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Indicators for the Quantitative Assessment of
Tree Vigor Condition and Its Theoretical Implications :
A Case Study of Japanese Flowering-cherry Trees in Urban Park*

Song, Youngkeun

Brain Korea 21 Plus Team, Seoul National University.

ABSTRACT

The vigor condition of trees is an important indicator for the management of urban forested area.
But difficulties in how to assess the tree vigor condition still remain. Previous efforts were limited
in the 1) measurement of single indicator rather than using multiple indices, 2) purpose-oriented
measurement such as for air-pollution effect or specific pathological symptom, and 3) ordinal-scale
evaluations by field crews 4) despite human errors based on his/her experiences or prior knowledge.
Therefore, this study attempted to develop a quantitative and objective methodology for assessing tree
vigor condition, by measuring multiple modules and building the profile inventory. Furthermore, the
possibility and limitations were discussed in terms of schematic frames describing tree vigor condition.

The vigor condition of 56 flowering cherry plants in urban park were assessed by in-situ

measurements of following eight items; growth of crown(Gc), growth of shoots, individual tree
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volume(Vol), plant area index, woody area index, leaf area index, leaf chlorophyll content(Lc) and leaf
water content(Lw). For validation, these measurements were compared with the ranks of holistic tree
vigor condition, which were visually assessed using a 4-point grading scale based on the expert’s
knowledge.

As a result, the measures of each evaluation item successfully highlighted a variety of aspects in
tree vigor condition, including the states of both photosynthetic and non-photosynthetic parts. The
variation in the results depending on evaluated parts was shown within an individual tree, even though
the broad agreement among the results was found. The result of correlation analysis between the tested
measurements and 4-point visual assessment, demonstrated that the state of water-stressed foliage of
the season (Lw) or the development of plant materials since sapling phase (Vol) could be better viewed
from the outer appearance of trees than other symptoms. But only based on the visual assessment, it
may be difficult to detect the quality of photosynthesis (Lc) or the recent trend in growth of trees
(Gec). To make this methodology simplified for the broad-scale application, the tested eight
measurements could be integrated into two components by principal component analysis, which was
labelled with ‘the amount of plant materials’ and ‘vigor trend’, respectively.

In addition, the use of these quantitative and multi-scale indicators underlies the importance of
assessing various aspects of tree vigor condition, taking into account the response(s) on different time
and spatial scale of pressure(s) shown in each evaluated module. Future study should be advanced for
various species at diverse developing stages and environment, and the application to wide areas at a

periodic manner.

Key Words : Tree vitality, Tree health, Crown condition, Prunus % yedoensis, Somei-yoshino, Urban tree

management.
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1) National Forest Health Monitoring Program by the USDA (United States Department of Agriculture) Forest
Service, in cooperation with Forest Inventory and Analysis National Program; the Nation’s Forest Census
(http://www fia.fs.fed.us/program-features/indicators/).
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Table 1. Visual assessment of tree condition using 4-point grading scale method in Japan (translated from Hamano, 2007).

Rank and Criteria

Evaluation item
4 (good)

3 (above average)

2 (below average) 1 (poor)

Tree vigor trend Vigorous

Partly affected but
not apparent

Poor and the
rehabilitation to be
unexpected

Apparently
abnormal state

Crown shape Keeping natural

Partly disturbed but
near to natural state disturbed

Far from natural
state, deformed

Substantially

Growth of shoots Normal (more than
(distance among

bud scale scars) shoot of high trees)

30-cm in the terminal A little short

Getting short,
narrow

Extremely short and
shaped as ginger

Di k h
ieback on the Not found

edge of branches apparent

Partly found but not

Substantial dead Many dead
branches, or apparent branches, or large
trimmed parts trimmed parts

Closed, dense with

Crown density leaves & branches rank 4

Less dense than

Apparent gaps, Many dead branches,
sparse few leaves, apparently
leaves/branches sparse crown

Shape and size

A little deformed or

Int iatel
ntermediately Severely deformed or

Normal deformed or a little
of leaves partly small small overall
small overall
Getting light Abnormal (light green, éﬁﬁf‘?ﬁﬂytf ol
Color of leaves  Normal g et getting red, or local ging

a few local lesions

yellow/red/brown or

leSIOHS) many local lesionS)

Rough by vigorous

Rarely renewed or ~ Aged or remarkably

Bark stem growth, or new Normal perforated, injured injured, decomposed

A Fshe 7Fo] =2k (http:/ficp-forests)?), & T wol +9 AER H] e At gve dE

tastd geiEe e SAHB) 494 % = T Ut EBE O grpEe] wheolil wig
W o] 54 Wl Aol thr1 el af 2

7P (Hamano, 2007; Table 1) 52 Fud &
o 53 o] 4 HIPHE BHE 5
(Table 1)o] FFAsta Hlwa 218 & = glof o
& H8keet B g E S Fopol A o8] &
ok a2y o]’ WrpE el @dARA Bk
SHEY A4 9] Zold met Aot &

4 4 vk A3, YA 35 FEd 24 5

o, SRS A% 284 A6 Fof 7]

pud

2) International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on Forests
operating under the UNECE (United Nations Economic Commission for Europe) Convention on Long-range

Transboundary Air Pollution.
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=% (McCullough & Wagner, 1987; Martinez-
Trinidad et al., 2010), §E4 =4 Maxwell &
Johnson, 2000), 33414 27 (Xu & Baldocchi,
2003), 53] 7l FEEEE A AFE9] 4
S YA A A (Shigometer) & A3 F7H(ES
#) U FA459 W74 SHKim e al,
2002), 22924 7](PiICUS)E AH&E +7F Ul
5 B2 &) 274 (Kang et al., 2014) 5=

1947 o

z &3 7P Bel e FFol
o, Qe M= A 7tz 40 239 9}
E < LIIAE o]4o] @A A4, #lE 1 9

©](Korean Forest Service, 2009), =A|74 %32

5 7 Atk ol ATl &3] A A== Aol AAAQ] #e7t aFEHe el
BAdoRE 2ote Axgta ¢4 dF8 4 1 42497 Rtk PIREES 10724 T4
=7t 7y e BA, AS A RS ) AF 24 GA LA AAEAeH Bt bt
YA 55 & F UrhMartinez-Trinidad et al., o] AR AF Y &7 B ol E
2010). o]&, ZF A EE0] Hdsla = FEY Wl we) glo] A AejdA ASslel o)
FEet g]lo] th27] W, shte] AlSA| T 2012 A FuA 7o) 36.5+12.8cmB =& A
omi 1 4Be A BHUEE PR £ A% SAH] 2 Ao|B Holm Utk Wb ol
©AS GeIT ek 1 AR Bgsn o BUR At 4gEdel A% Aoln,
Ue 5 e gk ofs 7t A ofof 5F T 9 T ¥ole A48 AU
2, Uobl B0 ATAES B WA W} B4 gone ¥ a7 9UE AESS
7t B S, sEdldl AR el B
ol & AFoAE, B EA FHH]
g AAE 2 de AE] LRI (Prunus 2. ZA 2 24
yedoensis)d) T WO, B0 FFH 7t AL FEL R o AR, A 7
ARES ol&std FREYEE Adstazt < 9ldl, 7129 e 9 53 AFE
sfith iAol FFAQ H7HE Ssted, & A 9] 2ol ARE F, FHENE)A FGe;
SHEE(SH Y HlESFECHA, 1 Y 7 Growth of crown), 7}7\]/‘3ZJ(GS; Growth of shoots),
T/ 840 FekEnt oplet 7 2 78 T 7t] H3(vol; Individual tree volume), G2
AR gF AdE 88 = 9= AREC] 4 A|<=(LAI; Leaf Area Index), AW AA|4(WAL
SHAT A eE ARES A7) fal B4 Wood Area Index), A4 H 22| (PAL Plant Area
ATAE 7P H(Table 1)ol] & A&7} 7143 Index), 533 (Lw; Leaf water content),
oto] FHAHAE TAEIH L, FEEHE o AE28+(Le; Leaf chlorophyll content), ©]
@R ANE B 2 QT 8 Mk 4 8 958 AFHATHTable 2). 24749] A
Qo) Aeap) A8 wANGE =K. EEE £8P nEel 40 BIsn
3) GHvbre] g 719 7s] =AY o427 vk & AFe L& 2AEH A gEvRE e
Z 3lgomz wujE Avlo] QAo S-S A3t Song (2012)  Song et al.(2011a,b) OM-t— 54
el el e Cerasus x yedoensis ‘Somei-yoshino’E AH&-3F31 T
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Table 2. Description of tree-condition indicators tested in this study (modified from Song et al, 2011a).

Indicator Description

Unit Data source & Measurement

Reference

Growth of crown Vertical growth per unit
(Ge) ground area for a given period

cm/m

, Crown height from airborne laser

Y 1, 2004
scanning dataset in 2004, 2010 u et a

Growth of shoots Mean elongation of shoots for
(Gs) recent 9 years

cm/year

Mean length between the bud Takahashi &
scale scars of sampled shoots Yoshida, 2009

Individual tree volume Stand volume at the
(Vol) single-tree level

3 Field-measured DBH and

remotely-sensed tree height lold et al, 2009

Plant area index The area of plant per unit

(PAI) ground area

, Hemispheric photo taken in the Weiss et al,
leaf-on season 2004

Wood area index The area of woody parts per

, Hemispheric photo taken in the

(WAI) unit ground area m’/m leaf-off season Bréda, 2003
zfzfl )area index ’gl’rlzzuna;ea;rzaf leaves per unit mm? SZ Idifference between PAI and Bréda, 2003
Leaf chlorophyll content The content of chlorophyll a , Leaf spectra measured from the Imanishi et al,
(Le) and b Hgfem sampled leaves 2010
Leaf water content The ratio between the quantity , Field weight, oven-dry weight, Ceccato et al,
(Lw) of water and the area gfem leaf area of the sampled leaves 2001
7] wiEolty. S < fell WA 5 jAE F
phote e 58 F £5S dEITT 445E 3
crown () Aael 7S A2 e, 32 3~0dzt
o] ofdEe] EFHEZS % 20~60 cmE o5
Ak Aol SA AR Eukete] £4
Stttk 7HAd 4 (Gs) Al 91 dzte] it of
CAD "l AE Aole] Ad 2R Z5Ee 9 24
T Lzmteridua. e e 2% A E e A
= # volume [ % 52 44 2 ovlel 28 AEY3AA

Figure 1. Measurement plan of the selected tree-condition
indicators (Song et al, 2011a).

e, ol AA FIFE, HEIHE, T5
o AAYE 1T WGsEE A=A
(Figure 1).

TH A% S 8YFT F 27t A
71552 F& 713t FehE o]8ste] Al
o} 1 olfE AF 2EH 2L A o] 7]

]

B Ao)7h o FHaA & Aow 7

Zkzko]l o tlsfAE, P] Anaytical Spectral
Devices AFe] #3357 7|(FieldSpec HandHeld
spectroradiometer) 2} ¢ =% E-E(plant probe of
10-mm spot, leaf clip attachment)< ©]-8-3}o],
o TG T 10mme] LF el thal 325nm
A 1075nm7HA1 9] 354 S 3.50m HHEo]
U H|(FWHM, Full width at half maximum)Z =
stk 2 o] #335/32 Imanishi eral.
(2010)°] 913t FELTFEH(Le) FHHHA w
2}, Savitzky-Golay ZEIE § Laju]i HALE
2HEHA| G (fRsss-fRyss)/fRseos UALZ 3=
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3] 28 (cross validated R? =0.903, cross validated
root mean square error = 33.3)S 53 TLTF

o] = A H(chlorophyll a + b) .2 W Zslo] A}

§a. FreBhYLnE T3] A9 2
o A3 ], Q0 L] 4p412t A
AFHE FYoel, Y- AEPARAS
A

ok
T (Go)E 2004137 2010131 242t S
H gF7]g oA 271 (airborne laser scanning)
delg 25 FgEArt. &4 Age] JdS
Foll o] &H = o] Holgdle A% =2l 3
Al @7gol A FAERE o]ste] PR 7
S Jlen®, F3 gio] ME 4l Ph
e WellM 5w dvta Bttt &
GRelA 5 A FHEE e
g & ZF 3 9] 20cmF A 2004
20104 q]_4 hjo]lﬂig]., = ZI:xhd]—sk }\
st gAY SR RGeS AL
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F7E= #HEAleE)e GEA ) 44
g ofckall= AR

r—\—' 0—?’1—‘ FL ril OH i)

S 2 s

o ¥R o x Kl o

WA el thste] R

(hemispheric fish-eye image)= & LAl
ARWgFo 2 Foatdnh AAE FAEML
9o 9 5L vpaIA T, 4B YR E
A A Z(Gap fraction) ZF-E 2HAL] A HFH

HAF(PAD), A
A1, FHAAFLADE F
FE A=k

Uo7t & Aol A Almd A Eo] 7]E9
EA] 7o) whE Agd el ofm BAdf
SNEA HES] 98, Lo FA] 4dAH7}
W (Table 1)& FAo Fadste] 2 FABAS

AHARFHWADS +
A g=2] zfol &2

2SI £g B A7 AEd
HPAEES AR el ANE 2UEY
S Hel Agspldle Be A gl

g Ao v ng, opHA Hrle] 87 A
42 93l A (PCA,; Principal Component

Analysis)= B3l A|EE] = A=%Th
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B7pA ] ofm g JEFE v =Tt et Y
HEE Ak, 22t A %7} vrgste A%
A2ALe] g olelle] TS
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v — Rank 4 (good) ; tree ID A01
PAI = Rank 3 (above average) ; tree ID C04
=== Rank 1(poor) ; tree ID E10

Figure 2. Example of tree condition profiles.
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Table 3. Spearman’s rank correlation coefficients between the tested indicators and tree condition rank.

(p < 0.01, N = 56).

Tree condition rank assessed by Table 1

Mean rank of assessments by Assessment for
each evaluation item a whole tree
Lw 0.870 0.851
WAI 0.808 0.790
Quantitatively Vol 0.804 0.840
measured indicators Gs 0.789 0.725
in this study PAI 0.698 0.685
(Figure 1) LAI 0.648 0.640
Lc 0.477 0.506
Ge 0.416 0.456
o U HJrt 2H4ES e Fud H F p < 0.01, N = 56)°] YEFIT} (Table 3). ©|=
g9 A9 el Rol Fodm, On A B el 24 2uds AA A4 27,
g, EPNE, 25ou ¥9gAe] & 54 de FA ) 5= F= ATt FA B7FE 6t
of 5A4o| wgt 54 59 23E 9 T8t A=A, 2o vle) AdA gAY PR
Al wrgste] b = dvka Yz &% 2L 2AEL AR A 313t
at7] foka e A
2. SAl HIIRA9| MEHEHA|
Table 19 o3t ZAGA DO} AaEA S A 3. @oIX|me| Sgt
G AT}, AR L), AHA (WA, NeE 87 59 FEREE @D
Y] F3| (Vo) b= 2 43 (Spearman r > 0.8, o3l FHEE

p <001, N = 56)°], 89 (Ge) E F52F
T Le) THe 2

(Spearman r < 0.5,

AL Table 4

g ol

Table 4. Integration of tested quantitative in-situ indicators using PCA (modified from Song e al, 2011a).

Tested Indicators

Rotated Component Matrix

Label of group

(Figure 1) Principal Component 1 Principal Component 2
PAI 0.960 0.149
LAI 0.937 0.089
WAI 0911 0.331 The amount of plant
materials
Vol 0.633 0508
Lw 0.602 0.598
Gs 0.284 sy (R
Ge -0.026 0.777 Vigor trend
Le 0329 0712
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Figure 3. The schema of hypothetical tree vigor condition
(Song, 2012).
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Figure 4. Hypothetical patterns of tree vigor condition
depending on growing stages (Song, 2012).
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