran


https://jsw.um.ac.ir/
https://doi.org/10.22067/JSW.2022.77125.1174
mailto:tabatabaei@sku.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir
https://orcid.org/0000-0001-5483-6186

1) 60 — 53T 8 oylods ¥F Wl (S g of w5 OYY

irrigation method (as the proposed method with very low water consumption). A distance of 60 cm was considered
as the optimal distance with complete water overlap, a distance of 100 cm was considered as an economic distance
with the possibility of deep moisture distribution and a distance of 140 cm was considered as a large lateral
distance. To investigate the salinity distribution and the accumulation of salts in the soil, regular soil sampling of
different treatments was the end of the season.

Results and Discussion

In all irrigation treatments (saline and non-saline), despite the constant volume of water consumption per unit
area of all treatments, in T3 and T4 treatments, irrigation depth increased compared to T2 treatment and reduced
soil salinity in the wetting area (irrigated area). By increasing the horizontal distance of each point of the field
from the lateral, the irrigation depth and leaching fraction decrease and consequently, the soil salinity of these
points can also increase. Under non-saline irrigation conditions (salinity of 3 dS/m), soil salinity at intervals of
zero (below the lateral), 15 and 30 cm, between 5.5 and 6.1 dS/m has been observed. Values below the threshold
of tolerance to salinity of wheat plant and, in this regard, does not pose a risk to the plant. At a distance of 45, 60
and 70 cm from the water pipe, the salinity of the soil is higher than the threshold and if there is a plant in this area
of the field, it will face serious damage.

Conclusion

The results showed that although the Tape method in saline conditions (8 dS/m) compared to non-saline
conditions (3 dS/m) leads to higher accumulation of solutes in the soil and increases the possibility of plant damage,
but according to the final results of this study, by increasing the distances of irrigation laterals and proportionally
increasing the depth of irrigation and keeping the salts away from the planting bed, a more suitable environment
for plant growth can be prepared and higher economic benefits of this measure can be obtained. Also, in terms of
controlling soil salinity, the conditions have been such that treatment with lateral distance of 140 cm compared to
treatments of 60 and 100 cm has led to lower amounts of soil salinity in the subsurface and has provided better
conditions for the plant. Thus, by increasing the distances of laterals from 60 to 140 cm and, consequently,
increasing the depth of irrigation, it was possible to transfer solutes to lower depths of the soil.

Keywords: Lateral, Saline water, Solute accumulation, Soil salinity



Journal of Water and Soil
https://jsw.um.ac.ir

FE T

d"'.:'hﬁ}»’: Jlae
BYV-OFF o 1 F+) o351 o)les FF als

Jn 53 Goss 5 2 (TaPe) ()5 —lo i 5ol i ol ladlJ Aol 30
f.'\ls/ c,..iS PL tSB'

iw o3l Jorowns! Lo e dw —rbl.:.«?) Rl —'Y";Lb\..b Rl —“;o.l; b
VE/ YT 8l 55 b

VRNV o e

dAS>

5agliS & ae 30 50 Ol oo ISl S lsie s (paiS g )l50 5 TAPE k) 6)lp —(slolad (s yll (slagsby, 5l oslizul 31 (sl Jlu

i & cl (glbcadgize (gLl (S ()58 CIMUe o Sl (pimen g bodizjo > 4 a5 g)l50 53 gy (il el 04 S 4o
=y Jlo (b & Gimgly ol 53 25 g ye e sy ) (o)l slalg B (EalS g ol (sladlg) alold I3l 5o 5l Wlgice 3 M0
il Slp 85 58 g 0,90 SB (5555 as g s 2 2 (1) o] sladlg) ol 15b s plol 5, il 53 5 )F - o -I¥AR
Ve g Ve Fe S Jolsd b )l mislophad 5 (B8 (o)ll i 99 9 50 2 rteriemd A5 Y el ilal O (653 sl 93 cBan
¥) 25d 38 lalpd ay o (20 o jod A) 5o bl )5 53 ()lg5 = (slojlab (g, 43 ST a5 oy (Lt gl 8y 18 jlas e el
Ol 3 S sk il (o6 @l Ll S (oo i 1) oS )l o Jloial 5 s S5 3 Mol ity oz s oo (e 1 (peionjisod
) s iclie bmo (g «udlS sy Sl gl (1310455 593 5 5yl Bas Sl O ol @ 5 )bl sl Jolss Gl L oS g
oS ol 035 glisS 4y Ll 35 SB Gslasl (55 J S a5l cpmizmon 2y oyt 55 P8 ol o3latBl (gbljo 5l g 3,5 0olel oS 4 (ol
St balyd 9 0035 iy SoarY > SB ()58 a8 paliie 4y i e Bl e e g Fe slajlass d Capnd yia il VY Iy alolb L jlos
4 Mol Jlaml Sl dacgylel Bas Sl el @ & 5 ol Ve 48 5l Lolsd (I3l L oS (g pgboas sl 03,8 al 8 olS (41

S b b g 598 ol glie 5l 65y ble cul jI 5)bn
Soy ol Pl S gy oSl bl S lgiea ke Gl
CatS )y (Diaz et al., 2018) cowl a8 )3 1,5 ;,0lis
(o) i puiS cuiS cod glalinl 3 el SB ol &l
u.z}])\ )Afl &S A2 o ul“““’ §% OLﬁul)& 9 Ol;:_mlf Y ‘UL_M:)?
&S Cawl 0ad 03> L5 dlisee Gladllae (3 Min e WSl o 4nlse

25 al)8 35 S 5ol Slas!

(J1) ol egh (SB- ()55 @Mel qoord 195 Sl 1508 (503l

.

LY RY-T

9ok &l Siddag 9 Suid 3ble ) (6j)5liS ()l

S8k o) S gl ) it cbilis g ol glis ] o lio
S50 2ol 328 gl g O ol S 0l s (Sl
el bl cpl (Lol Jlwe | ol @lio Codgiome Judras
» ol ol codgime Js 4 o> (Abbasi et al., 2015)

Oyl 0,8 0 0,8 s oSl (659l a8l wol owdipee 09,5 Ll g (6,5 (comtild S =Y g )

(Email: tabatabaei@sku.ac.ir e X g — i)

Ol @ «s5y0liS gy g Ubigel «liios (lojls «sy9 s o 350 ¢ oimgh baliel —Y
Olnl 032 (8539l gy g Gigel «liuios lojlus o bl (b wlto 5 (55,9l B0l 5 Clasios 1S je (Sb50lS Claiios iy (g Hbalinl ¥

DOI: 10.22067/JSW.2022.77125.1174


https://jsw.um.ac.ir/
mailto:tabatabaei@sku.ac.ir
https://doi.org/10.22067/JSW.2022.77125.1174

1Fe) 60— )3T b o)lais FF wle (S g ol 4,5 OYY

¥0 (ool O s 5 yia il B o alolb 4 Ly e ,lSa
L) yiaBlw Qe b Fe s alols oS loj g il
st 0,8kae s yocdee YO 4 ¥ 5l (o)Ll Of Gas ol
BVOY 5 T Gy o LIS s e bl Ltl33l ol sime
4 bygrye ol ol st 5 b e caSe o p)S5lS VN
ol 05 st o ¥0 ()bl Ol Gas g o Bls A0 ol log
Ol 3 1) yiade Y0 Bee g pte Blow A o Aol colg
(Zhao et al., 2016) 15,5 Lo dilato

Soy 2y (raw g lojad ot Sl pingh > i
loylas )31, O Brme (59080 (i 5 03,5 gy piS sl
oo 1 p SIS VA (oo el 15 5 VIOV e
s o)l leg oliadl Ll az e s ply 2008 e
42y by ogMe (dlojlad ()l slag Lol 0 Ly (6
O 9O Ozt Cawl 03y B pne (6 yieS ol Sy &y o oolasdl
so IV bl lel g o Aol b e (sloykd (sl les
» (Torknezhad et al., 2006) . o3> o is jlog (5 0
ool ol g Aold o g dgiio ;D 0ads ploul adlllas
b puiS ciS 50 Ol (gygore e ) o sBlas Voo 5 VO D
Jogi Az yp 85 8 oali sl 3)90 o Slojlad (5l b,
21y 0Shes i JolS il 5 ol 80 (il g Alols
alie 505 layles b ol Bpan (559000 blod jl Lal il
b lg alold il b JolS (oylol bulps p3 a8 sl olis zuls g
ez (6)90 2 93 e Bl puS CiS )3 yia Bl VO
Ny alols il plojen 5 o)lel Ol Jlade ol L Lol s
(Afshar et al., 2020) 5,5 (3L ials > Slos

bl o Sl o dibie )3 Ol 3908 L ablio
4 ooliwl ol 03)S" Jos (3350 puS S 1D (g)lg — (gloylad
alols b cdls @y ¥ (il 4 (o)l Jlg o) pgye slasdg,
F 90X sbales b ()b cplpli il paija (e 5lo VO
el cu )l canny yo alil a o il VO alold b ccils ad,
G Lol ccasls o] gals s Slae iy dlass il 8l b s S
b5 ool 039y yi0S canliay Ol Grume yials 4 5 Slae jialS
Lo sl slol b lagdyy ly plyie o5 G ol
ol LialS 1y Wasyse g cd,3 L5 5 1, Seline sla il 5 cuts
2l amd 93 p3 oad plodl sla yiae}s L(Zhaoyan et al., 2019)
sbecsls L)""I)T &S Cowl ol i Ly slacely; (gq) p
b g Cunl 039 (b (5l (sloig) ol 1 )3-28 )3 pgsyo
s gty 9 Y geame Bl Sl o)l i) e 4 2295
Jolgd > yuss (Ghadami-Firouzabadi et al., 2021) ws” Ly,
Caz 5 ) gl bl )3 s ol b cslize 5 JI0
1y coobasdl wblie &S ol ()l a5 (coogesd Jpmslsy 51 ool

o3kl (LS (o)l > iseludys jobas (5 oo yo—i O 5l
Loy Bylal glac] 5l (6,50 ,00 Ll (Rahimian, 2016) »,8
5ok Mol s & ol ooy b (a6l (sloptiss
J(Lietal, 2015) cusb walgs o o1y S (gy5b b s
cel o, Sas iljel g ol Gy no ials L L;)l,gi e sl b,
= b )bl pimauw le ol > (Akhavan, 2015) el
» DQM.C u.’])b 9 L;cb.w d)l.u] dLmuZ?) )Jl.u) L» d_wals).a P d)|y
)bl 4 cows (Tarighi and Maleki, 2017) Ol yuiw (690 00
L;Q.o.c.)}n)B).owul&bwlggob;d)bi)sbybducu}dam
350 iy Rl plysa (o)) eS¢y o>
oy 9 Ol b gl 5> pien (Gharahdaghi et al., 2019)

Iy 558 Ml olme ( (Sbpusd o (hlS g oS O b puae
Khoshsimay-)aals’ o S ada s yu505 3l 5 03,8 5)lg S
©639)9 (> S 4 gloyhas ¢ ,Ll (Chenar and Noory, 2019
iy dikio > SB S ple Juowdls cowl B ol ogls § o5
Sid 55 SB ol Sy Lol ) g ashass YU 1y olS
> e 4 g Wl (S5l o bl ST (5 (0
Sl ) oslitul plSin ) (g yutas (ghtedgw 1503 (Sl by) 4 s
loyhad ¢l ;> (Mirzaei-Alamouti et al., 2020) s,ls 1, )¢
@39 SN Sy pLSgolad Blbl ) Sw @jg 55!
Ao S0 lad g b ) aold yeeis b &8 (glaisS s .ol Cuglo,
J5S g Capde BB Sts g gy poaw 5 )l Ol Gl
3,8 opluls (Tabatabaei and Mousavi, 2017)a 5L .
ok Ot Wl ol cslio Co e g (o)l (g sloby)
(Malash et al., 2005) .15 o) olS
o &S bl > (Chen et al., 2015) Ko ¢ o>
Ol e g bl e ile Qe g 5o Yo alold aw 1 widly plol
b1y by e T lSa )5 o 2o YD v g Seevc FleeeYoeo
290 =3 Jlo 93 3 pAS o) Sluogad 59, V0 solol 590
el > bl Aol Jalsal b ol s gl .3l 8 oy
Mg dlold 5o Sas YL b o ials 5, Slos jlide (lo lad
g dol Cwdty HliSe (D caSoyio Fror O gz b e lw £+
O)Lg(g WMS).) (V) L«WLA PYPAL] 9 d)l’j cowlio GRS () ‘_§|);
oLt @l .85 )15 b)) 3y90 e sl 00 5 FOYD (gl
P eSS AEY e 4y Jaaze 3Slas liae o iy a5 2l



OYD )l —sloshad (g bal o ol (sralg) aliold 150 (] K0 g (09 55

Ramezani-Gharahdaghi et al., 2016; ) cwl o0 pbx!
ol il Gas Ll (Kangkang et al., 2017; Etedali et al., 2018
9> 2 Tape g (o Ll Slapiass 16 (uyp Siagh

ol pi Slgs Jolgd )3 s 3b s 9 S (g)95
ASb e asyie ks )3 S > Ml w565 (59, 2 Tape

W g, 9 g0

b glbeis 5 ol clacis | ao e b6 e w
5 Sagorke ol &85 8 ilel (g claptis Cov 35 i
PR R el cui @Luo Cudglone J_J.)é\_’ uT d)_.m u@l_{
2,539y 3,5 odlitl (5ol (g (Sl | 55 o5 slacass
s o 25 el J b Lo Blas 5 s 5l sSosts
Cols 4 (a0 50 9 (AT ) ely) Jw S§ cse
@ Ay (oo (§)9-b SIS 45 )je > @pe Jlo Verr (o)
asyjo onl SBoyS el ap il 3 ()9 Slii>S (o 55 e
2Ol e g (g sl Shy g 039 (b pg b
ol 0 00> LS Y o

oo A olal b G o o —dolosl @) VE el)ls Gimgd ol
(ol Capde g ilel OF (6y98 Jold) i do slojloss g 035
a3 9 )5 b g g Culul (ool 2 )b ©jgos
oS ol 00 Ll byl s (Lialefl celo ) ,S5 lgisar) Sl
)‘ o.)l.é.:_w‘l.gga.)}g)l{.p).g d“""")u—“”/\ﬁv Eb_w 5.)‘)@1_;3
235290 5y 9 y9-5 ol BIS] g ds50 5 352 90 (sla el
Jgiz) 285 )18 oslaiwl )50 o)kl (sl 5 0035 dntd (e
Gilisce (cla)logs 8l oy yslatods &S Cl SD 4y o5V (Y
2 S Jlas! 5 gz 098 (6)le] Capte g o)l O 5y
B 533,85 ol (inlel g 9 caslS 5l B laes S a8 (S
ey piY BeS) 4 asyie SBg)ed

Ol ¥ L —aags (Monijshirini et al., 2015) 3,5 ;5 ;5 5
Sy g ol VB 5 5+ (o glojlad ()bl )l alol ¥ g cils
68 bl lian SBLST o] ;3 pomayo syt o)l slos
MY s sloplad ()bl slaslass 5 O B pae (5590 02 bawgie
eloskad £l a8 3l L5 gl b dpuslee caxSogio 1 pySokS
$imo p VY bl el cshizmgr olel i) 4 s )y
3, Slos gy 1wSlo oy ity (ol 0ad o Byas (690,42
VO Al olb 4 cr sl ) Folus L TL jlow @ basye 4l
Ol o BLaVB lajly dlold 5 )l B)b 53 53 yio Bl
Sl o 4 bgrye 5508 5 4 (el S 53 p S gl VFFY
g b0y dloe JUSe )3 p)S5lS 0305 e 4 (o)l
csloskad (g lel ) oolatal g0 )3 g 508 50 Ol Sl bl &
Cdy ¥ ol b o 5w YO o g dlold (puiS cely; 1o (5)lg
O o )l ym Sl 5 1 SouSy ) e 3l V0 dlold | cuis
Ao aol 03I (olaisl 55 &y ) Ol G yae S190 x4 5 3 Sas
.(Ghadami-Firouzabadi and Baghani, 2019) x>

bl sl | 55000 9 05 CadeS b slacl 5
O Jeolgd 9 S Eyes a > S gea (el Tape sl
Burt et al., 2003; Rahimian ) 53l s ke |y 55l (slacid,
i 5 Sis alom o o Lyl 5 1 535 okl (et al., 2016
@y bl Shoo bl bl (65)5liS aie) ) 08 (S85k
S5 5 ol 098 5 olel Ol e e S do claingly 4
P &9 S5 g e 2 Fge Joloe | SB Bes g o 0 O
b lel Bos 5 o2 0 Sl culply il S g
sl (g3 JB (o)l 0925 5 CulS s 43 259

ol slapin s 3 oS amd o L b Slidss gl
o) LS Giliel an wOles e 48 (63)lse I (S Tape (s)lg
o515l g Tape alols il g juss S S8 i
i bl sbaainga el g e (6yg0 0 Caa > CiS
2 lryiegy pogad ol )3 ile solaidl b0 5 )b
b Jse gols polowl p S Jdgp ()58 Sl (w)p o

olojl 3590 dilie SB olbowd 5 (Su5d SB S H9 B0 - Ja
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Table 2- Chemical P of different irrigation water salinity treatments in this study
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Figure 1- Planting arrangement in different treatments
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Figure 2- Salinity distribution of wheat root soil irrigated with non-saline water (EC 3 dS/m)
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Figure 5- The trend of spatial variations in soil salinity of wheat root area in T4 treatment at both salinities (EC of 3 and 8
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Figure 6- The trend of spatial variations in soil salinity of wheat root area in T3 treatment at both salinities (EC of 3 and 8
dS/m)
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Introduction

Mazandaran province is one of the most important rice and citrus-producing areas in Iran, where most of the
citrus orchards and agricultural fields are irrigated with groundwater. On the other hand, irrigation water pH is one
of the basic qualitative factors that determine the solubility and biological availability of chemical components in
the soil such as nutrients and heavy metals, and it can affect agricultural production.

Materials and Methods

The coastal strip of Mazandaran Province toward the southwest of the Caspian Sea is situated in the north of
Iran with an area of 8,252 km? between 35.77 to 36.99 N latitudes and 50.36 to 57.13 E longitudes. In this study,
the temporal and spatial variations of groundwater salinity were studied in the coastal strip using data from 300
wells, collected by Mazandaran Regional Water Company. Data included mean pH for each 6-month period of 9
consecutive years, from 2012 until the end of 2020. pH maps and maps of the risk probability area for rice and
citrus growth were obtained by using Ordinary Kriging (OK) and Indicator Kriging (IK) in ArcGIS 10.7.1
software, respectively. Classifications were selected according to the properties pH range for the growth of citrus
(5.8, 8) and the optimum pH for rice (6.8) in OK method. The indicator amount of pH was considered equal to 6.8
in IK method. Thereby, areas belonging to different pH classes were outlined and places with the risk probability
for growing the rice and citrus were identified.

Results and Discussion

The 11 different models for semivariograms were drawn, and the best one was chosen according to the lowest
nugget-to-sill ratio, and thus Stable and Exponential were obtained as the highest frequency for first and second
half-years. The indices of cross validation for each selected semivariogram were estimated within acceptable
ranges. In Ik method, the pH of studying area was classified into 4 ranges of <5.8, 5.8-6.8, 6.8-8.0, >8, and the
percentage area of each classification derived from the ArcGIS software, the average area of each classification
during the studying period was calculated zero, 0.6, 83.5 and 15.9 percent, respectively. It showed that most part
of the study area located in the range of 6.8-8. It means most rice fields and citrus orchards were irrigated by the
groundwater with the pH close to neutral. The obtained maps in the OK method indicated that the pH of the
groundwater was not acidic in any points and alkaline conditions were observed in the western and eastern parts
of the province. Therefore, The IK method was used to further investigate and determine the vulnerable areas. The
probability of pH risk in rice and citrus growth was classified into 4 ranges (0-20%, 20-40%, 40-60% and 60-
100%), and the average percentage area of each classification along the period was estimated 94.9, 4.8, 0.3 and
zero percent, respectively. Using the IK method, higher probability of groundwater pH reducing the yield in citrus
orchards and rice fields was found in eastern parts of Mazandaran province, which was about 5% of total studying
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area. Also, the results of the study in these 9 consecutive years did not show any decreasing or increasing trend in
pH changes and consequently the area under each classification.

Conclusion

Generally, the results indicated that the pH of groundwater for irrigating the citrus orchards and rice fields was
appropriate in the most parts of the province and merely in the eastern part of the province, low water alkalinity
may make a risk probability for rice and citrus growth in both western and eastern parts of the province. Due to
the fact that alkaline water causes soil alkalinity and consequently reduces the solubility of phosphorus and some
other plant nutrients in soil, it is suggested to supply the optimum required fertilization amounts of the nutrients in
soil. However, the amount of fertilization should be on the basis of field research results. It is also proposed to
study the condition of rice and citrus growth and the irrigated water in more details through the farms of western
parts of the province. Due to the fact that most citrus orchards in this province are irrigated under the pressurized
irrigation systems and using groundwater for irrigation, it is suggested that the Langelier Saturation Index (LSI)
be examined in future research.

Keywords: Caspian coastal strip, Indicator Kriging, Mazandaran province, Ordinary Kriging, pH
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Figure 1-a) Map of Mazandarn Province and its location in Iran, b) Study area along the coastal strip of Mazandaran
Province and the location of sampling wells (300 wells)

o 090 ()l COT OUS jo &5 A5 gt 385 cnl D (e
2 ol OLS po (g)low cp gl 5l S &S (Huanglongbing)
b S by 5 il ooyt A Sl i 9 O/A )5S slapH
oS gl )3 0395 Cj A 30 9 45y 5] (izmon g 351>
Sy PH (e 0 0 olS 45 (Ghimire et al., 2020) ¢l
van Asten et al., 2005; ) cowl o ;lgie SIY gyl O
Ol g oW &S u s lgie pien (HONma et al., 2016
2 5595 5 i S i 9 225 S BB sl )]
Akt g5 LS (Vb 3)Sdas 03]k 9 1) v Jelgs Sl &5, S
394 ¢ wlwl (ol i .(van Asten et al., 2005) sad o ialS |,
ool 9 48 i A g £IY DIA © 90 gt glapoMS

A plsl gandigg sladdds Lyl

oedld Siuas S Gl

Lt plie eliuly pe5s a0l dK g, 5l ool b
ol » (Emery, 2006) cusl bodls Jloyi a595 31 Jatue g ol
Dotz PIY il PH o3 iy > js550 gm0t b 310
2 6385 ol )3 9 dd Ol g8 Sl 5o sl PH (ke
A5 48 S s FIY |l asls e (yasls ion S be,
Cawdds YU PH 5, Slee ials dad Jlas! aids o yolwl opl
Ot g a8 SoARILE o by Sy g o ol &S il
Gl Jlod l5e

bl o g a3

Sadig a9,
03> dcgazme YA Jol b &S jlas 550 (slaodly Judoi g 4y
Sloolawl b aedls ags Jloys =V 4 plol dl> yo ,les 10 29
NPlep b boys B (gl gime o 13 i pransl=Cg S 5alS (g0
G a5 )b o395 oy Sygaoyd 5 23,5 oy SPSS 26
by kuly s & eodls ArcGIS yl5éle 5 o Log J&s! ob jlude
oVl 55 a5 3 b baled i o it =Y i Sy
Gaussian Spherical Circular by, V) o | (S
[Pentaspherical Tetraspherical (Rational Quadratic

L Stable 4 J-Bessel K-Bessel Hole Effect Exponential
ArcGIS l58ls 5 15 5450 Geostatistical wizard 15l 5l eolal
Sz S 2lager slaghy) 3 ol dsgere o 4 10.7.1
stben 5l ool b =Y cias bl asls Sipu,S s Jsene
anle i slooysd (sl PH (gaaiy jl Jool> sloaiss OK
@y 9 LS pe lp PH clio 0dgime wlwly g dal sy
Er lp PH ) pdlas b () p —F 40 plol gandil
PH 5l ol 3bobis 5 1 plonl 1K (olss o9, U

yare Shuas S Ghg,
3Shes ol 51 PH anaig j Lol un oSl 4 a9 b
OK o9y ) o] (ul.S).a 9 C.’)J) ailaio d)')9u‘5 u\j9_;.a.’>u
cuslio PH & g0 5 OUS po Comlins (liee olslyy aails
o3k iyt ©LS o gaine) 3 00 plxl o (b o085 )50
ol 00l b (B/A ¢ A) (ool YU 5 Slos 4 oliws 41y pH



[ala}}

Olyi3ko 38 g 2 9 LS po widy (615 oluns Bblio (i g (S 2 ) ST PH uiaainy woles (103250 9 Jol Jid

2

()

SsSoilul lude Z(Xi) cods e e Z*(xi) ;Lefi D as
Sas Ny (Xi) e > i D)k wl glas O(Xi) 0d

RMSSE = JZ((Z*( X )_Z ( Xi ))/G( Xi ))

n

Cuwl Slamlio

SPSS 26 lj3lp 5 ) 39250 L yra b S 9alS” (53l L

s Al oy Ao ) O (6D bz e ) odly gy Jloy
F S 2 PH @ bgye glaodly Jloy s @95 (sorina gl
Jlopss o 50 0310 YAy (gl D90 awy 3)50 (glodld degoro YA
hagyd slp b edlisl ArcGIS 10.7.1 > Log Jls! &b )
VY 4 b i o s 03lit] Jwas o 3 1K 5 OK (sla 54,
39l bl 4 (glanbad 3l s wles Hlbe g s pw) B9,
A QB (g cn e Olgis 4l Jlide op eSS
laakad Sl s ( oBS5] slod pusions slaJo F 5 ) slo Jgis
OK (slagsbg) sly o its s 2 3 1y 586 glas g il
iwliel 4 basye (gyle] sladles gols wad o 4l IK 4

e I .. C o 1 2
Olpee odima L a8 45 ool (coic) Sl wl 4 (glasad

wle Hlade oS gygbody .l dgn50 (slodld b Lod yusipns ( Siuassatd
YO B YD (o polie YU Siuson oaidd Ll cduopd YO jl 428
Qo yd YO 5l iy polis g lawgio  Swed (gosad il Loy
Cambardella et al., ) cowl 4 s  Siuon sy Lits
oS (85 ey b Ll puiSiesd cnyihe ooll ol 2 (1994
duslie (gl e a3 bl Lo 1 (sl s ) jlade
3 eslel sload i jlod s (g pSojluil g 0ads i polie
ArcGIS 10.7.1 ,l;8ls 5 ,> predication performances s
slaale Jol s 45" a5 solaz_wl cross validation (g4 35 ;|
s @ye (650l 9> (sl (ME) (i sLlad (550
3 il slad 5 Ske (ASE) 3l glas ke (RMSE)
ol 3l wl glosd WSSl pgd (g4 iuy o (MSE) o0

piY pize g 580 Sw i S b sl .ol (RMSSE)
Jlas ASE RMSE ME (oo 4y K503 MSE jlade il

(Johnstone et al., 2001) sl & 4 535 RMSSE 4 (S
Lol 045 1,1 O By (sladlaly 13 354 RMSE

Yo ¥ sledsa o cuiia 55 IK 5 OK sla i) (ol Joliie - i:l(z (x)-2(x) ()
ol 0 1) - n
390y (slaalad il Sl wl s polie plod V Jgdo 4 dg b Yo(x,) ")
— i=1
i s 45 351 VD 1 208 30 ins )3 5 AVO | yiaS o AE=TH
9 (59959 L;Lmo)b ﬁ)lfu O ‘_595 9 lamyn «_si"‘““"“ RN ul_u.\J Z((Z*(XI)—Z(XI))/O'(XI)) (\M)
ol S (Sl i Jo MSE == -
n * 2
>(2"(xi)-Z(x:))
J (x)-Z(x) 9
n
93 9 Jol SBlwesd (sl oo (e (5l ((Jgome Khuzm )5 )3 b jaedd b Jo slo el )b - Jgoa
Table 1- Semivariogram model parameters in the ordinary kriging method for the first and second half-years
Jo! s 93 Jlwps
First half-year Second half-year
Jlw lankid 5l a4y aliaod o lankid 5l a4y aibied 4o
Year Wi e Jao (%) (km) 66 glads i e Jao () (km) 56 glads
Model Nugget-to-sill ratio Rang (km) model Nugget-to-sill ratio Rang (km)
(%) (%)
1391 (2012) Exponential 10.7 20.5 Stable 0.0 48.8
1392 (2013) Circular 72.7 13.6 Exponential 0.0 5.2
1393 (2014) Stable 8.9 1.8 Stable 67.1 19
1394 (2015) Stable 0.0 4.7 Exponential 0.0 35.2
1395 (2016) Stable 20.7 18.3 Stable 20.7 12
1396 (2017) K-Bessel 0.0 145 Exponential 2.0 7.8
1397 (2018) Stable 0.0 0.7 Stable 0.0 6.7
1398 (2019) Gaussian 9.1 0.8 K-Bessel 19.8 9.1
1399 (2020) Exponential 134 45.7 Exponential 69.8 3.2
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Table 2- Semivariogram model parameters in the indicator kriging method for the first and second half-years

Js Jborew ©93 Jlwpn
Jlw First half-year Second half-year
Year s gus  (SSSSSISEIS p s e g (ST SE
Model Nugget-to-sill ratio Rang (km) model Nugget-to-sill ratio Rang (km)
(%) (%)

1391 (2012) Exponential 0.0 15 Stable 0.0 21
1392 (2013) Circular 0.0 8.1 Stable 0.0 0.7
1393 (2014) Exponential 59.5 20.8 Exponential 0.0 75
1394 (2015) Exponential 0.0 5.4 Exponential 68.3 18.8
1395 (2016)  Pentaspherical 0.0 8.3 Circular 0.0 3.9
1396 (2017) Stable 0.0 17.3 Exponential 0.0 34
1397 (2018) Exponential 0.0 8.9 Exponential 0.0 24
1398 (2019) Stable 0.0 14 Stable 0.0 14
1399 (2020) Exponential 72.7 21.6 Stable 0.0 1.2
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Table 3- The indices of cross-validation in the ordinary kriging method for the first and second half-year

Jol Jlweni ©9 Jlwps

Jlw First half-year Second half-year

Year ME RMSE MSE RMSSE ASE ME RMSE MSE RMSSE ASE
1391(2012) 0002 0373 0006 1129 0330 0008 0435 0017 0931 0465
1392(2013) 0004 0366 0010 1052  0.349 0007 0387 0012 0635 0618
1393 (2014) 0004 0364 0012 1038 0350 0007 0438 0014 0930 0474
1394(2015) 0003 0360 0984 0984  0.366 0000 0462 0009 0528 0880
1395(2016) -0.002 0359 -0.006 0971  0.369 0003 0389 0005 1102 0349
1396 (2017) 0001 0399 0003 1029 0389 0006 0497 -0008 0781 0656
1397 (2018) 0002 0478 0005 0875 0547 0004 0379 -0005 0727 0523
1398 (2019) -0.003 0417 -0004 0685 0616 0012 0458 -0015 0704 0674
1399 (2020) -0.010 0409 -0015 0711 0588 0002 0431 -0003 1079 0395
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Table 4- The indices of cross-validation in the indicator kriging method for the first and second half-year

o Jgl Jlwpes 095 Jwops
First half-year Second half-year

Year "ME  RMSE MSE RMSSE  ASE ME RMSE MSE RMSSE ASE
1301 (2012) 0976 0983 0731 1079  0.53 0983 0989 1370 1476 0081
1392(2013) 0983 0989 1370 1476 0081 0771 0850 0170 0188 0454
1393 (2014) 0938 0955 0525 0535  0.179 0939 0996 2332 2470 0045
1394 (2015) 0987 0991 1155 1517  0.102 0941 0957 0528 0537 0178
1395(2016) 0987 0991 1801  3.489  0.069 0993 09096 1810 3359 0086
1396 (2017) 0976 0983 1058 1206  0.103 0983 0989 1137 1741 0111
1397 (2018) 0994 0996 2175 2910 0061 0994 0996 1208 1829 0093
1308 (2019) 0881 0921 0257 0269 0342 0745 0833 0169 0189 0444

1399 (2020)  0.363 0.657 0.082 0.148 0.445 0.238 0.686 0.048 0.137 0.501
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Table 5- The amounts of each classified area calculated as the percentage of the total area using the ordinary kriging method for
the first and second half-year

Jol Jlwes @93 Jlweni

Jl First half-year Second half-year

Year <58 5868 6880 >80 <58 5868 6880 >80
1391 (2012) 0.0 0.0 81.6 184 0.0 0.0 78.8 21.2
1392 (2013) 0.0 3.7 85.5 10.8 0.0 0.0 84.5 155
1393 (2014) 0.0 0.8 82.8 16.4 0.0 0.0 83.4 16.6
1394 (2015) 0.0 0.0 85.0 15.0 0.0 0.0 84.6 154
1395 (2016) 0.0 0.0 85.1 14.9 0.0 0.0 85.1 149
1396 (2017) 0.0 4.2 80.1 15.6 0.0 0.0 83.9 16.1
1397 (2018) 0.0 11 83.6 15.3 0.0 0.0 84.6 154
1398 (2019) 0.0 0.0 84.6 154 0.0 0.1 83.0 17.0
1399 (2020) 0.0 0.0 83.3 16.7 0.0 1.2 83.5 15.3
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Table 6- The amounts of each classified area based on the risk probability calculated as the percentage of the total area using
the indicator kriging method for the first and second half-year

Js! S 095 Jlweni

Jlw First half-year Second half-year

Year 0-20%  20-40%  40-60% 60-100% 0-20% 20-40% 40-60%  60-100%
1391 (2012) 87.2 12.8 0.0 0.0 85.4 125 2.1 0.0
1392 (2013) 100.0 0.0 0.0 0.0 80.8 16.7 25 0.0
1393 (2014) 82.5 17.5 0.0 0.0 100.0 0.0 0.0 0.0
1394 (2015) 100.0 0.0 0.0 0.0 83.3 16.7 0.0 0.0
1395 (2016) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1396 (2017) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1397 (2018) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1398 (2019) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1399 (2020) 89.7 10.3 0.0 0.0 100.0 0.0 0.0 0.0
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Figure 2- Samples of the spatial maps depicting groundwater pH by the ordinary kriging method in ArcGIS 10.7.1
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Figure 3- Samples of the spatial maps depicting groundwater pH by the indicator kriging method in ArcGIS 10.7.1
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Introduction

Currently, many disasters threaten the health of ecosystems. The pressures caused by extensive human
interventions and the unprincipled exploitation of natural resources have led to the degradation of natural
resources and the structure and functioning of ecosystems. Hence, evaluating the consequences of human
intervention in nature and meeting the growing need of humans to receive diverse services has made it necessary
to evaluate the performance of watershed ecosystems in providing different services. Healthy watersheds play an
important role in providing a wide variety of ecosystem services. Therefore, watershed health monitoring and
evaluation is vital for the conservation of ecosystems and achieving the optimal level of services. In such a way a
suitable collaborative and executive approach is established between research and watershed management. In
this connection, watershed health analysis can provide valuable help in achieving the goals of integrated
management of watersheds and, of course, the balance between the needs of human societies and ecosystems.
However, the assessment of the health and sustainability of the watershed affected by human activities has not
been sufficiently documented yet.

Materials and Methods

The current pilot research has evaluated the health of the Shiraz Darwazeh Quran Watershed in Fars
Province, Iran, and the effect of existing watershed management structures in the region on the health of the
watershed with a focus on floods. For this purpose, 36 key criteria from a set of climatic, anthropogenic, and
hydrologic factors were identified based on the conditions of the region and the analysis of the flood occurrence
process in the watershed. The selected criteria were then categorized into the three indices of pressure (P), state
(S), and response (R). After screening the selected criteria in exploring the conceptual approach of pressure,
state, and response (PSR), the health status was evaluated in two cases with and without watershed management
structures.

Results and Discussion

The results showed that the health condition without considering the watershed management structures was at
average conditions with health index of 0.55. In addition, the results of the watershed health assessment verified
the non-significant effects of stone and mortar structures on improving watershed health. So that, the health
conditions was remained at average status with health index of 0.53. Therefore, it can be acknowledged that the
existing watershed management structures, due to the limited both number and spatial coverage, have not been
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able to noticeably affect the improvement of the general conditions of the watershed, despite the effect on the
factors affecting the health of the sub-watersheds where the structures have been constructed. The spatial
changes of the calculated variables showed that the abandoned lands, time of concentration, area under military
activities, surface of sensitive formations to erosion, high density of the drainage network, density of the roads,
areas of regions with high potential in producing runoff and sediment, and size of the residential areas were the
most important factors affecting the health situation of the Darwazeh Quran Watershed.

Conclusion

According to the results of the analysis of the indicators and criteria considered in evaluation of the health of
the Shiraz Darwazeh Quran Watershed based on the PSR approach, it was found that the watershed had an
average health status. Therefore, it can be acknowledged that the existing watershed management structures have
not been able to impose a noticeable effect on the prosperity and improvement of watershed health conditions. In
general, it can be said that abandoned lands, short concentration time, military activities, the presence of
formations sensitive to erosion, high density of drainage network and road, and the potential of high runoff and
sediment production, and the size of residential areas are among the most important factors affecting the
declining the health of Darwazeh Quran Watershed. Therefore, it is necessary to pay further attention to the
aforesaid factors by conducting periodical monitoring with more comprehensive data, in time and also analyzing
the trend of relative changes of the indicators in order to explain the adaptive and intelligent management of the
watershed. The necessary measures should also be taken into account simultaneously. Therefore, it is suggested
to turn the weak points of the region into strong points by applying bioengineering measures and use the
opportunities in the region such as the potential of tourism and ecological features in order to improve the health
status of the watershed.

Keywords: Fars province, Health degree, Watershed adaptive management, Watershed health criteria,
Watershed sustainability
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Figure 1- Geographical location of the Shiraz Darwazeh Quran Watershed and location of watershed management structures
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Table 1- Characteristics of existing watershed management structures in the Shiraz Darwazeh Quran Watershed
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Figure 2- Process framework and general steps of application of the conceptual approach of PSR in the watershed health
assessment
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1- Variance Inflation Factor (VIF)
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Table 2- The variables used in evaluating the health of the Shiraz Darwazeh Quran Watershed using the conceptual

approach of PSR

uaél.w J.ol& )L;.Qc EH W .\Aig
Index Factor Criterion Symbol Unit
b P1 mm.ht
Rainfall intensity
PR aljg) (S8l Sl lawgie P2 mm
ool e Mean maxmum daily rainfall
Climatic and Ol yd 4 ol ol g P3 Kkm2
Geologic Area of formations sensitive to erosion
u‘i‘.“" uf)).ﬁ)?)‘f C“"“Jl‘ L d]”l“‘ Colue P4 km?
Avrea of areas with the predominance of rocky outcrops
Sl sbdlbs colue p5 Km?
Area of construction debris
= " P6 Person
Population
Area of residential areas
ol seld cod sble Cawg P8 Km?
! Area of the areas under military activities
Anthropogenic il S claosls Job P9 km
Length of dirt/asphalt roads
sl gedls 5l L3 glaml ol LS iloyd Job P10 km
(P) ,Lis Length of bank erosion due to anthropogenic interventions
Pressure anll b ol bl o P11 Dimensionless
Number of road intersections with waterways
(NDVI) 012 Jley (a5 by SHST a3l P12 Dimensionless
Normalized Difference Vegetation Index (NDVI)
* bl laojl e pox P13 m?
Volume of reservoirs of watershed structures
YL Y axp L;La,a.ml)ﬂ Job g0 P14 Kkm
Total length of waterway of rank 2 and above
Total length of 1st rank waterway
0l 05 bansgio s P16 %
Watershed Mean slope
sl g JSs asls . .
‘5)9}””\”“’_ el S5 o> P17 Dimensionless
Hydrologic Watershed shape index
F el ol P18 h
Time of concentration
oHelest L_’L") P19 h
Travel time
bl e o P20 me.s?

Instantaneous peak flow discharge
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Table 2- Continued, the variables used in evaluating the health of the Shiraz Darwazeh Quran Watershed using the
conceptual approach of PSR

wlalo o)l bwgio 4 ailale yses bwgio Cows s1 dx g
| Ratio of mean monthly evaporation to mean monthly precipitation Dimensionless
y evap y precip
Climatic (SPI) JlwSis Lasls s2 Axy o
Standardized Precipitation Index Dimensionless
}#]ﬁ}bm@bm%)ﬁwﬁb‘“uw s3 Ax ey
Ratio of the area of degraded lands to the sub-watershed area Dimensionless
Sl R ”jd‘“ﬂ’; " sS4 m.m2
(S) < Anthropogenic — oa .en5| Y -
State 5l g 4 (SoSme (3blie s S5 S O
Ratio of residential areas to the sub-watershed area Dimensionless
e e . S6 Person.m
Population density
‘j“zﬁ" =l ) S7 m.m
&g Drainage density
Hydrologic 5505 o 4 Qg 3 eaiS eyl () s S8 RERPRY
Ratio of lands contributing in runoff to the sub-watershed aria Dimensionless
sl ol R1 os
Anthropogenic Migration Dimensionless
odilyy ol Cans R3 Km?
Area of abandoned lands
leroﬂ:gin?;;: R4 Billions of Iranian Rial
(R) &t st waseto (03 5 5VL Oy, (o RS mest
Response Runoff discharges higher than high flow discharges
63959)4:“_ R R6 me.st Km?
Hydrologic Specific flow discharge
°R9 29 R7 t.Km2year

Specific sediment yield

*olojel o3l (86 e o ralS RS %
Reducing the flood volume caused by the watershed structure
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1- Standardized Precipitation Index
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Table 3- The standardized values of the criteria used in the PSR approach in the studied sub-watersheds of Darwazeh Quran
Shiraz watershed

Sub-watershed) 5ol ,s;

- 2 3 4 5 6
(Criterion) ,bze
P1 0.50 0.50 1.00 0.50 1.00 0.00
P2 0.33 0.00 0.67 0.33 1.00 0.67
P3 0.86 0.96 0.83 0.00 1.00 0.90
P4 0.48 0.78 1.00 1.00 0.00 0.97
P7 1.00 1.00 1.00 1.00 0.72 0.00
P8 1.00 1.00 1.00 0.61 0.91 0.00
P9 1.00 1.00 0.93 0.50 0.94 0.00
P10 1.00 0.00 1.00 0.99 0.94 0.84
P11 1.00 0.96 0.81 0.65 1.00 0.00
P13 0.00 0.00 0.00 1.00 0.67 0.19
P14 0.71 0.53 1.00 0.12 0.92 0.00
P15 0.83 0.87 0.86 0.35 1.00 0.00
P16 0.08 0.00 1.00 0.90 0.50 0.63
P17 0.93 0.40 0.00 1.00 0.91 0.92
P18 0.47 0.65 0.47 1.00 0.00 0.64
P19 0.00 0.14 0.28 1.00 0.07 0.86
P20 0.50 0.50 0.00 0.50 1.00 0.90
S1 0.68 1.00 0.28 0.68 0.00 0.35
S2 0.00 0.00 0.25 0.50 0.75 1.00
S3 1.00 1.00 0.38 0.80 0.84 0.00
S4 1.00 0.81 0.11 0.94 0.97 0.00
S5 1.00 1.00 1.00 1.00 0.00 0.14
S7 0.65 0.12 0.00 0.66 1.00 0.62
S8 0.74 0.79 0.95 0.16 1.00 0.00
R3 1.00 1.00 0.00 1.00 1.00 0.58
R6 0.75 1.00 0.87 0.75 0.00 0.12
R7 0.00 1.00 0.07 0.43 1.00 0.27
R8 0.00 1.00 0.00 0.74 1.00 0.24

3o 18 03l9,5 8l 0o axlllnd jg0 (gl 45 PSR 3,509, 5 03liswls j90 (b lixe €8 jLite s y3 —F Jgor
Table 4- The percentage of participation of the criteria used in the PSR approach in the studied sub-watersheds of Darwazeh
Quran Shiraz watershed

Sub-watershed) 5ol ,s;

1 2 3 4 5 6
(Criterion) ,bzxe
P1 14.29 14.29 28.57 14.29 28.57 0.00
P2 11.11 0.00 22.22 11.11 33.33 22.22
P3 18.95 21.09 18.18 0.00 22.00 19.77
P4 11.33 18.46 23.61 23.61 0.00 22.99
P7 21.19 21.19 21.19 21.19 15.25 0.00
P8 22.12 22.12 22.12 13.50 20.13 0.00
P9 22.89 22.81 21.26 11.42 21.62 0.00
P10 21.00 0.00 20.91 20.82 19.73 17.55
P11 22.61 21.74 18.26 14.78 22.61 0.00
P13 0.00 0.00 0.00 53.49 36.07 10.43
P14 21.66 16.18 30.45 3.69 28.03 0.00
P15 21.14 22.22 22.06 9.04 25.54 0.00
P16 2.56 0.00 32.13 28.78 16.18 20.34
P17 22.39 9.55 0.00 24.03 21.94 22.09
P18 14.61 20.22 14.61 30.90 0.00 19.66
P19 0.00 5.88 11.76 42.65 2.94 36.76
P20 14.71 14.71 0.00 14.71 29.41 26.47
S1 22.76 33.33 9.48 22.76 0.00 11.67
S2 0.00 0.00 10.00 20.00 30.00 40.00
S3 24.81 24.81 9.54 19.85 20.99 0.00
S4 25.97 21.10 2.96 24.65 25.31 0.00
S5 24.14 24.14 24.14 24.14 0.00 3.45
S7 21.33 3.90 0.00 21.79 32.57 20.41
S8 20.38 21.66 26.11 4.46 27.39 0.00
R3 21.80 21.80 0.00 21.80 21.80 12.79
R6 21.43 28.57 25.00 21.43 0.00 3.57
R7 0.00 5.03 4.19 22.95 53.21 14.61

R8 0.00 0.00 0.00 37.40 50.43 12.15
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Figure 3- Zoning of P, S, R and PSR indices in the Darwazeh Quran Shiraz Watershed without considering watershed
management structures
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Table 5- Values of the indicators of the PSR approach in Darwazeh Quran Shiraz watershed

s (P) sLis (5) ot (R) gty PSR ERIERYN
Sub-watershed Pressure State Response Watershed health
ol 3329 (9 1 0.67 0.73 0.58 0.66
el 2 0.58 0.67 0.70 0.65
: 3 0.74 0.43 0.32 0.47
Without
watershed 4 065 068 073 069 055
5 0.74 0.65 0.66 0.69
management
stru?:ture 6 0.46 0.30 0.33 0.36
) 1 0.63 0.73 0.44 0.59
13550 ojle 3g3L 2 0.55 0.67 0.52 0.58
With watershed 3 0.70 0.43 0.24 0.42 053
management 4 067 068 073 070 ’
structure 5 0.74 0.65 0.75 0.72
6 0.44 0.30 0.31 0.35
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Figure 4- Zoning of P, S, R and PSR indices in Darwazeh Quran Shiraz watershed by considering watershed structures
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Introduction

A large part of forest and woodland ecosystems in Iran have been located in arid and semi-arid areas which
low level of soil organic carbon (SOC) is considered as one of the main problems. Millions of trees together that
make forest ecosystems, play a major role in carbon sequestration and can sequester it in the form of biomass,
above ground in plants and also underground in plants root or in the soil. Forest ecosystems play a significant role
in absorbing and reducing greenhouse gases and therefore, can play a crucial role in decreasing global warming.
Soil is one of the great sources of carbon storage, which plays a significant role in the atmospheric carbon
deposition and dioxide gas. The carbon stored in the soil changes under some important driving factors such as:
land use change, animal grazing, pollarding, exploitation (included forest harvesting), topography and forest trees,
and types. One of the main sources of income for forest stakeholders in Zagros area is the Zagros oak forest. These
people livelihoods are heavily dependent on natural resources, especially forest, known as a kind of traditional
land use system called “Galazani”. Each family, in this system, has its own common ownership and manages their
proprietorships called “Gallajar” which is a part of the woodlands and use some kind of traditional silvopastoral
techniques to use these areas. Dominant livestock in the most part of theses area are goats and sheep. In the growing
season, they usually feed on ground vegetation and in the winter time, they use dried oak leaves (leaf hay) that is
stored before on some special trees call “Daar-Galla”. In the northern part of Zagros oak forest (Kurdistan
province), there are some very special stands that are found around every village called sacred groves and are
totally intact because of some spiritual values and taboos. There are no exploitation and grazing and even land use
changing in these areas, and they show the real undisturbed forest lands in Zagros. The aim of this research was to
study and compare soil carbon stock and some essential soil properties in sacred groves and pollarded forests
(Gallajar) of northern Zagros forests in order to obtain more precise data in soil after high exploitation and
pollarding.

Materials and Methods

The average annual rainfall in 25 recent years in the study is 690 mm and the average annual temperature is
14.2 degrees Celsius. The dominant trees species in the region are Lebanon oak, Aleppo oak and Persian oak. To
conduct this investigation, three study areas included both sacred groves and Gallajars, in three main slope aspects
including north, east and south facing aspects, were chosen. Then six plots (10 a) were randomly selected in each
area and tree canopy (%) and litter percentage were determined in the field. Soil samples took in two depths (0-15
and 15-30 c¢cm) in the center of each plots and then bulk density (BD) and some chemical soil properties included
soil organic carbon, soil carbon stock, total nitrogen (N), phosphorus (P), potassium (K), electrical conductivity
(EC) and pH were measured in the soil laboratory. A factorial randomized complete block design was used to
analysis soil data.

Results and Discussion
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The results showed that there were significant differences between soil depths for studied soil properties except
BD, N and K and also there were significant differences in various slope aspects in studied parameters. However,
no such a trend was observed in soil N and EC. The results also revealed that pollarding had significant effects on
all studied soil properties. In addition, all studied soil properties including SOC stock, N, P, K and EC in sacred
groves was higher than Gallajars while pH and BD were increased in pollarded areas. The amount of SOC stock,
N, P and EC were greater at depth 0-15 compared to depth of 0-15 cm while, pH showed lower amount in the
surface soil layer and K and BD had no significant differences in the two studied soil layers. SOC stock in northern,
eastern and southern slope aspect were 72.6, 48.2 and 45 tons/ha, respectively. Pollarding and livestock grazing in
Gallajars caused a significant decrease in tree canopy and, as a result, the litters on the grounds also reduced.
Therefore, it seems that the reduction of trees and canopy cover affected soil properties significantly and reduced
SOC stock meaningfully in the long term. Other essential chemical soil properties were also lower in Galajars
compared to sacred groves.

Conclusion

Finally, we can claim that, some factors including pollarding and grazing can significantly reduce SOC stock
and other studied soil properties in this research. On the one hand, people are using these forest areas as grazing
pastures and also for pollarding trees to fed their livestock and the government could not have convinced them not
to pollard the trees and, on the other hand, the results in this study showed that these pollarding operations are
affecting forest stands and forest soil chemical properties and SOC stock significantly and reduce their quality
considerably. It can be suggested that some new management treatments should be done in these forest areas
through the training of local people, preparing sufficient fodder resources and providing enough facilities by the
government to reduce pollarding by stakeholders. As a result, the natural process of production and decomposition
of organic matter may be controlled in a better way, so that, the soil quality and carbon storage in these forests to
be improved in the long term.

Keywords: Chemical properties of soil, Sacred stands, Slope aspects, Soil depth, Soil organic carbon
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Figure 1- Study areas of map in Iran and Kurdistan Province
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1- Walkley-Black
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Introduction

The maintenance of planted forests in arid and semi-arid lands is important. Soil formation in forest ecosystems
is different with different tree species. Tree species have a direct and indirect effect on soil organisms. Forest
ecosystems change their species composition and abundance of microorganisms, and consequently their
biogeochemical cycles. The accumulation of vegetation biomass and the improvement of soil fertility can play a
significant role in soil restoration.

Materials and Methods

In order to investigate the biological characteristics of the soil from 5 treatments, including agricultural (dry
farming and relatively poor lands that are usually cultivated barley and wheat and have low productivity), pasture
(pastures with minimal vegetation and high slopes that are affected by overgrazing have been changed to barren
lands), forest with Acacia type (under and outside the crown), forest with the Cupressus arizonica type (under and
outside the crown) and forest with the Pinus brutia type (under and outside the crown) randomly. Sampling was
done in 3 repetitions from the 0 to 5 cm layer. The statistical sampling design of this research was completely
random, in which, according to the type of afforested species, two types of coniferous forest stands (including
Cupressus arizonica and Pinus brutia) and one broadleaf stand (Acacia species) were selected. Also, the area
under the crown trees and outside the crown trees was also investigated. Soil samples were sampled with sterile
equipment and crushed through a 4-mm sieve. Fresh and moist soil was kept at 4 °C temperature for soil biological
tests. Microbial biomass carbon, soil basal respiration (197 days), substrate-induced respiration, and metabolic
quotient were measured. Streptomycin sulfate was used to measure fungal respiration and cycloheximide was used
to measure bacterial respiration. The activities of urease, acid, and alkaline phosphatase enzymes were determined.
After measuring the biological properties of the soil, the normality of the data was checked by the Anderson—
Darling test, and the homogeneity of the variance of the treatments was checked by using Levene's test. Analysis
of data variance was done using One-Way ANOVA and average data comparison was done using Duncan's test at
5 and 1% probability levels (SAS 9.4 and SPSS 26).

Results and Discussion

The results of soil biological characteristics analysis showed that the highest values of soil respiration and
amount of consumed organic matter, substrate-induced respiration, microbial biomass carbon, enzyme activities,
and fungal respiration were measured in conifers. Although the amount of these features was also significant in
broadleaf trees, they had significant differences. In this study, the high soil respiration rate in coniferous covers
compared to broadleaf can be due to the high organic carbon content of the soil in this cover. According to the
results of substrate-induced respiration in different coatings, likely the activity of microorganisms involved in the
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decomposition of organic matter in the studied habitats had a significant difference; Therefore, different coatings
can affect the population of soil microorganisms as the main source of decomposition and emission of carbon
dioxide by changing the quantity and quality of organic matter and other factors. Also, the highest values of
metabolic quotient and bacterial respiration were observed in agricultural and pasture covers. A higher metabolic
quotient in these covers indicates a decrease in the efficiency of the use of leaf litter by the soil microbial
community. In general, the metabolic quotient in the bacterial community is higher than the fungal community;
Therefore, it seems that the predominance of the bacterial population in agricultural and pasture cover has caused
this index to increase, although plowing and cultivation, and disturbance of these covers have caused stress to this
bacterial community and as a result increased the metabolic quotient deficit in these covers.
Conclusion

The results of this research showed that the type of planted tree species causes significant changes in the
biological characteristics of the soil. The current research shows that the forest, whether coniferous or broadleaf,
had the highest values of enzyme activities, basal respiration, substrate-induced respiration, microbial biomass
carbon, and the lowest values of metabolic quotient compared to agricultural and pasture covers. Afforestation
increases biological activity and possibly the number and diversity of microorganisms, and improves soil
characteristics in the long term. In agriculture and pasture land, due to the destruction of soil and aggregates by
agricultural activities such as plowing or excessive livestock grazing, the amount of organic carbon and the activity
of microorganisms decreases, and with the decrease of other soil characteristics, the quality of the soil decreases
over time. From this research, it can be concluded that the planting of forest species in the soils of degraded areas
in the long term can increase soil organic carbon due to high-quality leaf litter, and as a result, increase permeability
and soil moisture. Increasing soil organic carbon increases the activity of microorganisms, and in the long term, it
will improve various soil characteristics. Planting forest plants in the natural areas of the country, which were
destroyed due to the change of use to agriculture and indiscriminate cultivation and finally abandoned, can improve
the characteristics of the soil and, as a result, establish the native vegetation of the region, and increase the
permeability of water in the soil, the risk of soil erosion, floods, etc. reduce.
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Figure 1- Location of the studied area in Biston city
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Figure 3- Sampling pattern of forest soil (right) and pasture and agriculture (left)
Blue circle: samples under tree crowns. Yellow Square: soil samples outside tree crowns
In each of the land uses, three transects were considered and 15 to 20 soil samples were taken along each transect, and after mixing
them together, a composite soil sample was obtained. 3 mixed soil samples were taken for each land use.

WY e b disy ) by lld )b 950 9 (5wl S 4
P9 aiSey S Bk 9 |y ey /0 39w i e
0 sl b celis VS jl am g ad a4 sliS S gladiges
Anderson and ) ai i il Jed SLwlid olyen 4 Jlo g
Kandeler ) ;)5 g JuS 59, 4 51 0,9l w2351 .(DOMsch, 1985
o9y & 2B g eawl jBliué o351 (and Gerber, 1988
o= (Tabatabai and Bremner, 1969) yop 5 olLbLL

IR W)

e 39) VAY) SB- il S ¢ 02950 0395 ()5

Nannipieri ) &l 5 (50 SU 59y 48 (Sl s g 4SSl
odol Cawd & JI )8 Ao yd 50 (¢ ,505l0l (and Alef, 1995
33,5 s S p3 Joles ST o3le b oa s oy VIVY dae
sy SB w5 YD il (65U 5 )8 S (g puSojl ol
Sl gl s 03,8 (154 g So g9 21y o 038
ol Gl p)S IV ke ()8 udis b g5 & plS o
YOV jlade (2 Sl i 65 oll (sl g Sl rle

o o o ol il o V> S i el 5



B oLiilo S (g ddllain 33 Syt 9 S 1 Pigm OUS )0 b S 30 S g § Clliad dung Lo oS00 9 hgi yoeo

S (K jlgm WS g 52 o3> (uil,lg 4525 i -Y Jgsa
Table 1- The analysis of variance of data on biological properties of soil
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Figure 4- Comparison of the average cumulative soil respiration content in different vegetation
(Outside: outside tree crowns, under: under tree crowns)
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Figure 6- Comparison of the average substrate-induced respiration (SIR) in different vegetation
(Outside: outside tree crowns, under: under tree crowns)
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Figure 7- Comparison of the average soil metabolic quotient in different vegetation
(Outside: outside tree crowns, under: under tree crowns)
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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(Outside: outside tree crowns, under: under tree crowns)
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
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Figure 9- Comparison of the average activity of acid phosphatase enzyme in different vegetation
(Outside: outside tree crowns, under: under tree crowns)

In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Figure 10- Comparison of the average activity of alkaline phosphatase enzyme in different vegetation
(Outside: outside tree crowns, under: under tree crowns)
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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(Outside: outside tree crowns, under: under tree crowns)

In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of

Duncan's multiple range tests
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Introduction

Soil is one of the main drivers of global warming through losing carbon in the form of CO,. On the other hand,
its ability to sequester carbon is a suitable option for reducing CO, emissions. Therefore, even few changes in
carbon sequestration or decomposition of soil organic carbon affect the global atmospheric CO; content. Although
the soils of arid and semi-arid regions have low organic carbon content, they can sequester substantial amounts of
carbon due to the large area of these regions. So, the Rothamsted carbon model was used to predict the impact of
future climate changes on the amount of CO, emissions and low soil organic carbon stocks in the semi-arid arable
lands of Razavi Khorasan province. This model is one of the most widely used models for the study of soil organic
carbon turnover and has been evaluated in a variety of ecosystems including grasslands, forests and croplands and
in various climate regions. The RothC model is consists of five conceptual soil carbon pools, four active fractions
and a small amount of inert organic matter (IOM) that is resistant to decay. The active pools splits into:
Decomposable Plant Material (DPM), Resistant Plant Material (RPM), Microbial Biomass (BIO) and Humified
Organic Matter (HUM). This model is able to reveal the effect of soil texture, temperature, rainfall, evaporation,
vegetation and crop management on the soil organic carbon turnover process.

Materials and Methods

The Rothamsted carbon model was calibrated and validated using data measured in 2020 and available data
from the long-term field experiments in the semi-arid agricultural lands of Jolge Rokh. Then, by analyzing the
climate change of the study area, the impact of climate change until the end of the current century on the amount
of CO2 cumulative emissions, total organic carbon (TOC) and active carbon pools model were modeled and
compared in the current climate and also climate change conditions.

Results and Discussion

The comparison between the measured and simulated soil organic carbon values by the model shows the
potential of the model to provide predictions with acceptable accuracy. The outcome of comparisons revealed that
R?, Root Mean Square Error (RMSE), Mean Difference (MD), Mean Absolute Error (MAE) and Model efficiency
were 0.97, 2.78, 2.11, 2.33 and 0.70 respectively. Assessment of climate changes in the region (during 1981-2020)
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showed a decrease in precipitation and a significant increase in temperature over the past 40 years. Climate change
simulation was carried out by temperature increasing and decreasing the precipitation until the end of the current
century, indicated the decrease of all active carbon pools. It was found that DPM, RPM, BIO, HUM and TOC
decreased respectively to 2.41, 2.72, 2.51, 1.04 and 1.32% compared to the current climatic conditions, while the
cumulative CO emission increased by 1.26%. Temperature rising leads to increase the rate modifying factor (a)
by 2.20%, which enhances microbial respiration and decomposition rate of organic carbon and CO emissions
(carbon output). However, it also increases the ecosystem's net primary productivity (carbon input). Decreases in
rainfall and increase in potential evapotranspiration cause a reduction of the rate modifying factor (b) to 0.23%,
which on one side reduces the activity of microorganisms and carbon biodegradation; but on the other side, it
decreases the vegetation cover and following that reduces CO; trapping during the photosynthesis process and
transfers it to the soil. It seems that in arid and semi-arid climates where the lack of moisture is the most important
limiting factor of the plants growth; the role of precipitation in carbon decomposition and sequestration is greater
than temperature.
Conclusion

The Rothamsted carbon model is suitable for regional simulations because it requires only easily obtainable
inputs. Therefore RothC is an appropriate tool for estimating long-term effects of climate change and agricultural
management (such as application of manures, returning plant residues to the soil, crop rotations, conservation
tillage etc.). The RothC model validation in the cold semi-arid agricultural lands of the region, shows the ability
of model to properly simulate the pattern of organic carbon changes. Also, simulation of soil organic carbon
changes under the climate changes conditions indicates an increase in cumulative CO; emissions and decrease in
soil organic carbon pools of the study area. The methodology can be applied to other regional estimations, provided
that the relevant data are available. The predictions allowed to identify the land management potential to carbon
sequestration. Such information demonstrate a beneficial tool for evaluation of past land management effects on
soil organic carbon trends and also estimation of future climate change effects on soil organic carbon stocks and
CO; emissions.

Keywords: Global warming, Carbon sequestration, Decomposition of soil organic matter, Model efficiency,
Rothamsted carbon model
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Table 2- Summary statistics of soil physicochemical properties in 2020 (at 0-30 cm depth)
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Table 3- RothC model land management files for equilibrium mode and final year

55 590 LMD JLol ylase
Data requirements _ Year/Value
q 1992 2020
d)‘ﬁ)fd’.?“. o 30 30
Depth of soil layer sampled (cm)
) 2202 31 38
Clay content (%)
St o S 28.63 25.29
TOC (t C hal)
ks J osle 223 194
IOM (t C ha!)
Input of plant residues (t C ha)
o sbadgs 6399 )5 24
Input of farmyard manures (t C ha'?)
polis (ALS Slge &l (LS dlge s 144

DPM/RPM ratio

Sl dlale oy55 (6 puSojlasl aSLsul;) (Jenkinson, 2014

Colgcdygs gy 3l demily (3,85 9 poes jlade d e 4l

odlasw! u_wt_wl}m SleMb] )1 ua.‘>Lw U"I du_wbm L5|)" ol

"j d)jojlxl as |5.m sles 5l S glod sbbay (Opred Do 0

WleMb| oyl SoS 4y 9 4 odlaiwl (Thornthwaite, 1948)

Coleman and ) sel e wday SB xa s 4 Cugb 39068



Vo) 60— 3T b ojled FF wls (S g T 4,5 FVA

S 3255 10,5 SOC Whlze ! ) (Falloon et al., 1998) 4
203G g )b paiges Boe D isyall jogase py> BD (S1
el oo 93 51 5555 052Kk (o>
TOC (t ha™")=SOC(%)*BD (g cm—3)xD(cm)x(1- G) (8)
IOM= 0.049 TOC 1129 %)
VARY L SLL i by 5 Jobs b 3 Jie eyl jl e
o Mo 58S 15 il 3,90 b sla2g s (Y Jga)
2 Jie @i 5 moe—al )5 psbar (2lS Lk Bk 1 6295
0ab g ilwdend S JI 1S 0585 Jlade Ul oy 12l )b y2
ool 53 03 (5Se31sl S T )8 0585 ko b Jio Al
Farina et al., 2017; Francaviglia et al., ) 5,5 ,ly JLw
SBSleMl 4l 4 Jgte gyl il b o (2017
e ol g g Ll Jae ool SleMbl 5 (5l o e
20,8 o ylel Jao b o

Jss g lie!
L ead el J o S molis Jao (rtoslie] g
&bl s jad i 5l Jie dliwgds 00 gjluvdad (o> polde

Smith and ) s eslawl Jae ® Sl 4asls § % WSKile cglds
by 1 e (0 w0 p2) e =8 (S, 2007
Ole odd gilwdud polie dluwgas a5 Cuwl 0ad saalie (laodld
s Slaye (Sl ddisy ] o Conddy (V) ddlee 5l g 395 oo
D985 g0 dewloee (1) dbleo jl s 3llas 1 Slo Hlade o (A) aolee
5 (V1) sladble jl ey Jao 25 (a3ls 5 (10ke plis
$S0d5 S Jio o5 jadls asya a8 ] e cass 4 (1Y)

(Paul et al., 2003) ool auily sy 5,Sloe Jao sl

R? = _ I3, 6i-0)0i-0)” )

T¥R (si-5)2 ¥, (0i-0)2

[ ZhGi- 01)2]2i

RMSE = ()
n L Q

MAE = 21=1|:ln sil Q)
n i o

MD = 21:1(:1 Si) ()
n 2 n i A2

EF = Zi=; (0i-0) YL, (Si-0i) M)

Z?=1(Oi—(-))2
)J.)LQA Oi cDJ__ng)L_wdw__w )J.)LQA )i:l»a Si Ja_v]ﬁ) U"] PN

yoolio ujaL.a S cu_desal e ﬁ)lio 054‘“’ 0 wiisosal i

ol osalie D N g 0 5 jlwdpd

4- Mean Difference, MD
5- Model Efficiency, EF
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Figure 2- Correlation between mean total organic carbon stocks observed and simulated by RothC
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Table 4- Comparisons of annual average temperature and precipitation at Torbat-E Heydariyeh in 60s and 90s (p-
value=0.05)
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Table 5- The rate modifying factors for temperature and moisture under current climate and climate change
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Table 6- Changes in soil organic carbon stocks under current climate condition and climate change
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Introduction

The sustainable availability of water resources and the qualitative and quantitative status of these resources are
threatened by many natural and antropogenic factors, among which climate change plays an important role.
Climate change can have profound effects on the hydrological cycle through changes in the amount and intensity
of precipitation, evapotranspiration, soil moisture, and increasing temperature. On the other hand, the distribution
of rainfall in different parts of the world will be uneven. So that some parts of the world may face a significant
decrease in the amount and intensity of precipitation, as well as major changes in the timing of wet and dry seasons.
Therefore, sufficient knowledge about the effects of climate change on hydrological processes and water resources
will be of particular importance. In this research, as the first comprehensive study, the effect of future climate
change on the water resources components of Neyshabur-Rookh watershed was investigated by a set of one
hydrological model and six General Circulation Models under the RCP4.5 scenario.

Materials and Methods

The Neyshabur-Rookh watershed with an area of 9449 square kilometers is a sub-basin of Kavir-e Markazi-e
Iran and a part of the Kalshoor Neyshabur watershed, which is located between of 58 degrees and 13 minutes and
59 degrees and 30 minutes and east longitude and 35 degrees and 40 minutes and 36 degrees and 39 minutes north
latitude. The study area with an average altitude of 1549.6 m above sea level and average annual precipitation of
246.83 mm, a mean annual temperature of 13.3 Celsius has an arid to semi-arid climate. For hydrological
simulation of the watershed using WetSpass-M model, maps of Digital Elevation Model (DEM), land-use, soil
texture, slope, and distribution map of groundwater depth, Leaf Area Index (LAI), and climate data (rainfall, mean
temperature, potential evapotranspiration, wind speed and the number of rainy days) per month in 1991-2017
period were used. Then the prepared model was calibrated and validated. The climatic data of six General
Circulation Models (GCMs) under the RCP4.5 scenario (Representative Concentration Pathways) were
downscaled using the Quantile Mapping Bias-Corrected method. The downscaled GCM models were ranked and
weighted in each station according to results of the Leave one out cross validation method and utilized as an
ensemble for projecting the near-future climatic conditions of the water resources components of the watershed.
By importing the monthly maps of precipitation, average temperature and evapotranspiration in the period of 2026-
2052 into the calibrated hydrological model, the hydrological response of watershed to near future climate change
was determined and evaluated.
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Results and Discussion

WetSpass-M was calibrated by changing the calibration parameters in five hydrometric stations and the
compared measured and simulated streamflow. The values of four evaluation criteria NS, R2, MB, and RMSE
indicated the good performance of the model during the calibration and validation process. By predicting climatic
parameters in near future and preparing and importing maps of monthly precipitation, mean temperature, and
evapotranspiration to WetSpass-M, the hydrologic simulation of the watershed was done in the 2026-2052 period.
The results indicated that the mean annual temperature and precipitation would be respectively increased by 4.66%
and 1.21°C under RCP4.5 in the near-future period compared to the baseline period. The average temperature will
increase in all months so that the most changes will occur in September and the least changes will occur in March.
The rainfall of the watershed will increase in March, April, May, October, and December and will decrease in the
rest of the months. The highest and lowest rainfall changes will happen in April and August, respectively. The
analysis of the components of water resources in the near future shows that annual total runoff, groundwater
recharge, and actual evapotranspiration will increase by 5.9%, 14.85%, and 1.42% compared to the base period,
and annual direct runoff and interception will decrease by 15.15% and 3.54%, respectively.

Conclusion

Considering the importance and major role of the Neyshabur watershed in the economy of agricultural products
of Razavi Khorasan province, the results of this research will be of great help to the managers and policymakers
of the country's water resources management in order to make appropriate decisions with the aim of reducing the
effects of climate change on the water resources of the Neyshabur-Rookh Basin.

Keywords: Climate change, Neyshabur, Recharge groundwater, Runoff, WetSpass-M model
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the Atmosphere under quasi-Steady State-Monthly
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Figure 1- The location of Neyshabur-Rokh watershed in the country and in relation to its neighboring basins in Razavi
Khorasan province
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Figure 2- Land use map of the studied area

(Flato et al., 2013; Chapter 9 of IPCC) i y5 &id, 4l 4 CMIP5 g IS 433,5 sl Glasuive -Y Joi>
Table 1- Characteristics of CMIP5 atmospheric General Circulation Models used in the research (Flato et al. 2013; Chapter 9

of IPCC)
J» A §0 3 a5 (4?)3) ‘:;lso -1
Model Institution Country Grid resolution
(degree)
) OlidSS1 o o
HadGEM2-ES UK Met Office Hadley Centre . A 1.875°x1.25
United Kingdom
CanESM2 Canadian Center for Climate Modelling and Analysis wad 2.8125°x2.7906°
anada
MPI-ESM-LR Max Planck Institute for Meteorology ol 1.875°x1.8653°
Germany
MIROC-ESM- University of Tokyo, National Institute for Environmental Studies, ol 2 8125°x2 8125°
CHEM and Japan Agency for Marine-Earth Science and Technology Japan ’ ’
BCC-CSM1.1 Beijing Climate Center, China Meteorological Administration C‘;‘} 2.8125°x2.7906°
ina
GISS-E2-R NASA Goddard Institute for Space Studies USA el 2°%x2.5°

United States of America
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Figure 3- The scheme of leave one out cross validation
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Table 2- Characteristics of selected hydrometric stations along with suitable method for baseflow separation in each station
Shogyid ol o ol (os bl Job (k) gl al gl S8 cawlio (g,

Name of hydrometric station Latitude Longitude Elevation(meters)  Suitable method for baseflow separation
gl e ) 35°-27°-50" 58°-42°-43" 1563 (8=0.975) (a5l Jemed 528
Eriyeh Chaharbagh Recursive Digital Filter
besls 36°-55"-37" 59°-17-11" 1861 (320.95) ozl o Jhoms o
Dizbad Olya One Parameter Filter Digital
U e 36°-19'-23" 58°-51"-28" 1462 (a=0975) ozl S Jlims 2
Eyshabad One Parameter Filter Digital
Ese7e 9> 36°-93-98" 59°-24°-98" 1452 (a=0975) ozl S Jlims s
Kharv Majmo One Parameter Filter Digital
lulesy; 36°-28"-42" 58°-29-46" 1402 (6=0.975) (iS5l J> 78
Zarandeh Andarab Recursive Digital Filter

WetSpass-M Jao (Sewnly sl ol b diags 130 g jloeo dald -Y Joua
Table 3- The allowed range and optimal values of calibration parameters of WetSpass-M model
syl Wt ylo 3o dial>
Parameter  Optimal value  Allowed range

A 0.3 0.3-6.5
A 4 0.3-6.5
LP 1.22 0.4-5.5
X 0.635 0-1
B 0.47 0-1

Sale JS Uy (55l dped 53 Juto 3,500 (25,1 (5)lof (Slapas L prolie -F Jgua
Table 4- The values of statistical indicators for evaluating the performance of the model in simulation of monthly total runoff
& 709 b oluns] 0l ik s R MB  RMSE
Name of hydrometric station  Time period

EL g @)l

Eriyeh Chaharbagh
Llesl

Dizbad Olya

ol ko 5
Zarandeh Andarab

1991-2010 055 059 0.15 0.55
1992-2001 050 0.60 0.036 0.14
1991-1996 050 059 05 0.48

Ul e 1993-2004 054 063 -009 09
Eyshabad

Egoomo 95>
Kharv Majmo

1992-2003 051 0.63 0.45 0.50
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Figure 4- Comparison between the observed and simulated total streamflow in Eriyeh Chaharbagh station in the calibration
(1991-2010) and validation (2014-2017) periods along with the average of monthly rainfall in the basin
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Table 5- The weight of General Circulation Models for the variables of precipitation and average temperature in Neyshabur
synoptic station

Jae o9k @1y dxe 09 L3 buwgie (512 J (039
Model Weight for Precipitation Weight for Average Temperature

HadGEM2-ES 0.33 0.28
MPI-ESM-LR 0.27 0.12
GISS-E2-R 0.20 0.18
MIROC-ESM-CHEM 0.11 0.06
BCC-CSM1.1 0.07 0.28
CanESM2 0.02 0.08
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Figure 5- (a) The Comparison of changes in the average of monthly rainfall distribution of the basin in the baseline and the

near future period and (b) The Comparison of average monthly changes in mean temperature of the basin in the baseline and
the near future period
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