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Research paper

Comparison of FORMOSAT-2 SAVI and GLA LAI in

Estimating Stand Volume of Fraxinus Afforestation

Han-Ching Hsieh,"”  Chien-Yu Lin,” Dar-Hsiung Wang,"
Chih-Hsin Chung,”  Chun-Yuan Huang”

[ Summary ]

To mitigate the impacts of global warming, afforested plantations have a considerable amount
of wood stock volume with environmental benefits for carbon sequestration. Applying remote
sensing technology linked to ground plot data has been an important international topic to precisely
measure wood volume in large areas of afforestation. This study focused on Fraxinus griffithii (Fg)
plantations, owned by Danong and Dafu Farms of the Taiwan Sugar Company, in Guangfu Town-
ship, Hualien County, Taiwan. The soil-adjusted vegetation index (SAVI) from a FORMOSAT-2
(FS2) satellite image acquired on February 13, 2009 was classified into 5 separate grades to per-
form a stratified purposive sampling scheme for the setting up of 60 spatially independent ground
plots. In each plot, the Fig wood volume (VOL) was determined by a field survey of each tree, and
2 leaf area indices (LAI4 and LAIS, i.e., LAlIs) and a canopy closure index (CCI) were measured
by utilizing gap light analyzer (GLA) method. SAVI and LAIs or CCI were adopted as independent
variables in curve regression analyses to establish optimal regressions on the VOL estimation. In
addition, the SAVI was used in curve regression analyses to estimate LAl and CCI. The advantage
of these 2 optimal equation sets was saving time and labor in the field for ground plot surveys and
VOL mapping. Results showed that the optimal regressions could explain more than 94% of the
variation of the estimations. Linking SAVI derived fromthe FS2 image or ground measurements of
LAIS or the CCI to the VOL from ground plots is well suited to infer the VOL, LAIs, or CCI of Fg
plantations. Using these optimal regressions has the benefit for mapping the VOL, CCI, and LAIs
by providing their distributions of spatial heterogeneities. In the future, the time and labor required
to investigate, estimate, and map of the Fg stand volume should be greatly reduced by using the
LAI calculated from the GLA and linking it to multiphase sampling derived from the SAVI.
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Fig. 1. Map of the experimental area showing the radiation-normalized FS2 image acquired
on 13 February 2009. The overlaid green lines are boundaries of plantations, and the yellow
lines stand for the boundaries of Froxinus griffithii plantation patches.
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Fig. 3. The 4 blue points in the ground
plot represent locations where photos were
captured by the GLA method.
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Fig. 4. For each measured point, the gap light analyzer (GLA) program was used to
calculate the gap fraction of a hemispheric photo to obtain the canopy openness index (COI),

leaf area index (LAI4) (60°), and LAIS (75°).
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Fig. 5. Distribution of 60 ground plots in Froxinus griffithii stands (right), and partially

enlarged view (left).
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Table 1. Correlation coefficients among 8 variables

SAVI CCI LAIS LAI4 DBH H BSA VOL
SAVI
CCI 0.708**
LAI5 0.703**  0.953**
LAI4 0.694**  0.948**  0.989**
DBH 0.726**  0.803**  0.765%*  0.751**
H 0.785**  0.812**  0.770**  0.758**  0.930**
BSA 0.698**  0.765%*  0.758**  0.740**  0.987**  0.904**
VOL 0.735%*  0.889**  0.909**  0.902** 0.869**  0.882**  0.863**

o IERAE /KUE R 0.01RF(BE RS - FHRRREE -

SAVI, soil-adjusted vegetation index; CCI, canopy closure index; LAIS, leaf area index ring 5; LAIA4,
leaf area index ring 4; DBH, diameter at breast height; H, three height; BSA, basal area; VOL, wood
volume.

Table 2. Optimal volume regression formulas through the soil-adjusted vegetation (SAVI),
or leaf area indices (LAIs), or crown closure index (COI)

oE = R RMSE (m*ha™) HHARER Y
In (VOL) = 0.046 CCI 0.975%* 0.404 (1.498) feu
In (VOL) = 2.805 SAVI 0.948%* 0.623 (1.864) Ei=1 44
VOL = 19.348 LAI5 0.946%* 4.741 R
VOL = 17.880 LAI4 0.944%* 4.844 i
VOL =49.522 - 1.013 COI 0.835%* 4471 R AR
+0.006 COI’ (0.830)**

BRABWN) =60 **+E0.0018F/KHE (R : FIHER°  (B4E) : FEB0EHRME
RMSE, root mean squire error; VOL, wood volume; SAVI, soil-adjusted vegetation index; CCI,
canopy closure index; LAIS5, leaf area index ring 5; LAI4, leaf area index ring 4, COI, crown openness index.
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Fig. 6. Observation scatter diagrams and optimal regression curves using the soil-adjusted
vegetation index (SAVI) and leaf area indices (LAIs) (x-axis) to estimate the wood volume

(VOL) (y-axis).
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Table 3. Optimal leaf area index (LAI) regression formulas through the soil-adjusted

vegetation index (SAVI)

53 ih 0T RMSE HHAR R
In (CCI) = 4.163 SAVI 0.983%* 0.513 Ei=1 14
(1.670%)

COI =202.89 SAVI - 161.67 SAVI® 0.924%% 13.863% R bR
(0.921)**

LAI4 =-1.001 SAVI+2.093 SAVI* 0.860%* 0.420 —RARR
(0.855)**

LAI5 =-1.035 SAVI+2.042 SAVI? 0.858%* 0.391 — R
(0.853)**

FEABIN) =60 **5£0.00151F/KHE  (R) :

AREER (BRfH) - FERUEHAE

RMSE, root mean squire error; SAVI, soil-adjusted vegetation index; CCI, canopy closure index;
LAIS, leaf area index ring 5; LAI4, leaf area index ring 4; COI, crown openness index.
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Fig. 7. Observation scatter diagrams and optimal regression curves using the soil-adjusted
vegetation index (SAVI) (x-axis) to estimate leaf area indices (LAIs), canopy openness index

(COI), and crown closure index (CCI) (y-axis).
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Table 4. Variance test of the regression analysis using the crown closure index (CCI) to
estimate wood volume (VOL)
(2) B AHE 2
R R¥F FHERIIRY-TT il FAATHER
0.988 0.975 0.975 0.404
H#8ECCI ; CCI, crown closure index ; %8 FIn (VOL) ; VOL, wood volume.
TR AE IR H BB DL L MEET -
(b)ANOVA*
SR df EZ Rl F B
Stk 428.629 1 428.629 2332.733 0.000
iz Tin 10.841 59 0.184
HEEL 439.470 60
H %58 2 CCI ; CCI, crown closure index.
a. SRR AL B BRI N INPASE -
(o) FR¥
AAFHE(EAREL  ERELAREL ) e
BZftEtHE  FE#ER Betaypfic
CCI 0.046 0.001 0.988 48.298 0.000

fi o DItk &R vk (Hsieh et al. 2011)HEAHEUER
SRR SRR V5 B M R M R SR
B AT -

T~ BB BETE R FR BOHE A UL R

TERTMASREENY ~ ARG RIS H] > SAVIE
L AT4EE L ATSfY 5 508 Aok 3 5t =00k — R i =
P AR 22 0 B o S R e A =0
fbl(Table 3) - EFHEAIALAI4 S LAIS B EfHE -
BHE LEERALAISEEARIEmBTEBANT -
(Kl AHIFFES AVIET LA L B4 Al Uy
LAI5 =-1.035 SAVI42.042 SAVI®  adj R’ = 0.853

(6)

Sl A E B LB T R A1 Table 5

FH A SAV L COLITY B 38 #E £ — 2 il #7119
RMSE3#13.68% » 1§ COIE Ry CCIi% -
SAVIH CCIfE Al iz i FR 8 =t  HL B iy
RMSEHH1.67% » [KILARFZEHISAVIE CCIR:
AR =Ry

In (CCI)=4.163 SAVI ~ R’=0.983 @)

[KTITT JE FHY S AV L 2 1 i 15 B e S £ 162
F(6) R A (T » AT DUR HE HEAL LM M 2 19
CCI ~ LAIS » 3E g —5%8 m22 [T Y
{8 T Z SAVIE » W] R A& HY CCIMGE 82 B B2
SRR (ATFig. 9) B LATSZE I 5 B o3 A il (40
Fig. 10) » BRI HOGUE R Ak et I i 1 22 By 22
FISEE © BREE R EIUERERISAVISE A 5
B AN B RIRT R B R B AT iR R
S HAERE - MEERIT BT DA T AR HE 1 SR AR
(standard operating procedures, SOP) » JiLAHE
BEEM -

=~ GLAfHE R B R B FEH

5 FH G L AT [f0 A 15 B 7% e T A W 1 e o
JEARAE s = > TS LALs R COL (n] i
HRERCCY) » AMETTIEME S - i H AR i b
W HE TR AR A TR R AL TIRS -
GLAZ LATER T F & ik ] DURACRERF AR T
EREIE D AR W IR BB E LA Ry 5 3
GL ARk 3 A3 i 45 511 C CTa] DUTUACHH] & A% &
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O VOL (m3/ha/pixel)
Value
W High :42.36

® Low:0.01

Fig. 8. Map showing heterogeneous distributions of estimated Froxinus griffithii volumes
(m’ha'pixel”) through the optimal soil-adjusted vegetation index (SAVI) regression curve.

Table 5. Variance test of the regression analysis using the soil adjusted vegetation index
(SAVI) to estimate leaf area index ring 5 (LAIS)

QNS
R RVT5 SRR J5 {5 FAIERAE R
0.926 0.858 0.853 0.391

B 8 SAVI 5 SAVI, soil adjustes index ; #EHIZELAIS; LAIS, leaf area index ring 5.
a. JIRE AR W BB LA ET -

(b)ANOVA®

Rl df SR F R
[l 53.492 2 26.746 174.950 0.000
e dis 8.867 58 0.153
g 62.359 60

H 82 SAVI 5 SAVI, soil adjustes index.
a. IR W B A TE DL T INLAMEET -

(o) FRE
FATAE( B (5B ER AN ) a—
B AhEHE  fEHERR BetaZ3id e
SAVI -1.035 .370 -.954 -2.796 .007

SAVT’ 2.042 375 1.860 5.450 0.000
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Fig. 9. Canopy closure index (CCI) estimation map through the optimal soil-adjusted vegetation
index (SAVI) regression curve.

Fig. 10. Leaf area index (LAI) estimation map through the optimal soil-adjusted index (SAVI)
regression curve.
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T R I 8¢ 5 i AW (B O 6 i i 38 ) T O ¢
52 RELIS A SRR RE IR 1) o i (RS e 7 R ) B =
HIT5k - fRELE - BEBEAGLAZLAL » CClix
ML MR RANFS2 SAVEE R4
FREHEALCCT ~» LALR VOL3 AR tE » HAE#E IR
RV HE Al R HEAG BB R IR A A R & o R
REFS /0 BE 22O ~ 17 2 B A KO BE
B HAETRE - ERE A GLA LA ~ CCIK
M TH AR Wt A AR A R AR - BE T 2 B R
7 % (Kangas and Maltamo 2006, Lupke et al.
2012, Stephens et al. 2012) » s EFGLAZLAI K
CClRRE B A BRI fr & - B — 3840
R EARTE - ATETA R R A STTRAZK
AR SR POEER AR SR ERE - 15
A BRI AR B (Hsich et al. 2011) » T
TSR AT fili 1 22 ] 431 (B AR (A Fig. 11)

P9~ RARIFERI R
AR FEHAMEEREZIETET A

R S ZE AT R B R

IRF)FIFS2 SAVIIHAETE#U M GLA LAITEE - EfE
FE S-S AR St i U SRR R AR 1S LA 4
HER - AT AT S s [ - s it 2 At
Fof He R AT AR W » 3 28 AN [ ARl e A 2 i
AN THRAE @ ETTIITE - DAFR R 7200 e 3
{6 - HREFBIES RIFFE R - I —2
FE H At 3t R PR A Y LU 3t A TS AR - 3t
B FEAARGEITISE » R B ETRY
fff5E(Cheng et al. 1997) » SEHIHEREE A2 213
Tl b R RSERT S A A B

AT H i FH SAVIERL AT S A By
SRR AT - BIGESERS RAFAUM R HEAS - AR
FiT 388 FEI ) £ 48 85 (4 Table 1)4% ko2 RS AH B £ 80
o NG ARSIt
FYRENT. » 5 R ARAE S LI TRIF S S AVIFE B
s ELa[REREKIF - WA IAH ~ DBH » BSA »
LAIs ~ COIECCIFEZ | 5 2% - EM 22+
F 53 o3 A BRI SR 3 A S T ik - A B FR B
9 B B I A A L B AR S R - AL

O C absorb (Ton/pixel)
Value
l High :0.12092

" Low :0.0028

Fig. 11. Carbon sequestration (ton pixel ') map derived from Fig. 8 multiplied by the relevant

conversion factors of Froxinus griffithii.
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