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Comparison of Gap Fraction and Leaf Area Index Measurements Under Clear and

Cloudy Sky Conditions in Alaskan Spruce Forests

Hideki Kosayasur*', Hirohiko Nacano™™*3, Yongwon K2 and Rikie Suzuki™

Abstract

At northern high latitudes, warming trends have been accelerating, and it is important to understand how the terrestrial
ecosystems in these regions respond to such climate change. Satellite-based monitoring of vegetation parameters such as
the leaf area index (LAI) provides the diagnostic characteristics for terrestrial vegetation dynamics. Thus, an effort to
assure data quality through a comparison with ground-based datasets is crucial. The objective of this study is to evaluate
LAI from gap fraction measurements under clear and cloudy sky conditions. We performed gap fraction measurements
using plant canopy analyzers at four spruce forest sites in interior Alaska, USA, in September to October 2011 and August
2016. The measured gap fraction was then used to compute the LAI After correcting the scattering radiation effect on the
gap fraction, we obtained an LAI (L) of 1.00 to 1.75. When the woody area and shoot level clumping effects were taken
into account, the green LAI was estimated to range from 1.18 to 2.33. The LAIs estimated after the scattering correction
were closer to the LATs obtained in cloudy sky conditions, suggesting that the LAI obtained in clear sky conditions can be
considered to have the same accuracy as that obtained in cloudy sky conditions.

Keywords : leaf area index, forest gap fraction, radiative transfer, validation, boreal forest
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Table 1 Summary of the LAI measurements in clear sky conditions in Alaska, USA.

Site ID Latitude/ Date, time * Local View Solar Solar Diffuse

Longitude noon Azimuth Zenith Azimuth fraction

Direction** | angle Angle
-1 67.99°N, | A ugust 23, 13:20:01 12:59 340° 56.40° | 186.18° 0.39
149.76°W P ) ’ ' )
o
T2 O ooy | August28, 1447:42 | 13:01 10° 5991° | 210.52° 0.25
T-3a 66.08°N, August 29, 14:40:48 13:01 70° 58.95° 208.80° 0.24
T-3b 150.17°W | August 29, 14:23:06 ) 260° 58.19° 203.97° 0.22
T-4a 65.84°N, August 29, 12:39:41 12:59 30° 56.33° 174.07° 0.22
T-4b 149.65°W | August 29, 13:10:24 ) 210° 56.24° 181.78° 0.21
* “Time” is the timing of the first below measurement in Alaskan Standard Time, AKST.
**Direction is from magnetic north. e.g. North=0°, East=90°, South=180°, West=270°.
Table 2 Summary of the LAI measurements under cloudy conditions in Alaska, USA.

Site ID | Latitude/ | Date, time * Local noon | View Solar Solar Diffuse

Longitude Azimuth Zenith Azimuth fraction

Direction** | angle Angle

67.183°N, co. . o o o
T-2 150.30W° September 28, 12:58:00 | 13:01 45 68.97 180.00 1.0
T-3 ?g(??;?\’y October 2, 16:08:29 13:01 0° 77.06° 131.75° | 1.0

* “Time” is the timing of the first below measurement in Alaskan Standard Time, AKST.
**Direction is from magnetic north. e.g. North=0°, East=90°, South=180°, West=270°.
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(a) Forest landscape at T-2

Fig. 1 (a) Black spruce forest site at T-2 and (b) the sky
measurements by Plant Canopy Analyzer at the
open space.
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Table 3 Summary of the estimated LAI under clear and cloudy sky conditions.

. Clear sky

Stte ID Uncorrected LAI (Ly) | Corrected LAI (Ly) Cloudy sky
1 123 161 NA.
T-2 0.80 1.00 L1
T:3a 0.88 101 1
T-3b 0.93 112 :
Toda 138 1.75

T-4b 151 1.68 NA.

Table 4 True Leaf Area Index estimated after the correction of shoot level clumping and woody effects.

Site ID View Azimuth Direction | LAI (L) LAI after correction
of yand a
T-1 340° 1.61 1.90~2.14
T-2 10° 1.00 1.18~1.33
T-3a 70° 1.01 1.19~1.34
T-3b 260° 1.12 1.32~1.49
T-4a 30° 1.75 2.06~2.33
T-4b 210° 1.68 1.98~2.23
;\;’\ 30 T T T SAIDr7O b IeMROY 22— VEREME»SHEEL /2R
= BEIT y=14~158, 0=016 £ LTR(1) TLEZHEEL
% 25 L o FER%E Table 4 1ZR L7z K (1) @ (1—a) 713 1.18-1.33
e ¢ ThHhe DLW, v a DEBEMELKLLIX Ly &Y
8 20} A ] b 18-33% B 2 %o FKAMLBEOHE (@) K2V TIE
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g ¢T3 THEICE X 2 HBE, SERELZ @=016 L) bAX
0 . I |4 T4 WEEHTFHEND, a RKRE BB E LIS BB
0 50 100 150 200

Relative azimuth angle (degree)

Fig.2 The relationship between relative azimuth angle and
the LAI increase (%) after the scattering correction.
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