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Figure 1. Location of study area in the Golestan province of Iran.
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Figure 2. Location of field plots network in the study area.
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Table 1. Descriptive statistics for stand volume, tree density, and basal area in different sampling
intensity.
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Table 2. RMSE values calculated for stand volume, tree density, and basal area in different window
dimensions.
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Table 2. The results of predicted values of stand volume, tree density, and basal area using
nonparametric algorithm and combination of ALS data and UltraCam-D images in differents intensity
sampling in total area.
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Table 3. Differences between observed and predicted values of stand volume, tree density, and basal
area using nonparametric algorithm and combination of ALS data and UltraCam-D images in
differents intensity sampling in total area

S Sl oSl e . ﬁsg oSl s 5ype it
L“"‘i‘é)lﬁ"‘ LAI;/IQJL’J S tSte:t)istics IQEJM J)J.Jd{ Obfﬁ.J d LSS).JJTW oo
diffe.rence diﬁefgﬁces Significance s:;r:;r:e r:g;\r/]e iré:trle]r[:sliggJ Characteristics
83.21 -3.12 0.746 NS 3.12 26014 26325 402333 o o) o
79.81 17 0.911NS 0.112 264.96 263.25 4,3 1.66 O 5
81.1 11.2 0.458 NS 0.744 274185 26325 4,2 0.83  Volume (m’ha”)
76.36 -15.88 0.072 NS 1.825 202.16 21805 42,2333 s ok sl
78.83 -15.32 0.248 NS -1.158 202.73 218.05 4,3 1.66 S
80.24 6.26 0635NS 0476 23572 21805 4oy 0.83 Tre(‘;ﬁ:.'ffity
6.5 0.2 0.785 NS 0.274 23.98 2377 12,2333 eSS
6.83 0.117 0.906 NS 0.118 23.89 2377 Ao, 1.66 2 )
()l;:iA
7.23 0.91 0.35NS 0.937 23.75 2377 42083 Basal area
(m*ha™)

o340 Jlal CEM BERTSIEpey pde NS

Ve


http://www.sid.ir

O)Se2 g (oo Sl

P 20l 5 ol slesls Gl 1 el b (55 54 ged At GlaAd i dylis
93 5 LUK s e w9 LK s Sl s slaws “"”ﬂ?"ww;)ﬂﬁ 5 le
5 G Vox) e (gl el aS) Ao W glacdd aglio 31 ol ol oYY 9V Juusly
o3l U ol o 35500 53 VU5 YY) sl 55 55 (e VOXY e (gl el 4S0d) o VY
S oS sl Ol gl b, pslal 5 slad slaesls pals 5 olads bl V":'-’Jﬁ‘ 3
lost Sl o SOl sidoms ey ghyls 2o VOXY oo (gols ylel a8 b o VAT (gols el
s Vv sl e Sl e o S0le Hadoes dos Olgme 5 Sl 0350 (deoys YV/ET) (6 S
Sle psdome Aoy Ol dos WYY 4 (gols g Az Rl Lo cdl rals
5l Rl dss VI 4 cd bl il Rl s YT Sus 4 s et Sl e
W Gaoad alis 5l fol> mlo (8 Jad) L0 oa b abs sl o)l do)s liie
VOxY e (g ls bl aSis) do s VAT 5 (6503 axdad VFE L e VOX YV o v (gols el aK2) Ao s
Gaals 5l sl b olSKa [y Ol s slaws JJJL{):\'\)Y\ sl 93 o5 (Wged axdad3 WV L e
3OV ol 95 s (ol paised s Al L aS sl Ol plsa e, palal 5 Sl (glaesls
(VR PRIV < WIS PR RN WEST NG| FWIN WSS | /i fiPVINSURP RN WSSt Ve § APPRV WSS i u gl TR g
aoslie 5 Jol s (8 o) S8l SRalS 55l s 5 3L RalS Ao s Y s
S Sl el b SUSa 53 ad ass 303l 03 (ol sad doys VAT 5 AV slasus
Gl bl s 48 s OlEs olas esds pslas s ol gleesls Gails 5 Olxis s cdle
Ut Sl 5be sl deoss oo %S ghls VoxV e gols polel s b dss VYT
Slas e pSke sdome Olsme (13 10 300 s 2aS L (8 Jsdr) Sl 0350 (Ao YV/YYO)

Al Sl ol ey g et

4!


http://www.sid.ir

Y20 (9) aoliogsg (YY) s S 5 g2 (559U 9 oole (S sig sy & patd

aasin 3,90 5 55 alen o8y palas 5 I Glaesls Gl 5 Olads s cmdle Iy I QPR
95 53 Gl sl il glacad Gl eslimul b LUK 5 g ag, g S s Ol s slaad e >

ATIPR R W

Table 4. The results of predicted values of stand volume, tree density, and basal area using
nonparametric algorithm and combination of ALS data and UltraCam-D images in differents intensity
sampling in 16 and 21 compartments.
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Table 5. Differences between observed and predicted values of stand volume, tree density, and basal
area using nonparametric algorithm and combination of ALS data and UltraCam-D images in
differents intensity sampling in 16 and 21 compartments.
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Abstract

Background and objectives: In this study we evaluated the effect of reduce the
number of plots on estimation of stand volume, tree density and basal area using
random forest, support vector regression and k-NN algorithms for the part of Shast
Kalate of Gorgan.

Materials and methods: We applied a systematic random sampling method to
collect field data with 150200 meter network (3.33%, 1.66% and 0.83% intensity
sampling). Futhermore, 308 circular with 17.84 (0.1 ha) meters radius plot were
measured in study area. In addition to the data collected, in the compartment
number of 16 and 21 (13.3 and 6.66%), we applied a systematic random sampling
method to collect field data with 75x100 meter network. Also, 134 plot circular
with 17.84 (0.1 ha) meters radius were measured in 2 compartments. After removal
of all outliers and creating DTM and DSM, all height and density related metrics of
first and last pulse were produced. Also, after orthorectification digital aerial
images, all texture measures were produced.

Results: The results of comparison of intensity sampling in stand volume, tree
density and basal area estimation using fusion Lidar data and Digital aerial images
showed that with increasing intensity sampling, RMSE% is reduced and with
reducing intensity sampling, the RMSE% is increased. Although the results of
3.33%, 1.66% and 0.83% intensity sampling were not very different but According
to low difference in RMSE% of the resulting all intensity sampling (3.33%, 1.66%
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and 0.83%), the 0.83% intensity sampling recommended to estimate the stand
volume, tree density and basal area.

Conclusion: Therefore, there is a possibility of the estimation of stand volume, tree
density and basal area using Laser scanner data and Ultra Cam-D images with
minimum cost, reasonable accuracy and less plots compared to 3.33% intensity.

Keywords: Intensity sampling, Forest structure quantitative characteristics, Lidar,
Digital Aerial images, Machine learning and Shast Kalate of Gorgan
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