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Abstract : Light Detection and Ranging (LiDAR) point cloud data provide an
efficient means for precise forest resource monitoring, where individual tree
segmentation and parameter extraction are crucial links for achieving refined analysis
of individual trees. Addressing the issue of automatic segmentation algorithms in
complex forest scenes being susceptible to point cloud density, tree morphology, and
canopy occlusion, this case library integrates terrestrial LiDAR with airborne LiDAR to
compensate for the inability of airborne LiDAR to scan beneath the forest canopy. It
develops scenario-based cases such as dynamic tree height monitoring and individual
tree parameter extraction, establishing a linkage mechanism between point cloud

data processing and forest management decision-making.
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Keywords: Airborne Laser Scanning ; Terrestrial laser scanning; Individual Tree

Segmentation;Individual Tree Parameter Extraction
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Abstract: Taking the mixed conifer forest in Changbai Mountain as an example,
we compared the methods of different developmental stages of the forest stand, and
determined the most suitable method for the developmental stages of the mixed
conifer forest in Changbai Mountain, so as to formulate the forest management
strategy for different developmental stages, and to provide a methodological basis
for the scientific division of developmental stages of natural forests. In this case, we
propose a new method to classify the developmental stages of forest stands, which is
based on TWINSPAN discriminant analysis, to classify the developmental stages of
mixed conifer forests in Changbai Mountain. The results of this method were
compared and analyzed in terms of species composition and stand characteristics
(including 9 indicators: average diameter at breast height (DBH), average tree height
(AGH), volume per hectare (ha), number of plants per hectare (ha), biomass per
hectare (BH), area per hectare (AH), needle-to-broadness ratio (CBR), species
diversity, and size diversity of the diameter classes in the sample plots), and the
developmental stages of the natural mixed coniferous forests of Picea abies were
finally determined. In this case, the discriminant analysis method based on
TWINSPAN can better classify the developmental stages of forest stands, and classify
the developmental process of Changbaishan mixed spruce coniferous forests into the
rapid growth stage, the competitive selection stage, and the near-natural forest stage,
which provides an important theoretical basis for the scientific management of
forests.
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AT bt 3R NI 4 RSP 7 TEDRE A 7 R4 7 5 28, T E Rl 20 Ry IR R B B BRI, AN R A
PRI PRI b 2EL R 7 T 25 1S, PR 0 R ARRAIE i s 12 Al B 2 1) 8 04 s 9 L TWINSPAN
FESP I, nTRES IS 70 I 5, 7 BN 70 2845 IR b B (R 24T N T 4
o211, R, BT FIRPRAN R R B RS, AR B —Fh L TWINSPAN 402845 58
Beili, EHLZ MR FEAR L Fisher B0 bR BOIEAT N AT TV, BEAE % UL Mkt
TWINSPAN 11532845 St — D UREE, I AR (0 0BG, FF FLRE AR Fh 2H B AN
R RHE P J7 T 255 75 JE ARARI R G B BodAT 173 s TR b 5 324 5 AR 1 ARAE AR AR
FIRNELER 53 MR 53 I B B BN RARARAF B HB AR AN T SREL R R 55

2.2 WX

BT XA T 3 PR A o T VA e AR 3%, HiAk 43° 17'~43° 25N, 130° 05'~ 130°
20'E. W T X AR RV L P 3R, WA AT 6007780 m, I ENT 10° ~
25° o Al TR REIEZFZ R R, FF K ELE 6007700 mm A4, HAE
L7 H, PRI N 3.9°C, ZIX FER LSRRG X N
WA % 42 (Picea jezoensis var. komarovii) « R¥5%. (Abies nephrolepis) . 4.
¥A (Pinus koraiensis) « LM (Acer momo) . FHFffi (Ulmus japonica) « “4% (Tilia
amurensis) « 5 ditk (Quercus mongolica) ~ FHME (Betula platyphylla)  fii# (Betula

costata) %%,
2.3 HEIREL

A5 B ORI R B 5 AR TEIE MO J5 £V I #K3%) 2000-2022 4G A7k
[ e A, IR H 5 A A2 R B A AR 2 SRR 2 VA A2 TR AE PR R AR 3
2589 4>, Hob 348 MNFEMUEI AR 0.09hm?2, HAFEHITHEI AR 0.04 hm?2, 3R A
B/ NT 5em MRARFIR A A FR . B4R FREEER 7, B BAR S HHE Bk 21
FiR o

R P R S B A SRR 7T A0y (https://www.scidb.cn/) FREL, R %
sk 5 A X AR E A ClimateAP.

#1 FEHHETSIHE

Tab.1 Sample plot factor statistics

KlF Factor FH{E Mean B KME Maximum  F/ME Minimum
F-H#194% Mean DBH/(cm) 18.8 33.3 9.6
IS B A /(m3/hm?)Hectares of stock/(m3/ha) 226.44 580.46 27.79
N AR EL/ (R /hm2)Number of hectares/(#k/ha) 682 2 050 175
P58 5 Average tree height/(m) 13.7 19.7 8.6
N HAEY) & /(t/hm?)hectares of biomass/(t/ha) 65.32 175.30 9.07

EFH R FF &5 EE Proportion of conifer species/(%) 80.14 100.00 40.73
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3Kt HE Proportion of Spruce and fir/(%) 63.49 100.00 23.20
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Fig. 1 Adjust the schematic diagram of the pregrouping
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Tab.2 Main stand indicators for each stage in the classification results of the five methods

751 Method M B #8247 Indicator

Stage/ “Fifiit NIERE O3 BRURRH/ (B Bt b T NI NEUEYE YL E N e ONN

S Mean /(m3/hm2)Hectares /hm2)Number Needle-to-width ~ Average  /(m2/hm2)Hectares /(t/hm2)hectares FEVETE  ZHAEMETS
Class  DBH/(cm) of stock/(m3/ha) of ratio/(%) tree of broken of A % Radial
hectares/(Ff height/(m) area/(m2/ha) biomass/(t/ha) Species size
/ha) diversity  diversity
index index
BT TWINSPAN () 1 17.9 164.97 575 72.93 13.5 17.63 56.20 1.46 2.12

ilBaRiveS
Discriminant analysis
method based on

TWINSPAN
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Tab.3 Composition of tree species at each stage in the classification results of the five methods

771 Method M Bt Stage/2%  MFPZHER Tree species composition

Class
3T TWINSPAN ff ) 51 1 3 B2 3L 14k 1 IME 1A+ T+ R
VARIRFS -7 FH G- A %Y
Discriminant analysis 2 45K 3 A2 2 LKA HHBR +ARME- E8 A - (1 et
method  based on 3 4 K2 3 K2 2 LLRA -+ +HRAE
TWINSPAN

TWINSPAN X[ 8 R R A ATiE i IR R 7, B EAR N 3 28, Hpse 1
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BET7 VA 1R 43 R 25 S 75 B DR A REAE O Fb 2E i 75 TR 07, 19 A RIEM Ay BB
SRR SRS, AT E RS R B T B
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BRI A BUAED R NIE 2598 3595 1, (HIE 3 5R 2 H LI ERAKR, AWKk
BRI 3> 2> 1, EZFEMTTIH, PR 2R 1 &R, K2 i/, %
KNN3 feRL K 1 d/he FTRAZR 2 BT R B SR 2K 1 R b
MR 2R BRI Z, NAET 5 KB R

PRI, 25 G R 2 SR AR SRS AT, R T VR R a8 R h A A R
MEREI BRI 1. 23, K2,

D1 (N =2 589)

KB CRITHIREEEE) . it . B2 CLE SR 2 )-
Group of Fraxinus mandschurica and Phellodendron amurense,
Ulmus pumila, group of Picea koraiensis and

Picea jezoensis var. microsperma—

IR AL GRS MAEAS)
+Pinus koraiensis, group of Abies nephrolepis
and Taxus wallichiana var. chinensis

NS
Abundance of
indicative tree

D2 (N=1627) D3 (N=962)

FE- IR, WL (LSBT, ZHA (G S E)
Betula platyphylla— +Pinus koraiensis, group of Abies nephrolepis and Taxus wallichiana var. chinensis,

group of Picea koraiensis and Picea jezoensis var. microsperma

TERRIFN 2 R
Abundance of
indicative tree

D4 (N =1356) D5 (N=271)

e “D"NFEARNAL, NTONREARR; - "FORTERIRAE, C+ "FORIERRAT, BONSL () SRR E
IR B — ERE LN AR A B (D
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Note: "D" is a group, and "N" is the sample size; "-" indicates a negative indicator, "+" indicates a positive indicator,
Meaning negative (positive) indicates that the number of tree species reaches a certain level, and this sample is
divided into left (right) sides.
K12 TWINSPAN 4325 FE A2k
Fig. 2 TWINSPAN classification process and results
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Abstract : In the strategic context of comprehensively promoting the
construction of ecological civilization, precise improvement of forest quality has
become the core issue of sustainable forestry development, and the primary goal of
forest quality improvement is to clarify the maximum potential productivity of a
given stand, i.e., evaluating the quality of forest stands. As a key indicator of stand
productivity, dominant height is less disturbed by stand density and management
measures, and is an important reference factor for stand quality evaluation. However,
most of the current research on stand quality assessment focuses on plantation
forests and ignores environmental heterogeneity such as soil and topography. In this
case, the optimal dominant height calculation method for natural mixed forests was
selected by comparing different dominant height calculation methods, and a
multidimensional stand quality evaluation system was constructed by combining soil
physicochemical properties (organic matter, quick-acting nitrogen, phosphorus, and
potassium) and microtopographic factors (slope, slope direction, and terrain
humidity index). The case design covers the whole process of data collection, model
construction, stand classification and comprehensive assessment, aiming at
cultivating students' ability to solve complex stand evaluation problems through the
fusion of multi-source data, and providing scientific basis for the sustainable

management of natural forests.
REEHE: ST EIEOY: RF e SCHUBYE; SLHIR s RIRIEATHR
Keywords: Evaluation of stand quality; dominant heights; topographic method;
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L WF I X N B R 5% 2 42 (Picea jezoensis var. komarovii) « ¥4 42 (Abies
nephrolepis) « ZL¥4 (Pinus koraiensis) « TLffi# (Acer momo) . FH#Hii (Ulmus
japonica) M (Tilia amurensis) « 5 #% (Quercus mongolica) « F#E (Betula

platyphylla) . fiif#t (Betula costata) %%,

2.4 FHEIRE K AL
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Table 1 Statistics of forest stand characterization factors in the sample site

PR3 W6 v W
a3 o W B E
L 0o RS K W Hm TR Mo
A Average Stand Stand
Average stand Altitude/ Slope  Aspec  Stand basal Stand biomass/
Variable stand height density/ volume/
DBH/cm m /(°) t/(°) area/ (t-hm2)
/m (tree-hm??) (m3-hm-2)
(m2-hm?)
e/ ME
13.10 8.59 500 647 8 0 15.26 90.89 49.46
Min
IS IN -
25.60 17.15 2000 759 31 315 50.68 491.41 268.41
Max
P
18.50 11.64 793 702 11 235 28.59 245.79 140.18
Mean
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Fig.1 The correlation between different estimates of dominance height
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Fig.2 Effects of stand density on top height estimates
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Table 4 The correlation between DH1-DH10 and the main variable factors of forest stands

M B RN P
A T T v Main variable factors of forest stands
Dominant height W 1 BT
e = = /N 7
calculation methods ~ EAEHE  IBCERE EE W Py Kb
) =8
AMH WMH \Y; Bio
/A\BA
DH1 0.54 0.92 0.44 0.33 0.47
DH2 0.51 0.90 0.44 0.36 0.48
DH3 0.61 0.92 0.45 0.36 0.44
DH4 0.61 0.90 0.50 0.40 0.45
DH5 0.64 0.93 0.52 0.43 0.50
DH6 0.62 0.92 0.48 0.40 0.49
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DH7 0.66 0.86 0.41 0.29 0.46

DH8 0.60 0.82 0.43 0.32 0.45
DH9 0.58 0.83 0.40 0.34 0.48
DH10 0.62 0.58 0.13 0.11 0.35
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Abstract: Abies-Picea coniferous mixed forests, as critical ecological barriers in
northern China, are capable of concurrently delivering multiple ecosystem services.
The capacity of forest ecosystems to provide these services evolves dynamically
during stand development, necessitating quantitative characterization to elucidate
such variations. This study aims to (1) establish quantifiable indicators for assessing
the multifunctionality of forest ecosystem services, (2) investigate their temporal
dynamics across stand developmental stages, and (3) analyze the trade-offs and
synergies among individual services while evaluating shifts in these relationships
under varying developmental cycles. The findings are intended to inform
stage-specific management strategies and provide a theoretical foundation for
full-cycle forest management.This case study quantifies 11 ecosystem
services—including productivity, water conservation, and others—and systematically
examines their trade-offs and synergies. The methodological framework
encompasses data acquisition, ecosystem service quantification, multifunctionality
index calculation, and pairwise trade-off/synergy analysis. Through this approach,
students gain insights into the quantification methodologies and analytical
techniques for ecosystem service interactions. The research underscores the
multifunctional value of natural forests and offers scientific guidance for sustainable
management practices, emphasizing the integration of ecosystem service dynamics

into long-term forest stewardship.
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Tab.1 Quantitative indicators of ecosystem services
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m = 0.15 0 <5
m=02 5<0 <12
m=035 12'< 0 <22°
m=045 22°< 6 <35
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Tab. 2 Selection of habitat factor indicators
o BRIEE
BRI
i
O
AT
4 o
WO ERR
PRI e
B AT
R % PE S
LTRA. WA
BRI R S
BB AR PRI B S
e oy

WEHL. KIS

JE AR AR A 15 5 3 1 B AR S AR A AR S e 1, OF B AR 2 SR A
SARGIIREMI TR K@, R R 7 (15 & By BOR R AR JRURFE L, Mo
(K5 B R Ja I R AE AR AR

AN DAUR 9 NS T 13& B RE DL E AR HE AN 3 Pron(e3a,

*3 HEETFHEEREERBERE

Tab. 3 Suitability and assignment criteria of habitat factors

SN EH YOEH A H
PSS
4 3 2 1
Ik 0-10 10-30 30-
Wera] R Kb, ZKm o P, db. FE. PiE 7. 7k
IR m 10-15 0-5 5-10 15-20
WA PI7E em 10-20 0-10 20-30 30-
M A EE m3hm? 100-200 200-300 0-100 300-
PEE R AFERE m 3000- 2000-3000 1000-2000 0-1000
PRE R EMIE A m 3000- 2000-3000 1000-2000 0-1000
FEFRFE A m 3000- 2000-3000 1000-2000 0-1000
PHESRAMILZE m 0-100 100-500 500-1000 1000-
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Tab.4 Calculation results of quantitative indicators of ecosystem services

- REWE
IR 452553 AR
1 2 3
BERS M1 (t/hm? - a) 1.06 2.16 1.36
M ERE (m3/hm2) 164.97 288.20 359.05
ALLRATIF 2 & (4-/a) 1013.63 2301.96 2549.66
W5 RS MoriRAEE (t/hm?) 28.10 37.41 41.74
PR AR 7 & (1018 A
i« 3) 247.43 242.16 298.68
FEfe RIEE AHM 20.60 20.39 20.30
THERERE SC (t/hm? +a) 174.19 177.84 143.08
Z/KE WC (t/hm? « a) 4557.15 4637.39 4725.64
SRR S5 BTRZ IR 1.46 1.32 1.16
G I Hh 8 % 0.75 0.80 0.83
DA, KR 2 0.55 0.68 0.73
s e 48 24 0.41 0.62 0.42
M A (R /hm?) 17.37 5.58 6.55
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Tab.5 Quantitative results of ecosystem services and multifunctionality
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RERSS EX/EZE3d 0.71 0.63 0.54

w75 55 Hh 0.09 0.11 0.12

WA, K 0.33 0.48 0.54

s i b 0.21 0.37 0.22

Wi BRI E 0.10 0.03 0.04
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Tab.6 Revenues from ecosystem services
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Tab.7 Root mean square deviation (RMSD) value of paired ecosystem services at different developmental

stages of forest stand (partial)
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