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Estimation of vegetation height in the Watarase wetland
from digital aerial photographs.

Tomomi TAKEDA, Hiroyuki OGUMA, Fumiko ISHIHAMA, and Akio TAKENAKA

(National Institute for Environmental Studies 16—2 Onogawa, Tsukuba-City, Ibaraki, 305-8506 Japan)
National Institute for Environmental Studies, Environmental Biology Division

Abstract

Information on the ground surface can now be acquired easily and highly accurately using digital aerial
photographs. A digital canopy model (DCM), which is calculated by subtracting a digital terrain model
(DTM) from a digital surface model (DSM) of the vegetation, provides useful information for studies of
wild animal habitats and plant species distributions. However, DCMs have been used mainly for forests,
and their validity for herbaceous plants requires further verification. In this study, we used the ADS40
airborne digital sensor to clarify the relationship between a DCM and the height of herbaceous species.
Our study area was the Watarase wetland in the northern Kanto Plain, central Japan. Suitable habitats
for the many rare plants found in this wetland are maintained by controlled burning in early spring. We
acquired three DSMs: just after the controlled burn in April 2006; in August 2006, when the vegetation
height peaked; and in April 2007, also just after the controlled burn. We calculated the DCM based on
the difference between the August DSM and a DTM developed by using the minimum height values
from the two April DSMs. We also performed a field survey during the August DSM acquisition, during
which we measured the height of the uppermost leaves with a measuring pole at 16 measurement points
and estimated the vegetation structure from photosynthetic photon flux density (PPFD) profiles measured
with quantum sensors at each point. The calculated DCM height correlated very well to the height of the
uppermost leaves (*=0.96), although it was about 100 cm lower. In contrast, the DCM and the height of
maximum intercepted PPFD were highly correlated (*=0.97) and showed a 1:1 relationship.

Key words: ADS40, Amur silver grass (Miscanthus sacchariflorus), Digital canopy model (DCM),

Reed (Phragmites australis), Vegetation structure.
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Fig. 1. Gray scale image of Watarase wetland
obtained on 5 August 2006.
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FREEANORELE QBB LT O L FE T OB LR
ZEFNT N5 (Committee on history of Fujioka town,
2002),

WEEEZAEON S km® R e L, s
gl FRERERLUE, Fig. 11200648 A 5 HiC
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~ 585 nm), & (430 ~ 490 nm), EFRHE (835 ~ 885
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T, H ETOZEE TR 1 iEHTZD 20 cm TH-
7ro HEIC ADS40 DR E LT DSM R{ERRT B7iC,
Ryyaw Ty VR RAOE TR 0 BE L &l
AT 28 JE, WIS 16 B, 1277 14 EEO 3 S HZ RIS
L, REGZERAOET (0 E) 25851k
AENTVE, chickh, i EOR—%—7 v e 1 #
17T 4 DORELHEDN LR THILILE S,

HlE, 200643 H25 HBLT 2007 €3 H17TH
N BHHEE%O 200654 H 1 HE 2007 £ 4 A
21 H, BAEPERLTWS2006E8HSHD 3 E,
FTHEPGORICTT o7z, Table 1 lHTELRMERT,
2.2.2 DSM DERA
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EHEESARL, BEERDBLOTHY, TOBEE
BTV VBRI K> TITS, ADS40 DR 1
TIA M4 DDBENLR-RRERETHLT
BB, KK TIRELI, BHET L0 AW TP S
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gt (RNAD)IKE->TiITbh, BEMEE 10 cm
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DREDD 1 ETILOY A XTLNCILE S T DR
NTH5,
2.2.3 DCM DEtE

— % i<, DCM & DSM & #hi # & DTM (Digital
terrain model) DESELTRHLND, KPHETRE,
FHEEHRICBLIZ DSM %2 DTM &L, YD ELL
TWAEHIICEIEL DSM LD ESH D DCM % H#EE
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HHMICEEL, DTM OBREERE S, ZTT, #x
BODBAMEILL->TEICTEIEFHL, 200644 H
1 HE 2007 45 4 A 21 BICEB L7 DSMICDWT,
UEEAE M BEDRN T DY 7V ERINT 222 T DTM
YRR LTz,
2.3 #ERAE

E G YCOMERICHEHEH S ORI X0BXRIES
DEMECROCIITEREERET, 200648 A 1 Hic
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Table 1. Data acquisition parameter values for each of the three ASD40

measurements.

1 April 2006

5 August 2006 21 April 2007

Data acquisition time 11:40-12:44
Flight altitude (m) 1932
Flight velocity (km/h) 200
Spatial resolution (cm) 20
Integration time (ns) 3.6

10:36-11:56 10:07-11:15
1929 2192

240 192

20 20

3.0 4.2
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Fig. 2. DSMs of Watarase wetland: measured on (A) 1 April 2006, after a controlled burn; (B) 5 August 2006,
at maximum vegetation height; and (C) 21 April 2007, after another controlled burn. The DSMs were obtained
with the ADS40 airborne digital sensor.
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Fig. 3. DTM developed by using the minimum values
from the two DSMs acquired after the controlled
burns (Apeil 2006 and 2007).

© .
?f‘) = F et
2 ¥ .
2 o et
o g .
o g B .
® . oy
£ ' i‘
8 o e
® 3 . !
= ~ ,” IS %
8 g
‘S § a3 . - + + * j
5 1
@ ‘ i
I o 4 {

T T T SR T

0 100 200 300 400

Height of uppermaost leaf top (cm)

Fig. 5. Relationship between the DCM height and

the height of the uppermost leaves at 15 ground
measurement points. While we measured PPFD at 16
points, we could not determine height of maximum
PPED interception at one measurement point and did
not show the result of this point. The dotted line
indicates a 1:1 relationship. Error bars indicate the
SDs of five measurements.

Fig. 4. DCM obtained by subtracting the DTM
(see Fig. 3) from the DSM measured at maximum
vegetation height (5 August 2006).
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Fig. 6.

Vertical profiles of intercepted PPFD between consecutive heights measured at 15 ground measurement

points. Dotted and solid horizontal lines indicate the height of uppermost leaves and the DCM height, respectively,
at each point. Each plotted value is the average of five PPFD measurements, and error bars indicate SDs. The
black arrows indicate the height of maximum PPFD interception. The vertical lines on the arrows indicate its

standard deviation.
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Fig. 7. Relationship between the DCM height and

the maximum intercepted PPFD at 15 ground mea-
surement points. The dotted line indicates a 1:
1 relationship. Error bars indicate the SDs of five
measurements.

* Cramer (2006) DFET, 4RI AT AL
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