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Note: Light incident from point 4 to point C; BC is light AC in XZ plane
projection; « is the angle between light and ridge direction, (°); f is the
height angle, (°); Pris valid path; Pr'is Pr in XZ plane projection;a,, f. are
the angles between light and XZ plane, YZ plane respectively, (°); As the
right image in Fig.1 shows, Light incident from point M to point C and the
route is MC; o, is the angle between light MC and XZ plane, (°); Z is the
distance between point C and the top of the ridge, cm; w, is the ridge width
and w, is the line spacing, cm; x is the distance between point C and the
starting point of the left of the ridge, cm; x,is the distance between M and
the starting point of the ridge, cm; x,, is the horizontal distance between

point C and point M, cm.
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Fig.1 Geometric relationship between row canopy structure
and incident light
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a. 30° solar altitude angle

b. 45° solar altitude angle
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e JY7-P, JY7-V, Simulation 43524 50 K 7 STy ) SSUME L 50K 7 53 5 T2 05 1) SEME AN 5K 7 SR
Note: JY7-P, JY7-V, Simulation are measured values of JingYu jade 7 parallel to the ridge direction, measured values of JingYu jade 7 vertical to the ridge and

simulated values of JingYu jade 7 respectively.

A2
Fig.2

N R KT8 & & A AR A 4tiE i FARPME L 52 nME 69 rhik

Comparison of simulated and measured values of different altitude angle canopy photosynthetically active radiation

transmittance
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Table 1 Root mean square error(RMSE) of photosynthetically active radiation simulated values and measured values
A 25 /% Height/cm OYIE ISV EE
Altitude angle ~ Category 20 40 60 20 100 120 140 160 180 200 Root mean square error
P 0.28 0.32 0.37 0.44 0.52 0.56 0.68 0.79 0.92 0.96 0.07
30/% \% 0.20 0.23 0.29 0.31 0.38 0.54 0.60 0.75 0.87 0.93 0.13
30 degrees
S 0.29 0.31 0.36 0.45 0.56 0.69 0.81 0.89 0.94 0.96
P 0.24 0.26 0.28 0.32 0.42 0.54 0.55 0.81 0.85 0.92 0.08
451 \% 0.21 0.24 0.27 0.29 0.35 0.43 0.51 0.70 0.80 0.92 0.12
45 degrees
S 0.28 0.29 0.31 0.37 0.47 0.6 0.74 0.85 0.92 0.96
P 0.18 0.25 0.28 0.26 0.33 0.29 0.42 0.67 0.75 0.92 0.11
60/% \' 0.26 0.28 0.31 0.36 0.44 0.58 0.66 0.63 0.70 0.86 0.14
60 degrees
S 0.28 0.21 0.18 0.19 0.27 0.41 0.6 0.78 0.9 0.96

e Py YV, S PAANAT 2T T S, T T 2R DT I SEME R AREALA

Note: P, V, S are the measured values parallel to the ridge direction, the measured values vertical to the ridge direction and simulated values.
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Fig.3 Fitted model of layer leaf area index (LAI) of different algorithms
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Leaf area index simulation of different layers in summer maize canopy
based on photosynthetically active radiation vertical distribution
model

Wang Tao'?, Huang Wenjiang"*, Dong Bin?, Liu Rongyuan 3, Yang Guijun®
(1. Key Laboratory of Digital Earth Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing
100094, China,; 2.College of Science, Anhui Agriculture University, Hefei 230036, China,; 3. Beijing Agriculture Information
Technology Research Center, Beijing 100097, China)

Abstract: Photosynthetically active radiation (PAR) is an important parameter in agricultural applications. Some
researchers showed that many parameters, such as leaf area index (LAI), leaf angle distribution (LAD) and the
heterogeneity of vegetation, were concerned with the distribution of PAR. Many models were used to simulate the
distribution of PAR effectors, such as the structure of canopy and sun zenith angle. This paper simulated the
vertical distribution of PAR in the canopy and analyzed the relationships between PAR and some parameters, such
as solar zenith angle, LAD, LAI, maize canopy structure, special for the heterogeneous canopies such as that crop
with width and narrow ridges. It took account the effects of structural features of different type canopies. In this
study, the distributions of solar radiation at different heights in maize canopy were simulated based on the radiation
transfer model. The row structure model was used to simulate the vertical distribution of PAR in canopies. It
accounted for direct radiation including radiation paths going through one or more rows. Leaf angle distribution
was generated by using this model to measure leaf angle distributions in canopies. Intensive investigation was
made on the effect of these canopy architecture on the penetration of total visible radiation into the canopy at
various solar zenith angle. The simulation result of PAR in maize canopy was validated with the measured data,
and it appeared good accuracy. By simulation with box model, the regularity of vertical distribution of PAR in the
canopy showed that: 1) the transmittance of solar incidence was affected by the effective light path; 2) the
attenuation of light in the canopy was diminishing exponentially along the light path. It could be reflected by the
vertical distribution of light extinction coefficient (K); 3) the solar altitude angle varying from 60° to 45° or 30°
solar altitude angle with the RMSE value of 0.07 or 0.08, it could improve PAR estimation accuracy. The vertical
distribution of leaf area was affected by the light attenuation through the canopy. In this paper, we proposed the
method based on the regularity of vertical distribution of PAR by using Beer-Lambert law for inversion of the
vertical distribution of LAI in maize canopy. The relationships between the vertical distribution of the leaf area
index and solar zenith angle was analyzed, and the results were validated with the measured data. Results showed
that the algorithm of Bonhommed&Chartier was proved to be effective for inversion of the vertical distribution of
LAI There were differences in inversion results with different solar zenith angles. In the upper canopy, the solar
altitude angle varying from 30° to 45° solar altitude angle could improve LAI estimation accuracy with the RMSE
of 0.18, and from 45 to 30 solar altitude angle with the RMSE of 0.30 in the middle canopy, 30° and 45° with the
RMSE value of 0.11 and 0.09 in the under canopy. The result showed that it had a fairly good agreement between
calculated and observed data, which proved the validity of the theoretical model.

Key words: remote sensing; crops; radiation, maize; photosynthetically active radiation (PAR); vertical
distribution; layer leaf area index (LAI)



