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Applying a Digital Terrain Model to Derive Forest Habitat Factors—

A Geographic Information System Approach

Han-Ching Hesieh'®

[ Summary ]

The objective of this study was to apply the technique of raster geographic information system to
derive forest habitat factors from digital elevation data of the Fushan area. The derived factors
associated with the influences of terrain and spatial distribution included the temperature index,
synthetic moisture gradient,whole light sky space, and direct light sky space. The purpose was to be able
to integrate these factors into remote sensing and geographic information system data, so the algorithm
of each model was modified so as to be able to be used by geographic information system. The results
of the study are suitable for utilization large-scale ecological monitoring and detection, and can be used
as major variables in the analyses of ecological quantitative models.
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Fig. 1. The Day & Monk model for moisture
gradient calculated by aspect. (Su, 1987)
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Fig. 2. The Buell et. al. model moisture gradient
calculated by elevation.(Su, 1987)
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Fig. 3. The Whittaker model moisture gradient
class calcufated by the position of terrain
and aspect.(Su, 1987}
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Fig. 7. This picture shows the method of scanning
DEM profile. Using this method to
determine the cast-shadowed pixels. The
horizontal shaded lines stand for cast-
shadowed area. (Hsich, 1992}

a. FLUFAERERE - BE - B RBHRERR
AfARESEA -

b. # DIM EHEl A ABAUANAES
DTM IEACTTERRRR T G A ABHGSEAT - 278
ABAR » ATERSERFEENEREE -

c. FlTRESE--EH HEA IEETE 9 20k

(E
Pxcosecaxtanh=2 .....ceonenenccrenencnns (9
Hb» z 1 EOHEEHE
r EBRZHBER
a: KEHEAE
h o KEEEE

d. ARE_HR R RITEREER c FER
B2 - Mot RERET (HXETR
RiERE ) @ EXBETHXREEAHESR
.

e. EHERMERFRRELSECER NHRE
RS EES T R fE 2 &8 (A {h R
BRE BEREREH) - H RS
ZEEANK 9 ARBLZ Z - REZEEE =R
i fedR e bt -

£ ERERGRERIE AR A A AEE -

HRELS R REEEA A - 1SR E

AR - SRABREERGUARER/D - KW

RLURISEE R BHEE (22° 4500"N -+ 120
45'00"E ) @A BETEENE (FHEHK -

1992 ) » MRBRE—FEHH - BRENWEKB2E

(GREEEARGNA)  RFEESE a R
HERBRBERE (ZR— 1988 » 1989 )-
FEEGAESER 1992 —ONHE - B
e

QK BEE AL HFI8YREY
(@RI MR ER
IR EEER - B DTM f848 iR R A
B&RE @ 8—#IE—fHEE  EXBEEAR
5 S-S HAVESEDL 10 {FRRF ¢
dEie = Eixcosi
= Ei(cos g cos e +sin g sin e cos(a—a')) (10)

Ho - dEie ' BEHEER e TREZ ABREZA

HESR

Ei ' RBAKZESHEE

e HE

i #MEXKBAKEA

g KEBXRIEA

a:  KEEFRIA

alt HELA
2B DR FRRA Fig. 8 -

(b)DTM Bk

FEZERERRE « S@ AR HERR
B -KBAKDH (A-B) - B8 (K 5
®) RABTTHIE (FHEKk - 1992) 7]
REHMAS2E - RS2 ERIHEMIR

vertical
3

L3
.
.

solar agintith

»
slope agnucth

Fig. 8. This picture shows the geometric
relationships  of  solar  incidental
parameters on a titled surface. (Hsieh,
1992)



HE(RE) - KEE# (R FHAG 3 -
EENHHB®REE (K- 4) - 2HEER -
BEKFPEHABEEARE - KBXRES - 8F
BEGMAE - HABERAS S EiRER 100
L AEFHEENT » 1 DTM B AR 7T S B Ko

EBARBRRIEA - REARGLHARA 10 LATRE

FEF—RITAYKEE S AL LA -
DHES LT IREIBIE R EE
(a)fkiBnIEE
EFEAERAEEREED » BERKEE
ZEEITHRE —E R B N TRATIR 2 (A1 Fig.
6 ) (Al e B FE BT A R FEC A0 Fig.7 ) -
Rit - ERERATEPEER - KRS ERED
REEREH - EETRMLL DTM REHIFE
TEEHH - BN —ERMNABEREHESH
AHHG] > EAIRTRTILORE - FRLIB Y - 2
BRI E— R AR EE -
(bYEHRY Sk
FEAGEERIREEMURNET - &

HER - R ELE R e TR T

B FIFRE (BH5) - MUET (B - B -
BIAE) - EEAEATT :

a.

EREAROENES (3H21R) - HE
(6 A21E)IHA (9HBBEIREE (12
A 22 B) DR E S - Ak
B EARY H H H SRR R R ER 2 N
FEERABAR LG R T2 EEE 4%
ERBAH - N BERENGTESER
T ABTEEBILL 100 EA7EE (0~ 100 ) -
HERZHEAR » HRRETR  EEE G5
7 ERERNESEERE A  Ht =650
A% 6 {ERRIRVES TP E - 8FR
B Bt TR B EREAE B B LR R R 8
5 P EEEEIREH R - Table 1 HRED
&R H A H B B R KSR ATEN
Iy B BB ] -

REZEETESOETRAARTILE]  wTHEIE
FEOMEFCEEE B ML 4 R

(EX

Table 1. The time of sunrise and sunset for the vernal equinox, summer solstice, auturnnal equinox and
winter solstice, Sampled time intervals, related sun elevations and azimuths are also listed in the

table.

Sunrise  Sunset
(hr.min.) (hr.min.)

Day of season

Sampling time internvals (hr.)
Sun elevation (deg.)

Sun azimuth (deg.)
07:00  09:00 11:00 13:00 15:00 17:00
Vernal equinox 06:01 17:59 14.3 41.5 63.2 62.5 394 12.5
96.8 112.4 148.0  217.2 2492 2642
Summer solstice 05:18 18:42  06:00  08:00 10:00 12:00 14:00 16:00 18:00
85 349 62.1 89.2 62.8 35.6 9.2
68.1 76.5 825 | 288 2778 2833 2917
Autumnal equinox  06:02 17:58 07:00 09:00 11:00 13:00 15:00 17:00
10.9 37.8 60.7 63.4 424 15.8
95.8 110.5 141.7. 2085 2458  262.0
Winter solstice 06:42 17:18  07:00  0%:00 11:00 13:00 15:00 17:00
2.8 25.6 41.2 41.9 27.2 4.7
116.9 132.8 160.1 197.1 2256 2421




BEMAERE . 12(1) ¢ 1-14, 1997. —9—

%

Fig. 13(a) B DTM RERLE R
PIRT#%  HATIREE 0-10 ZfHE - HiKRE
EREERENILHIRK - 7R BRI E
FAK  Fig. 13(b)5 Fig. 13(a)2 38 5E » LEHE
AE ( histogram ) EEE - RIFESEE

( clustering ) 4375 6 ER - §—R{ERRSE
HSEH{E T -

Fig. 9. (a)Left image shows the temperature index
in Fu-Shan.
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map,
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Fig. 12. (a)Left image shows the synthetic
moisture index derived with aspect and
elevation.

(b)Right image shows its classification
map,
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Fig. 13. (a)Left image shows the whale light sky
space in Fu-Shan.
(b}Right image shows its classification
map,
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Fig. 14, This picture presents selar direct
incidental and cast-shadowed areas in
the time at 7 AM of winter
solstice(12/22),

Fig. 15. 1In the left portion of this picture there
are four images, each from left to right
and from top to bottom shows the mean
direct light sky space of the day of
vernal  equinox, summer solstice,
autumnal equinox and winter solstice.
The right image shows the mean direct
light sky space of entire year rum. The
darker pixels mean their MDLS are
lower than the brighter ones.
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Table 2. The sun parameters of autumnal equinox at 9:00 AM in the Fu-Shan area.

Latitute of area

Longitude of area

Date/time

Distance between sun and earth
Solar constant

Sunrise time

Sunset time

Sunshine time for the day

Solar insolation on horizontal plane for the day

Sun elevation
Sun azimuth
Sun zenith

22°  45"00"

120°  45"00"
September 23/09:00:00
1.499 E+8 km

1.960 cal/cm min
06:02

17:58

11 hr, 57 min
2009.893 cal cm day
37.896°

110.523°

52.104°

Fig. 16.

{(a) Left
composite image of three season days
(vernal equinox, winter solstice and
summer solstice).

(b) Right image shows a classification
map of the mean direct light sky space
of the whole year.
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