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Review article

Applications of Hemispherical Photographs in Studies
of Forest Ecology

Teng-Chiu Lin,'® Jyh-Min Chiang?

[ Summary ]

Undercanopy hemispherical photographs provide permanent records of canopy structure,
and as such have great potential for studies of forest canopy dynamics. Rapid computerized
image analysis has facilitated studies of undercanopy light environments and the canopy leaf
area index (LAI). Temporal and spatial variations in the undercanopy light environment and
canopy LAI derived from hemispherical photographs have been used to study recovery rates of
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forest canopies after disturbance, seedling growth, habitat quality, forest productivity, and plant
ecophysiology. The orientation and range of hemispherical photographs greatly affect esti-
mates of light indices. A self-leveling mount equipped with an LED (light-emitting diode) should
be used to level the hemispherical lens and to identify the range of the image. To obtain the best
contrast possible, which is critical for image classification and the most important process in
image analysis, photographs should be acquired either early in the morning just before sunrise,
just after sunset but prior to dusk, or on overcast days. Obtaining images with high contrast can
save time and increase the efficiency and accuracy of the image analysis. Consistency of
individual analyzers is critical especially when photographs from different sites are to be
compared; it could be improved by re-analyzing small numbers of photographs. Undercanopy
light levels often show spatial autocorrelation and lack of independence; and therefore violate
assumptions required for many statistical procedures; they must be treated explicitly. In addition,
the light environment estimated from hemispherical photographs does not take into account sky
conditions, so such data from different sites must be compared with care.
Key words: hemispherical photographs, canopy structure, undercanopy light environment, leaf
area index.
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6 =zenith angle
a =azimuth angle
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Fig. 1. Projection of a hemispherical photo-
graph looking upward. A) Projection of a
hemisphere in directions on a plane for
which each sky direction can be represented
by angular coordinates, a zenith angle 6,
and an azimuth angle a¢. B) Equiangular
projection with distance along the radius
being proportional to the zenith angle.
(Adapted from Rich 1990)

B BT fEmEEOE IR B MO LB A
M THYET(Evans and Coombe 1959) - Anderson
(1964)7E 1960 FEAURE UM ERYIERAY ] - FIIH]
PERHE B & KGR R — B E T
#9753k - AT PLETRHDEIR B A A 22 2@ Mo
B -

F =+ ERY R - IR BRR T 8%
32 FTEMR OB RBRE RISt 4h > TFE A A
B S o AT~ BRHI 2 4 2R A MK A BE T R A
# (Bonhomme and Chartier 1972, Leong et al. 1982,
Chen et al. 1991, Martens et al. 1993, Whitford et al.
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1995, Comeau et al. 1998) o EHHFI[FHFLIER(gap
fraction ) #EfH A5 f5H#E (Campbell 1986, Marshall
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£ BR PR R SRR 73 1 38 e e i o et R P L,
AT SN RT3 A 1 A SR 1 s S A B R 35 AR A
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FH PRSI E BB T M B S - S RS2 E
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W& o SZAEAR TR Bl 2 R SER AR AR AR
R AR ALl 4 46 > T DARA T O BRE R
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HARHIZE » FIMIEARESHHF » f£— 8
A 0 RZERERTREFH 5 63 TR A8 1 i3 B H - I
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PR SRFEZEMM T 3R (transmission rate):Z K¢
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HEGEIZRE » A% K H R4 % (global radiation)
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AR BRI 52 G AR AR U I B 72 1 o
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S RET A AR T Ot IR BR B A 2 A R L B A
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(Turner 1990, Clark et al. 1993, Canham et al. 1994,
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al. 1997) » $uaz e kA A I 2 2= A Ajpk
Mg > TR LK R K54 T RE
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OO eSS AR MR AR RE R A RE R R ~ 7K SR
BRGRGHEERBEE AT > R
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HIRE{%(Gholz 1982, Waring 1983, Webb et al.
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JOHCANEE 5 FH 3% T i B 2 T R Y B AR KA R
TEAFE RS Whitford et al. 1995) » EFZKE
B CRAME 2 R AR IR RR AN JE ~ Tk 3 5 5
R AERERE A RMARAKIZER
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(Running et al. 1986, Smith et al. 1991, Curran et al.
1992, Cheng et al. 1997, Serrano et al. 2000) - 2
5807 M B £ B R AT AL ROE AL =
W ERHYSEFR1S 32 NDVI (normalized difference
vegetation index)BUIALIMEERIE . HLENIR/
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IR BRI 228K (Campbell 1986, Martens
et al. 1993) » FEBARVEIE K o3 AT 2SS i A P
R R — V7B ## Z (Norman and
Campbell 1989, Fassnacht et al. 1994) - fLFAZ >
DIRFRINEE%N Vi naily Y SR ATL =izt 1N PYEEhl]
BLAE A R K TH £ B A 045 2 A5 FL B 3R #E 5K
(Norman and Campbell 1989) - #f7& FLIARER: T
A DA A e B R ER T 2 B RS S 0 IR AT H i
KU ~ 8O62EME R HIKS - 5
R BN EEmMEERNRRAE  HEC
B 2 Je 2GR 7T A LU Ak e i FLBR R (40
Ceptometer, LI-COR LAI-2000 f& 755 HT5F) »
T 73 M7 SR AL B ARG > BR T g 442 R 2 3 2 48
ZHERNAE -
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(K
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LI-COR LAI-2000 &% #r6sn] B 2R
A G R B —IEE A - R Es Dl—Ra Bl
BRIEASEIEE T E R TEA 77 ~ 237 ~ 387 ~ 537 )¢
68 1T AT B b 258 R ARG BOGAE I K TH A
BLARRE A% K B (contact number, K(6)) » F
PURHIRY A HRIG B MR FE#(LI-COR 1992) -
LAI = 2[0.03K(7°) + 0.10K(23°) + 0.16K(38°) +
0.21K(53%) + 0.50K(68°)]

EAESE S M B AEEH BT 9E A BBEAE
RmEgg  MEBEERE  AHEAREER
GEITR A - VAR R ERIE FRYER I
B 0 AR EAEE % HEEE
u] 223 Welles (1990) 5z Welles and Norman (1991)
FHBLITEREAG W -

(Fi) FIRIEBKIH 2 B Ah BB R FR 8L
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SRR T » FLIRER B BE A FE B [ A B
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Hrh G2ALBR ~ kKZIHLRE - LEZEm
B8 - 0 2RI - fEMEIE I EAYEE
dr s R E A AT E R (iterative inversion model)
AT AL B ERAY 43 A7 R0 K TH A e B B AR oK 2 42
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(7)) FBR 2 BAE i RS i R R B T e R
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SR EE R - HETE M R B e AR R TR RS
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al. 1997, Comeau et al. 1998) - % FAZKEL L ER A 52
GBI T EE © BOE R RE ~ B R
I~ VIR ~ BUIRAY LAT-2000 1576 47
DUBe o &I HE 23 B9 FLIR R LS (Welles 1990,
Chason et al. 1991, Welles and Norman 1991,
Fassnacht et al. 1994, Sampson and Allen 1995) -
ZWEI Lt FER o R AR R REEE A
—BUERIRER o T HEELIGE PR - HiE
RN R > BRI AR 2 BT
2 0 B E] — AR S3A [R] IR A E T RS R B A
MU — B0 MEEE Ry E L 7 i e DA
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TEHEAE R - SN F R B R EM D L
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ERTHI 52 15 IR T 01 SR MRorE A 8 B LB ek i
I R EUR B R AR - AT R R R
St S B AR BT - R B Fadl — it LA
EROLIE Fr(ASA400 DILE » BEEEER) 7
RZERREE BIBWRER - BEEE R H T
B H & %R BATETT - Wk E A BT
DSOS A AR EREE - wT LA 25 R
DUk i #3884 - B A st
T BT s BRL LA R A T 15 2 A SRR AT BRI
R B EAEE - B R RREE
Lo s Pk~ BAALEE TR - BOR RS
R - MR AR b R 2 ~ $REH
ot B Y 72 S R T N R R o S BT AR B S T
RIS 53 s SR B A A s BRI o3 AT TS S SR
fli7Z ¥ (Englund et al. 2000) °

TERE U B RE - Rk A R E A B T B 2
(AR TE B R 225 AR R[] > KT el i 15 s 85 S
AR o« £ - 1R &R
=R HE R SRR K E - HAE R B ZE
% Y95 BT R AR RS o i L AR o 5
ARGIHENRMRAR - ®it—efHE
KPR RR 7K (Fig. 2) - HEI/KRFRADIETT
Et Dl R s AR E - (HE B A
Fralt 57K SEZRKEE - R IR i | Lot e R 1
RIS - 5035 e o A~ Bk s B R Al iy 8 b
BN TR > A RefREE MK E SRR -

BT /KSR Z A1 > A B e R Y T
EINE BB LFEEENEE - s
MiRE— M2 L et kb o RIS 5 RE 26 7

Fig. 2. Self-leveling mount system for hemi-
spherical photograph acquisition with the
top of the camera oriented north.
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MR By LRIl T - BRI ETEE - Arfs
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JETTRERRAE P R AL B A TE R > T # AR A B
BEE - ST R g e R R AR
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(A) Cryplomeria japonica
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Threshold = 100
ISF = 0.166 DSF = 0.159

(B) Natural hardwood forest

Threshold = 100
ISF = 0.291 DSF = 0.248

Threshold = 120
ISF = 0.149 DSF = 0.142

Threshold = 120
ISF = 0.255 DSF = 0.218

Fig. 3. Changes of light indices as a result of changing thresholds of image classification.
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