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Figure 1. study area map in Iran (a) and distribution sample plots (b).
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Table 1. Descriptive Characteristics for Modeling and Evaluation Data.
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Table 2. The best variables selected for Shannon-Weiner index diversity modeling.

p F e 3,
Variable Row
0.000 52.50 VarNIR 9*9 1
0.000 51.22 Mean NIR 9*9 2
0.000 49.20 Contrast NIR 11*11 3
0.000 48.32 NIR 4
0.000 44.28 NDVI 5
0.000 40.32 Entropy NIR 15* 15 6
0.000 38.34 Contrast Red 13*13 7
0.000 36.27 Mean NIR 9*9 8
0.000 32.33 Variance Green 9
0.000 30.34 Mean Red 9*9 10
O o LS £ 55 S5l e (g 0 dd QLRSI a i o 2 Y J g
Table 3.The best variables selected for Simpson index diversity modeling.
P F e 3,
Variable Row
0.000 54.55 NDVI 1
0.000 52.28 Entropy NIR 15* 15 2
0.000 50.15 Mean NIR 9*9 3
0.000 49.46 NIR 4
0.000 46.78 VarNIR 9*%9 5
0.000 43.45 Mean NIR 9*9 6
0.000 41.29 Variance NIR 13*13 7
0.000 38.45 Contrast NIR 11*11 8
0.000 29.25 PCA 4 9
0.000 20.23 Mean Red 9*9 10
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Table 4. results modeling for Shannon Index Results Using GeoEye-1 satellite Images.

Bias%  Bias RMSE% RMSE R o =
Method Row
3.8 0.02 55.7 0.29 55.0 Random Forest 1
-1.9 -0.01 69.2 0.36 42.0 CART 2
-5.7 -0.03 73.0 0.38 49.6 Euclidean KNN 3
-3.8 -0.02 71.1 0.37 49.3 Euclidean squared KNN- 4
-7.6 -0.04 63.4 0.33 49.5 City block KNN 5
5.7 0.03 67.3 0.35 47.7 Chebychev KNN 6
9.6 0.05 71.1 0.37 49.0 Linear SVM 7
5.7 0.03 48.0 0.25 55.5 Polynomial SVM 8
1.9 0.01 46.1 0.24 58.2 RBF SVM 9
1.9 0.01 48.0 0.25 57.5 Sigmoid SVM 10
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Table 5. Results for modeling Shannon Forest Results Using GeoEye-1satellite Images.

Bias% Bias RMSE% RMSE R? o =2

Method Row
1.20 0.02 48.1 0.76 54.0 Random Forest 1
-0.06 -0.01 60.7 0.96 40.0 CART 2
-1.80 -0.03 51.2 0.81 44.0 Euclidean KNN 3
1.2 -0.02 51.2 0.81 47.0 Es‘l(f&;‘rizgn KNN- 4
2.5 -0.04 50.6 0.80 46.5 City block KNN 5
1.8 0.03 53.1 0.84 46.3 Chebychev KNN 6
3.1 0.05 56.9 0.90 45.0 Linear SVM 7
1.8 0.03 51.8 0.82 52.0 Polynomial SVM 8
0.06 0.01 51.2 0.81 53.5 RBF SVM 9

0.06 0.01 50.6 0.80 54.5 Sigmoid SVM 10

WS (8 S dongs Sl anllls ol 3 odel sty e g 5 e

sz (lmosls ClB oad G b aalas ol “ C,L,Jl S JOA L Vb el 4 A

<. 3 5455 3ldde s GeoE
S JHm 52 500 g5 solule 2 GeoEye 10) OS5 (sdass diles aliie Slalllae b
@L:jgnt_g-j:\_f..,\.iﬁqd\d)b()b)@,i&hﬁ

B 5 3 S Sass Sl () OLSes 5 S
Slmesls b 5 am Ol 5 oo sdel s Jdo b5

& Soldde 55 as eslinal Cgrr B BB (S 48

i S Laesls (ol 51 Ol e 5 2 (2553

gwubwl@uaaﬁ%&YJM

sk Sl S8 Oyl sy i B Slallas

3 gas aslial 35 8 adlaie g 45 51 S Sl andlas ol il Al e anllas ) 3 esliiad 55
I —on db_: (.5_}{ Slallee B J}—Juv—ﬂ :L@,_.:.,__“; BE) u-]‘—“’j:‘" CM.L:LE GeOEye o)\}ALa 6&05\) als olis
5 SR gl &al Slaasia plo ol 3,08 UK.;- PR :)}Tﬂ

e ekl VL Cds 4 J g Gl SaS slaesls

&l
1.Agbelade, A.D., Onyekwelu, J.C., and 5.Breiman, L. 2001. Random forests. Mach.
Oyun, M.B. 2017. Tree species richness, Learn. 45: 5-32.
diversity, and vegetation index for federal 6.Dye, M., Mutanga, O., and Ismail, R.
capital territory, abuja, nigeria. Inter. J. 2012. Combining spectral and textural
Forest. Res. 1: 1-12. remote sensing variables using random
2.Akbari, H., and Kalbi, S. 2016. forests: Predicting the age of pinus patula
Determining pleiades  satellite  data forests in Kwazulu-Natal, South Africa. J.
capability for tree diversity modeling. Spat. Sci. 57: 193-211.
Biogeosciences and Forestry 10: 1. 1-5. 7.Gillepsi, T.W., Saatchi, S., Pau, U,
3.Ardekani, M.R. 2004. Ecology. Tehran Bohlman, S., Giorgi, A.P., and Lewis, S.
University Press. 340p. (In Persian) 2008. Towards quantifying tropical tree
4 Bawa, K., Rose, J., Ganeshaiah, K.N., species richness in tropical forests. Inter.
Barve, N., Kiran, M.C., and J. Rem. Sens. 30: 6. 1629-1634.
Umashaanker, R. 2002. Assessing 8.Gillespie, T.W., Moody, G.M., Rocchini,
biodiversity from space: an example from D., Giorgi, A.P., and Saatchi, S.
the Western Ghats India. Conservation 2008. Progress in Physical Geography,
Ecology. 6:2. 1-7. 32:2.203-221.

o4



VYA (V) 2,land o(Y7) s SR> 5 2 (53518 9 ol (gL g5y & pubd

9.Gillespie, T.W., Saatchi, S., Pau, U,
Bohlman, S., Giorgi, A.P., and Lewis, S.
2009. Towards quantifying tropical tree
species richness in tropical forests, Inter.
J. Rem. Sens. 30: 6. 1629-1634.
10.Hosseini, S.M. 2000. Determination of
ecological capability of native habitats
of Iran. Doctoral dissertation, Tarbiat
Modarres University. 160p. (In Persian)

11.Immitzer, M., Atzberger, C., and
Koukal, T. 2012. Tree species
classification with random forest using
very high spatial resolution 8-band
worldview-2 satellite data. Remote Sens.
4:2661-2693.

12.Lopes, M., Fauvel, M., Ouin, A., and
Girard, S. 2017. Potential of Sentinel-2
and SPOTS5 (Take5) time series for the
estimation of grasslands biodiversity
indices. MultiTemp 2017 - 9" In-
ternational workshop on the analysis of
multitemporal remote sensing images,
Jun 2017, Bruges, Belgium. Pp: 1-4.

13.McRoberts, R.E., and Tomppo, E.O.
2007. Remote sensing support for
national forest inventories. Remote
Sens. Environ. 110: 412-419.

14.Meng, J., Li, S., Wang, W., Liu, Q., Xie,
S., and Ma, W. 2016. Estimation of
forest structural diversity using the
spectral and textural information derived
from SPOT-5 satellite images. Remote
Sens. 8: 125. 1-24.

15.Mohammadi, J., and Shataee, S. 2007.
Forest stand density mapping using
Landsat-ETM+ data, Loveh’s forest,
north of Iran. In: Proceedings of the
“28th Asian Conferences of Remote
Sensing”. Malaysia, 12-16 Nov 2007,
pp. 10-27. Nacemi B. 1378. Evaluation
and preparation of map of diversity and
richness of plant species of Golestan
National Park using TM data, Master's
thesis, Tarbiat Modarres University,
95p. (In Persian)

16.Nagendra, H., Rocchini, D., Ghate, R.,

Sharma, B., and Pareeth, S. 2010.
Assessing plant diversity in a dry
tropical forest: Comparing the utility of
Landsat and Ikonos satellite images.
Rem. Sens. 2: 478-496.

17.Peng, Y., Fan, M., Song, J., Cui, T.,

and Li, R. 2018. Assessment of plant

e

species diversity based on hyper
spectral indices at a fine scale.
Scientific Reports, 8: 47-76.
18.Pourbabaei, H. 1998. Biological

diversity of wood species in the forests
of Guilan province. PhD thesis, Tarbiat
Modarres University. 367p. (In Persian)

19.Rocchini, D., Ricotta, C., and Chiarucci,
A. 2007. Using satellite imagery to
assess plant species richness: The role
of multispectral  systems.  Applied
Vegetation Science, 10: 3. 325-331.

20.Saarinen, N., Vastaranta, M., Néisi R.,
Rosnell, T., Hakala T., Honkavaara, E.,
Waulder, M.A., Luoma, V., Tommaselli
A.M.G., Imai, N.N., Ribeiro, EAW.,
Guimaraes, R.B., Holopainen M., and
Hyyppa, J. 2018. Assessing biodiversity
in Boreal forests with UAV-based
photogrammetric point clouds and
hyperspectral imaging. Remote Sens.
10: 338. 1-24.

21.Safari, A., Shaabanian, N., Erfanifard,
S.Y., Hassan Heidari, R., and Pourreza
M. 2010. Investigation of spatial
distribution pattern of bane species
(Case study: Bayangan forest in
Kermanshah province). Iran. For. .
2:2.177-185. (In Persian)

22.Shataee, Sh., and Darvish Sefat, A.A.S.
2007. Comparison of base object
method and base pixel of satellite
images in jungle type classification. J.
Natur. Resour. Facul. 869: 13-881.
(In Persian)

23.Shataee, Sh., Kalbi, S., and Fallah, A.
2012. Forest attributes imputation using
machine-learning methods and ASTER
data: Comparison of k-NN, SVR and
random forest regression algorithms.
Inter. J. Rem. Sens. 33: 19. 6254-6280.

24.St-Louis, V., Pidgeon, A.M., Radeloff,
V.C., Hawbaker, T.J., and Clayton, M.K.
2006. High-resolution image texture asa
predictor of bird species richness. Rem.
Sens. Environ. 105: 299-312.

25.Walker, R.E., Stoms, D.M., Estes, J.E.,
and Cayocca, K.D. 1992. Relationships
between biological diversity and multi-
temporal vegetation index data in
California. ASPRS ACSM held in
Albuquerque, New Mexico. American
Society for  Photogrammetry  and
Remote Sensing, 15: 562-571.



5 gk 9 5051 o

26.Wolter, P.T., Townsend, P.A., and 27.Wood, E.M., Pidgeon, A.M., Radeloff,
Sturtevant, B.R. 2009. Estimation of V.C., and Keuler, N.S. 2013. Image
forest structural parameters using 5 and texture predicts avian density and
10 mSPOT-5 satellite data. Rem. Sens. species richness. PLOS ONE, 8: 5. 1-23.

Environ. 113: 2019-2036.

1



¥

Gorgan Uniersity of Agricultura
J. of Wood & Forest Science and Technology, Vol. 26 (2), 2019
http://jwfst.gau.ac.ir
DOI: 10.22069/jwfst.2019.16391.1801

Tree species diversity monitoring using GeoEye satellite image in
Gardeshi forest District

*H. Akbari' and S. Kalbi’
' Assistant Prof., Dept. of Forest Engineering, Sari Agriculture and Natural resource, Sari, Iran,
*Ph.D., Dept. of Forest Engineering, Sari Agriculture and Natural resource, Sari, Iran
Received: 03.06.2019; Accepted: 07.20.2019

Abstract

Background and Objectives: Understanding the link between conservation of biodiversity and
ecosystem processes is one of the main issues in ecological research. Forests are one of the
valuable natural resources of the planet, which plays an important role in the ecological balance
and the lives of human societies. Tree species diversity is a key parameter to describe forest
ecosystems in close-to-nature forest management. Modeling and mapping of tree diversity are a
useful tool for conservation and management of forests. Hyrcanian forest, In terms of tree
diversity, the richest forests in Iran during recent years has been subject to Extreme changes.
Ecologists in recent decades have been paying more attention to estimating tree diversity
through quick and non-destructive methods. Integrating remote-sensing data with ground data
can be a suitable method for this purpose. The aim of this study is determination of GeoEye
satellite image capability for tree species diversity monitoring in Gardeshi forest District.

Materials and Methods: For this purpose, using field sampling, 150 samples with 30x30
dimension were taken. Then the Shannon-Weiner, Simpson and Simpson index were calculated
in each plots. Preprocessing and processing include principle component analyze, vegetation
index and texture analyze carry out in the satellite image. 70% of training samples were used for
modeling. For modeling, classification and regression tree methods, Random forest, different
variants of the nearest neighbor and different kernels of machine support vector were used. The
best bands were selected for modeling. Models were evaluated using 30% of the samples. Then
the best models were specified for each diversity index.

Results: The results showed that among the indices, the Near-Infrared band and derived texture
analyses bands extracted from Near Infrared band were selected as the best band for modeling.
The results showed RBF kernel of SVM with a 58% determined coefficient and a root mean
square error of 46% and Relative bias of 1.9% for the Simpson Model was the best. Also, for
the Shannon Wiener Diversity index the highest results with the determined coefficient of 54.4
percent and relative bias of 0.06 percent, was related to sigmoid kernel.

Conclusion: The results showed that GeoEye-1 satellite data lacked satisfactory results in
estimating tree diversity in circular forest forests. The models used by the RBF kernel method

and the Sigmoid kernel method had the best result in the carrier vector machine method.
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