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Abstract

Estimating the biomass values in forests stands through remote sensing is important. It has been
reported that the major reasons of uncertainty are the lack of concurrency in satellite data and field
information as well as the use of global allometric equations for estimating the weight of biomass of
forest trees inside the country. Minimizing the above problems and the investigation of data
performance in developing appropriate model for estimating the forest biomass in the Bankoll region
of Karazan District of Sirvan County in Ilam province using Sentinel-1 satellite data in 27" of June,
2017 was the main goal of this study. Average size of the trees crown in 53 rectangular plots related
to the coppice growth form with dimensions of 30x30 m which during 23 may 2017 to 10 June 2017
through applying DGPS by RTK method have been implemented on the ground were entered in the
process of estimation the value of biomass. The average harvested field biomass was 10.63 Mg ha™.
After extraction of radar features, those features which had the greatest correlation with the values of
biomass were selected using genetic algorithm by two models including K-Nearest Neighbor (K-NN)
regression and Support-Vector Regression (SVR), then the most appropriate combination was
identified and the biomass values were modelled. Models were validated using 26 test plots.
Correlation of features obtained from radar data and the value of biomass indicated that features of

VH Mean VV Mean VV GLCM (Correlation) and Mean VH GLCM (Dissimilarity) had the greatest

sensitivity towards the value of biomass. Using regression models indicated that SVR model (Relative
RMSE of 0.08) was more precise compared with K-NN regression (relative RMSE of 0.10). The best
combination in the use of K-NN regression model with a relative RMSE of almost 0.99 Mg ha’!
(equal to 10%) and the coefficient of determination (R?) of 0.22 and the best combination when using
SVR model was a relative RMSE of 0.87 Mg ha™!' (equal to 8%) and the R? of 0.14. The results
indicated that the final models, obtained from the optimal features extracted from radar data in the
wavelength of C band and used parametric and non-parametric regressional methods in this research,
were not abled to improve the saturated effect in data for estimation of biomass in the studied forests
and it was not resulted in presenting an estimating model with an acceptable accuracy.

Keywords: Forest biomass, Sentinel-1 radar data, Genetic Algorithm (GA), K-Nearest Neighbor (K-
NN), Support Vector Machine (SVM).
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. European Space Agency (ESA)

. Azimuth

. Range

. Ground Range Detection High Resolution
. SAR (Synthetic Aperture Radar)

. Dual polarization

. Interferometric Wide Swath Mode
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1. Azimuth

2. Range

3. Ground Range Detection High Resolution

4. Differential Global Positioning System (DGPS)
5. Real Time Kinematic (RTK)

6. Penetration
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1. Speckle noise

2. Backscattering

3. Bilinear Interpolation

4. Digital Elevation Model(DEM)

5. Shuttle Radar Topography Mission
6. Resampling
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1. Structural Risk Minimization
2. Radial Basis Function (RBF)
3. Cross validation

5 ool 8590 (g5 ) S g, —V-O-F-Y

0095 Canm 3 931 2 (3L Juro

sl oo 5 (S5 rluen 0 FSGo 5 K (g 55 -
Ol =5 Gae a5 el gl Sosls 9)4)[_7)9:
Slslaegome Gloa Sy e g so—uaiib
Ol seld iy live Jotome sloosls
LT Solod o 45 el zaglao slmosls L Laosls
coh9y ol colze 5l .(Souza et al., 2019) & ,ls I3
Sls Sz 9 K el e (s a0 (8 o0
=l ads jebas 0,5 o)Ldl ) Sl
wled (n F S35 K o )5S a2l
SV e Klade olsal =) el s i
£639,9 5015 dcgerme Lwluly « folgd o glcanoa
Al 35S0 i LS K LS5 1
9,55 5 Alold dwlone ¢ g (Sl o i)
Pl =¥ o aisal (slesysS ) (alad o
K aws caz o sl oolaiwl -0 tluesd op 3 G035
8955 A (ot Sl dlier (2 5 S003
.(Shataee et al, 2012) aso>

=9 ol Jbp oedle bty Jop Gee S -
S de G sbieds S Sl (6 50k (il
sl w2l gileansS Jol ity (23l 0 &
S9ame (el (sLaodls dsgerme 59, |, Sinn
=5 Ol o e I S (oo =
wlse Sl Sl g (b e (35
S o ooliaal YU olal Uy S5y sliss 5l a5
3l e—i =l yo (Smola & Scholkopf, 2004)
oalitwl Jao (ti9l sln ol B J5 S o
0955 9y SLa S g «oml edle Eul 0ad
255 @b (S g anie (Shy wle plaiis oy
K-fold (s el (g3l S5 3l esliial L

el 00 W"Ja‘" 9 0)51):1

0095 Caunnd 3 3591 33 SBJho (sZw skl —Y-B-F-Y

531 & jgmody o Bolar jaba « Jue) sloosls 0.

W

Ol GIS 5 590 5 Ghaiu
WAR e = aslga ol = aaudlgo Jlw

1



e 9515 by 8345 Li sl S (w3595 (297 8995 Cams 3 391 1 (§3lw e

ookl cdl 1) b g, 650 S a5 5 ye0 0
K Gog,y 5l eslaiwl el o cpuslon s gboools
Ll g 5eSlee jgdome Oliee ctsbaess (0 50035
L awslio oS ccul (1) Jolae) ,iSa 005 )
e oSl jedzme Gl L glitdsy Jlop (b,
Sromb oBs d(fA Jolee) JiSe 005 + AV (gl
Glawod (9 3 SL0 5 K Jhgy 40 sl co i )b
SVF Sl L platay Hlop (B 5l e VY Jobee
)| oalaz_ul l_’ 0395 o 0)5")'3 g_',-’l'ef LgLQJ..\.c R
)‘ o9 o..\_.wulzu‘ LM.Q(J ‘-th‘;).aj ‘_gLQUJJS
D Soo 3 K g S 5l oolu] sl v L]
Iy 0095 8503l ¢ bjgal Slakad Jore 10 dslucen
HSe008 Vor e gldas am e 2l jodome Ly
Slabad Lo 05 YA sl oo 5 (14 Jolaw)
et et g (L) 2 Jolae) JLSe 005 .49 s
S Hga— )55 g, 3l ol wl el o g - VY
5 2 YY (1) LS 005+ ceod e ol

w‘ OJ; 0)5—‘49 ‘\\c 9 (/A) )L','_im)oﬁ)j « A\Y

# S 2yl polie g uld ooles b Bllas
e S 5 bt ol O-F-F b Y-F-Y iy
oS5 ps 5l Jeole 65 sla S oS S
3590 el iz sogicenss 05l s e
9 dlaod (0 FSGIP K (S )55 b9, 99 L anlllae
D5 T sladsuzr 20 b Olatiy o g S
3 oo o jalateds (Guod Cpl jo ] Casods
ssdme « Lz g pe :Sls jgdome (s lel (sl el )y
ooliial (rati 0 2 5 (o Sl e (5L
el 00

K g5y slaly, jlesliul Ly s
Ol eOlestiy Hlop (g F ) 5 ilaned (5 SH035
sloosls lm 1) 69,51 5 lovaline Bogicny;
S (oo duglie s g odgel

S GLis b S5 5 0 9 ¥ slasor (o)
K gy b s, §l eoliial el 43 ca S
80ld 98 Lt (Ol S0 g Glaned 1 FSH05
= 5 Sl S0 o Lo i o 5 el
D958 0D G Cend (Slodld 35050 (oo Sls 5 2

895 ) (yad (e sy g clad (3 T SO0 K g 55 B9 5l oolainl b odgicans a)gTﬂs,..JRMSEjRMSE ¥ Joes

anlllas 550 8ljaslis JSax (gl Vo Jiitin pead 5 ol o)), sla S5s 5l oolail b 53,51 8555y g (slosaliv

Cens b0l

gal B0l

RMSE RMSE RMSE RMSE _ ‘ Lassf
S = faS g gl 559 Slaws 29
i O["QJJQ—;) [Seoadh e ®ad " (JFEJ‘)OJ) i 2yl SR
AR .99 LYY ..q Voo CYA Y Mean VV,

Mean VV GLCM (Correlation)

5395 ) (y et ey 9 e Oleitdy IS e )55 B, 5l oolaiunl b o gicany Sy90p 5 RMSE § RMSE .0 Jgu

anlllae 8,50 ol5als K gl Vo fiiin paas | Jol> glol, sla S5 5l eoliiwl b «s9,5] 5 85g55Cens ) 3 (sloanlive

S b0ls

5gal Bols

RMSE RMSE RMSE RMSE

s xS g 59 olass o S5
s ()L';SD)JQ‘S) Sl e ¥ ad o ()L"Sdb)oo.}') Qi R e uj)‘i?
CoA AV S0F .9 .ay .Yy ¥ VH, Mean V'V,

Mean VV GLCM (Correlation)

W

Ol GIS 5 590 5 Ghai
WAR e = aslga ol = aaudlgo Jlw



Ol 9 (Fgylw darw

2000
Predicted AGB Sdev=3.6 tons/ha
Predicted AGB mean=8.2 tons/ha
1500 RMSE= 1.00 tons/ha (9%) Y L]
é’ 2=0.38
%
21000
‘7"\'
A
9
= 500 d.
g °
o
=
oo
< 0
0 500 1000 1500 2000 2500
(kg/0.09ha) slaalis 6355 ony
call
1200
Predicted AGB Sdcv—?‘ tons/ha o0

Predicted AGB mean=6.5 tons/ha

} 1000 | RMSE= 0.99 tons/ha (10%)
}\ 2=023
3 800 L
K3
o
3 600 ..@
: ®.- M3
g 400 ot e O
S [ J [
el
2 200
0
0 500 1000 1500 2000
(kg/0.09ha) slaalis oog5 Com)
<
2000
) Predicted AGB Sdev=2.3 tons/ha
Predicted AGB mean=10.2 tons/ha °

1500 RM 0.92 tons/ha(9%) )

2 =022
B
2 1000 ° O { ORIy LLlhy
& o¥eVe °
3 ®
o 500
2
[
<
0
0 500 1000 1500 2000 2500
(kg/0.09ha) slaalic o35 Com)
c
1600
Predicted AGB Sde ons/ha o
1400 Predicted AGB mea tons/ha °

2 RMSE=0.87 tons/ha (8%)
i 1200 ?2=0.14
& eeese
2 o
5. 1000
i ‘. ‘o . PY
3 800 PY )
9
5 s ¢
£ 600
=
2 400
oo
=

200

0
0 500 1000 1500 2000

(kg/0.09ha) slaalis esg s

S
sloosls sl tluen 1 5 SG05 K g, 5l eolatul b (63,51 805y polin g sloalice 8055t polie s duslio O S
B30T Gooals gl plaiy J1o 5 sem )T 5 s, () S slrools (sl ilinan 1 5 Su05 K (y5ms)S) Sigy () (550!
() s 6'.@09‘0 Lgl,; UL“"“““’ )L\,).g Qﬁ.‘u;) o9 E(E)

Ol GIS 5 590 5 Ghaiu
WAR e = aslga ol = aaudlgo Jlw
¢A



e 9515 by 8345 Li sl S (w3595 (297 8995 Cams 3 391 1 (§3lw e

sl jo 1) S v, ofl s yo 0 Sloe a5 ]
leyallh SaSas b Jow (ouiw il mls oL
B 5ol jsiome dlas qpe (e Sike ydome (5]
30 ol DL ol (i md o 0 g (o sl
3o dalllae 0,50 J i 8058 unn Oy90 0 40 ¢ Joe
el 035 o Jae 10 5l gy diges Dlalad e
D9 ¥ sleJgos jo 7y bl Bllas oz jo
Moy Ogam Sy By 45 S (g5 o0 oS 9k
K g )5 G295 3 e 9 o Ly
sl ALl 089 ) 3590 40 wluad p 5T
Cmpnhad Ly o35 90 2 )0 @bl (S Jdsan
o S305 8,5 anST Leal ol 1 los ges
2 S5 )Ty 095 90 ;B 3 Cmo (yzen gl Ll
3551y Joe gty Sl e 5 (G555l sloosls
Ol g2 0ab gy (Sga S ) b9y 99 3l ool
bl glmosls aS vl oo g iSTas « gudos
3 o389y B3P ) 35915 50 V- i 5 lgale
053 5l casllas 5,50 dilaie Lol oljasls slo K>
SS9 Gidezl oS,y ge ailosls las
e el Sy S 55 LS
slaosls ;o  Saielll bayay osliwl o590 5,0,
gl Sl sbd g3l Sl 00 S =S 4 5,0,
=l RS et Sl lps 1) (e Badis pS ol
O yg—=a ) u.a_......u Sl allao B .é)jj uLwDQJ )_4)‘
Xz b ()l Cppline o5 il e slo S
«(Marvie Mohajer, 2006) o ls |, 0l o 515
Sl € 0l o Jobo jo g)lol, slaosls oLl
eline [ES 0005 Fov 5l YL Sogicenn; L bl
Loools pl olgs ¢ (Laurin et al., 2018) ouls b))
iy 835503 55l n sl L Wil zse Jsb 5o
Behera et al., 2016;) Sl 00 0358 cwlio <y K>
S50 ddlais gl o JLmplb .(Deng et al., 2014
VoY bogicnn) uSilae L gaazd cpl jo adllas

G oS a9 Cxy - F
39 J.Jb:\fw‘ OMWGW ul.o.d:.’?u)o
ooliiwl b Koo 359, 8095 Cm; 8,90 p 5o Uas
Sl il 049 pogdle (5,50 5l iz glaools
sals a8l o Sloojpeal ¢ Slawe slas el (o
Sleslaiwl ¢ Slaee Dledbl cils 5 g slojlgals
s ¢ e 3ble sl Sl Syl slaaloles
‘)"_:.3 9 oolaul S )9 61-&0&‘0 o u«.\.o_..u) 8L~u‘
Ol 58 el 009 camlil 8,91 5 (sl Joe 51 oslaul
oz wloe ool aile, JBlasas b s o asdllas
5ylsal s (g,loly 90 5l o lmools o LB
S i (e ii59y B0y 9yl 5o V-
Al sl jo o, Sy by b shiasls sle S
Ol (V Jsoz) (o Agad Oladad 10 0055
o 5uSlae wld jo eools SuuSTy, oS was o
O O (et Al ()l
Sl o5l xSl g slosnline Bogics;
dgad Olalad | e yo (Santi et al.,, 2017) ,oad
‘_3 ‘;).:9 oo)‘9_’. scd_wc‘).?u.u‘ Lng;)"s don 6‘).|
Slaaslanld o e ¥ 5l YL S g o
Slaigs o, sl 5l oolawl L cage sl S
2 930 SBS g w8 5 w1 ad 0)ly S
Skt 5 bl (Seam S, Sglite lahs) b
K Gyga S5 g,y 5l ooliiw! pllas o8¢5t 5 3,41
Mean VV, | Sy S 5 ol o 5 S05
5 9 90 L {Mean VV GLCM (Correlation)
cobizin 00 e S, oy, 5l eolaiwl pl i
VH, Mean VV, Mean VV | _ShycaSy
o Shee o 4o (S g 4w b ({GLCM(Correlation)
39 00giCam ) 9 5,y slrosls Swan azils |,
Silosmne mhw g 09 < YA 51 5YL « Shis o)
v 50V solil &0 sly (Swsn oo JBla>
0l 950 5 Wil o1 fysesl Jgaz 50 720 Jlexs!

W

Ol GIS 5 590 5 Ghai
WAR e = aslga ol = aaudlgo Jlw

£q



Ol 9 (Fgylw darw

Zagros Forests Decline in Lorestan
Province, Iranian Journal of Forest and
Range Protection Research, 13(2).

Baghdadi, N., Le Maire, G., Bailly, J.S.,
Osé, K., Nouvellon, Y., Zribi, M.,
Lemos, C. & Hakamada, R., 2014,
Evaluation of ALOS/PALSAR L-Band
Data the
EucalyptusPlantations Above-Ground
Biomass in Brazil, IEEE Journal of
Selected Topics in Applied Earth
Observations and Remote Sensing, 8(8),
PP. 3802-3811.

Behera, M.D., Tripathi, P., Mishra, B.,
Kumar, S., Chitale, V.S. & Behera, S.K.,
2016, Above-Ground Biomass and
Carbon Estimates of Shorea Robusta
and Tectona Grandis Forests Using
QuadPOL ALOS PALSAR
Data, Advances in Space
Research, 57(2), PP. 552-561.

Burrows, W.H., Hoffmann, M.B., Compton,
J.F., Back, P.V. & Tait, L.J., 2000,
Allometric Relationships and
Community Biomass Estimates for
Some Dominant Eucalypts in Central
Queensland Woodlands, Australian
Journal of Botany, 48(6), PP. 707-714.

Chang, J. & Shoshany, M., 2016, Mediterra-
nean Shrublands Biomass Estimation
Using Sentinel-1 and Sentinel-2, In 2016
IEEE International Geoscience and Remote
Sensing Symposium (IGARSS) (PP. 5300-
5303), IEEE.

Charlton, M.H., Docherty, R. & Hutchings,

for Estimation of

M.G., 1995, Quantitative Structure—
Sublimation Enthalpy Relationship
Studied by  Neural Networks,
Theoretical Crystal Packing
Calculations and Multilinear

Regression Analysis, Journal of the
Chemical Society, Perkin Transactions 2,
(11), PP. 2023-2030.

20 &Mty sols o IS 5l oaelcawsay s LS 00

lesan 48,5 by, 5 C ol s b
33 0395 85l 43 ools Sasglal Bl ailes

A e g ald Sauge |y a3 0,00 Sljasls sla S
WJ38 U0l oo L waisSo 90 Jow S olubis

L Ly G ol @l Olgiees ecnlil anl oo
bl el 0 alie Koo o teghy b
s LadSiz ol (iS5 (oS e L s o0 Sl
Ly oolicmst, mbs (JSiz sl 09790 Sl
Ol 9 edbim) p il s Loty g Laosls
S plizmen g oo Sledday Al dgute S Beio
Ste L (V17) Gltiph 5 Sle i o
5)lsalo (g,l0l) 5 (5 9 slwosls 5l lojen solatul
@l e sl JSi sogican) 3yl 5o Jriiw
G iz (ol Aol o 3l ) el o0 hled

D9 bl adlaie (nl 590,

Lo -0

Amini, J. & Sadeghi, Y., 2013, Optical and
Radar Images in Modeling the Forests
Biomass in North of Iran.

Amini, J. & Sumantyo, J.T.S., 2009,
Employing a Method on SAR and
Optical Images for Forest Biomass
Estimation, IEEE Transactions on
Geoscience and Remote Sensing, 47(12),
PP. 4020-4026.

Attarchi, S. & Gloaguen, R., 2014,
Improving the Estimation of Above-
Ground  Biomass  Using  Dual
Polarimetric PALSAR and ETM+
Data in the Hyrcanian Mountain
Forest (Iran), Remote Sensing, 6(5), PP.
3693-3715.

Attarod, P., Sadeghi, S.M.M., Sarteshnizi,
F.T., Saroei, S., Abbasian, P., Masihpoor,
M., Kordrostami, F. & Dirikvandi, A.,
2016, Meteorological Parameters and
Evapotranspiration  Affecting the

W

Ol GIS 5 590 5 Ghaiu
WAR e = aslga ol = aaudlgo Jlw

[~}



e 9515 by 8345 Li sl S (w3595 (297 8995 Cams 3 391 1 (§3lw e

Chen, L., Ren, C., Zhang, B., Wang, Z. &
Xi, Y., 2018, Estimation of Forest
Above-Ground Biomass by Geographi-
cally Weighted Regression and
Machine Learning with Sentinel
imagery, Forests, 9(10), P. 582.

Deng, S., Katoh, M., Guan, Q., Yin, N. &
Li, M., 2014, Estimating Forest Above-
Ground Biomass by Combining ALOS
PALSAR and WorldView-2 Data: A

Study at Purple
National Park, Nanjing, China, Remote
Sensing, 6(9), PP. 7878-7910.

Eini-Zinab, S., Maghsoudi, Y. & Sayedain,
S.A., 2019, Assessing the Performance

Case Mountain

of Indicators Resulting from Three-
Freeman—Durden
SAR Interferometry
Decomposition at P-and L-band in
Estimating Tropical Forest Above-
Ground Biomass, International Journal
of Remote Sensing, 41(2), PP. 433-454.
Galidaki, G., Zianis, D., Gitas, 1., Radoglou,
K., Karathanassi, V., Tsakiri—Strati, M.,
Woodhouse, 1. & Mallinis, G., 2017,
Vegetation Biomass Estimation with

Component
Polarimetric

Remote Sensing: Focus on Forest and
Other Wooded Land the
Mediterranean Ecosystem,

over

International Journal of Remote Sensing,
38(7), PP. 1940-1966.

Ghasemi, N., Sahebi, M.R. &
Mohammadzadeh, A., 2012, Biomass
Estimation of a Temperate Deciduous
Forest Using Wavelet Analysis, [EEE
Transactions on Geoscience and Remote
Sensing, 51(2), PP. 765-776.

Haddadi G., A., Sahebi,
Mansourian, A., 2011,
SAR Feature Selection Using a Genetic

MR. &
Polarimetric

Algorithm, Canadian Journal of Remote
Sensing, 37(1), PP. 27-36.

Heydari, M., Pourbabaei, H. & Esmailzadeh,
O., 2015, The Effects of Habitat
Characteristics and Human Destruc-
tions on Understory Plant Species
Biodiversity and Soil in Zagros Forest
Ecosystem, Iranian Journal of Biology,
28(3), PP. 535-548.

Iranmanesh, Y., Talebi, K.S., Sohrabi, H.,
Jalali, S.G. & Hosseini, S.M., 2014,
Biomass and Carbon Stocks of Brant's
Oak (Quercus Brantii Lindl) in Two
Vegetation Forms in Lordegan,
Chaharmahal & Bakhtiari Forests,
Iranian Journal of Forest and Poplar
Research, 22(4).

Laurin, G.V., Balling, J.,, Corona, P.,
Mattioli, W., Papale, D., Puletti, N,
Rizzo, M., Truckenbrodt, J. & Urban, M.,
2018, Above-Ground Biomass
Prediction by Sentinel-1  Multi-
temporal Data in Central Italy with
Integration of ALOS2 and Sentinel-2
Data, Journal of Applied Remote
Sensing, 12(1), P. 016008.

Marvie Mohajer M.R., 2006, Silviculture,
Tehran, University of Tehran: 404.

Namiranian, M., 2010, Measerment of the
Tree and Forest Biometry, University
of Tehran press.

Nichol, J.E. & Sarker, M.L.R., 2010,
Improved Biomass Estimation Using
the Texture Parameters of Two High-
Resolution Optical Sensors, I[EEE
Transactions on Geoscience and Remote
Sensing, 49(3), PP. 930-948.

Ramezani, M.R. & Sahebi, M.R., 2015,
Forest Biomass Estimation Using SAR
and Optical Images,
Geospatial Information Technology, 3(1),
PP. 15-26.

Ronoud, G. & Darvishsefat, A.A., 2016,
Estimating Above-Ground Woody
Biomass of Fagus Orientalis Stands in

Journal of

W

Ol GIS 5 590 5 Ghai
WAR e = aslga ol = aaudlgo Jlw

o)



Ol 9 (Fgylw darw

Hyrcanian Forest of Iran Using
Landsat 8 Satellite Data (Case Study:
Khyroud Forest), A thesis of Master
Student in Forest Science, University of
Tehran.

Santi, E., Paloscia, S., Pettinato, S.,
Fontanelli, G., Mura, M., Zolli, C.,
Maselli, F., Chiesi, M., Bottai, L. &
Chirici, G., 2017, The Potential of
Multifrequency SAR Images
Estimating  Forest Biomass in
Mediterranean Areas, Remote Sensing
of Environment, 200, PP. 63-73.

Shataee, S., Kalbi, S., Fallah, A. & Pelz, D.,
2012, Forest Attribute Imputation
Using Machine-Learning Methods and
ASTER Data: Comparison of k-NN,
SVR and Random Forest Regression
Algorithms, International Journal of
Remote Sensing, 33(19), PP. 6254-6280.

Smola, A.J. & Scholkopf, B., 2004, A
Tutorial on Support Vector
Regression, Statistics and Computing,
14(3), PP. 199-222.

Sohrabi, H. & Shirvani, A., 2012,
Allometric Equations for Estimating
Standing Biomass of Atlantic Pistache
(Pistacia Atlantica Var. Mutica) in
Khojir National Park, Iranian Journal
of Forest, 4(1), PP. 55-64.

Souza, D.V., Nievola, J.C., Santos, J.X.,
Wojciechowski, J., Gongalves, A.L.,
Corte, A.P.D. & Sanquetta, C.R., 2019,
k-Nearest Neighbor Regression in the
Estimation of Tectona G Randis
Trunk Volume in the State of Para,
Brazil, Journal of Sustainable
Forestry, 38(8), PP. 755-768.

Sukawattanavijit, C., Chen, J. & Zhang, H.,
2017, GA-SVM  Algorithm for
Improving Land-Cover Classification
Using SAR and Optical Remote Sensing
Data, IEEE Geoscience and Remote

for

Sensing Letters, 14(3), PP. 284-288.

Vafaei, S., Soosani, J., Adeli, K., Fadaei, H.
& Naghavi, H., 2017, Estimation of
Above-Ground Biomass Using Optical
and Radar Images (Case Study: Nav-e
Asalem Forests, Gilan), Iranian Journal
of Forest and Poplar Research, 25(2).

Vose, M.D., 1999. The Simple Genetic
Algorithm: Foundations and Theory,
Vol. 12, MIT press.

Wang, X. & Ge, L., 2012, Evaluation of
Filters for ENVISAT ASAR Speckle
Suppression in Pasture Area.

West, P.W. & West, P.W., 2009, Tree and

Forest Measurement, Heidelberg:
Springer.

Wu, X. & Kumar, V. (eds.), 2009, The Top
Ten Algorithms in Data Mining, CRC
press.

Yadav, B.K. and Nandy, S., 2015. Mapping
aboveground woody biomass using forest
inventory, remote sensing and
geostatistical techniques. Environmental
monitoring and assessment, 187(5), p.308.

W

Ol GIS 5 590 5 Ghaiu
WAR e = aslga ol = aaudlgo Jlw

oY



	abs3
	p3

