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Abstract

Forests have a crucial role in the global carbon cycle, storing vast amounts of carbon in their biomass
and soils. For understanding forest structure and its contribution to the carbon cycle, it is essential to
accurately estimate forest height [1]. It has been demonstrated that the Interferometric Synthetic
Aperture Radar (InNSAR) is a powerful remote sensing technology for estimating forest height, providing
high-resolution forest height and vertical structure information [2]. However, INSAR-based forest height
estimation is affected by temporal decorrelation, the underlying assumption for the vertical reflectivity
profile (VRP), and topographic effects [3]. Due to the gap between realistic conditions and model
parameters, these factors can impact the accuracy and performance of the physical model used for
inversion. In addition, the PM overestimates the small trees and underestimates the high trees because
of their sensitivity. Machine learning techniques have been developed to mitigate these effects and
improve accuracy, but might lack generalization and interpretability. Because they are not constrained
by a physically viable solution.

The InSAR physical models for forest height inversion relay on assuming a VRP for the model
inversion. However, the underlying VRPs are dependent on forest structure and density, topography,
acquisition geometry, and wavelength. In this paper, a hybrid modeling (ML + PM) approach is used to
describe VRPs, then subsequently using VRPs as an input for an interferometric coherence model [4]-
[6]. To define the VRPs as a set of coefficients, we use the Legendre series with seven Polynomials [4].
Whereas, the Legendre coefficients are derived using multilayer perceptron (MLP) from the input
features of the network. Thereafter, the interferometric coherence model uses as inputs vertical-
wavenumber, forest height, and derived VRPs to simulate the estimated coherence values during the
training phase. The objective of the training phase is to find a set of coefficients that minimize the
difference between the observed coherence from TanDEM-X and the estimated coherence from the
interferometric coherence model. This framework provides abilities to derive the VRPs variability as a
function of a multi-model dataset. Our proposed method consists of two main steps for inference to
estimate the forest height: (1) applying the MLP model for determining the VRPs from the given input
features and (2) applying PM techniques to predict the forest height.

We evaluated our proposed method using real-world INSAR data and LVIS LiDAR data acquired during
the AfriSAR campaign over forested areas in Gabon [7]. We compared our method with other state-of-
the-art methods, including fusion-based inversion from GEDI and TanDEM-X methods and traditional
physical models [8]-[10]. The results demonstrate that our suggested method achieves high accuracy
and can compensate for bias in the case of the general underestimation issue for high trees.

The paper aims to establish a novel hybrid modeling approach utilizing the integration of machine
learning and physical modeling for forest height estimation. We incorporate multi-model data for the
forest height estimation from single baseline single-polarimetric TanDEM-X (single-pass)
interferometric coherence measurements. We discuss the challenges that need to be addressed and how
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to integrate a multi-modal (LiDAR, Polarimetric SAR, etc.) in a general ML framework constrained
with the PM.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

4]

[10]

A. Torafio Caicoya, “Allometric Estimation of Aboveground Forest Biomass using Forest
Structure Parameters estimated by means of Multi-Baseline SAR Measurements,” Technische
Universitdt Minchen, Minchen, 2015. Accessed: Apr. 22, 2021. [Online]. Available:
https://mediatum.ub.tum.de/doc/1284783/1284783.pdf

A. T. Caicoya, F. Kugler, K. Papathanassiou, P. Biber, and H. Pretzsch, “Biomass estimation as
a function of vertical forest structure and forest height - Potential and limitations for Radar
Remote Sensing,” in 8th European Conference on Synthetic Aperture Radar, 2010, pp. 1-4.

K. Papathanassiou et al., “Forest Parameter Estimation by Means of Multi-Baseline Pol-Insar
Techniques: State-of-the-Art and Future Challenges,” International Geoscience and Remote
Sensing  Symposium  (IGARSS), wvol. 2022-July, pp. 1123-1124, 2022, doi:
10.1109/IGARSS46834.2022.9884936.

S. R. Cloude, “Polarization coherence tomography,” Radio Sci, vol. 41, no. 4, Jul. 2006, doi:
10.1029/2005RS003436.

S. R. Cloude, “Polarimetric sar interferometry,” IEEE Transactions on Geoscience and Remote
Sensing, vol. 36, no. 5 PART 1, pp. 1551-1565, 1998, doi: 10.1109/36.718859.

K. P. Papathanassiou and S. R. Cloude, “Single-baseline polarimetric SAR interferometry,”
IEEE Transactions on Geoscience and Remote Sensing, vol. 39, no. 11, pp. 2352-2363, Nov.
2001, doi: 10.1109/36.964971.

J. Armston et al., “AfriSAR: Gridded Forest Biomass and Canopy Metrics Derived from LVIS,
Gabon, 2016.” ORNL  Distributed  Active  Archive  Center, 2020. doi:
10.3334/ORNLDAAC/1775.

V. Cazcarra-Bes, “Data Fusion Towards a Global Forest Height Map: TanDEM-X and GEDI,”
2021.

S. K. Lee, T. Fatoyinbo, W. Qi, S. Hancock, J. Armston, and R. Dubayah, “GEDI and TanDEM-
X fusion for 3D forest structure parameter retrieval,” in International Geoscience and Remote
Sensing Symposium  (IGARSS), Oct. 2018, vol. 2018-July, pp. 380-382. doi:
10.1109/IGARSS.2018.8517718.

V. Carcarra-Bes, M. Pardini, C. Choi, R. Guliaev, and K. P. Papathanassiou, “Tandem-X and
Gedi Data Fusion for a Continuous Forest Height Mapping at Large Scales,” pp. 796799, 2021,
doi: 10.1109/igarss47720.2021.9554655.



