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Abstract: Since 2006, the 5" National Forest Inventory (NFI) has been implemented to provide forest resources
statistics at the national level and at the county level as well. However, it needs a small-area estimator for
estimating forest statistics at the county-level due to a small number of samples collected within a county. This
study was conducted to evaluate the applicability of a geographical-based synthetic estimator for estimating
forest growing stock volumes at the county level. The NFI-field plots surveyed were post-stratified into three forest
cover types. In the synthetic estimator, field plots within a geographical-based super-county for each county were
used to estimate stratum weights and stratum mean volumes. It was resulted that estimated stratum weights
using the synthetic estimation were significantly differ from forest cover maps. The standard errors of estimated
mean by the synthetic estimation that ranged from +3.5 mha to +7.7 m*/ha were more smaller than those (+7.8
m’/ha~+24.7 m’/ha) by the direct estimation. This means that the synthetic estimation is possible to provide
more precise estimates of mean volumes.

Key words : national forest inventory, forest growing stock, small-area estimation, synthetic estimator, super-county,
post-stratification

M B o] Fgsirt ole} #HESIY HZ FAHX ] A
(Precision)S F/JA17171 18l oheFst 42z 471

2uete] =7k A ZAH(National Forest Inventory) (Small-Area Estimation)ol] 33t A7 XY= Tt
= Iyl o] AAIARE =257 98] AAFA (Rao, 2003; Lappi and Kangas, 2006; 2171 5 2007)

A2 s glek, ST, B YA
A AEE ol 3te] PR o] g Aze] AYEA

= ArEsr] flelie A3 34 % (Estimator)®] 28

=

*Corresponding author
E-mail: yong@kookmin.ac.kr

285

A 42} 7 A 2 AK(1996-2005)00 A= 7] E-A] &)
T FERAPL o] FolH 7] W] 7 EAE 7] FE
Z(strata)d HE54 S o] 83t AHA Tl AT
AFFS AEdte vlEE 71HS 483kt o

S| AFAEF, BGF Teln BRI B VYR

=

o
= T



286 EEEMEEEE A99W A3E (2010)

o
ofo
ol
ol
Q2
B
)
»
1o,
>,
o
oft
)
o

A ATHA DA T, 1996). =, A4zt F7HHAAL
ZAPA = Evet A A S 71 EAIEEE 107
o] Ao g RS &, wid g Ao 7| EAYFE
S 7 ZAME AAEH Y 7| EAE T B olol] £3HE
A Al A EAIRS vl 7l ofal F
AaATHY A AT, 1996). 22 71 EAE T A5 S
o]-g-gk vl 712 AWA Al Abge] I W
o]9} SAS BhdsHA| k= EAIHS 7HAIAL Atk (Lappi
and Kangas, 2006).
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to] Aol 37 548 e 37l
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Figure 1. Location of study sites.
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Table 2. Number of samples surveyed for 3 years from 2006
to 2008 in the study sites.

1. o431 CHAIK] County 2006 2007 2008 Total
B AgEe g7Ho A gty AT 3 Muju SO
AT 1 RAGTI) TR ARE DAN, Ak oo O
= e Kimcheon 21 25 33 92
FEE 22T FHRE 9FLS o2 RN
o Aeale] QERZAS =HsA} 5]-911’4-(Figure 1. Table 3. Classification of forest type used in this study.
e AT AR E AAE AAA, FEE, 28T G Forest Type Classification
T2 A H o] AL AHA O Z A 52} A7 AL Conifer forest (C) >75% of basal area by coniferous tree species
el sl e A} A A x s e 0 s e
ot
Table 1> A7 A 9] AR E AFES 29 Zlo]
oF 2z} Alte] b A e W AHAI7E 69,830 ha® 7 A Wee 2z 79789 8IHSATE. 9 ZF %239 hat
4 Wi T AL 51,901 hag M g2 Zlo=z PESHL 7 B2 SAHE A5E SHAH A
UEbsTh 9 WAL A B ofs) A A (2004)0l1 4 LR YEAFD A S F7F Z2 ] 2
P HES o] &ste AEH e, HAAA FEEE &3t AH=EskiTh
S8 g9 Hlgol 72} 48%9t 37%% 7P w2 vhd
F-e dATHO] 41%E 7P =2 BES 2L A 3. ZE239 7=
= Aoz EAHEATEEA, 2009). EvEte] A AAEE S g x2S
SHA, 2 A= F AHEE S Y€ 7Y (Strata) .2 F-E-3to] FEZE AW (ha)Z 32 (m’)
28 o] JEFH o] e ™S e 2H (Non- 3 Hd5A(m/ha) T2 Y552 AdE ARE AT
stocked forest)© 2 -3}l o] 2] gt 7]E} AHIHA S A stal Qlom AbgH A o] 2k AWA Al Zg-oE
97k AEA 9 S A A (A E sl LS IS A SEaL QUTE. Table 3& & AelA] AL
&3 A/ elE vehd Ao®, 7F 324 o B2
2. ofe| EEH Xz e T S A o] v ofs) d/de TRk
A 52} 7R 2ARE 20069 7E Y E AL 9o T} 2 Aol A= Table 39] 4 A olof ofs) 2AkE
B Ao E At 2008 7HA] 3@ F9F =R E A} ofe] FEHS A FZF3H(Post-stratification)ste] 2t FE
£ o] &3Iith A5zt S7MtEAd 2ALe] H R el s e
2 4 kmx4 km ©9]¢] A2 i H AL glom, 7 gt
FEAE 7 AR Akl SAREH S WiAg - 5 4. Z25E YS5EN9 F4H
AFEEAAA 00, 120°, 2] 3L 240°¢] WFOE 50 m E 2] F A (Vs FH] Aside a4
o7l Aol zhzt L3 Feje] FEHE dAst, T 2 Al AA AU A (A, BEZE AEAEF(A)
4708 FFEH (Sub-plot)o] dhtke] Hehs FAEstES # had B BEFH (vy)oll #3 AR7F 2 -Hek &
A =] Aek(=H A #8H, 2008). AA o] HA AEHEA L wid AFEHIL A= AR
Table 2= |52} =7 A=Al A A 3:d7E A ARE o]&3ti o, E23E WA had B Y
(200611~20081) A tH3AI QL 37) Alsel] i = o] = E5A2 ARS3hE ool 324 ARl 27k 4
AHE o] FEA 9 s e Aotk A B SRt A AW A (1) o] 25E AbEH
oA ArgE A o] 7P b AAAIZE 7 B 9271 el Al olsf AEE, LA F PEFAFS
o] e EFeL glon, P g 2 2 (2)el efsh A=
Table 1. Summary of forest area by forest types in the study sites.
Coniferous Forest Deciduous Forest Mixed Forest non-stocked forest Total Forest
County
ha % ha % ha % ha % (ha)
Muju 13,954 27 21,561 41 15,521 30 865 2 51,901
Youngdong 19,483 30 18,979 30 23,729 37 2,064 3 64,255
Kimcheon 21,771 31 13,613 19 33,251 48 1,195 2 69,830
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Ap= DA, (M
V=3 (A xvy) 2)

FEFol gk AR R} g7 w &) ARk 24
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Figure 2. Diagram of super-counties used in the study sites for synthetic estimation.



Table 4. Number of sampling plots by forest types and
estimation methods.

Direct Estimation Synthetic Estimation
County
C H M C H M
Muju 21 30 28 152 213 156
Youngdong 8 50 23 108 209 144
Kimcheon 33 37 22 189 234 204

C : Coniferous forest, H : Deciduous forest, M : Mixed forest

Table 5. Results of Chi-square analysis for two different
estimation methods.

Observed

Direct Estimation ~ Synthetic Estimation

Expected

Forest Cover Map ~ 84.7+* (p<0.0001)  24.2%* (p=0.0021)

2 ..
Xoossg, *:significant at 1% level
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A HlET o4 2ol 7t e Ao = YERAA N
HFE R ST 9§ B0l Ro]7} 2H& Zle
LR TH(Table 5). ol21st A= 1489745 o83
T2 Aot FAFSFHYim ef al, 2007). & QA%
9] 7]5E0] H 4 Thadl ¥FA(Y P AT, 1996),
Aol eJgk - HAHA o] 0.08 ha= F-2lvzte] &
JBETZE T2 A=A TS 9% HAE
2 2] AA Fr2(Threshold value) T ZolAjof & o2
EITh, o2t o] = olaf FA| A&} Tl A= A5A}
AT 0.5 haS YA E 3l o] O A8 AF&
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Table 6. Forest area estimates using synthetic estimator by forest types.

Forest Types
*
County Coniferous forest Deciduous forest Mixed forest Totahf:)r est
ha % ha % ha %
Muju 14,539 29 20,556 41 15,041 30 51,036
Youngdong 14,304 23 27,986 45 19,279 31 62,191
Kimcheon 20,591 30 25,395 37 22,650 33 68,635

Total forest* : the total forest area excludes the non-stocked forest

Table 7. Estimates of mean and standard error for growing stock volumes by forest types and estimation methods.

Direct Estimation

Synthetic estimation

County Forest strata
Mean (m*/ha)  Standard Error (m*/ha) Mean (m*/ha)  Standard Error (m*/ha)

Conifer 198.7 +24.7 162.5 +6.9
Muju Deciduous 98.3 +14.9 105.6 +4.2
Mixed 1313 +12.7 125.8 +5.0
Conifer 14222 +17.4 150.0 +7.7
Youngdong Deciduous 101.0 +8.4 106.4 +3.9
Mixed 107.6 +10.4 114.7 +4.8
Conifer 159.0 +10.7 146.2 +52
Kimcheon Deciduous 108.6 +7.8 106.8 +3.5
Mixed 133.6 +10.6 117.7 +3.7
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Table 8. Estimates of total growing stock volumes and mean
volume per hectare by synthetic estimation for each study
site.

Estimates of Growing Stock Volumes

Study Site
Total (m®) Mean (m*/ha)
Muju 6,651,684 1282
Youngdong 7,334,620 114.1
Kimcheon 8,388,364 120.1
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