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Background and objectives: Determination of the exact rangelands forage
production could be of great help to rangeland managers in sake of proper stocking
rate. With implementing proper sampling design, remote sensing data could be used
to estimate forage production due to the extent of rangelands areas, cost, time
consumption and other problems in field data gathering. The objectives of this study
were to select the best model and the best remote sensing index in order to map
forage production using field data and vegetation indices of NDVI, SAVI,
MSAVI2, DVI and GCI extracted from satellite images of Sentinel 2.
Methodology: A sampling network with a total of 58 plots (1x1 meters) were
established in the studied area and cut and weight method was used to measure
forage production. Then, vegetation indices of NDVI, SAVI, MSAVI2, DVI and
GCI were created with SNAP software. The values of the mentioned indices were
extracted from the location of the plots, using the ArcGIS 10.4 software. The
normality of the data was checked by the Kolmogorov Smirnov test. Then their
relationships were analyzed with regression in SPSS 16 software. Also, multiple
linear regression was used to investigate the relationship between plant indicators
and forage production. The train model was created by 70% of the total plots and
30% of the data were used to test the model. Coefficient of determination (R?) and
root mean square error (RMSE) were used to select the best model and index.
Finally, the selected model was used to create the map of forage production
(Kg/hec), using ArcGIS 10.4. The values of final map as the estimated data and a
total of 58 plots as observed data were evaluated by independent t-test.

Results: The results related to the relationship between forage production and plant
indices with univariate linear regression showed that all tested indices had a
significant relationship with forage production. The univariate linear regression
model with MSAVI2 index had the highest coefficient of determination and the
lowest RMSE (Y= 649.3-8523.7xMSAVI2; R?>= 0.68 and RMSE= 16). The results
also showed that the accuracy of the DVI index (R*= 0.66; RMSE= 19) was higher
than the NDVI index (R*= 0.58; RMSE= 22) for estimating forage production in
studied area. By applying the assumptions of multivariate linear regression model,
only two indices of GCI and MSAVI2 were included in the model, and the amount
of R? and RMSE were the same as univariate linear model with MSAVI2 index.
The results of independent t-test indicated that there were not significant differences
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between observed data and the ones estimated by selected model (p<0.05). The
minimum, mean and maximum of forage production in the final map were 10, 220
and 475 kg/hec., respectively.

Conclusion: According to the equality of the root mean square error and the
coefficient of determination of the multiple and linear regression models and also
the results of independent t-test that indicated no significant difference between
observed and estimated forage production, we suggest using the MSAVI2 index to
estimate forage production in warm semi-arid rangelands.

Cite this article: Alimahmoodi Sarab, S., F. Tarnian, 2022. Mapping Forage Production in Warm Semi-Arid
Rangelands Using Sentile-2 Images (Case Study: Haftkel Rangelands). Journal of Rangeland, 16(2): 497-509.

@ ® © The Author(s). DOR: 20.1001.1.20080891.1401.16.3.5.1
8Y Publisher: Iranian Society for Range Management
faA


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

Yoo hmo AR 1 gla LLS 3

YEVS— YR 1 Sdg iUl LS

(st ¢yl et

"ol 5 dilg 8 M OT pw o900 Jle Sl

25150 163 y90 axlllan) ¥ i y15bai 31 ol b p o (Sl duos &30 50 ddale Ul gf duieils At

‘QLM"" 5 uLo)L.u 5uL¢.~J)9> UL"“"‘ >.'...Jo é:Luc 9 6})3L5'.5 uu)}J 9 uqu“ 5 )5).& sc.ll).a 9 > lS...‘>” > QLL.D.‘?UZ“ 5 )~.‘>u"' > 3 )lS.o.&b 5J9M‘ oJ.Z...uﬂy‘ A

sajadali@ut.ac.ir :asbbl, o))l sl «s5,5lis s g (o5ge]
u‘).:l 5.)1;1.6? suL..u)J oKiils su’.u.o.‘o é‘LuO 9 Lg)‘)sL.'LS sasiiils 5‘5)‘0}#‘591 9 é:).a 03; )li.)b.u‘ At

o..\.'gs_g alio OleMb!

slrosls 1 oslaiwl iiged Olakad Canlin |l il Ojg0 j0 .dled GLLE SaS jlre plo dlawd 5380 (paes
By (g pai i gilpe ok (5,08 4 4z b adgle oy 5550 051 4 Wil s 590 5l Sromi
e 355l 5l Bas auS SeS ¢ i) sloosls Cubls 0 39250 OIS (S0 uizmen g 0L e
5 Shaee laosly loslanal b jgs 5l (romiw (aPld (n e (e g ddsle g Ak as G
Y et sloylgale gla 5l Jol> GCI s DVI MSAVI2 SAVI NDVI alS i sl asls
s

axllae 5 50 ddlain ;3 oxpeie SO dged dxkad OA Sloxi (5,10 pdiged Sl 5l eolazwl b iy yhgy g lgo
S8l 5 ool b s ol oslil absle g3 (6 S o3Il sl (s 5 &b by, 5l g oS cudloy
3l 5 51 ealicil b .aia sl GCIT s DVI MSAVI2 SAVI NDVI _al S iis slaasLs SNAP
Ly s zl5ul 398 slaasli sla b))l ool cubls y diges Glakad e Cosdgs 9 ArcGIS 10.4
ooliiwl b LT Laslg, (o 23,5 )13 sy 0 90 rosls (4045 Jlo b i ool 8,5 50dgS (5031 51 oolazl
Slp g Az b e S, 5l izen (2855 )18 oS 590 SPSSverts Sl8le 5 )3 (g S
Sy g ool o yo Ve 5l Jow bl (gl ol oolazul adgle 0dgi 5 oLS o jazli oo aal, o)y
s Sl ye (wKibe Hd 9 RE) s oy slo sl 5l as olitul Ll as o Yo 5l Joo oyge;]
Sloolawl b coles jo i eolatwl jasls g Jow oy yige ol gl (Root mean square error= RMSE)
5 ol dupd ,ESe 10 0,59l sy adsle gl e 4l ATCGIS 10.4 SS 4 g oad bl Jow
oud (555 ojlail lacdly DA ;o wdgi Jlade b absle i ol At Jies 9050 5l 60 b
85515 Syl o9

L a5 o 5T s S sl 5 ehsle a4l g 4 bseye o S
0 33 SS ch e )T Joe 50,5 )18 5 adei b (g lo pe alayly colaul 550 sla Ll den aS ols
(Y=649.3-8523. 7xMSAVI2; R? =0.68 and Uas- 'y yieS § ‘ysd o pd (2 yiciies MSAVI2 a5l
DVI (R? =0.66; _azls 85l oS ol lis gl uzmes ol olasl 545 4 |, RMSE= 16)
aslllae 5,90 dibate ;5 ddgle 0 g3 3,51, ;o NDVI (R2=0.58; RMSE =22) a3 4y i RMSE =19)

gy, — JolS alio

VE- LYY el s gy

VEVSEIYY c el g gy
VENEIYE i ey f,b

5lS slaosly

(B Ghds slagasls
9 5l o
MSAVI2

gl dxkad

Fa4


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

35 L T, i e B i 5 45 s s alfar o s, ol ol i
Om b Slaye (2S0le J32 5 e p Oliee 5 995 Joe o)y Wi e MSAVI2 5 GCI oL
AL Lo piie ST (it (5 )55 e bl aiged Dlabad o adgle wds e 5 599)5 slaaSle
6,515 bl 5 (3 OA o dsle salgs) lanlice bl ¢y a5 ol plis 3 (o931 gulis 253 MSAVI2
Josinn Sis MSAVIZ (ali | ot 55 o e, Jitn 5 (S5 DA Blite a3y
SYTe e bl ddsle adg iSTas 5 Lasgio oS Ll Al o .30 52g doys <[+ 0 e 4o
el sty im0 5L FYD

S b e sS) 5 ATz s sTy S (e apd 5 85 (e Sl @ azgily (g S Ao
o sl Jow g Slaslie sloosls oS sls lis Cosginl (5 ee)] S ioren 9 090 il y 0 e
e 3 055 0,50 (sl abe Slgion bl g2y o sine oslis MSAVI2 Lasls 5l eolizl |
g ooliinl Lasls oyl o) Sidaen

&lye 163,90 anlllan) ¥ Juiiw pglas 5l ool b p,5 Sisdas wilye ;0 ddsle olgy aiii agd VF) (L3 .0 i el s (05050 e 10lciuwl
B--FAY (VP 550 (JSZan ol o

DOR: 20.1001.1.20080891.1401.16.3.5.1

Harws © Oyl 6yl o sale razeil 1 bl

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

Qoo


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

Oy 90T pw (g3gomma Jle [ ¥ Juiiuw 2 glias 31 ooliiuwl by o5 Sins douss &350 50 ddgle g Al augd

5 BETM" jpglas 5l Jol> j90 5l Gromiw slagasls
b iS5l gl 3ble s SPIL JLSts a3l
anlllas o] ;o (V) o 4l YYAL Y- -4 sl JLo
alo las gl wud solatwl Bolas Sz fygam )5, 5l a8
Sz Jow Sl eslawl g ARVI oL 5l oolal a5
OYB Bl wile dadss [0 0l o 5 GlS gy
SAVI § NDVI (a5l 35 s i 5 Jlna e 555
GBS (g doy0 35515 sl st gl I Jol>
oala ol lis Ll Gados gl (1)) Wad duslis
Odigy o, 359l )0 NDVI e lis 4y e SAVI
sgbas Sloslinal b s Gulig ;o )l 65 oLS
Q] s (V) as o);lﬁ &Sl yo adg e cowadd
el o caslio ARVI asls oS ol olis s
aS ol las oads plol glo o, 0 @l S jebay 09
NDVI oLl oolaiw! YU idigy duo o slyls adlye 5o
slogales Sl aslial Gy sy 0515 b e 5o s
AY) ail oo Jote S QUL msmal oo sl
el 5l eas el clidss e (YA 5 YF A
el 005 08liil a5 MSAVI2

4 d>gi slolenle polai I eolanwl glisl, o
5 by (SSe s ojlwl b adlas Bos o cenlis
B Gy slgasly sbxl 5 nglal s rensl,
5 a5 ol lid mbe jpe el ppe Hlows ccnlio
ades e 059l (gl cewadd slaosls 51 gl ; Slalllas
el 5090 clie 0 yule el 0 oolaul (25 o ddgle
ol s & b o515 b (15 0 slagidryy (sl pslas
Splogisn y3 c8d S1 092 5 polas cnl ol S
@bl o5 e b @l jo wilgioes (V) o JuSey
s prstas ) onlil Conl p5¥ el by sl azils g5
35915 5 b it gl elai g S0 S ol
05 18 se3l 0,50 ol Ak g g adsle adys

sbosls 51 (St w515 (28 wo @bl )
ezt 550 3l i iz gloazli 5 ¥ i
oslizd 5 515 b 5 0 St e Gblie gilye o
Slaass g Oledbl 0g 4y a8 b puizmen el oot
SaslyS1 glis & 455 L 5 anlllae 50 aiaie ;3 ol
s axllls gloolSing, S50 b axlllas 3,00 adlaie ya

"I

doddo
2FES 3 g ded (Saiie oo SIS Sl &l
Al gy beme Glao S edle oo Lo
5 adsle 0dsi (V) ates lofag olr sl soladl
Sl 8310 golaBl (sloo 5,15 oy yiages 51 S0 oS
4 lgiee adgle w850 lie s (A 9 VD)
s slly )3 dbgrye laasie 5 @l olpae
Slob 3 ol b S sl sl pls Sl 5580
el Sype 53 lai S S e e
590 5l e gloools 1 oolaiwl diges Sladad Cawlio
S ayaz i L adgle wdgr 5585 35 a0 Wl e
Oeizmed 9 3bj olej Bpo (o panje &lye pelan
SaS ¢ uoy ool ciley 1o dszge IILie K0
! Slr 599 5l Ghamiw ple gl laizee g ol 5l
Fe YAXF AL ATV £ F ) $les,S solarl jglate
5 Cewdd] pglas jloolaiul b glastlas o (YV 4 V7 YO
5w Ghee slasle 9 NDVI a3ls oy b
35912 isles 53wl 05 @ilye s adsle (liee ( S)L
i glaosls 5l oslial a8 wizsls ol ks .02) wi
25 el o @ile adsle 0y (liee 35510 0 90
Sl Sy gluses Sl e aile po Ko Gobow
oolaiwl Cawadd pglai 5l ol j90 5l o asli Ve
ks 5l ol Sasban slooasls o ab ol
PS03 5 bsle st lzen 351 55 Ca]
NDVI oLl oolaiwl b K50 (awyp 50 (Y) 390 o
P Ses adgle wds (i Sl s)lop e
K5 adhaie ;o K0 Gadsd 40 .(0) W50,5 3yel s
slrosls 1 eslaiul b (g ki 5 Jbro iz bl obeo
IRS LISS bt 5 Jol> alS asls YY 5 o
2 e (V7)) ad oyl &lhe 0y Gl T
ETM" jslas 5| ol jasls Ve jleolatwl b glasillas
ey Sla Sl ()] e (Sge S5 Ll jleslinnd 5
Ol dsdllas 4 Slawe Sldllas 51 Jol> )l b ool
aS ol plas Ll mbs ol asls y Gl &l oy
s MIRV2 dRI sloasls 5 can g gy sboail
(V) asls (g)lo sire (Koo 38 yl500 L VNIR2
shosliiul b ale by 9dds (e aslllae jslaie 4


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

SIS S Sl e S on oolial ol Jpol
Ero ol )5 il adllas sl conl g )lasi e )b
Ol gl o8 Jod jo LS AFFIY S colas b
ye s TRYVEY b YOATYA 8.5 Job oy o JStin
(O JSE) syls 5 PFAYACY b PFASYYY L
5 e B85 B YPA o Sl 0,90 oob ool sogusme
ol o FN0 il adlllas 590 dilaie glis ) Lawgie
50 shle g LS PAT/E (6 laxi 1o 25 00900t Colus
5 Sl Glasdy b mlbe Voools gl >l aiss
i3 wSlie iz ddlaie wilie ol oals azd S L

gl o0 Dgao

1F4) Y o Lo V7 0,98 (@ 0

el Gae 1) albe 55900 Gz (pl el g
AL (i e 5 sl s ALK 48 e
Sz @l 13 ol Glime 95900 sl 590 5l Sromins
Q).).g JJ..)A.: Y JM o)|9_®Lo ).)5[.,4.: )‘ oolaw! L) f:)f
Srepsly SISE &8 g cwnline Sl 5 Sloy SIS

sl Ll 351 )b izpen 5

gy 9 Slgo
axdlao 590 adlaino

5 kB @bl (b pobas aSl @ 4z L
PBLS g 2SI ()1 paisel pllin )3 a5 5 )18 592
Cale) g 00l wlgs adgle Sl als Vgame g aiea [l |,

358159 360159 362159

‘jl.-‘" L

0 05 1 2

358159 360159 362159

36421

249403

3493421

3491921

b

W

|

|

e W
il_ll' ¥ g

1:3.000.000

0 035 0.7 14 2.1
———— km

Wignd labad oSy 5 3l 3a5 oyline! 9 JSiid oyl sl 55 andllno 3 yg0 dibaie Connbgn 1) S

Slppniiny oiwldons gble slp 1) e Vb /0 O
Fooolaws (VoY) o, 5 (Seal gl)5 (V) Qlosls
o P e o sl ) e e o SN
B Sldlas wisls sliy Bromus tomentellus

DA okl 5 ad g5 (o) 2 10 5l 990 O whav
L oplpl (FF oYY YY) Wloo,S le aoye oo < /PO G
OledsS (g 3,90 alilaie ;o I 45T aSCul 4 4z
dibie gho o ool STy Loy 5 op AL,
Slalllas 5 paass )l bl p eizres g witsls

"B

Loold (59T zox
JETWRPNCRTIY
OA g bl sy el wds s pSeslail ol
G CSlE VE Jsb 50 a5 oy yie K diges dskd
JS5) s eolawl (50y0 )3 jiis o 5l e Voo Joled
o YO s b O ol 5o oalds plodil lallas
Ao didbaie glaaulul 3 o adei 5 ,u50slail gl |, &
o)l..\.:| 6)§-‘° 64.’JUG.4 Oed g \o) 4.».: °5|J“° L_';"w‘


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

Oy 90T pw (g3gomma Jle [ ¥ Juiiuw 2 glias 31 ooliiuwl by o5 Sins douss &350 50 ddgle g Al augd

613 piges slbas b g plowl Bl LIS (glen 5 s
oy e o iSlos

gl 5l el Gliee 55 0l; ST 095 & ax il
2 BLS Gbe g9 ) dgaome jlews Dlpis 5 Lo
Sl e Yo e beSasly Jolsh alllas 50 ablaie
a Jols wl; by o adgle wdgi g pSeslal gl
Cusdgo laml j0 g Al dxzle dsllles 550 ddkie
Odigy Mo 0 a0 Cbloly diges dalad 2 L3l s
O Sle 09 9 ead (g, 5l b 03) (rees (LS
Laes oS plo gly> JB adsle plos 5 ol oolanwl o dgs
5 90855 b iy gl 5o sl Sy Sl wingy ALy
5ol g 59,5 Sas jolaie a4 (A glasSL o
2 esls 8 LT 59
axlllas 3 yg0 dilaio pull

dibaie ooldl g5 5 2lgn 5 O Cundy pyn ln
o) i yb dilats oSl (s 25005 sliilgn LT 5]
WWAA LYY o LT 0,50 sl olomboionacs Sty giens
a5 ol plas olse g ol laesls o o eolaul
5l 4z 0 VWY Lawgie b olass Jlu ole (50 e
az s YAIDO Lawgio b olo s Jlo ole (s yie S ool,5
a0 YOIF AVl &)l ax s hugie o ol 5 il
957 adbaie aldl (5 )legd gy elal p g ol S Sl
(S 0590 Jobo 9 (¥ JS8) Cansl 05" S dac ol
Sy ole £ 4y oo ardllas 050 dadlate 4o

A 53 o s pSeill sl e e SG e iy
o Sy OF 5l Jols (g 5lel 5 IUT il o azs S
s a5 cul gaose ol eaiSanl js mye
0391 sl oo yo VI o3l b ades (g S eIl
]
th ) a5 Sl & bype Slilllas s
e re e Boe JuSy o3l L1 (5 pF o3Il 5 0
24 (gem )5 5 SYolas loslatul by (onpe e B0 g
G s Ly (V) 5 V) e ) Wl b e
a>ly gl 4 (6 S gl gl 4z e 2o S Lo a5 (V)
gl Gl b sl i (JeSey ) (5o paiges
oleol (6ol st e VXY 0 o Vx) jl diges dslad
Sl Sl (610 pdiged Sl sy oo LA 090 oo
Sads ol ez jo ol ade 04el y Slallae o
@Az Lol ws S Gl o JuSoy /0 ) g)lo paiged
ol (2L G il eies 5 ety Slallls
Al oold auseis cuslie ddlaie gly (6)l0 pdiges Cul
GPS Garmin | oolswl b glows sboosls cuiils
o,Lsl aisS g0 4y Wb 050 ol jo il el e YEL
Y GIS 5l solainl b lol diges Slakad asyl Jgl 09
el oLS iy ol L laaly (e (s,
2GS e bl Slatie 5 Jas glahais Y 4 o
P> Ngd 2l ey 59, 2 )10 paiged 4SS o Sy
39) 2> wb asse 3 60 paiged LIS (5luosly as]

Ve a
.
~J >
A ™~ £.
/-/”"'__‘—.—_"‘-'\ N va
f? [ I | ™~ i . s
o
“’\.) |~ \ ™~ w g
< A r-
\-
.\—"—-—_____.//- e
T . ! Ve
a
- .
¥ #

—8—Rain —#—Temperature

aslllao 3 590 ddlaice oo yi g pol 13503 Y JSU

b e e Ve ople UKy elal LY
sleosls .wuls sebils USGS.org el 51 VY -/-0/-Y
5 099 (S hmall Clovsai S mhaw o ool Cowddy

Ay

399 )l G gesls
oy 5 BLS by S o 4 azxg L
slrosls iz Bus @ Haww, ¢lp wdgi (6505l


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

s ) it 258,515 Lo 3,55 SPSSver
5 25 Glogasls o ally glyp 55 WBaiz o
5 Wosls auo 0 Ve sl Jow obow! lp ol colaiwl adgs
51 o o ooliil LT oy Yo 5l Jow ge;] sl 0
o> UL”)*" u—‘-i‘L’-‘ );‘-’.’ 9 R?) O o o QSL"’Q"'"’L‘:
Ot ol gly (Root mean square error= RMSE)
Asas La..u.m ‘309&)—‘ )‘ Lgrfoﬁb5MooLaM;l J.M
2 Oeized 285 18 bl 0)5e absle oy ol
adole adg e aai ArcGIS 10.4 3l oolarnl b colys

D a0 )0 0,56k e

1F4) Y o Lo V7 0,98 (@ 0

50 Sen2cor 4ig3d8l 5l eolaiwl L (g tns] Slovonas
ookl b (e 0 Jlos! LT (59,0 SNAP 3800 5
MSAVI2 SAVI NDVI la asLs SNAP 53l
() Jsa>) Wl sbx| GCI 4 DVI
Wwools 3JLT

adgle oty e iged Dladad Clllog 1 e
S8l 5 5l eolaiwl b ol dwlore diges dakad jo o i
0l Cloy dgel Oladad Sl Cosdse 5 GIS
s DVI MSAVI2 SAVI NDVI sla_asls sl i3
GBS 9alsS ygesl 5l eoliiwl b g wad zlpel GCI
B B sy dy9e ooy e Jloy G pewl
e 50 semesSy 5l ookl b Ll Lalsy ¢ ues

soliiwl 8590 b @SLi ) Jgu

als cele b abayl) ol fe) alal,
Normalized difference (NIR-Red) /(NIR+Red) NDVI T )
vegetation index
Soil adjusted vegetation index (NIR- Red)/( NIR +Red+L)(1+L) SAVI AA A\l

Modify soil adjusted vegetation

index (1/2)*(2*(nir+1)-sqrt(2 nir+1)* (2 nirt1)* (2 nirt1)-8*(nir*r))) MSAVI2 Yo Y

Difference vegetation index A*NIR-Red DVI vy f

Green Chlorophyll Index GCI=(NIR) / (Green) — 1 GCI 4 o
e g 25 Slg s esls o by ow)y Feles

abgle
oy Ol O ool o e Sy Julow gl
Slab o disle ads e b oolial 5,50 slamsls
Ol bl el oad plo () Jgaz 0 (ompeye SO
g 35,1 lo cae alaly adgi b b e Ll den 45 aod oo
Joe 05,5 1,8 ooliiwl 5,90 adgs 8,90 5 (sl 0lgs o
9 <IFA ) wra L: MSAVI2 ua}Lo L: 0l olml
5505 6lp Joe oy V4 llas Slaye (il 3
s b GCT asl b ond oyl Joo 5 0l oo adgs
DS VY llas Slaype (50ke jdo 5 IOV (s
O )S ) ) wilie s 1y adss o5l 0 como
(F Jsaz ,o A ojlas

"B

ailbio (BLS fubgy (o)

o a5 ol las (LS e Cundy (o)
Stipa  capensis - S b,e8h  &ie e alS
zb o, nXle il o Astragalus glaucacanthus
Sandg g 0d 08) (eSS 200 YT 1550l S gy
SosisS b ) Sl o] al)S 5 s e
Hordeum (glo iz 3l LSy LediS g5 oo ol jon
olg e dluaz lweas 51 4 Vulpia Bromus
Hyparrhenia ¢ Poa bulbosa Hordeum bulbosum «
adlaio ;0 09> g0 (gl aziz 0 sladisS .05 o Lil hirta
8,5 0,3l Ziziphus nummularia 445 4 ;g5 oo


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

O 32T 090ma e [ ¥ Jation s250d 3l o3l b .5 S e &30 5 edsle el 4l aned

399 3 aaiow s as Ll Lo )l g ouud (6 03Il gl polie (o (s (Fgum S Luilgy - Joua

Gl 0) &)l sine s RMSE (kg/hec) S e abl, g yS 5 S
[++ YY R2=-/0A Y=-fr\AONDVIfAV /-0 \
[+-¥ Y R%. /5% Y=-v¥#4/¥xSAVL£Y VA Y
[oe) 14 R2=-/5A Y--AOYYVxMSAVI2:5f4)¢ ¥
[+eY 14 R%. /5% Y=\ Y55 XDV YA £
[ Yy R2-. /oY Y= 1721 /#VxGCLeVA YN Y o

Jae 3)ly cplply e +/-0 51 iy NDVI jasli
Oy yS 5 5l el Cawsds sles Joe (1)) alal, oo
5 1PN i oy LaS o o Ll ) o >
J9oz) wilige logine VA (sllas Slayyo (e Sils Jdr

0

Oon Bz s S, ) eslitul @l

(F=0) Jgloz j0 adgi (lie 9 (LS Gidigy slo asls
Gl ysie Hu (Siawed Jdo mls .l sals al)
(VIF) s o2 oo olpe o5 ol lid Jaee
Sig ke 5 )+ 5l iy DVI g SAVI  (glaasls

alasy s (g Sy il ,lg a3d Jouor ¥ Jou

C1+0) & o sxe zhaws F Slaye (5o EESIREIN Sl ye gyome e
e va/54 FYVV/oY v AYEY-£/40 S90S
- - ARRRIEYA YA BANYY/FY saileBl

B _ - v. VADYYS/SY Js

ABun s e )5y 10 b piso Coodl Culps :F Jgoo

O3S s R S re gl . o o lsliwl ol o ot o laibiul ul o e e,
Ol b C1-0) Ly S sl lye
- ofevs 7IvY ARV FOOIVY ol lade
\i$ £\ eee R Ze /A YYYEIY - -AYVA/AF MSAVI2 A
€/ ¥ _..q oY eV -Ya/fY GCI

o 0)51)9 9 Flaaliv jlude (py Al Jad (yguw )5 ) abaly b0 Jguo

(kg/ha)y RMSE R2

oz s Ggem S b,

AR Q2N

Y=£00/\Y -A¥V4/Ax MSAVI2-v4/xGCI

Las o oo plad 1) adsle ader aiis (V) Ko ol
ols flas ad cpl .l ouls sl (A) Jaw 5l oola!
5 JESe )0 p)SskS Ve Ll adgle o flas oS
Lgie ol adgle LSa o 6,5l YO o] iSlos

25 LS )3 p Sl S VY 5 adsle wlo

Sol a4y by Joo Sz 5l 6x5sl> slp

s Slaye 5l [0 (rizred § o o po e
L plp iy & MSAVI2 sl b oo olowl Jaw o
slool 6l (V) Jogaz 0 (A) Jow ol 5l wgs Y4 g +/PA
t o ogesl bl (F ) o eolaiwl adgle oJgy ais
Syl bl 4 Shwlie bla o a5 s o ol

S52g do,d /0 mhauw o o jixe Dgldd Jow lawg


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

358500 360000
' '

=] O i
g 3
- |
-
“
b
\.
Lazaly .
ol \s'\ o o
= — s N
g .
T Value
High 47
- Low . 10
i ]
358300 360000

1F4) Y o Lo V7 0,98 (@ 0

361500 363000
=
e -
e :
i e =)
v A7
N
|
f =
{ r$
b &
i =S
=
—
- 1:25,000
002505 1 15 2
[ km
361500 363000

MSAVI2 (asUs 31 ooliiuw! b oo 891 s adgle ulgi jlado s ¥ JSi

S bl Ghls g @SS Gide b Sisde
9 (\%%V) )yd.».b C.)L».: L: 45 sb; o)Lw| w)w
sl asli anils (Lo a5 (Y22 0) o, Ken g poluslje=
oy by o515 b 3blie s LS iy ST
99 dunlio 4y (BdoT ;0 .04l Jlgren widl g alio
28 45515 5 e 5 Sl oz 53 5l Y L
doy S 51 zals s 4ol las Wl mls .(VY)
ol &S Lol uisd b b aS w,ls NDVI el
Ot 3 NDVI a2l 4y s SAVI ozl ols
g A,y Ged mli ol Jlgen wils g5V
oo NDVI asli o5 ols lad (YY) o,
R2=21\D) s (aLS S a5 fsse b (il come
S (R=10A) 5l Slgten Guizs pl mli b as
OSes 5 Sle ol @i @li b pol> GBS
Oidigy Ao, o)ﬂﬂ g0 a5 aab ol s (Y-VA)
Nimsad SAVI a5l 45 Cowd NDVI 2L ¢ aLS
O &5 (VV) ol g Jop mls 5 )l e
4 G SAVI 2zls & Coes RVI 2zl auzils
Solas opl oyle Sglas o ls 65 &Slie 005355 3,90 0
5 s 5y50 3ble LS Als gy 4 Wl
S bl o a5 olS jibe do,s Doy puzes

\¥d

G A g Sy
& yo 09gde ;0 aS ols lis el jilsy axlae
w9)s ool 5 pls glyz jLad il S Sok,e8
oz 31 iy (S35 a5 0 5| b S 05 5
B> cel ope 5 YU glod il S sl
2 S kB ko) adlate SlhgSies 5 0 e slaaiss
sboaiss Gl 5 (0)95 o0 iz 4 jsellcns 3ble
Gaiss (nl aSigmiar ol ol AluSy 5 ose el
LgLCbAJ; O5>5 ..).5‘0;))5 JL’«»‘ ‘) 9 d.o).c dJLA..vg_i)
mhwe 0 K& 3 Sy aule gl o 9 o550
& GlandS o bas,e pl aes oo lid 7,k cogass
PBLS e Gl 5 mie @i Ojgon je0 iz
g OB, adad Sl o muyaiay a5 Cul o0 2eu]
288 (BLS b (e 5l a0 eoliial 5 laazss s
sl 4285 8 el gl 3 3l o dilate g o
ezl 5 adg G dlaly cuyp 4 bape @b
alayly oolawl 5550 sl Ll dan a5 ol lis 2LS
Sl oo (Jy WS lEn adg b slane
NDVI jazls 5l g0l ladme .09 MSAVI2 azli
YA AY B Y o)) Wlos,S ool ddgle udgs a)ﬂﬁ &ly
NDVI s o0 oliue ool Gaaos o Lol (YT
Yo (it 5o YL (T sllas Slaype (5 Kikee


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

Oy 90T pw (g3gomma Jle [ ¥ Juiiuw 2 glias 31 ooliiuwl by o5 Sins douss &350 50 ddgle g Al augd

olese Ol b lie (Scsn Loy o a3l
SIS NDVI a3l 45 Coed SAVI ozl Jg catils
SloFeon 5825 Gl @l b a5 g st (Ko
CBd liae Al 4y dxgi b g Baiod (ol @bl o ojlo
G955 9 Wiz (s g5 ) Joe e b 9
L Oy ).:‘).) MSAVI2 ua.?-Lw )‘ oolail L) ool ‘5|4>
0)5])4 5 o%‘sa OLQ,.M ¢ i t5“>‘) 9 ul}.@ru vy
9 ssliia MSAVI2

Gy S5 55 50 5l Belizd ol yo Al 4 az g
S g0 Sty il oolaiwl (5,10, igad bl lgicay
5 Shbl e JuSey QUL U3l 6T sl caz
bugie 5l o Oldlas jo (JuSoy ool oo b3l
Sy 3l Slaiea (Juy TP oSy 8 bl
NTCHE T SORRIR-pEcy SNt
Lo g cbloy g yin ) diges Slakad b adgy ol e
8,5 515 50 635 oSt 50 M5 Olies Olsisar L]
Sloan] Gladxs o ogd oo oloidun uizmed g
3 shaes Jelge g (Eaan crac sloaSl l eoliiul
39 590 3l o s asli g glage leosls b 5.4l
o 9590 Adsle 0 g liee 0915 280 (Ui sl
255 13

References

@l Bl b e 500 135 U Jelge 5 canl Jge ares
aS (YY) ol g g lan, Gubiod ol b gubios ol
ssbiedy 590l Grmiw pcie ey (ow)p
SiSdars § SiS 3blie o 2lS il 2oy 6l
oL 4 Cas R?=+/YA) SAVI ozl wzils ol
)l Slsan 15 (6 5V Kivan (R2=+ /YY) NDVI
Bhlie 5 45 5 5ley 30 (V) S 5 poladlyom
4 G (R2=+/YF) SAVI2 asli Sicdaas § S
cliiss mls o) 6,5y ®R2=+/Y0) NDVI asls
Oiedy o1 05l sly a5 WIS e AST o ()
SE GGl &l ye adse oy Glie 5 oL
Sloworal olpo Gl sl azle 51wl glao;
SAVI acgazms sl aslis aloz 5l laiw ) S )il
Bl Sletran pol> gaazs gl b aS 05l oolasul
Gbln o a5 ol lis Guisw cpl bl uies
AP 4 S DVI (a2 lis 280 (e 0,5 Sidrans
@l b w)ls 555 adgle adsi 351 pslare 4 NDVI
awlie 4 a5 (Y1) e 3 Glud i
PE s Gilensl 5o 590 5l Gl slaasls
D)l Sletran wivgs ails ) Sisdend g Sis 3blis
Saasls o b 5 (VoY) Gl 5 o0lj Sl
35515 3 st pslas I Jolo 550 5l Ghonins calisee
don &Sl peple amsly ol @l elegm Ol

1.

Amies, A.C., J.R. Dymond, J.D. Shepherd, D. Pairman, C. Hoogendoorn, M. Sabetizade & S.E. Belliss, 2021.
National mapping of New Zealand pasture productivity using temporal sentinel-2 data. Remote Sensing, 13:
1481. https://doi.org/10.3390/rs1308148]1.

Arzani, H., 1994. Some aspects of estimating short term and long term rangeland carrying capacity in the
western division of New South Wales, Ph.D. Thesis, University of N. S. W., Australia, 308 pp.

Arzani, H., S.Z. Hoseini & Kh. Mirakhorlou, 2014. Application of LANDSAT ETM" images for estimating
vegetation production and cover in Taleghan rangelands. Iranian journal of Range and Desert Research,

Boutton, T.W., & L.L. Tieszen, 1983. Estimation of plant biomass by spectral reflectance in an east African

Brouce, K.W., D. Issa, D.P. Rex, A.H. John, C.R. Bradley & G. Morris Southward, 1995. Satellite-based
herbaceous biomass estimates in the pastoral zone of Niger. Journal of Range Management, 48(2): 159-164.

2.
3.
21(1): 24-31. (In Persian)
4.
grassland. Journal Range Management, 36(2): 213-216.
5.
6.

Di Bella, C., R. Faivre, F. Ruget, B. Seguin, M. Guérif, B. Combal, M. Weiss & C. Rebella, 2004. Remote
sensing capabilities to estimate pasture production in France. International Journal of Remote Sensing,
25(23): 5359-5372:

a-y


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

1F4) Y o Lo V7 0,98 (@ 0

Eshghizadeh, M. & Y. Esmaeilian, 2020. Evaluation possibility of rangelands biomass estimation using
Landsat 8 satellite data. Iranian Journal of Range and Desert Research, 27(2): 159- 176. (In Persian)
Frahnak, M. & F. Movahed, 1997. Rangeland and biomass modelling in Zanjan mountains, Iran, Case study,
ITC, Enchede. 63p.

Gitelson, A.A., A. Vina, V. Ciganda, D.C. Rundquist & T.J. Arkebauer, 2005. Remote estimation of canopy
chlorophyll content in crops. Geophysical Research Letters, 32: L08403. doi: 10.1029/2005GL022688.
Ghorbani, A., F. Dadjou, M. Moameri, A. Biswas, 2020. Estimating aboveground net primary production
(ANPP) using Landsat 8-based indices: A case study from Hir-Neur rangelands, Iran. Rangeland Ecology &
Management, 73(5): 649-657

Imani, J., A. Ebrahimi, B. Gholinejad & P. Tahmasebi, 2018. Comparison of NDVI and SAVTI in three plant
communities with different sampling intensity (Case Study: Choghakhour Lake Rangelands in Charmahal &
Bakhtiari). Iranian Journal of Range and Desert Research, 25(1): 152-169. (In Persian)

Jabari, S., S. Jamalaldin, R. Jafari & S. Soltani, 2016. Application of AWIFS digital data to determine
vegetation cover (Case Study: Semirom-Isfahan). Journal of Rangeland, 9(4): 333-343. (In Persian)
Javzandulam, T., R. Tateishi & T. Sanjaa, 2005. Analysis of vegetation indices for monitoring vegetation
degradation in semi-arid and arid areas of Mongolia. International Journal of Environmental Studies, 62(2):
215-225. (In Persian)

Jianlong, L., L. Tiangang & C. Quangong, 1998. Estimating grassland yields using remote sensing and GIS
technologies in China. New Zealand Journal of Agricultural Research, 41: 31-38.

Karami, P., Gh. Heshmati, & M. Mesdaghi, 2002. Determination of optimal plot shape and size for estimation
of forage production at semi-steppe grasslands of northeastern of Golestan province. Agricaltural Science
and Natural Resources, 9(2): 41-47.

Khalilpour, S.A., 1977. Range land biomass mapping in Damavand, Iran. A case study with GIS and satellite
imagery, ITC, Enschede.84p. (In Persian)

Lang, M., M. Hamid & B. Tychon, 2021. Estimation of rangeland production in the arid oriental region
(Morocco) combining remote sensing vegetation and rainfall indices: Challenges and lessons learned.
Remote sensing. 13(2093): 1-25.

Liu, H., R.A. Dahlgren, R.E. Larsen, S.M. Devine, L.M. Roche, A.T, O’Geen, A.J.Y. Wong, S. Covello &
Y. Jin, 2019. Estimating rangeland forage production using remote sensing data from a small unmanned
aerial system (sUAS) and planet scope satellite. Remote Sensing, 11: 595.

Mirakhorlo, Kh., & S. Hosseini, 2006. Estimating rangelands yield using remote sensing data (Case study:
Damavand region of Iran). Iranian journal of Range and Desert Research, 13(2): 127-138. (In Persian).
Moghaddam, M.R., & J. Ghorbani Pashakolaee, 2001. A comparison of different plot size and shapes
efficiency to estimate of standing crop in steppe, high-steppe and semi-steppe region of Iran. Iranian natural
rescores, 54(2): 191-204.

Nanzad, L., J. Zhang, G. Batdelger, T.P. Pangali Sharma, U.A. Koju, J. Wang & M. Nabil, 2021. Analyzing
NPP response of different rangeland types to climatic parameters over Mongolia. Agronomy, 11: 647.
Papnastasis, V.P., 1977. Optimum size and shape of quadrate for sampling herbage in grassland of Northern
Greece. Range Management, 30: 445-448.

Pordel, F., A. Ebrahimi & Z. Azizi, 2017. Evaluating spatio-temporal phytomass changes using vegetation
index derived from landsat 8 (Case study: Mrajan rangeland, Boroujen). Journal of Rangeland, 11(2): 166-
178. (In Persian)

Reeves, M.C., B.B. Hanberry, H. Wilmer, N.E. Kaplan & W.K. Lauenroth, 2020. An Assessment of
production trends on the great plains from 1984 to 2017. Rangeland Ecology and Management, 78: 165-179.
Qi, J., A. Chehbouni, A.R. Huete & Y.H. Kerr, 1994. Modified soil adjusted vegetation index (MSAVI).
Remote Sensing Environment, 48: 119-126.

. Rahdari, V., A. Soffianian, S.J. Khajaldin & S.M. Najfabdai, 2013. Identification of satellite image ability
for vegetation cover crown percentage mapping in arid and semi_arid region (Case study: Mouteh wild life
sanctuary). Journal of Environmental Science and Technology (JEST), 4(4): 43-54. (In Persian)
Richardson, A.J., & C. Weigand, 1977. “Distinguishing vegetation from soil background information.
Photogrammetric Engineering and Remote Sensing, 43(12): 1541-1552.

O+A


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html

[ Downloaded from mail.rangelandsrm.ir on 2026-05-27 ]

[ DOR: 20.1001.1.20080891.1401.16.3.5.1]

Oy 90T pw (g3gomma Jle [ ¥ Juiiuw 2 glias 31 ooliiuwl by o5 Sins douss &350 50 ddgle g Al augd

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Salmanbayati, T., Z. Hosseini, A. Rashtian & H. Alirezace, 2018. Comparing the accuracy of different
vegetation cover sampling methods in remote sensing indices (Case study: Abbas Abad Hamedan). Journal
of Rangeland, 12(2): 169- 179. (In Persian)

Shirazi, M., G.H. Zehtabian & H.R. Matinfar, 2010. Survey of capability of remote sensing indices for
enhancement of land cover in arid areas (Case study: Najmabad). Iranian journal of Range and Desert
Research, 17(2): 256- 275. (In Persian)

Théau, J., E. Lauzier-Hudon, L. Aubé & N. Devillers, 2021. Estimation of forage biomass and vegetation
cover in grasslands using UAV imagery. PLoS ONE, 16(1): e0245784.

Tucker, C.J., C. Vanpraet, E. Boerwinkel & A. Gaston, 1983. Satellite remote sensing of total dry matter
production in the Senegalese Sahel. Remote Sensing of Environment, 13: 461-474.

Van Dyne, G., M.G. Wogel & H.G. Fisser, 1963. Influence of small plot size and shape on range-herbage
production estimates. Ecology, 44: 746-759.

Washington-Allen, R.A., N.E. West, R.D. Ramsey & R.A. Efroymson, 2006. A protocol for retrospective
remote sensing-based ecological monitoring of rangelands. Rangeland Ecology and Management, 59: 19-29.
Wiegert, R.G., 1962. The selection of an optimum quadrate size for sampling the standing crop of grasses
and forbs. Ecology, 43: 125-129.

Zare Chahouki, M.A., F. Khojasteh, M. Yousefi, A. Farsodan & M. Shafizadeh Nasrabadi, 2013. Evaluation
of different plot shape, size, and number for sampling in middle Taleghan rangelands. Watershed
Management Research (Pajouhesh & Sazandegi), 99: 127-138.

Zarine, A., A. Sadi Broujeni & M. Naderi Khourasegani, 2012. Estimation of rangeland production using
IRS LISS IIT satellite data Case study: Tang Sayad region, Chaharmahal and Bakhtiari province. Iranian
Journal of Remote Sensing & GIS, 3(4): 63-80. (In Persian)

Zhang, D., J. Rademacher, J. Chen, T. Crow, M. Bresee, J.L. Moine & S.R. Ryu, 2004. Estimating
aboveground biomass using landsat 7 ETM* data across a managed landscape in northern Wisconsin, USA.
Remote Sensing of Environment, 93: 402—411.

N


https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
https://mail.rangelandsrm.ir/article-1-1057-fa.html
http://www.tcpdf.org

