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Retrieving leaf area index using a neural network based on classification knowledge

CHEN Yan-Hua' ZHANG Wan-Chang’ * YONG Bin'

1 International Institute for Earth System Science ESSI  Nanjing University Nanjing 210093  China
2 Regional Climate-Environment Research for Temperate East Asia Institute of Atmospheric Physics CAS Beijing 100029 China
Acta Ecologica Sinica 2007 27 7 2785 ~ 2793.

Abstract As an important ecological parameter in land surface processes Leaf Area Index LAl and its inversion with
remotely sensed data are hot topics in quantitative remote sensing both domestically and internationally. Empirical-
relationship-based statistical algorithms owing to their shortcomings in physical mechanism descriptions lack reliability
and feasibility in application. Physically-based algorithms such as those developed with the canopy reflectance model

overcome the abovementioned shortcomings however LAl inversion with canopy the reflectance model is usually ill-posed

which makes the inversion not unique. Employment of a neural network in LAl reversions can improve such issues to a
certain extent but the ill-posed nature for canopy reflectance model inversion is yet to be resolved. On the basis of
sensitivity analyses using the PROSAIL model the present study demonstrates an approach that uses a neural network based

on image classification incorporated in PROSAIL for accurate retrieval of LAl. By including the soil reflectance index in the
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original PROSAIL model to take the place of soil background reflectance parameters that are difficult to determine specific
neural networks are constructed corresponding to individual types of vegetation cover. Experiments with Landsat ETM +
data indicate that the retrieval accuracy is higher for vegetation with a LA/ less than three and as LAI increases retrieval
accuracy decreases accordingly. The primary reason is attributed to canopy reflection no longer being sensitive to LAl when

the vegetation is too densely populated LAl >3 .
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Table 1 The list of parameters for PROSAIL model
Item Parameters Symbols
External parameters Solar zenith angle °© Zgum
Solar azimuth angle ° [
Sensor zenith angle ° z
Sensor azimuth angle °© a
Horizontal visibility km VIS
Leaf area index LAI
Canopy structure and leaf physical parameters Mean leaf inclined angle distributions LAD
Leaf internal structure parameter N
AB Leaf chlorophyll a + b content  pg/cm? City
Leaf dry matter content g/cm? C,
Leaf equivalent water thickness cm C,
Leaf size/crop height ratio S,
Soil reflectance Soil reflectance pl
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Table 2 Sensitive variables of different vegetation and band combination for model inversion
Vegetation Sensitive variables Band combination
Dense crop LAl LAD SRI N 34
Crop LAl IAD SRI N 34
Deciduous forest LAI LAD SRI N 34
Shrub LAl LAD SRI 347
Grass LAl LAD SRI 347
2.4
3
LAT LAD 8 14~16 21
2 C, ETM+ 5 5
7 C, C, 0.03cm
C, 0.015¢m C, 7
C, ETM + 3 3
Cab Cu Ca/) 50 p“g/cmz
Crtb 25 “‘g/cm2 Crtb
C, 2% *
3
3
Table 3 Ranges of sensitive and the fixed variables for different vegetations
Class LAl LAD N Cu C, Cn S SRI
Dense crop Min 1.8 55 1.3 50 0.03 0.012 0.05 0
Max 6.5 65 1.8 50 0.03 0.012 0.05 1
Crop Min 0 55 1.3 50 0.03 0.012 0.05 0
Max 3 65 1.8 50 0.03 0.012 0.05 1
Deciduous forest Min 0.5 45 1.3 45 0.026 0.010 0.01 0
Max 3.5 55 1.8 45 0.026 0.010 0.01 1
Shrub Min 0 50 1.5 38 0.023 0.009 0.02 0
Max 2.5 60 1.5 38 0.023 0.009 0.02 1
Grass Min 0 57 1.5 25 0.015 0.007 0.1 0
Max 2 67 1.5 25 0.015 0.007 0.1 1
* 1 Parameter units in table 3 are identical to those in Table 1
@ ™
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