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Evaluation on Integration of SPOT NDVI and Forest Habitat Factors

for Estimating Timber Volume of Taiwania*
Han - Ching Hsieh 1.2}
[Summary]

This study focused on Taiwania plantations on forest land of the Danaen working circle in the
Dronshu National Forest. The normalized difference vegetation index as greenness of each stand was
calculated from a SPOT image. Four forest habitat factors, temperature index, synthetic moisture
gradient, whole sky space, and direct light incidence ratio, associated with topography and location
were derived from digital elevation data. In addition, the Taiwania stand age, crown closure, and
volume were selected from the forest land - use geographic information data base. Greenness, 4
forest habitat factors, stand age, and crown closure of the entire area of each stand were indepen-
dent variables, and stand volume as was the dependent variable in the multivariable stepwise re-
gression analysis which searched for the best volume estimate model. Through stratifying the terrain
configuration factor derived by the digital terrain model, relieving the higher relief stratification
from each stand stepwise, R’ of the best model was able o reach 0. 80. This shows that the Taiwa-
nia volume estimate models are affected by the variance of terrain. According to how easy it is to
acquire the dependent variables, the optimal timber volume estimate models can be selected by the
analysis procedure in this study.
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Table 1. Attributes of SPOT image
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Fig. 1. Locations of Taiwania plantations in
Danaen working circle of Donshu National
Forest. Red lines are boundaries of Taiwa-
nia plantations. Black lines are compart-
ment boundaries,
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Sun azimuth

Sun elevation Incidence

10706790 HRV 10: 45: 00

153. 02°

58.12° 4. 96°




178

INDFT classification mop

Fig. 2. Five -level classification map of
NDVI in southern part of Danaen working
circle. Red lines are boundaries of Taiwani-
a plantations. Purple lines are compartiment
boundaries.
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Fig. 3. Seven -level classification map of
temperature index in southern part of
Danaen working circle. White lines are
boundaries of Taiwania plantations. Purple
lines are compartment boundaries.
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Fig. 4. Direct light incidence ratio map of
southern part of Danaen working circle.
Purple lines are compartment boundaries.
Red lines are boundaries of Taiwania plan-
tations.
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Classification map of
terrain configuralicn factor

Fig. 5. Five —cluster classification map of
terrain configuration factors in southern
part of Danaen working circle. Purple lines
are compartment boundaries. Red lines are
boundaries of Taiwania plantations.
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Table 2. Correlation analysis of 8 variables

Pearson correlation coefficients / Prob > |R| under Ho: Pho=0 / N = 7918

TEMP WET  SKYF DIR NDVI  AGE CRD VOL

TEMP? 100600  0.32387 0.24065 ~0.01436 -0.46786 -0.5196*" —0. 27190 0.28155
WET? 1.00000 0.16985 -0.28686 -0.14685 -0.17372 -0.19821 0.05873
SKYF# 1.O000D  0.52596* 0.02556 -0.03608 -0.16811 -0.10020
DIR® 1.00000 0.20753  0.16407 -0.03498 -0.16779
NDVI® 100000  0.33046  0.10521 -0.22373
AGE” 100000  0.66931* 0.35411
CRD” 1.00000  0.62770"
VOL” 1. 00000
1) %

: correlation coefficient > 0. 5.

2 TEMP: temperature index.

#) WET: synthetic moisture gradient.

4) SKYF: whole light sky space.

5) DIR: direct light sky space.

8) NDVI: normalized difference vegetation index.

7) AGE, CRD, VOL: age, crown closure, volume of Taiwania.
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Table 3. Summary of stepwise procedure for dependent variable, VOL
Variable! Number Partial Model
Step  entered removed in R? R’ F Prob > F
1 AGE 1 0.1254 0.1254 1134. 9429 0. 0001
2 TEMP 2 0.2969 0.4223 4068. 7743 (. 0001
3 DIR 3 0.0761 0.4984 1200. 2801 (. 0001
4 WET 4 0.0142 0.5127 231. 1641 0. 0001
5 NDVI 5 0.0118 0.5245 196. 8653 0. 0001
6 SKYF 6 0.0023  0.5268 38. 4819 0. 0001

D Annotations same as in Table 2.

EPE R REA RN - SEREE
REFH T AR M BITACE « - test T
FEEAERME SR ER A E A -

&R

— ~ GRS S EF S DRSS R
(— ) B ARS8 AR A
ERZE MM 2RERIT - 5T 7,981 @ ET
SR RFI B 547 (correlation analysis) * #5540
Table 2 o HEMBAHRHEEEH ( KFL0.5% )
aTE - M RME AR (0. 63) ~ Fiim b iE
BRI (0.67) ~ 2 REXEEH REFN AN
33(0.53) ~ IR ELIEEEAARMAE (0 . 52) -~ BREFER
RECE ) BEEFEHH -

{ ) DMERERNZZLERSF : S

Table 4. Summary of stepwise procedure

TR EEE - 287 A 28T AT
BREDGEH ( -RTEREERA2)
WAETREBIESHET S EEE - LER6 @
55 BEE - ETELEE ST o BEEARIE
Fr~ RERR R - RHERAY - FERESE
o R A0 Table 3 B o LI B 45 8
( TEMP ) Re#fin ( AGE ) EARA » EEHEA
Fib~ (DIR) SRASIEE ( WET ) REE
(NDVI ) RZ » 2RZENTEE ( SKYF ) §/) o
DL F (S SRR ERNVS 0. 05 B35 O\ BRI B
HI 6 il 8 A7 $H A A B BB BR =0 2 A i (R B 1%
0.5268 - Hub#E M I R A7E 45 LD ET i
B BBINAEEERE (CRD) B8 - #Hie
2 PR ) 2 R B 0 BT iSS40 Table 4 0 I
B - CRD 0 TEMP HERGeK » LB EIERE
HAET - WET T A - i 6 [EEEBAHEEN

for dependent variable, VOL

Variable" Number Partial Model

Step  entered removed in R? R? F Prob > F
1 CRD 1 0. 3940 0. 3940 5146, 8571 0.0001
2 TEMP 2 0.2208 0.6148 4537, 9472 0. 0001
3 AGE 3 0.0228  0.6376 497.9305  0.0001
4 DIR 4 0. 0333 0. 6709 800, 9140 0. 0001
5 NDVI 5 0. 0064 0. 6773 156. 4189 0. 0001
6 SKYF 6 0.0011 0. 6785 28. 1684 0. 0001
7 WET 7 0. 0001 (. 6786 2. 1510 0. 1425
)

1) Annotations same as in Table 2.
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Table 5. Summary of stepwise procedure for dependent variable, NDVI

Variable" Number Partial Model
Step  entered removed in R? R? F Prob > F
1 TEMP 1 0.2189 0.218%  2218. 3008 0. 0001
2 DIR 2 0. 0403 0. 2592 43(0. 9655 0. 0001
3 WET 3 0. 0046 0. 2638 49. 6326 0. 0001
4 AGE 4 0. 0040 0.2678 43.0719 0. 0001
5 CRD 5 0. 0042 0.2721 16. 1220 0. 0001
6 SKYF 6 0. 0003 0.2724 3.1672 0. 0752

1) Annotations same as in Table 2.

MERE R IR E REGE 0.6785 BET
15% o

(=) NDVI B ER S 2 FHMEF 547 © LA NDVI
B JES B > DIR ~ WET ~ SKYF ~ TEMP ~ AGE ~
CRD fSIEEERY » T B LS WEST - BRI
Table 5 #7565 AZEBEA - (BERPERK
HFE RF502121- EPEEEHERE
TEMP © §0.2198 2% » HEEERA -

= DRAERE T4 o SR S R A
AR AR

(— ) ARG REST - RERET
BESZE 00 E 2.0 2M » AE-HEAHRATF
TIIEES 1. 7667 » M BB X - BAERH
ToAAMER 5 - LU ISODATA IBE 5173k » BERK
MBS MRS HEWENHEE - HEERT
THERFIG T H9ME ~ SRl i 2 4ENS 10~ @
EFRREE 15~ #8558 (convergence thresh-
old) & 0.95 » T 43 R AE4A R 2 40 55 Bt P K
1,900 - EREASELE » FEHER © Mk
EFTERECEME  REBT o BoMaiR

i o BE o [ERTAYREN (BREEES
Bz o EHRTE )  FFEEETHES
ERIER - /R 5 EAE - SEE N Fig 5
E BT ERSEEE N Table 6 B » EhE 4
FOEE 5 MHASTHEE B -

(2 ) P RR a2 B e B W T
R DA AR AR T - AR UK R e
M E R ZET - IR 1 EREE  HMUUF
HEEFS T - FIRTREYREGE S - B
R« BIFSBRET - KFEERE S~ 432
FEMTERIERIT - B35S} 4 $HFFEE S
Himl - KRS BEE ANESMFA Table
3 ~ Table 4 J Table 5 - [ BHE(L /5 NDVI
HORAMNEMIEE S IRFHE I ME 4 £7 o
MAIA CRD AR - 520 AGE I TEMP
HERERBX : A CRD 3 » BJLL CRD & TEMP
BRERX - MR M E REEHER
TIENE - ERER B R | HAARE - HERR
TEARBEE A/5& 0. 6636 » 4 Table 7 5 1A CRD
H ] 0.8142 4 Table 8 © Table 7 ~ Table 8 8
NEZAERSITER - HEEBREAESE

Table 6. Transformed divergence between classes

Class Pairs:
1:2 1:3 1:4 1:5 2:3 4 2:5 3:4 3:5 4:5
Separability:
2000 2000 2000 2000 1972 2000 2000 1942 2000 1480"

1) Transformed divergence < 1900.
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Table 7. Summary of stepwise procedure for dependent variable, VOL

183

Variable! Number Partial Model
Step  entered removed in R* R? F Prob > F
1 AGE i 0. 2651 0. 2651 463. 0986 0. 0001
2 TEMP 2 0. 3302 0. 5952 1046, 4675 0. 0001
3 WET 3 0.0274 0.6226 93,0013 0. 0001
4 NDVI 4 0. 0248 0. 6474 90. 1593 0. 0001
5 DIR 5 0. 0098 0. 6572 36. 6554 0. 0001
6 SKYF 6 0. 0064 0. 6636 24,3753 0. 0001

1) Annotations same as in Table 2.

Table 8. Summary of stepwise procedure for dependent variable, VOL

Variable!! Number Partial Model
Step  entered removed in R’ R? F Proh > F
i CRD 1 0.5212 0. 5212 1397. 8164 0. 0001
2 TEMP 2 0.2021  0.7233 936. 8905 0. 0001
3 AGE 3 0.0700  0.7933 434. 5035 0. 0001
4 NDVI 4 0. 0117 0. 8051 77. 1726 0. 0001
5 DIR 5 0. 0050 0. 8101 33.9717 0. 0001
6 SKYF 6 0. 0041 0. 8142 28.1238 0. 0001
7 WET 7 0.0004  0.8146 2.9392 0. 0867

1) Annotations same as in Table 2.

Table 5. Pixel number and regression coefficient of different variable combina-

tions of each class

Class Pixel number NCRD" ACRD? NDVID¥
R R R

s24) 1285 0. 6636 0. 8412 0.2144

83 1708 0. 6196 0. 7810 0.2114

S4 3402 0. 5687 0.7445 0. 2548

g5 6270 0. 5368 0. 6938 0.2673

WhS 7917 0. 5268 0. 6785 0.2721

DNCRD : Without CRD variable.

2JACRD : Including CRD variable.
3INDVID : Using NDVI as dependent variable.
I8N : Class after removing the number N cluster from Wh accumulatively.
$)Wh : Whole area pixels selected on Taiwania stands.
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Fig. 6. Regression coefficient curves of
NCRD and ACRD between different class-
es. NCRD: without CRD variable. ACRD:
including CRD variable, Wh: whole area
pixels selected on Taiwania stands. SN:
The class after removing the number N
clusters from Wh accumulatively.

BRI BMFETY 40 Fig. 6 -

LUNDVI B FES 8 B W i - S
R MR AR B SR S R - RSB
2 RS EF GBI EBEETS -
U Fig. 7 - BRBOH » TEMP (45 kAT S s
% - DIR &1 MIIE B B & FER /S - REFE
77 - R ARIEFEREE o Table ¢ HREEIE
P SERRTTEE ~ 1A CRD ~ A CRD B
LA NDVI £ FE S B B 2 B R RS 2R A ER 4
TERRE -

R AR — R B A F M A TR A S A S o

——NDVID

L)
e 8 8RR B ~

Wh 85 54 B3 02

Fig. 7. Rregression coefficient of NDVID
between different classes. NDVID: Using
NDVI as dependent variable. Wh: whole
area pixels selected on Taiwania stands.
SN: The class after removing the number N
clusters from Wh accumulatively.

=~ ERERETTEER

(—)E&ESERENRAMEEREZZEE
Table 10 AT &5 8 HIERT Bz &£
o DU EEE S HEfl VOL 5 NDVI > g2
ZEET  HEMHRBET  SRIRETTHEL
{ERYEEE » DU EETECE - test IR -
I 2 EHEER - 755 NCRD S @8y
FEERKEZRNR L EEEEE -
ACRD 2 S4~S5- Wh i < HZERETEE
G- HEgmE 2 BB 2EENZER - NDVID &

Table 10. Best regression model of each class

{a) NCRD:

AGE TEMP WET
0.170 0.0213 -0, 00772
AGE TEMP NDVI
0. 169 0. 0200 -1.727
AGE TEMP DIR
0. 156 0.0188 -0. 0387
AGE TEMP DIR
0.143 0. 0185 -0.0331
AGE TEMP DIR
0.138 0. 0187 -0.0330

-1.532

- 0. 00663

-1.411

-1.298

-0. 00426

NDVI DIR SKYF INTP!
-0.0373 1. 185 0.0814

WET DIR SKYF INTP
—-0.0342 0. 892 0. 397

NDVI WET SKYF INTP
- 0. 00505 -0.301 1.597

NDVI WET SKYF INTP
-0. 00429 -0. 586 1. 458
WET NDVI SKYF INTP
-1.176 —-0.646 1.426

" INTP: intercept of regression model.
*' Annotations same as in Table 2 and Table 9.
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Table 10. Best regression model of each class(continued )
(b) ACRD*:

CRD TEMP AGE NDVI DIR SKYF INTPV
0. 430 0.0173 0. 0842 - 1. 0689 -0.0274 0.921 0. 567
CRD TEMP AGE NDVI DIR SKYF INTP
0. 436 0.0172 0. 0823 -1.240 -0.0234 0. 685 -0. 505

CRD TEMP AGE DIR NDVI INTP
0. 446 0. 0156 0. 0666 - 0. 0264 -0.879 0.315
CRD TEMP AGE NDVI DIR SKYF INTP
0. 409 0. 0160 0. 0621 - 0. 860 - 0. 0207 -0.340 0.238
CRD TEMP AGE NDVI DIR SKYF INTP
0. 394 0. 0160 0. 0598 -0.0198 - 0. 860 -0.433 0. 285
1V INTP: intercept of regression model.
2) Annotations same as in Table 2 and Table 9.
(c) NDVID?:
TEMP AGE CRD DIR INTP1
—0. 000928 0. 00475 -0.0117 0. 00158 0. 746
TEMP AGE CRD DIR INTPY
—0. 000932 0. 00509 -0.0124 0.00113 0.776
TEMP DIR WET AGE CRD INTP
-0.00114 0. 00220 0. 000270 0. 00373 -0.0103 0.729
TEMP DIR WET AGE CRD INTP
—0.00125 0. 00254 0. 000203 0. 00335 —-0. 00956 0. 727
TEMP DIR WET AGE CRD INTP
-0.00130 0. 00263 0. 000238 (. 00285 - 0. 00700 0.725
1V INTP: intercept of regression model.
2} Annotations same as in Table 2 and Table 9.
Table 11. Result of paired — comparsions t — test
Variable" Mean Std error T Prob > ITI
NCRD - VOL 1. 040 0. 157 6.614 0. 0001
ACRD - VOL 0. 692 0. 125 5.551 0. 0001
ACRD - NCRD -0. 348 0. 084 -4.121 0. 0010

1} Annctations same as in Table 2 and Table 9.

7 [FIRYER 85 B Wh .2 IR 2R R 0. 0028
ERRES WA ZHERMTIRE -
(Z) BoEE R R R - 1. Bl

TEHEAG A BRAR « AN SRR E B PA B (CRD) 8973
AEZHRE  IERFARERE N CTE
(82) » HRBBECR—MARHZTE R BLE/BF
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Table 12. Result of paired — comparsions t — test

Variable" Mean

Std error T

Prob > ITI

NDVID - NDVI -0, 000885

0. 000764

- 1. 1578 0. 2470

1) Annotations same as in Table 2 and Table 9.

Z IR EEARE » W05 (3) o MREEEHE
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SE v FRSHE SN Table 11 @ FE Z M B HETE
WSS BT PARES 2 2 - HrR NCRD 46
=& | EMAH : ACRD 84 » #H2 0. 69 {H#
B o ME3ZN(3) 25 5N(4) (ACRD #2 NCRD) #
HEINE RS 28 - HETE 0. 35 Btk -
VOL = 0.429 CRD + 0.0175 TEMP +
0.0839 AGE - 1.161 NDVI -
1. 644
N = 1285 R? = 0.805 -+ree(3)
VOL = 0.170 AGE + 0.0211 TEMP -
0. 00674 WET - 1.675 NDVI -
1.412
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N = 7917 R = 0,264 (5)
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