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1- Digital Elevation Model

2- Time Domain Reflectometry
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Figure 1. Location of the study area on the llam province map
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1- Available Water Capacity

2- Evapotranspiration potential
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Figure 2. Distribution map of some of Balance's components in Melah Siah forest area of llam
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Table 1. Estimation of monthly available soil moisture by water balance model in Melah Siah forest habitat
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Table 2. Quantitative indicators of model evaluation

SB gy glodly 1 Jae obj)l ly asldl s
o, Ll d)lﬁ] sl asls by eolal 63)91)1’ 5 slosaliv

e byl (o8 lapasls =Y Jouo

MBE MAE i) ol
Y./5 ya odly JS
vis VIS Sis sleole
va/5 YA sk e slaole

so ke WO SB 3 sgpge ol by o8 o i gl oo

el elo il S gy b s S g o o o
g ) ey ke N 4 Sl e Jlo )3 (Jg 0rd
Hroid GBSE 335290 L b (F) ot 5 (6)l2s5
Iy SB ol cud )b Lo (A) b 5 o o VYo 1y 35 adlaio > £8lg
41 Kopdl Jod (sldg)J g plagl )3 )5 g gl (sl S
ks ol o0 (A) ol 03> i)l i0 Lo VWA 9 VY g
b sl joo 50 50 JBlas g Siawl 3 Cogb,y pSTas o
Mo oS 8 S don D> s () Ko g gl bl oyl
Jdle g Spore g b dish 9 2 > S Sjlo il
Cp S dSuysbods amd o (U |y (aljBl Ng) y2 0 B (02098
i (IS o V) S sy b Kol oy i
Sy Ol Mo cuidin 9 (2298 olo > (sl b W) (e
SOV dle ol g (ol ghS AN) 1y S e iy b diob
g ) i o 5 iges sl s 55 (Sl S
o) VIF AVl bwge oy 5 jio o FAY il i
(S5 5 5o VAT Gl b g S g s o 5 ks
9 Jho @l Loll cpl p 235 0 Caueme Siis  Jlw WV
oo 2 b ) Bl 55 5 55 ot o5 35 (i e o
P 9 Jo Jlo » eVl gy 39:eS (i Gizmen Cud
48 QYRAY) o 5 by sl 2o ko YEV 9 VAVIY (i
W & My dolee 0 3008 Jlide 039 debue i) b
VIV 4 o o) (S23) oo Jlo > Jy ol a8l il o e
Olojon 4l jidiy (S (AT (dno &0 (p) g 0w oo
Laugio (dlod (gl do /A il ped Jlw o o i)k ials |
ol b e (3535 9 5 Ol GRIE D (e B Slalo
Sox el Jdge i gty SRR L lejen ggdge

0)93 Slp Jio (MAE) las 3llan) 8 (1 Slo (a3 ls
ol ayp aS0) @ dagi b ol dalg YA Jolee ol oy y
ool Jdo i ¢ alis sl jiS05 e 4 asls
S )3 0l 0,33 Cugby y5l 50 Jdo o € ¥ 3ue
Jlo Sits glaole ,5 asls yolie azdl ams o ol |,
8> Al &S odpwy dnlg V/E a4 oy el 5 2 j0 ey Jolis
83 dS oy Ay YA 4 Cigbs o (slaols 40 g Joo cunlio
Orred oo (Ui |y Jlo b je slaoygd )3 Juo oS
(Y) Jsi> @l 4 @9 b (MBE) Gl (xSl ko
0pdd i P Jlo G geezme p W ] soly Y4/
Joo S5 gladle 3 5 yslnster s oo p SB Cogb
Pl 3 Jae o35l piie ol ke (b g9 330 )
9 3905 ol Jo cnd plyied b plgiced |y by
e SB 8l Jda O @ 3885 b I Jlelgs
5 S ol clbaY )3 0,35 g Ldas dgi dilaie 3L
SalS )3 a5 b Cas Wlgie clanlial Jolss il
K ooy pl 350 &l o Jige S ol gy
Cud Sao BNB! oyl g 0nd (6550jll gio Bl VYV Ges b
o b sl SB g il daaY > Cugby 080 4 bgise
S35 (i Ohgy ) b Al (A) 2 Lawg o (oS )3 donis
Cuto |y gl g o905 3y9l |y SB- 3 Sl 0pdS (fjie gt o
Jop ) |y 65)51)3 5 sloaliie glaodh o Siod Copd g
Shooloyd QL."Q‘ bwg Jse 53)9])4L)i;£ b 9 o] AP ,a)’lc‘
buwg & add 2 Cpiomeds Cwd odd Ml Jw ogbye
o pldl Slegf sl ojs> iy g oy b (V) ool
P doe 398 e )y o) 9 485 i ) Jae (29 e
030 Capuass il U (63 oghoyo (sllolo 3 s s Ol i 9 ST
ol il 3:859 yl @l b oS


http://dx.doi.org/10.52547/ifej.9.18.138
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.5.1
http://ifej.sanru.ac.ir/article-1-356-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.5.1 ]

[ DOI: 10.52547/if€}.9.18.138 ]

Sho b g Slosks Lo ¢ s san] (polachsl)

VFY cinianee (PO] colusdlo JSix 26390 dalllas) 4,85 bol  SaSis jlod b S 5o di oM Jio b SB cogby (g5 Olyoss (wyp

95 ok yg e B3I B oMo cud b g £9yb olo Cutigd)l
aobyl g cunlio o)l 3939 Judody oS s el il 381 ©
dgng pae Judoay ped Jlw jo Lol wisl o olo dloys b )
Jbo 4 Cod) Cudiand)l 3 )k pEalS g 305 55 (AL
Al @y olo Cuigud)l 51 S cuglsy yialS Wg; o L8
b (SIS (g3 sloole 5 (Deficit) cuglo) 35008 g,
dilais 3 bl 465 Job iugy Sl 4 dogi bl A
dLmbLo » WL.A u.)}‘o) 43);@ &9)») olo Jiduw! hw‘gl )l
9 Ulagy 0993 VLI Sl eyl g (ny29)8 i
b ugby 35 0)90 Lol ol osd el Sy el
g ey iSls g ggpd olo B3 Bgl il Les uulsal

ol ol als po by Bolas &S 03l8l 5las1 ol g o

200.0

iso.0

£

g 1ooo0
so0.0

o.0

St 5 o S s Sl b 45 Sasis
bas ol i bt alie Ados D osad cpl Al ST
Jdo o Juisay g Gl 555 g s e don glod L8
() diy o i (il38 B9y dieb 0 o SB S plo ity
(sb29) 4L bl Jloj 3 55 gy g cod8l Jole S gy
2 sl Jgj 9 35 9y (e (e (S 5 (qujy 95T
olS p ogMe cplply (Y) o sy STy (g anb
ORIBl 2 s B Wl e loa glod (LBl ()l
9 S IS 4 e Jole opl g il §ym 5 p5
Ngy dabl 0 205 0 boly Kis slaory SaSis
alas Mo (V) IS5 o (Deficit) S cugb) 3908 ailale
Socugby daS (WWAY-AY) ol Jl 05 e

FAV AV Jle G 0 o oM

—o— il -co- PET —— AET

Il Deficit

Soil moisture utilization

120.0

100.0
s80.0
60.0

E ao0o0
20.0

o.0

—— Sk --o- PET —o—AET

Hl Deficit
Soil moisture utilization

|
L)
o | 6

Y

L\ ;;Lj

i

.
=

AR
f o)
il 3
it
AW

) FM)‘ oLn.md.Lo Jil?-).) s .))9‘0 0)9.) » Sk ui UM” le.bd.ajyo ul)u;u.bs) -Y Jiw )
Figure 3. Trends of changes in soil water balance components during the study period in Melah Siah Ilam forest
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Figure 5. Distribution map of dried oak stands on soil moisture classes in Melah Siah Ilam Forest

WAY 5 WWAY olo jou 0 ;0 S ugby (wMS )3 boly oaSis slaayly sluss =Y Joi>
Table 3. Number of dried oak stands in soil moisture class in September 2014 and 2015

LS casb) WS

o,

¥ere. oY~ Y )
¥ v A QY 50,005
vy Ve AS QF 05

olowdlo glio oli&;i” P S Cugb, u»)‘lf dw yd oaSis slaal u,usli)b G305 =¥ oo
Table 4. Analysis of variance table of the dried stands in three soil moisture classes in Melah Siah forest habitat

Sb e paw JEYSN] Olaye (ke Olayo a0 6lil sy B
+/+) VY[ YVYE/N Fyav/y Y 09,5 Oy

ay YA ¥ I

FOVA/Y o g0

&b) 35 9 w8 9 b Syi polde P (1) 29800 0aSiS laalh @i a5 A (Ui uib)ly wjed @l
Jolos g (Lol ia (odd Cdlp  (gandyed  mdeds b g Cowl jlo gze M glyls S cusby wlab (4 4o
Dby 9 S Olaogad (cud g Cap E))) BlSng  jeS sk (oIS e3gime )3 0aSiS aayl 20> VY
ol b oile 4 (YY) A8 o ) 4l ids oo ORS g SB Cugby dgueS 1 cuslodds zly ds > VO
S G5 )l o) Jl it aw (JWSiS cad (B s (SuSuis gy g B (S
o5 Sl )l Sl Gl by laulyd s WS il andly bl Logasie 5 (w515 (aag) 42U > (S
)5 Mo pfogr g opr Cuar p» SWE RSB b Gials o Cunl Cually (ol bsS @l o
oBllyg) it ghaw b Jlosits 3 ppimen anll sl Jge boly Sasuis p Jlsis kbl
DS (o0 (SiE Ay Caap Bihle 300 cpl 0 (SWS G5 )l edgiore
) K St e g s o sl By 0 g g o
033 3ygly p3 Jde €8 (s oS (pl ol Baa Pl g Sy e 25 i e (V)
oo @l cwl ol (e g Sloj Sl (pp g gk b Vb (o)) ABb 5 (¢ 5 g Slacee
SE Cugb 2yl 5 Jho B lis OF (M (mjy oliie 3 (Susk) GRS 9 By 9 S Oliee e (oS
Suis gloole 13 9 935l e A Jlo Csboye 093 33 1) el Jled GWdg)lS g mlagl adlate 93 > Sos8
0195 b olias 4 Jlo (Kt 090 ;5 11 sl camlio Jlo 5y lpme S 4 CE)T donab g 3905 5l e
ol 3l Olgie cwl (LS class il 5 phigy M8 L Slhawd 5 ey b (g Car ) e §%
2 el Olass g JloSis Sl oy p platets Juo SB Cugb) )3 Cadgiome cppiin 5 Mk Jlod caa
Rl ages dpog JleSis il 3 SBocugb, K (s 3 by (A) casl gl g o cud 3 )
e Jo & ol 5y g 5 ol M ot Sodile g g sty SB Bes 5 Cugb) Al o Sb L gl
SN Gl 3l clodges dmsle o)b 5l gdop S5 1y o) slroygd 0 SB Ges 9 cax Sl Ll oy Jlus
Giod sl ped o 50 aVle lawgio glod (glas o 5 Jlo Sis glaole SLL 5 cul Sghede. b yo
L)l 5l 35 9 5 hod Ve a1 4 e 5l SB Bee g car Jolo P Jlucsiis 3 logase


http://dx.doi.org/10.52547/ifej.9.18.138
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.5.1
http://ifej.sanru.ac.ir/article-1-356-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.5.1 ]

[ DOI: 10.52547/if€}.9.18.138 ]

$Sha b g losks L) ¢ o san] olaclsl]

L) 1 (PO] colusdlo JSix 26390 dalllas) 4,85 bol  SaSis jlod b S 5o di oM Jio b SB cogby (g5 Olyoss (wyp

> S odgae b (Bidaie o 4Bl STy (opf0g
S Gl sgie (Sl @i W ol (Suts A
P sable 3l o Sl Slg o Jao 1 ssel Canday
Slaos ) g (B> sl & adl bl (x> oKy,
4oy 9 Cal (SASES (oyme > JlSis (glaoygd
sl (ials cop (Bl g (o pde gl 235
SopS & g b gpomer (285 e gble ol
Cudbge lidl jglaieds 9 Sl Ke slaac,s
oBingy 5l iblio 3 alel lacdld ()l clajsy
dloe b JSis o Sis i Jile b as 205 sl

al Gl e e VY U SB cugby 248 5 A
ol Slej LTy a5 b Gl Jae @l )05 (s
g8y aSoysbas )l S gy G5 > cege LB
OS5 0ygd il el obys g cudpud)l o (Sl
P> Jlo 13 9 003 soayed g ddye ole 93 4 (Suis
39 R g Mye i slaole Jold ol (5 0,95 i
o il miel g jlade oS ol L @l ol .l
e WD (S BT GAS g 0yed Job jd ke
O )l edgae p bol 4gS suSis sladl ok
Dol slaaly (SaSis (St 15 ] S St

3,5 9 o> sbcas ;0 oaSid gl woyd VY 4 g

F%)

1. Aazami, A., A. Hosseni and J. Hoseianzadeh. 2019. The effect of depth and aspect on soil moisture in
dieback affected oak forests (Case study: Meleh siah forest, Ilam province). Iranian Forest Ecology
Journal, 6(15): 41-50 (In Persian).

2. Alizadeh, A. 2006. Soil, water and plant relationship. Astane Ghodse Razavi Press, Mashhad, Iran,
484 pp (In Persian).

3. Attarod, P., S.M.M. Sadeghi, F.T. Sarteshnizi, S. Saroyi, P. Abbasian, M. Masihpoor, F. Kordrostami
and A. Dirikvandi. 2016. Meteorological parameters and evapotranspiration affecting the Zagros
forests decline in Lorestan province. Iranian Journal of Forest and Range protection, 13(2): 97-112 (In
Persian).

4. Barkhordary, J., T. Vartanian and H. Khosravi. 2015. Determination of Yazd-Ardakan watershed
water balance by using Thornthwaite—Mather metho llam Black d and application of distributed
rainfall-runoff model. Iranian Journal of Range and Desert Research, 22(3): 466-480 (In Persian).

5. Barkhordary, J. 2014. Evaluation of a distributed monthly water balance model to determine
catchment runoff in arid region using RS and GIS (A case study in Yazd-Ardakan basin). Journal
Watershed Management Research (Pajouhesh & Sazandegi), 105: 17-26 (In Persian).

6. Chuen, S.K. and D.K. Kasturi. 2013. Validation of AMSR-E soil moisture product and future
perspective of soil moisture estimation using SMOS data tropical region. International Geoscience and
Remote Sensing Symposium (IGARSS). https://ieeexplore.ieee.org/document/6723641.

7. Dadresi Sebzehvari, A., A. Akhondei, M.F. Radmenesh and A. Noroozi. 2015. Modeling different
levels of soil moisture in thermal and reflective data range. Journal of Quantitative Geomorphology
Research, Fourth Year, 3: 31-49.

8. Dyer, J.M. 2009. Assessing topographic patterns in moisture use and stress using a water balance,
Landscape Ecology, 24: 391-403.

9. Hayati, E., E. Abdi, M. Mohseni Saravi, B. Majnounian and G.B. Chirico. 2018. Time- varying soil
water potential at different depths of soil under grassed and deciduous hill slopes. Forest and Wood
Products, 70(4): 617-625.

10. Hesadi, B. 2011. Survey of Soil Water Balance Model Using GIS (Case Study: Naz Lu Chai
Watershed). Final research report. Registration number 39414. Institute of Engineering Technical
Research, AREEO, Tehran, Iran (In Persian).

11. Hossieni, A. and S.M. Hossieni. 2015. The role of topographic and edaphic factors in mortality of
trees in Middle Zagros Persian Oak (Quercus brantii) forests. Journal of Zagros Forests Researches,
3(1): 47-57 (In Persian).

12. Hossieni, A., M.R. Jafari and A. Najafi-Far. 2018. Evaluating and recognizing the status of standard
of caratagus pontica, Cerasus microcarpa and Amigdalus orientalis in the central Zagros forests. (Case
study Dalab forests of llam province). Ecology of Iranian Forests, 5(10): 42-52.

13. Mahdavi, M. and M. Azarakhshi. 2004. Determination of monthly appropriate water balance model in
small watersheds of Iran (Case study: East Azarbaijan and Mashal Khorasan province). Iranian
Journal of Natural Resources, 57(3): 415-427.

14.1verson, L.R., M.E. Dale, C.T. Scott and A. Prasad. 1997. A GIS- derived integrated moisture index to
predict forest composition. Journal of Landscape Ecology, 12: 331-348.

15. Gieske, K.P. and A.M. Sen. 2006. Use of GIS and remote sensing in identifying recharge zones in an
arid catchment: a case study of Roxo river basin, Portugal. Journal of Nepal Geological Society, 31:
25-32.

16. Goyal, R.K. 2004. Sensitivity of evapotranspiration to global warming: A case study of arid zone of
Rajasthan (India). Agricultural Water Management, 69: 1-11.

17.Kessell, S.R. 1979. Gradient modeling: resource and fire management. Springer-Verlag, NEW
YORK.


https://ieeexplore.ieee.org/document/6723641
http://dx.doi.org/10.52547/ifej.9.18.138
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.5.1
http://ifej.sanru.ac.ir/article-1-356-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.5.1 ]

[ DOI: 10.52547/if€}.9.18.138 ]

o ol g lesb Loy (g o olachbly]
VFo VFee uLuuA)})UL\/\A a)meZ' /W JLA L)I))‘ L;lmﬂ J.:L.mfy

18. Lookingbill, T. and D. Urban. 2004. An empirical approach toward improved spatial estimates of soil
moisture for vegetation analysis. Landscape Ecology, 19: 417-433.

19. Mehta, V.K., M.T. Walter and S.D. Degloria. 2006. A simple water balance model. Arghyam/Cornell
University. http://www.indiawaterportal.org/node/10.

20. Parker, A.J. 1982. The topographic relative moisture index: an approach to soil moisture assessment
in mountain terrain. Phys Geogr, 3: 160-168.

21.Qui, Y.B., F.J. Wan and C. Landing. 2001. Soil moisture in relation to topography and land use in a
hill slope catchment of loess Plateau, Chain. Journal of Hydrology, 240: 243-263.

22.Salamian, S., A. Khatunabadi, H. Hozi and S.A. R. Gohari. 2007. Estimation of natural nutrition in
Yazd-Ardakan plain, 9th National seminar on irrigation and evaporation reduction, Kerman, Shahid
Bahonar university, https: //www.civilica.com/Paper-ABY ARI09-ABY ARI09_248.htm.

23.Soleimani, R., J. Hossein-Zade, A. Rahmani, M. Pour-Hashemi and M. Mohammad-Pour. 2014.
Investigation soil status of Oak forest in dry affected regions of llam province. Research institute of
forest and rangelands, Iran, 67 pp (In Persian).

24, Tromp-Van Marveled, H.J. and J.J. McDonnell. 2006. On the interrelations between topography, soil
depth, soil moisture, transpiration rates and species distribution at the hills slope scale. Advances in
water resources, 29(2): 293-310.

25. Whittaker, R.H. 1956. Vegetation of the Great Smoky Mountains. Ecol Monoge, 26: 1-80.

26. Yaghoubi, F and A. Bahremand. 2011. Stream flow simulation using spatially distributed hydrologic
model, wet Spa in Chehel- Chai Water and Soil Conservation, 18(3): 185-206.

27. Zarehaghghi, D., M.R. Neyshabouri, M. Gorji, M.A. Sadeghzadeh Ryhan and J.M. Emartperdaz.
2015. Evaluation of moisture range with minimum limitation on pistachio seedlings of Sarakhsi
variety. Journal of Water in Agriculture Research, 28(2): 353-363 (In Persian).


http://www.indiawaterportal.org/node/10
http://www.civilica.com/Paper-ABYARI09-ABYARI09_248.htm
http://dx.doi.org/10.52547/ifej.9.18.138
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.5.1
http://ifej.sanru.ac.ir/article-1-356-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.5.1 ]

[ DOI: 10.52547/if€}.9.18.138 ]

Ecology of Iranian Forests, Vol. 9. No. 18, Autumn and WInter 2022 ............ouiininiiinieii e 146

Evaluation of Soil Moisture Changes using the Balance Model in Zagros Oak
Drying Forests (Case study: Melah Siah Forest, llam)

Ayad Aazami', Ahmad Hosseni?, Reza Soleimani® and Nasser Maleki*

1- Lecturer, Department of Forest, Watershed Management Research, llam Agricultural and Natural Resources
Research and Education Center, AREEO, llam, Iran, (Corresponding author: ayada2012@gmail.com)

2- Associate Professor, Department of Forest, Rangeland and Watershed Management, Ilam Agricultural and Natural
Resources Research and Education Center, AREEO, Ilam, Iran

3- Assistant Professor, Department of soil and water research, Ilam Agricultural and Natural Resources Research and

Education Center, AREEO, Ilam, Iran
4- PhD Meteorological Office, llam, Iran

Received: 25 December, 2019 Accepted: 16 May, 2020

Extended Abstract

Introduction and Objective: Recognition of the available moisture content and its changes in
the habitat can be a dynamic ecological indicator. The aim of this study was evaluating the soil
moisture storage volume with the distribution model of the Turc in the oak forest located in the
Meleh-Siah llam.

Materials and Methods: The research was conducted from October 2013 to September 2015.
Monthly rainfall and temperature data, monthly solar radiation, water holding capacity map and
DEM of the region were used as input data. To validate the soil moisture data from the water
balance model, 33 humidity sensors 110 cm were installed in different locations of the habitat.
Then, soil moisture was measured with TDR moisture meter in monthly time step. To evaluate
the model, the mean absolute error (MAE) and mean error deviation (MBE) statistics were used
and the results were analyzed.

Results: The results showed that the accuracy of the model in estimating soil moisture in wet
months is low and is overestimated, and Suitable in a dry month. Other results showed that in
the first and second year of the study, precipitation was 680 mm and 383 mm, respectively and
the share of evapotranspiration from precipitation is 56% and 77%, respectively. Also, in the
study site the available water capacity of the soil is 125 mm, which the maximum in March and
the downtrend continued until September and reached a minimum of zero. Other results indicate
that the vegetation in the study area was drought tolerant in the first year (normal in terms of
rainfall), in two months of August and September and increased in the second year (drought), in
the months of July, August, September and October. The results also showed that 73% of the
dried oak stands correspond to the areas that Soil moisture reached below the wilting point
(15%) in September.

Conclusion: Therefore, reducing soil moisture in droughts has played an important role in the
drying of oak bases and effect of the intensity and persistence of drought periods on the drying
of oak trees needs further investigation.

Keyword: Drought, Iranian oak, Soil water balance
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