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Figure 1. Location of study area (Series No 1 Darabkola) and distribution of sample plots with inventory grid.
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Table 1. Some of the most important ratios combinations used in this study.

Vegetation index LS sl ,2xLs Formula J ;. 5 Refrence o

Normalized Difference Vegetation Index (NDVI) (NIR-RED)/(NIR+NIR) (40)
Relative Difference Vegetation
Index (RDVI) VNDVI * DVI (39)
Difference Vegetation Index (DV1) NIR-RED (49)
Green Difference Vegetation Index (GDVI) NIR-GREEN (49)
Green Normalized Difference Vegetation Index (NIRGREEN)/(NIR+GREEN) 3)
(GNDVI)

Normalized Ratio Vegetation Index (NRVI) (RVI-1)/(RVI+1) )
Ratio Vegetation Index (RVI) NIR/RED+GREEN (49)
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9- Epsilon
10- Capacity
11- Gamma
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1- Gray Level Co-occurrence Matrix
2- Occurrence

3- Co-occurrence

4- Second moment

5- Contrast

6- Dissimilarity

7- Entropy

8- Homogeneity
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Table 2. Descriptive analysis of stand volume per hectare in model and assessment plots.

Volume (m? ha™) Glste 53 aa ) we

Assessment . ;| Model J.w.
42 108 Number of sample plot « ye askss sl
304.19 292.31 Mean ., Sl
138.79 174.84 SD lxe bl il
401.52 595.44 Range «wls
447.29 613.50 Max Sl
45.77 17.57 Min J3la~
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Table 3. Results of the most appropriate model in estimated of Stand volume in SVM method

Bias Bias Rmse Rmse . . FS PEVE LA
R R Gamma Capacit Epsilon

(%)  (m*ha?) (%) (m® ha) pactty P Kernel Satellite
2.82 8.95 48.65 148 -— 42 0.1 Linear

0.97 2.97 34.57 105.16 0.033 50 0.3 Polynomial -
105 321 37.95 11544  0.033 27 03 RBF WorldView-2
-041 -1.27 46.87 142.6 0.033 50 0.1 Sigmoid
-1.76 537 45.33 137.9 -— 50 0.4 Linear

1.48 453 43.03 130.9 0.033 39 0.4 Polynomial

2.71 8.26 43.09 131.1 0.033 32 0.3 RBF Pleiades-2
-3.05  -9.29 43.9 1338 0.033 21 0.5 Sigmoid

-2.76 -8.4 51.84 157.7 — 50 0.2 Linear

1.84 5.6 51.25 155.9 0.05 44 0.4 Polynomial

-2.53 17 49.5 150.6 0.05 32 0.4 RBF LISS 11l
-2.2 -6.8 49.57 150.8 0.05 21 0.1 Sigmoid

ol Ko T 51 eslinal b b (539 50 s3ladie & g 235 5 s -1 Jpar
Table 4. Results of modeling of Stand volume using Random Forest analysis.

Bias. Bias RMSE RMSE ot )3 Slisd ok
(m*ha”) (m*ha”) Optimum number of tree Satellite
-3.12 -9.51 45.68 138.97 350 Pleiades-2
2.8 8.52 31.33 95.33 225 WorldView-2
3.87 11.8 48.91 148.8 100 LISS 11l

el 0l 03,51 WorldView-2 st sl 0

WorldView-2 sakizew sleesls 3 eslizul L KNN 2, L L > 5590 5 53 e o Fomlio oL, @l -0 Jssr
Table 5. Results of the most appropriate model in estimated of Stand volume in KNN method using WorldView-2 data.

Aol
Bias(%) Bias (m*ha) Rmse(%) Rmse (m* ha™) we K
Distance
4.76 14.48 43.47 132.23 11 Euclidean
4.34 13.22 43.47 132.23 28 Euclidean squared
5.88 17.88 45.30 137.81 36 City block
2.19 6.67 41.18 125.29 15 Chebychev
sl 4 s City block is, o by, 00 watie lp Jl pie b O &L
O dsdr) 5sas &l (6 2 bbbl sdoww laesls I esliad L Low (635250

=) 4lees sl LKNN (2, S35 Pleiades-2
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Table 6. Results of the most appropriate model in estimated of Stand volume in KNN method using Pleiades-2 data.

Bias(%) Bias (m® ha?) RMSE(%) RMSE (m® ha®) we K _‘”L’u
Distance
-5.65 -17.02 49.34 150.10 18 Euclidean
-4.13 -12.57 47.78 145.35 18 Euclidean squared
-3.34 -10.16 46.97 142.89 16 City block
-6.32 -19.24 48.19 146.6 18 Chebychev
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Table 7. Results of the most appropriate model in estimated of stand volume in KNN method using LISS 111 data.

Bias (%) Bias (m* ha) RMSE (%)  RMSE (m®ha™) we K et
Distance
6.04 18.4 55.9 170.10 10 Euclidean
3.9 11.9 61.26 186.35 6 Euclidean squared
1.4 125 55.5 168.89 8 City block
3.71 11.3 55.09 167.6 4 Chebychev
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Abstract

Background and objectives: Investigation on quantitative characteristics of forest such as
Stand volume is one of the most important principles in planning and forest management
decision. The aim of this study is the comparison of various satellite's data capability and non-
parametric methods for estimating stand volume of forest.

Materials and methods: The studied area is the district 1 Darabkola forest in Mazandaran
province in southeast of Sari with 2612 hectares, which is located in 74 basins of Sari natural
recourses Department. Using systematic-random with 10 r. sample plots with 300mx500m
sampling net system were measured 150 circular sample plots. The necessary preprocessing and
processing include ratio, vegetation index, Principal Component Analysis and texture analyses
were done on WorldView-2, Pleiades-2 and IRS-LISS 11l imagery. For modeling in this study
be used different regression methods include different variants of k-Nearest Niebuhr, kernel
machine support vector and random forest.

Results: The results of modeling the stand volume using machine support vector showed that
the best kernel in order for worldview-2, IRS-LISS Il and Pleiades-2 satellites were
Polynomial, RBF and Polynomial with %RMSE equal to 34.57,49.5 and 43.03. The best variant
in k-Nearest Niebuhr in order for said satellites was chebychev, chebychev and City block with
%RMSE equal to 41.18,55.09 and 46.97. %RMSE in random forest method in order for said
satellites was 31.33, 48.91 and 45.68. Results showed random forest was the best model for
estimation stand volume and WorldVeiw-2 satellite data has the best result with percent root
mean square error and bias of estimation equal to 31.33 and 2.8 percent. Because of more bands
and less width of them, WorldView-2 satellite has better outcomes than Pleiades-2 satellite;
since if there are more bands and width of them is narrower, information can be saved in
different bands and ratio of signal to noise will be increased. Therefore, the phenomenon detects
better and accuracy of outcomes increases.

Conclusion: The results did not show much difference between the non-parametric algorithms
in terms of Percent Root Mean Square Error, but a large difference was observed in terms of
sensors. Overall results of this study showed sensors and Regression methods used in this study
have a relatively high capability in estimation of forest stand volume. The results also show in
addition to the spatial resolution of satellites their spectral resolution has a significant impact on
raising the accuracy of the forest stand volume modeling results using satellite images.

Keywords: World View-2, Pleiades-2, LISS 111, Stand volume, Nearest neighbor, Support vector
machine, Random forest
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