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A Study on Classification of Crown Classes and
Selection of Thinned Trees for Major Conifers Using
Machine Learning Techniques
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Department of Forest Management, Kangwon National University, Chuncheon 24341, Korea
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Abstract: Here we aimed to classify the major coniferous tree species (Pinus densiflora, Pinus koraiensis, and Larix
kaempferi) by tree measurement information and machine learning algorithms to establish an efficient forest
management plan. We used national forest monitoring information amassed over nine years for the measurement
information of trees, and random forest (RF), XGBoost (XGB), and light GBM (LGBM) as machine learning
algorithms. We compared and evaluated the accuracy of the algorithm through performance evaluation using the
accuracy, precision, recall, and F1 score of the algorithm. The RF algorithm had the highest performance evaluation
score for all tree species, and highest scores for Pinus densiflora, with an accuracy of about 65%, a precision of
about 72%, a recall of about 60%, and an F1 score of about 66%. The classification accuracy for the dominant trees
was higher than about 80% in the crown classes, but that of the co-dominant trees, the intermediate trees, and the
overtopper trees was evaluated as low. We consider that the results of this study can be used as reference data for
decision-making in the selection of thinning trees for forest management.

Key words: machine learning, crown classes, Pinus densiflora, Pinus koraiensis, Larix kaempferi, thinning planning
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Monitoring data of major coniferous in Korea

l

Extraction of major coniferous information R
- DBH, Hight, Crown(EW, NS)

l

Classification of crown class using machine learning techniques
- Random Forest, XGboost, Light GBM

l

Accuracy assessment of crown class classification
-Accuracy, Precision, Recall, F1 Score

l

Crown class
classification
verification data

Development of a tree classification algorithm for

selection of thinning trees

Figure 1. Flow chart of research.
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Table 1. Classification standard of crown class.
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Classification

Content

Dominant

As a standing tree that forms the top layer of the canopy, the canopy is well developed so that it receives

sufficient vertical light and receives a part of the horizontal light from the side.

Co-dominant .- ontal light from the side.

Intermediate

Overtopper

As a standing tree forming the upper layer of the stand, it receives sufficient vertical light, but receives some

The crown forms the lower layers of the dominant and semi-dominant trees.

A deciduous tree whose crown belongs to the lower tier and has not grown properly due to neighboring pressure.
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Table 3. Performance metrics.
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Table 2. Confusion matrix decision table.

Actual
Predict True False
True True Positive (TP) False Positive (FP)
False False Negative (FN) True Negative (TN)

Classification

Performance metrics

Accuracy

Precision

Recall in the dataset.

F1 score .
and recall in one number.

(TP+TN)/(TP+FN+FP+TN): Accuracy if how close a measured value is to the actual(true) value.
TP/(TP+FP): Precision quantifies the number of positive class predictions that actually belong to the positive class.

TP/(TP+FN): Recall quantifies the number of positive class predictions made out of all positive examples

2/(1/Precision +1/Recall): F+Measure provides a single score that balances both the concerns of precision
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Table 4. Current status of measurement factors.

Species Content DBH (cm) Height (m) Crown-EW (m) Crown-NS (m)
Average 31.6 17.0 5.6 5.7
Pinus densiflora Maximum 61.4 28.2 12.1 13.1
Minimum 8.5 43 1.1 0.9
Average 27.8 16.9 5.0 5.0
Pinus koraiensis Maximum 63.5 29.4 12.6 12.8
Minimum 6.8 3.8 0.3 0.6
Average 26.4 224 4.7 4.9
Larix kaempferi Maximum 60.8 36.4 13.2 11.5
Minimum 9.5 7.7 0.8 0.9
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Figure 2. Current status of measurement factors of major conifers by crown class.
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Figure 3. Performance evaluation of machine learning
algorithms by Pinus densiflora.
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Figure 4. Performance evaluation of machine learning
algorithms by Pinus koraiensis

Table 5. Confusion matrix of Pinus densiflora by machine learning algorithms.

Reference data

Class Dominant Co-dominant Intermediate Overtopper Total

Dominant 70 20 4 - 94
Random Co-dominant 14 14 4 1 33
Forest Intermediate - 3 3 2 8
Overtopper - - - 1 1

Total 84 37 11 4 136
Dominant 68 22 6 - 96

Co-dominant 14 10 1 1 26
XGboost Intermediate 1 4 1 2 8
Overtopper 1 1 3 1 6

Total 84 37 11 4 136
Dominant 65 21 5 - 91
Co-dominant 17 13 3 1 34
Light GBM Intermediate 2 3 2 2 9
Overtopper - - 1 1 2

Total 84 37 11 4 136
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Table 6. Confusion matrix of Pinus koraiensis by machine learning algorithms.
Reference data
Class Dominant Co-dominant Intermediate Overtopper Total
Dominant 186 74 6 1 267
Random Co-dominant 40 44 21 3 108
Forest Intermediate 5 9 2 25
Overtopper - - 8 10
Total 231 127 38 14 410
Dominant 167 67 9 2 245
Co-dominant 60 48 18 1 127
XGboost Intermediate 3 11 3 26
Overtopper 1 1 8 12
Total 231 127 38 14 410
Dominant 163 61 7 2 233
Co-dominant 65 55 20 1 141
Light GBM Intermediate 3 10 8 3 24
Overtopper - 1 3 8 12
Total 231 127 38 14 410
Table 7. Confusion matrix of Larix kaempferi by machine learning algorithms.
Reference data
Class Dominant Co-dominant Intermediate Overtopper Total
Dominant 191 66 3 - 260
Random Co-dominant 56 60 25 3 144
Forest Intermediate 6 9 12 5 32
Overtopper - 4 1 9 14
Total 253 139 41 17 450
Dominant 195 63 5 - 263
Co-dominant 54 59 23 5 141
XGboost Intermediate 4 12 11 4 31
Overtopper - 5 2 8 15
Total 253 139 41 17 450
Dominant 180 65 4 1 250
Co-dominant 69 61 24 160
Light GBM Intermediate 4 11 12 31
Overtopper - 2 1 9
Total 253 139 41 17 450
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