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Korea needs proper and rational public policies on conservation and use of
forest land and other natural resources because of the accelerating expansion of
national land developments in recent years. Unfortunately, there is no systematic
planning system to support the needs. Generally, forest land use planning needs
suitability analysis based on efficient land classification system.

The goal of this study was to classifya forest land using multivariate satistical
methods. A case study was carried out in winter of 1983 on a mountainous area
higher than 100m above sea level located at Mt Kwanak in Anyang —city, Kyung-
gi—do (province).

The study area was 19.80 km? wide and was divided into 1,383 Operational
Taxonomic Units (OTU’s) by a 120 mX120m grid. Fourteen descriptors were iden-
tified and quantified for each OTU from existing national land data: elevation,
slope, aspect, terrain form, geologic material, surface soil permeability, topsoil type,
depth of the solum, soil acidity, forest cover type, stand size class, stand age
class, stand density class, and simple forest scil capability class.

For this study, a FORTRAN IV program was written for input and output map
data, and the computer statistics packages, SPSS and BMD, were used te perform
the multivariate statistical analysis.

Fourteen variables were analyzed to investigate the characteristics of their fre-
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quency distribution and to estimate the correlation coefficients among them.

Principal component analysis was executed to find the dimensions

of forest

land characteristics, and factor scores wers used for proper samples of OTU th-

roughout the study area.

In order to develop the classes of forest land classification based on 102 sur-

rogates, cluster and discriminant analyses of principal descriptor variable matrix

were undertaken.

Results obtained through a series of multivariate statistical analyses

follows ;

were as

1) Principal component analysis was proved to be a useful tool for data selec-
tion and identification of principal descriptor variables which represented the cha-

racteristics of forest land and facilitated the selection of samples.
2) VARIMAX rotated principal components demonstrated a meaningful patterns
of variables. Four factors were most important as dimensions of characteristics ;

physical attributes of topography, compositional characteristics of soil, physical and

chemical characteristics of soil, and forest stand structure.
3) As a result of cluster and discriminant analyses, most principal variable
were forest stand age class, soil acidity, topsoil depth, and degree slope in im-

portant order.

4) Eight clusters were constructed for classifying Mt. Kwanak area.

5) Forest stand age class found to be useful index explaining the

tal quality of forest land.

environmen-

It seems that a basic research on forest land classification system could be ac-
complished in this study, but more research is needed in the future. That is:

application of this classification system to suitability analysis and ecosystem

cla-

ssification with specific objectives; and development of a computer package inte-

grating the computer programs used throughout this study.
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Fig. 1. Classification model of general land classification system.
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Fig. 3. Data input format.
Table 1. Sources of data maps
Map Scale Sheet name Publisher Publ. date
Topographic map 1/25,000 Anyang Nat’l Geographic 1983. 10.
Institute
Soil map ” ” Office of Rural 1977. 11.
development
Forest survey map ” ” Office of Forestry,
Forest Resource 1975. 8.
Survey & Research
Center
Simple ” ” ” 1976. 12.
forest soil map
Forest land slope " " ” 1978, 12.

analysis map
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Fig. 4. Flow chart of ferest land classification system.
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Table 3. Descriptive statistics of 14 forest land descriptor variables

-CAPA
BLTY

TAGE DENSITY

FOREST STEM

SOLUM PH

TOPS
OIL

DRAIN

GEO
MAT

AESPECT TERRAIN

HEIGHT SLOPE

Variable

¢

0.59

0.14

2.77

........

45

241

Mean

Std error
Std dev

Variance

g

Kurtosis
Skewness
Range

Minimum

4.00

3.00

2.00

8.00 5.00 5.00 5.00 6.00 3.00 5.00 5.00 2.00

00

6

600.00

Maximum

Zf 15) Davis, 1973 : Hair et al., 1979 : Kim and Mueller, 1978 : Morrison, 1976 ;: Rummel, 1970.
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Table 6. Estimated communalities on variabl-
es for initial factor solution

Table 8. Factor structure matrix for VARIMAX
rotated factor solution

Variable Est. communality
HEIGHT 0.41118
SLOPE 0.25454
ASPECT 0.14215
TERRAIN 0.97439
GEOMAT 0.91229
DRAIN 0.99813
TOPSOIL 0.81064
SOLUM 0.98364
PH 0.99847
FOREST 0.68773
STEM 0.72086
TAGE 0.92899
DENSITY 0.88828
CAPABLTY 0.35975

Table 7. Factor structure matrix for initial
factor solution

Factor1 Factor2 Factor3 Factor 4

HEIGHT 0.13593 —0.21614 —0.06584 -0.60884
SLOPE 0.08245 0.05777 0.11552 0.51939
ASTECT —0.16713 0.17957 0.11558 0.29760

TERRAIN 062143 0.57826 -0.30927 -0.23076

GEOMAT 0.69255 0.66020 0.01747 -0.03803
DRAIN —0.16814 —0.08451 0.95398 -0.13085
TOPSOIL 041560 0.60418 0.46307 0.07137
SOLUM 0.68698 0.67768 0.16011 -0.07888
PH —0.11907 -0.03614 0.98627 -0.08130
FOREST 0.58729 -0.39494 —0.01729 0.40441
STEM 0.52927 -0.57715 0.08832 -0.28473
TAGE 078190 —0.58991 0.08361 0.03318
DENSITY 0.74204 —0.58810 0.08254 -0.03421

CAPABLTY 0.39576 —0.15673 0.02783 0.41667

Percent of trace 25.35 20.66 16.23 8.85

Trace= 14, Total percent of trace= 71.09,

LFohe FR8 BEE 2oload 99 4 K =
T WRAZI 2 el

Table 6ol 41 u = ute} o] [FLHEH-E0) fhpsgelel
HEHEERE A2 18 RS 52 K&,
B, BH, 6 R WHLEENRE B 52 Wi
viebite} ol el @t HES HES WHE) S e
H REoE s TR ] A i B

Factorl Factor2 Factor3 Factor 4

HEIGHT 0.09539 —0.00262 0.01878 —0.65623
SLOPE  0.14%5 0.04314 0.02736 051792
ASPECT —0.16142 —0.00066 0.07966 0.36014
TERRAIN 002575 0.83049 -0.37624 —0.19371
GEOMAT ©.09626  0.94685 —0.09565 0.04802
DRAIN —0.02548 —0.05786 0.97907  0.00583
TOPSOIL —~0.01523 0.75726 036111 0.23066
SOLUM  0.08351 007584 0.04972 0.03351

PH —0.00560  0.00705 0.99531  0.06392
FOREST 07724  0.03558 —0.11683 0.23122
STEM 069847 -0.04018 0.10151 -0.44980
TAGE 0.96465  0.07407 0.02420 —0.17559

DENSITY 0.91882 0.05787 0.03706 —0.23564
CAPABITY 0.48716  0.09121 0.06687 0.32475

Table 9. Descriptive statistics of factor 1

Mean -0.000 STDerror 0.026 STDDEV 10.983
VAR 0966 Kurtosis -1.098 Skewness 0.600
Range 3.503 Minimum -1.2656 Maximum 2238
Sum ~0.001

2
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BHES BolugA, aelu FHBIUKLHEIRRE
HEMEETT obd RATEREE Bhd A vEEE e
2 Sirdet

Table 72 FERTo] HHES REL + A+
£¢ woln gle} BRI HoAMRI HABEE =t
A #EekL 98% £ 4 U3, A 27) AEEHet &
BrhRe, FH 3] thikehm HEHEE ER4 T 5%
S EME B4 HEN TR0 RHET T Y& EHE
Z2 0SS B4 et =3 Smes duld S
€ SE T A & BRY BHES &4 25.35,20.66,
16.23, 8.85 24 A1, 2 gqle] ®lmA ol AL OF
AL EEMEEARE 71.09% 24 KiEHEe) HESKD
BE7L ¥l3d Eokd shie] #He 2 BRE JH5A
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FOREST LAND CLASSIFICATION STUDY

*SURROGATE SAMPLE LAND UNITSs
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Fig. 8. Computer

map showing the location of surrogate fores

land units

sampled with the 1 st factor scores.
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NUMBER OF UNITS OF ESTABI.ISHED GROUPS
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Fig. 9. Dendrogram of Euclidean distance(vertical axis) between clusters of surrogate forest land units,



n
D

198542 6 A ) SRR ke FIARE Wit el B %R

AL RERSEREMY ERME Fig. 83} Zreh 6. USSP S; S RLt iR
5 42 1z em 41 ¥ 65 414 44 o
. s R ST RS W O
4 EEERS P 2 555 102 x102 Euclidean PHgE st £ xﬁf‘f G ¢ *‘%J“M B R,
510 el A BYMEF Fig 99 7ol A4 ble 100]4 8 whs} ol HAMBELL 451k
. ., A —Eee vol MFIMEAL BASISEL o AL
10289 RFSWEALE WA 00K oA 258 N HAB BT Ao 5
o2 @aslel HAMOE 25 e Wit FETE ﬁfi‘;ﬁ%’mmfﬁ MR BrES2 5
u fakitol A 2k ule}l zbo] 258 EEIS HAk mEAEE XX _
Ak BB w9 20l B0 R Bk Table 1064 AL 2B} FERS] FFHES [
ML AEEER 0.935 75 A 184 3oz, A ) ?
s o o 5 Brol Fshe mEthtom a4 skel RUEN0)
2] 1146 FFoll4] 1670 oz | §3A 7 1.2434] = wile o e 8 st s
A SmkGRS2 RS FUSE U w9 ont 1ow W;Iks - }ﬁé‘mif; lf}i};b}“%
430l A 27402 WAE Uit 3287 45l A 5t TEE AT A“il F A gm o
ol e Aoz FUSAS, ol magfpare PO HER LUIRE, AR, GRS
ol A Ao] 02 A7FEE 1.243 30| PiEMY] — A vehda glom EHe HRLEES T MBI
_o‘ r o A i) 2.5 el u
Bt BAZ SRS A S HET A AT R, LGS RIS 25 el Bert 5
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Ak EHEF BB 5> Table 1204 5 uvhe} 3bo] 3{H
Table 10. Wilk's lambdas and F-ratios on di- 2 vehat glont Al1ghre] PIBIRETe] HEEIRYAL 2
scriminant variables 4 o 4= 9let Table 1364 2= ul9} o] Hldgfksl
Variable Wilk's lambda F Significance if%gii@iixff’%:g Iiif:%ﬁfo - _:] ;;;:—id;i}r
SLOPE 0.41621 18.83 0.0000 Table 14o] 4] M= ul9} 7bo| EAEE| Kkt [Ei
SOLUM 0.42484 18.18 0.0000 €3 & EEREKS BASESNE AL A2, 43T
PH 0.16788 66.56 0.0000 ol Bl K& LHIEERE, HwpErE, ERlE el gl
TAGE Is constant in each group 2

Table 11. Fisher's linear discriminant functions

bil 2 3 4 5 6 7 8
Sublile B c D E F G H
SLOPE 0.0 0.4249478 5.946911  1.003024 -—1.097622  0.2916145  4.851647 —0.8355442
SOLUM 0.0 0.7918229D-01 43.28307  47.55326  44.63420 47.46777 45.74275  44.96478
PH 0.0 —0.5974133D-01 44.12126  50.51988  50.41930 47.53854 4958292  50.08321

{Constant) —2.079441 —2.21936 -131.5999 -155.8082 -150.4448  -144.5889 -155.7004 —149.1727

Table 12, Eigen values and percents of variance of canonical dsicriminant functions

Eigen- Percent Cumulative Canonical After Wilks CHI-squared D.F. Significance

Function value of variance percent correlation function lambda
0 0.0079306 461.94 21 0.0
1* 25.90365 91.43 91.43 0.9812392 1 0.2133624 147.52 12 0.0000
2% 1.67418 591 97.34 0.7912359 2 0.5705706 53.587 5 0.0000
3% 0.75263 2.60  100.00 0.6553087

*Marks the 3canonical discriminant function (s} to be used in the remaining analysis.
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Table 13. Standardized canonical discriminant
function coefficients

Func 1 Func 2 Func 3
SLOPE 0.00034 0.99248 -0.31351
SOLUM 1.71780 0.39849 0.67197
PH 1.85956 —0.20793 —0.21616

Table 14. Rutated standardized canonical discr-
iminant function coefficients

Func 1 Func 2 Func 3
PH 1.64745%  0.90393 —0.12942
SOLUM 0.91064 1.64493 % 0.16152
SLOPE -0,00825 0.01285 104225 *

AFHE & BB FHHFHE (FL) & Table 150
A B ubeh o AL A280] AL 28FA R
S 7] 3 —K3HE EEE Hol glow A3
Soll 4 & A5, 8FA0l A Aee T F A&

F CeRBs PR Gk Vol. 13, No. 1

Table 15. Group centroids

Group Func 1 Func 2 Func 3
1 —12.46414 ~0,47107 —0.26809
2 —12.46645 —9.46747 0.02341
3 —0.37676 0.35212 3.78665
4 1.23696 1.46051 0.39370
5 1.80947 0.14242 ~1.02679
6 —0.49973 2.43901 -0.12021
7 1.77718 0.19273 3.05419
8 1.54006 0.41035  —-0.92102

Bl e FoREEY S REPEL FHoe) & &
gl 7%, 283 FHES T d= SHENE
o PBHE S Figdl Repd T A Alc}

Table 16¢] 4 M= uiel zbo] FIFIEEES] FHEHE
L 2 4020% 24 diuke] @ Holrl olA L
4 1(A), 5(B), 6(F), (G)ellA & AT Eo] il
Fout, 4 4(D) el A = 27 AEoley F, FA
4(D) 9 2IFIESL A=l Sigslel lebe f@lalH
o] 7 Fig. 99 Jsk#fol 4 Lr uie} o] £ A 2

Table 16. Classification results by standa-dized canonical discriminant functions

No. of predicted group membership

Actual Group roup Cases 1 2 3 4 5 6 7 8
Group 1 1 4 4 0 0 0 0 0 0 0
subfile A 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Group 2 2 5 4 1 0 0 ] 0 0 0
subfile B 20.0 0.0 0.0 0.0 0.0 0.0 0.0
Group 3 3 4 0 0 3 0 0 0 1 0
subfile C 0.0 0.0 75.0 0.0 0.0 0.0 25.0 0.0
Group 4 4 32 0 0 1 6 8 9 6 2
subfile D 0.0 0.0 31 188 [250 281 188] 63
Group 5 5 13 0 0 0 0 13 0 0 0
subfile E 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
Group 6 6 9 0 0 0 0 0 9 0 0
subfile F 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0
Group 7 7 5 0 0 0 0 0 5 0
subfile G Q.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0
Group 8 .8 30 0 0 0 1 26 3 0 0
subfile H 0.0 0.0 0.0 3.3 86.7 10.0 10.0 0.0

Percent of grouped cases correctly classified 40.20-
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Table 17. 4- variable characteristics of 8 classification classes

var, Slope{0O) Topsoil depth (cm) Soil acidity Stand age class

class SLOPE SOLUM PH TAGE

A 31— rock rock -

B 26— rock rock 1st

C 0-25 0-50 neutral —high acid 2nd

D all 0- 100 neutral—high acid 1st

E 3~ 0 20 high acid -

F 31- 50100 neutral -

G 16—25 0-20 high acid ~

H 31— 0-100 neutral ~ high acid 2nd

0.935 523t L1243 FFAbol ol A o 3 E-343F FURILE
AR EAELEL W F o2 SHd

7. BESH R SEE

SRR B ARSI BRR, FFR Ha
AEEPIP LW Frtkol Weilcl 25L& Fig 109 §
dlel A wE who} gheh of Hrikd LBAR $RE F
#dhs REE AHE =gl eH(Table 17). ERAFIRRE
o] ticls] Wro B2 2RSMENY e 25
Teko 249 o] f-& viA s gl o} 4L F3A
tkdted Fig. 103} 7o) HHREZ}F R ek 102R%
SRENe] HWE SEEPEL 100% 3o}

V. % Eod

AR ELAEY AR el Bt 24 AF
B899 HEEe AEMA RTLBF) KES s HHl
Bl ghEskel= BT WHSRRRE Bk
= SRS HES GAslY FTHLE HEoR
& RS R e 2

i s iRl ejA ERA-S RBEY Rt Hste
Holl HRT Fro = FHE=Y £BEBH RERFH
Here] BN TRESHAl To 24 SMEER ZhaEu
FEHES BRI

IREERIRER ) MRS o) Fv RS HbAD
B R3T, Ee] BRI KO0, 1B WELEY) X
T R RAEKRT 4KoE 2 RS S e

HEAES SRR BET BRcle o & XBg
RESHEAS] BREH o] stz i %

text USRI A SRR 2 BERS 98¢ T
A =

HBt o QoA BEme 2 nejs) ok I FEmy
= HAEER, HEBE, DR R BERS) He= H
o) o Zc)

BUERES REste 2 A BN AL e 2 Y
€ Witel Hated HE-H5at 8 HESRO) BES
et

PABREERE L5 REENHL S Slasojok
3he U2 ) SEREREHEREAY THERS 2
For o) EHEWHEET o Bol o} 5 gl o) o
Zol=t

B3 2 SR USRS A S Wit
ol FoiFcka Fris v ehest 2L R A% B
Ayl HRAE A RE=A Y

EEY —ilE A HREARE w e R Misd
FE BEvel LESH Be AERSERR HR #
1=l elok 3l o2 3t SRR E EEZ)A LT Ao
B

REFERENCES

1) Abler, R, J.S. Adams, and P. Gold. 1971.Spa-
tial organization. Prentice —Hall, ;: Englewood Cl-
iffs., New Jersey. 587p.

2) Amidon, E.L. and E.J. Dye. 1878. Simulating fo-
rest pictures by impact printers. Gen. Tech.Rep.

ZF 16) Ferguson, 1981 : Reed, 1980 : Spurr and Barnes, 1980 : Stout and shumway, 1982.



19854 6 A ]

SEMEE B AR e o) MR BT 63

PSW -25. Pacific Southwest Forest and Range
Exp. Stn., Forest Serv., U.S. Dep. Agric : Be-
rkeley, Calif. 11p.

Amidon, E.L. and EJ. Dye. 1981. SCANT:Ce-
ntralized digitizing of forest resource maps or
photographs. Gen. Tech. Rep. PSW - 53. Paci-
fic Southwest Forest and Range Exp. Stn., Fo-
rest Serv., U.S. Dep. Agric. Berkeley, Calif. 42p.
4) Anderson, J.L., P.N Kennedy, and R.A. Lewis.

1978. Landscape planning units :incorporating

3

=

soils data into regional and local land use pl-

anning. J. Water and Soil Cons. 33:193 —195.

Bailey, R.G., R.D. Pfister, and J.A. Henderson.

1978. Nature of land resource classification—a

review. J. Forestry 76 : 650 — 655.

Bartelli, L.J. 1966. General soil maps—a study of

landscapes. J. Soil and Water Cons. 21(1):4-5.

7) Bell, E.F. 1977. Mithematical programming in
forestry. J. Forestry 75:317-319.

8) Betters, D.R. and J.L. Rubingh. 1978. Suitability

analysis and wildland classification. J. Environ.

Manage. 7 :59—72.

Boyce, S.G. 1979. Ecosystem dynamics for mul-

5

~

6

~

9

=

tiple use management. pp. 34—37 In Multiple—
use management of forest resources. Proc. Symp.
Clemson Univ. :Clemson, S.C.

10) Bradshaw, A.D. and J.F. Handley. 1982. An ec-

ological approach to landscape design- princi-

ples and problems. Landscape Design 136 :30

- 34,

Cozzens, A.B. An angle of slope scale. J. Geo-

morphology 3 :52~56.

12) Cressman, D.R. and D.W. Hoffman. 1968. Cla-
ssifying land for recreation. J. Soil and Water
Cons. 23 :91—93.

13) Dane, C.W., N.C. Meador and ].B. White. 1977.
Goal programming in land use planning. J.Fo-
restry 75 :325—329.

14) Davis, J.C. 1973. Statistics and data analysis in
geology. John Wiley & Sons. :N.Y, 550p.

15) Davis, L.S. 1980. Strategy for building a locati-

11

-

on —specific, multi —purpose information system
for wildland management. J. Forestry 78 : 402—
406.

16) Dege, E. 1978. Crop —combination regions of

South Korea—a multivariate approach. J. Geog-

raphy(Dep. Geography, Coll. Social Sciences,
Seoul N Univ.)5:29- 48.

17} Dixon, W.J. ed. 1974. BMD :Biomedical compu-
ter programs. Univ. Calif. Press.:Berkeley, L.A.
773p.

18) Dyer, A.A,, ].B. Hof, J.W. Kelly, S.A. Crim,and
G.S. Alward. 1979. Implications of goal progra-
mming in forest resource allocation. Forest Sci-
ence 25 :535- 543.

19) England, C.B. 171. Quantitative slope aspect de-
termination. J. Hydrology 12 :262—268.

20) Ferguson, B.K. 1981, The use of overlays in si-
te quality mapping. Can. J. For. Res, 11:361—
369.

21) Frayer, W.E., L.S. Davis, and P.G. Risser. 1978.
Uses of land classification. J. Forestry 76 :647 —
649.

22) Goodall, B., and A. Kirby. 1979 Resource and
planinning. Pergamon Press. : Oxford, England.

23) Gordon, G. 1978. User’s guide to the Ohio ca-
pability analysis program. Division. Water, Dep.
Natural resources, State. Ohio. : Columbus, Ohio.
159p.

24) Sordon, G. 1980. Land capability analysis in the

-~

Logan—Union—Champaign region. Division. Wa-
ter, Dep. Natural resources, State. Ohic. 60p.
Grigal, D.F. and L.F, Ohmann. 1975. Classifica-

tion, description, and dynamics of upland plant

25

-

communities within a Minnesota wilderness area.
Ecological Monogr. 45 : 389 —407.

26} Hair, L.F. Jr., R.E. Anderson, R.L. Tatham, and
B.]. Grablowsky. 1979. Multivariate data analysis
with readings. Petroleum Publishing. : Tulsa, Ok-
lahoma. 360p.

27) Hanks, J.P.,, E.L. Fitzhugh, and S.R. Hanks,1983.
A habitat type classification system for Ponder-
osa pine forests of Northern Arizona. Gen. Tech.
Rep. RM -97. Rocky Mountain Forest and Ra-
nge Exp. Stn., Forest Serv., U.S. Dep. Agric.:Fo-
rt Collins, Colo. 22p.

28) Hendee, J.C., Z.G. Smith, and R.M. Lake. 1979.
Public involvement in resource decisions:Rare
I and Rare [ and their implications for the
future. pp. 217 - 231, In Multipleuse manageme-
nt of forest resources. Proc. Symp. Clemson

Univ.: Clemson, S.C.



64 5

(@@ E sk Vol 13, No. 1

29) Hills, G.A. 1960. Regional site resesarch.For.Ch-
ron. 36 ;401 —423.

30)Hill, G.A,, P.H. Lewis, and LL. McHarg. 1957
Three approaches to environmental resource an-
alysis. The Conservation Foundation. : Washin-
gton, D.C. 103p.

31}Hodgkins, EJ., M.S. Golden, and W.F. Miller.
1979. Forest habitat regions and types on aph-
otomorphic basis : a guide to forest site clessif-
ication in Alabama —Mississipi. Southern Coop.
Ser. No. 210. Alabama Agric. Exp. Stn., Aabu-
rn Univ. ;: Auburn, Alabama.

32)Hopkins, L.D. 1977. Methods for generatingla-
nd suitability maps :a comparative evaluation.
J. AIP. 43(4): 386 —400.

33)Hubler, K.H. 1981. Is a reassessment of region-
al policy also necessary on ecological grounds?
Garten +Landschaft 1/81 :34—41.

34)Isberg, G. and R. Diedrick. 1976. Metro— area
environmental planning : The Twin cities exp-
erience. J. Soil and Water Cons. 31 :10—13.

35)Jansen, LJ., and T.E. Fenton. 1978. Computer
processing of soil survey information. J.Soiland
Water Cons, 33(4) :188— 190.

36)Jones, R.K., G. Pierpoint, G.M. Wickware, ].K.
Jeglum, R.W. Arnup, and J.M. Bowles. 1983. Fi-
“eld guide to forest ecosystem classification for
the clay belt, site region 3e. Ministry of Natural
Resources, Canada : The Queen’s Printer for On-
tario. 123p.

37)Klecka, W.R. 1978. Discriminant analysis. Sage
Univ. Paper Ser. on Quan. Appli. in the Seci-
al sci., ser. no. 07—~019. Sage Pubns.: Beverly Hi-
lls, Calif, 70p.

38)Kent, B.M. 1980. Linear programming in land ma-
nagement planning on national forests. J. Fore-
stry 78 :469— 471.

39}Kim, J.O.,, and C.W. Mueller. 1978. Introducticn
to factor analysis : what it is and how to do it
Sage Univ. Paper Ser. on Quan. Appli. inthe
Social Sci., ser. no. 07—013. Sage Pubns. :Bev-
erly Hills. Calif. 80p.

40)Kim, J.O. and C.W. Mueller. 1978. Factor anal-
ysis :statistical methods and practical issues, Sa-
ge Univ. Paper Ser. on Quan. Appli. in the So-
cial Sci., ser. no. 07-014. Sage Pubns. :Bever.y

Hills, Calif. 88p.

41) Kitagawa, K. 1980. Introduction of data packing
methods for computerized digital terrain map
production. J. Jap. For. Soc. 62 :184— 189.

42) Kossack, C.F. and C.I. Henschke. 1975. Introdu-
ction to statistics and computer programming,
pilot ed. Holden— day, Inc.:San Francisco.651p.

43) Lang, R. and A. Armour. 1980. Environmental
planning resourcebook. Lands directorate, Env-
ironment Canada : Montréal, Canada. 354p. pp.
34— 40.

44} Lennartz, M.R. 1979. Multiple —use management
for some, a promise unfulfilled. pp. 97—106. In
Multiple - use management of forest resources.
Proc. Symp. Clemson Univ. : Clemson, S.C.

45) Levine, M.S. 1978. Canonical analysis and fact-
or comparison. Sage. Univ. Paper Ser. on Quan.
Appli. in the Social sci., g#r no. 07—006. 62p.

46) Mcbride, J.R. 1977. Evaluation of vegetation in
environmental planning. Landscape planning 4:
291 — 312.

47) McHarg, IL. 1969. Design with nature. Double-
day & Co. Inc. : Garden City, NY. 197p.

48) Mead, D.A. 1981. Statewide natural- resource in-
formation system - a status report. J. Forestry
79 :369— 372.

49) Mitchell, J.E. 1983. Analysis of forage produc-
tion for assessments and appraisals. Gen. Tech.
Rep. RM - 98. Rocky Mountain
Range Exp. Stn., Forest Serv. U.S. Dep. Agr-
ic.: Fort Collins, Colo. 26p.

50) Morrison, D.F. 1976. Multivariate statistical me-
thods(2nd ed.}). McGraw- Hill.:NY. 415p.

51) Nichols, J.D. and L.J. Bartelli. 1974 Computer
generated interpretative soil maps. J. Soil and
Water Cons. 29 :232— 235.

52) Nielsen, D.M. 1979. Land capability analysis in

Forest and

Franklin county, Ohio. Division. Water.,
Natural resources., State. Chio. : Columbus, Oh-
io. 70p.

53) Nie, NH,, C.H. Hull, L.G. Jenkins, K. Steinbre-
nner, and D.H. Bent. 1975, Statistical package
for the social sciences{2nd ed). McGraw— Hill.:
NY. 675p.

54) Omi, P.N,, L.C. Wensel, and J.L. Murphy. 1979

An application of multivariate statistics to land

Dep.



19854 6 A )

SHBEIE TS FIAT s B Wt AR 65

— use planning : classifying land units into ho-
mogenous zones. Forest Sci. 25(3):399— 414,

55) Paysen, T.E., J.A. Derby, H. Black Jr., V.C.BI-
eich, and J.W. Mincks. 1980. A vegetation cl-
assification system applied to Southern Califo-
rnia. Gen. Tech Rep., PSW—45. Pacific south-
west Forest and Range Exp. Stn., Forest Serv,,
U.S. Dep. Agric. : Berkeley, Calif. 33p.

56) Porter, W., K. Lloyed, and A. Fleisher, 1970.DI-
SCOURSE : A language and system for comp-
uter —assisted city design. pp. 92—-104 In Eme-
rging methods in environmental design and pl-
anning. edited by G.T. Moore. The MIT Press.:
Cambridge, Massachusetts, 500p.

57) Radloff, D.L. and D.R. Betters. 1977. Multivari-
ate analysis of physical site data for wildland cl-
assification. Forest Science 24 :2— 10.

58) Ratliff, R.D. 1982. A meadow site classification
for the Sierra Nevada, California. Gen. Tech.
Rep. PSW~—60. Pacific Scuthwest Forest and
Range Exp. Stn., Forest Serv., U.S. Dep. Agr-
ic. : Berkeley, Calif. 16p.

59) Reed, K.L. 1980. An ecological approach to mo-
delling growth of forest trees. Forest Sci. 26(1):
33— 50.

60) Reynolds H.T. 1978. Analysis of nominal data,
Sage Univ. Paper Ser. on Quan. Appli. in the
Social sci., ser. no. 07—007. Sage Pubns. : Beve-
rly Hills, Calif. 82p.

61) Rhind, D., and R. Hudson 1980. Land use Me-
thuen & Co. : London. 272p.

62) Romme, W.H. 1982. Fire and landscape diver-
sity in Subalpine forests of Yellow—stone Nat-
ional Park. Ecological Monogr. 52(2):199—~221.

63) Rowe, J.S. 1961. The level of integration conc-
ept and ecology. Ecology 42 :420—-427.

64) Rowe, J.S. 1962. Soil, site and land classification.
For. Chron. 38 :420—432,

65) Rummel, R.J. 1970. Applied factor analysis. The
Northwestern Univ. Press : Evanston. p.17.

66) Satoo, T. 1979, Accumulation of energy in for
ests. pp. 82—98. In Biological and sociological
basis for a rational use forest rosources for en-
ergy and organics. Proc. An international wo-
rkshop. Michigan State Univ. Southeastern Fo-
rest Exp. Stn., Forest Serv.,, U.S. Dep. Agric. :

Asheville, North Carolina.

67) Smalley, G.W. 1980, Classification and evaluat-
ion of forest sites on the Western Highland Rim
and Pennyroyal. Gen. Tech. Rep. SO-30. So-
uth Forest Exp. Stn., Forest Serv., U.S. Dep. Ag-
ric. : New Orleans, La. 120p.

68) Sneath, P.H.A. and Sckal, R.R 1973. Numerical
taxonomy. W.H. Freeman. : San Francisco, Calif.
573p.

69) Sokal, R.R. 1974, Classification : purpose, princi~
ples, progress, prospects. Science 185 :1115—-1123

70} Spurr, S.H. and B.V. Barnes. 1980, Forest ecol-
ogy(3rd ed.).John Wiley.: pp. 323334,

71) Steiguer, J.E. de, and R.H. Giles, Jr. 1981, Intr-
oduction to computerized land — information sy-
stems. J. Forestry 79:734—737.

72) Steinitz, C.,P. Parker and L. Jordan. 1976. Ha-
nd drawn overlaysitheir history and prospect-
ive uses. Landscape Arch. 66 : 444 - 455.

73) Stout, B.B. and D.C. Shumway. 1982. Site quali-
ty estimation using height and diameter. Forest
Science 28(3):639—645.

74) Swanson, F.J. 1981. Geomorphology and ecosys-
tems. pp. 159—170 In Forests: fresh perspectives
from ecosystem analysis. Oregon Univ. Press:
Oregon.

75) Tajchman, S.J. 1981. on computing topographic
characteristics of a mountainous catchment. Can.
J. For. Res. 11:768—774.

76} Takeuchi, K. 1981. Landscape planning metho-
dology based on ecological land evaluation J.
JILA 44(3): 137 - 154.

77) Turner, B.J. 1974 Application of cluster analys-
is in natural resources research. Forest Science
20{4):343 — 34v.

78) Wehde, MLE., KJ. Dalsted, and B.K. Worcester.
1980. Resource application of computerized da-
ta processing: The AREAS example. J. Scil and
Water. Cons. 352 36- 40.

79) Weintraub, A., R. Adams, and L. Yellin. 1982.
Land management planning:a method of eval-
uating alternatives. Res. Paper PSW— 167. Pac-
ific Southwest Forest and Range Exp. Stn.Fo-
rest Serv.,, US. Dep. Agric.: Berkeley, Calif, 12p.

80) West, N.E. 1966. Matrix cluster analysis of mon-

tane forest vegetation of the Oregon Cascades.



66 %

F (BBEREBG% Vol 13, No. 1

Ecology 47:975- 980.

81) Williams, D.H. and M.M. Yamada. 1976. A cl-
ustering technique for land management mode-
Is. Can. J. For. Res. 6 :532—538.

82) Wood, B.G. and M.R. Wells. 1979. Land resou-
rce mapping and its applications in the North-

ern Territory. J. Environ. Manage. 9:27- 32,

83) Zube, E.H. 1972. Scenery as a natural resource
implications of public policy and problems of
definition, descrption, and evaluation. Landsca-
pe Arch. 63 : 126— 132.



