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BABBERR TR AR LA S T Mg, AR 55 8
Mt 60%, T HIEZEY S %, Wk 80 m
F550 m (Manuri %, 2017).
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(a) Study area in Snyder County, Pennsylvania, USA (b) Study area in Kedah state , West kalimantanjida, Indonesia
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Fig.1  Study sites and surface coverage (Background image from Google Earth™)
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(a) ICESat-2 data acquisition mode (b) ICESat-2 intensive sampling along the track
(https://nsidc.org/data/ATLO3/versions/2[ 2019-12-10])

2 ICESat-2 %4 sk U =X
Fig.2 ICESat-2 data acquisition mode

2.2.2 ICESat-2 ##E/= @& ATLOS A #% 3 2 &5 & A s 5% & & 4
RN \ JIUEN (Canopy Height, Terrain Elevation) J& & i /=i 2
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-2 4t o ST 44 ~
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(a) CHM in temperate forest
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Fig.3 CHM and point cloud profile of small-footprint Lidar
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B SAE DHEHR T TS, A E L

F1 ZTHREHSEEN

Table 1 Definition of forest structure parameters
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ATLOS 7= iy Hh FR AR 25 4 S BOE B vk (5 iy, 7 22
FH/NEBEROL TR BRI B H T 5% 1 R MmE
SRR B B o L R 5 PR 1 m A PR
CHM BEITFEEAR 2], 3 th 1 m 43 HER M DTM A Al
KT BN CBEBOLE R s 8 dE 0 2k, K
ATLO8 54~ 48 11 B I 14 12 4 AR 1B '+ 1 K1 38
LAE RO, HEK100m, 5517 m (EIIEN
7)) MK A4S, BBTETEZEIEIERE N
FIEAT CHM R B AR (8 . 6 DR B Aol 4
41 (FAO) FRMoE SONTH AR T 0.5 ha L b B
AR T 5m, MoEHE K@ 10%., KI5
DX ) AR PR 35 1 5 SR T CHM MIHE (R T 5 m
(A5 TR R L G A, MO 33 5 a2 SR T A 33
JEE AR ) X

4 #ER
4.1 EFTFERAETFESITLE

ATLAS B AO 1A S A 1A 55 sk 4l
W, BAIZERER L R4 0 1, ZHHFRIN 10
kHz, K14 (a) FIE4 (b) ZlJER 1Tl fRpkfE—
DA, 55 U AR5 D AR b e R S e T
55 F4 (o) FE4 (1) EPAFEARRTEL . T
DIEH, ICESat-2 8l /£ 25 th M R DL N A %
G 0 e 6, R SO A A (0 R 4R
BRERBETAESOLTF. B4 () HG317710986F
5%, K4 (b) HH 162961 TES, Bk
PRI AT E S HIER 19.5%, K4 (¢) 49364
HTFES, F4 (1) HHERBIETFES, BIEHR
RO T E S BN 22.2%, Ik, TCiefERAy
FRARIE ST FRAR, 5 I AR 6 715 5 4k B
2 TG, REfs TG I 50 5 Hh 220 I RS 4
I o RS T TSR AR BRI TR



1300 National Remote Sensing Bulletin i & 54 2021, 25(6)
300 300
250 g g 250t
Y
: B
& J L &
B 200 B X B4 200
i F A il o iy
g : 3 Pl
. ) (?‘ . . 7
i. s b o4 . :.; ) ; %
150 e 1. o s i 150 kgAY i
Sl 3, . / - :
?': A :
100 L : : : : 100 e : s : :
294.6 294.7 294.8 294.9 295.0 294.6 294.7 294.8 294.9 295.0
HEXTGPSH [Al/s AHXTGPSHY [A/s
(a) JAF BRI PAOL TH 5 (b) WA AR IR P A T5 5
(a) Weak beam photon signal in temperate forest (b) Strong beam photon signal in temperate forest
350 350
300 300 -
#
250 1 250 B
& &
o i
45@ 23 ME !..
200 f 200 v 8ty g
150 | 5 150k
100 ; . ® ; ; 100 . N . .
21.8 219 22.0 22.1 21.8 21.9 22.0 22.1
AT GPSHY [fl/s AT GPSHY [fl/s

(c)  PARIMSS B HOETH 5

(¢) Weak beam photon signal in tropical rainforest

(d) Py R ARIR P AL 755

(d) Strong beam photon signal in tropical rainforest

P4 iSRG T4 T

Fig.4 Comparison of strong and weak beam photon
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Performance of ICESat—2 ATLO0S8 product on the estimation of forest
height by referencing to small footprint LIDAR data
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Abstract: The ICESat-2 satellite, which operates through the technology of multi-beam single-photon-counting, provides a new
opportunity for the mapping of global forest structures. Although previous studies based on the airborne simulator of ICESat-2 have shown
that it has great potential to estimate forest structure parameters using single-photon-counting data, the performance of ICESat-2 needs to be
examined due to the major differences between airborne system and ICESat-2. The National Aeronautics and Space Administration has
released nine types of ICESat-2 data products, one of which is the vegetation canopy height and surface elevation data (ATL08). Therefore,
the purpose of this paper is to evaluate the performance of ATLOS on the estimation of forest height by referencing to small-footprint LIDAR
data.

The basis for the accurate estimation of forest height using photon-counting LiDAR data is the correct classification of photons, that is,
identification of noise photons, ground photons, and vegetation photons. The ATLOS only records photon classification and forest structure
parameters, and the geographical coordinates of each photon are recorded in the Terrain Elevation (ATLO03) product. Therefore, ATL03 and
ATLO8 need to be connected first according to the organization of two products. Taking the data of small-footprint LIDAR as reference, the
ATLOS8 products were evaluated from two aspects. First, the classification results of photons are evaluated by referencing to the profiles from
the Digital Terrain Model (DTM) and the Digital Surface Model (DSM) derived using the small-footprint LiDAR data. Then, percentile
height metrics of each 100-m-long segment in ATLO8 product were evaluated by referencing to corresponding metrics calculated using the
point cloud data of small-footprint LiDAR.

This study was carried out in two test sites: Snyder County in Pennsylvania, United States and Ketapang in West Kalimandin,
Indonesia. These sites represented temperate forest and tropical rainforest, respectively. In the temperate forest, the classification accuracy of
noise photons, ground photons, and canopy photons in ATLO8 products were acceptable. The estimation accuracy of maximum canopy
height was slightly better than that of mean canopy height with R?=0.61 against 0.54 and RMSE=10.71% against 16.78%. In the tropical
rainforest with relatively low canopy cover, the ground photons in ATLO8 could be correctly identified. However, in the forest with high
canopy cover, the number of photons near the ground is inadequate. In addition, the identified ground photons in ATL0O8 were not enough to
fit the terrain under the forest, which caused obvious errors in the estimation of forest height. The results of the quantitative analysis of the
error of mean canopy height between canopy cover and terrain show that with the increase of canopy cover, the error of canopy height
calculated by ATLO8 will increase. In the tropical rainforest, the error of the mean canopy height will increase as the slope increases. When
the slope is 0°—10°, 10°—20°, and 20°—30°, the error is 5.7 m, 6.6 m, and 9.3 m, respectively.

Ie can be concluded based on the results of this study that ATLO8 product could be used to estimate the height of temperate forests.
However, in dense tropical rainforests, due to the limited penetration capabilities of LIDAR and difficulties in the correct identification of
ground photons, the existing ATLO8 data will be difficult to use for forest height estimation.

Key words: ICESat-2, ATLAS, ATL08, forest structure parameters
Supported by National Key Research and Development Program of China (No.2017YFA0603002)



