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Development of Tree Detection Methods for Estimating LULUCF
Settlement Greenhouse Gas Inventories Using Vegetation Indices

Joon-Woo Lee" - Yu-Han Han" - Jeong-Taek Lee" - Jin-Hyuk Park? - Geun-Han Kim (2?*

Abstract: As awareness of the problem of global warming emerges around the world, the role of
carbon sinks in settlement is increasingly emphasized to achieve carbon neutrality in urban areas. In
order to manage carbon sinks in settlement, it is necessary to identify the current status of carbon sinks.
Identifying the status of carbon sinks requires a lot of manpower and time and a corresponding budget.
Therefore, in this study, a map predicting the location of trees was created using already established
tree location information and Sentinel-2 satellite images targeting Seoul. To this end, after constructing
a tree presence/absence dataset, structured data was generated using 16 types of vegetation indices
information constructed from satellite images. After learning this by applying the Extreme Gradient
Boosting (XGBoost) model, a tree prediction map was created. Afterward, the correlation between
independent and dependent variables was investigated in model learning using the Shapely value of
Shapley Additive exPlanations (SHAP). A comparative analysis was performed between maps produced
for local parts of Seoul and sub-categorized land cover maps. In the case of the tree prediction model
produced in this study, it was confirmed that even hard-to-detect street trees around the main street
were predicted as trees.
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St Aol A= 20193 2 H Sentinel-2 YA A+
o) Wil =& &-82-3}0] Plant Senescence Reflectance Index
(PSRI), Ratio Vegetation Index (RVI), Normalized Differ-
ential Vegetation Index red-edgel (NDVIrel), Normalized
Differential Vegetation Index red-edge2 (NDVIre2),
Normalized Differential Vegetation Index red-edge3
(NDVIre3), Normalized Differential Vegetation Index red-

Table 1. Information on vegetation indexes used in the study
Vegetation index Name Calculation formula References
Plant Senescence _ Band 8 .
PSRI Reflectance Index PSRI= Band 4 Bagheri (2020)
RVI Ratio Vegetation Inde Rryy=Band3 Xue and Su (2017)
g X Band 4 4 Y
Normalized Differential _ Band 8 — Band 5
NDVIrel Vegetation Index red-edgel NDVire 1= Band 8 + Band 5 Zhou etal. (2022)
Normalized Differential _ Band 84 — Band 5
NDVIre2 Vegetation Index red-edge2 NDVire2= Band 84 + Band 5
Normalized Differential _ Band 84 — Band 6
NDVIre3 Vegetation Index red-edge3 NDVlre 3 = Band 84 + Band 6
Normalized Differential _ Band 84— Band 1
NDVIre4 Vegetation Index red-edge4 NDVire 4= Band 84 + Band 7
Normalized Difference _ Band 8 — Band 4
NDVI Vegetation Index NDVI= Band 8 + Band 4 Tucker (1979)
Normalized Difference _ Band 8 — Band 7
NDRE Red Edge NDRE = 3 nd 8+ Band 7
. _ 2.5 X (Band 8 — Band 4)
EVI Enhanced Vegetation Index | EVI (Band8 + 6% Band4—75 x Band 2) + | Huete et al. (2002)
SAVI Soil Adjusted Vegetation SAVI= Band 8 — Band 4 Huete (1988),
Index (Band 8 + Band 4 +(0.428) x 1.428 Radocaj et al. (2023)
Normalized Difference _ Band 8 — Band 11 Klemas and Smart (1983),
NDMI Moisture Index NDMI= Band 8 + Band 11 Taloor et al. (2021)
MSI Moisture Stress Index sy =Band 11 Kureel et al. (2022)
Band 8
Normalized Difference _ Band3—Band 8
NDWI Water Index NDWI= Band 3 + Band 8 Gao (1996)
_ Band 9 .
GCI Green Chlorophyll Index GCI= Bands 1 Clevers and Gitelson (2013)
_ Band 8 — Band 5
LCI Leaf Chlorophyll Index LCI= Band 8 < Band 2.
Structure Insensitive _ Band 8 — Band 4 ~
SIPL Pigment Index SIPI = Band 8+ Band 2 Pefiuelas et al. (1995)
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Table 2. Number of objects by level-3 land cover types used for extracting treeless locations

Level-3 land cover types 111 112 121 131 132 154 711
Number of points 16,185 20,276 902 17,371 71 902 285
edge4 (NDVIre4), Normalized Difference Vegetation Index 2 2Z35lo] MEGo|EE &3 o] 225}
(NDVI), Normalized Difference Red Edge (NDRE), = 24 9] glo|E] & 52942711 9) A O EE A5}
Enhanced Vegetation Index (EVI), Soil Adjusted Vegetation it o] 9= A Ho A 2] MEZo]ElE &3]
Index (SAVI), Normalized Difference Moisture Index Q3| ME5F EX 0] EX &= Yo A] ke G35 o] M|
(NDMI), Moisture Stress Index (MSI), Normalized Difference ZHE 22k0)2 ZO|EE 223t} 3 23] o]
Water Index NDWI), Green Chlorophyll Index (GCI), Leaf 59 91| 5599871 9] 42Eo] ¢l A H o MZ Q|
Chlorophyll Index (LCI), Structure Insensitive Pigment EE &3] B o] 2A 5= A AT} 2Eo] A 514
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Fig. 1. Total process of the study.
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Fig. 2. Sample data example (green: tree location, red: treeless locations).

2.2.2. AutoML-SHAP

Ao Al = S5 T oSl gt 7| AlISs 1Y
2 A4 3}7] 93] automated machine learning (AutoMI )=
o]-§3t 71 AIEhs el A7 WAL ARE-8HATE AutoML
o2t vlAlE el S A Bt Aol o=
< WAl 2 AP ag ol A Hlole e, A, 57

Aejal ==

e 8l 55, 2l Ae, stolwuatn| B (Hyperparameter)

79 o& grdtete] Asate = A B,
2023). AutoML 7|55 AR&-SHA| EIthH, shuke] A g |
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A% H| LS 5288} 42 )T}, Table 3= 2 7o 4] 4
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o]t}

2 Aol A= S5t SRS tisf oF 1571

Table 3. Performance comparison between machine learning models using AutoML

Model Accuracy Precision F1 score
Extra Trees Classifier 0.8357 0.8218 0.8327
Random Forest Classifier 0.8351 0.8155 0.8337
Category Boosting Classifier 0.8236 0.8048 0.8218
Extreme Gradient Boosting 0.8198 0.8012 0.8179
Light Gradient Boosting Machine 0.8171 0.7943 0.8166
Gradient Boosting Classifier 0.8046 0.7828 0.8038
K Neighbors Classifier 0.7917 0.7791 0.7873
Adaptive Boosting Classifier 0.7913 0.7801 0.7863
Logistic Regression 0.782 0.7979 0.7666
Linear Discriminant Analysis 0.7813 0.7996 0.7644
Ridge Classifier 0.7811 0.7994 0.7642
Decision Tree Classifier 0.7711 0.7558 0.7674
Naive Bayes 0.7504 0.8226 0.7059
Quadratic Discriminant Analysis 0.7358 0.8275 0.6781
Support Vector Machine 0.7218 0.6969 0.7295
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Table 4. Hyperparameter of tuned Extreme Gradient
Boosting Classifier (XGBoost Classifier) model

Model Hyperparameter
colsample bytree: 0.8,
gamma: 0.1,
learning_rate: 0.1,
XGBoost Classifier max_depth: 7,

n_estimators: 1000,
reg_alpha: 0.1,
reg_lambda: 0.1,
subsample: 0.8
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Fig. 4. Analyzed SHAP values of independent variables.

(b)

Fig. 3. Result of tree prediction model. (a) Tree existence probability map. (b) Tree location prediction map.
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Fig. 5. This is an image for prediction performance review. (a) Aerial Image. (b) Level-3 landcover map. (c) Tree location

prediction map of Yeouido area.

Fig. 6. This is an image for prediction performance review. (a) Aerial Image. (b) Level-3 landcover map. (c) Tree location

prediction map near Seoul Station.
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