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fo re St wate r y i e I d Caution call over the Billion Trees

by Kerry Worsnop, Federated Farmers
Published: March 9, 2019 11:19AM

Trees, water use, and E LISTENER

Why we need to plant
more native trees than
pines

by Jane Clifton / 18 July, 2019

[gM REPORT

Yet now it seems the current government has vowed a terrible
vengeance by committing to planting a - billion - of the damn
things! What kind of madness is this?

It all started when Kenyan Nobel Peace Prize winner Wangari Maathai
trash-talked an American suit who'd boasted of a corporate million tree
plant. Ms. Maathai retorted that a billion was closer to what the climate
change-ravaged world really needed. And the world wasted little time in
jumping on the bandwagon with a swathe of countries signing up to
reverse the trend of incessant vegetation clearing that has been going on
i around the traps for far too long.
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Forest Flows Programme (2019-2024): from
2D “black box” to 3D drivers approach

Three overall objectives:
* Planted trees water use — focus on radiata pine

* Planted forest catchments water storage
* Planted forest catchments water release
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A catchment area.
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Forest Flows programme — integrated measurements
with terrestrial and remote sensing data
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Forest Flows sensor network data flow overview
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Forest Flows - Remote sensing for scaling from plot, to catchment, to forest

Forest Flows: Plot Map
Site: Ashley Forest
Catchment: Primary
Layer: Hill Shade
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SMAP validation in forest soils
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| IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 19, 2022 2505805

Evaluation of Multiscale SMAP Soil Moisture
Products in Forested Environments

Konstantinos M. Andreadise, Dean F. Meason®, Barbara Hock, Priscilla Lad,
and Narendra Das®, Member, IEEE
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3280 ft AGL, 20 MHz Bandwidth, 50 W peak transmit power

SIIMSAR L- & P-Band radar il ==

* Leased from Artemis, USA %m_
e Campaign & radar modifications by Delwyn Moller, 5 a5

University of Auckland, NZ S ol
* Cal/Val work lead by Mahta Moghaddam, USC, USA “CI

SlimSAR Specs
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SIimSAR Background: Monostatic and Bistatic Radar (&) SCION
Signal Paths

e Same types of scattering mechanisms are * |f frequency is low enough,
involved in both cases scattering from ground includes
scattering subsurface layers and

e Example shows signal paths for vegetated
their dielectric profiles

ground: direct ground, direct branch

volume, branch-ground, trunk-ground ]
Scattered wave Incident wave

Incident wave

/'B Scattered wave

USCUniversity of MXII,

Southern Ca]_ifomia Microwave Systems, Sensors and Imaging Lab




SIIMSAR L- and P-Band radar

* Flying ex Wanaka on Cessna 172

e Radar and IMU all on single plate mounted in cargo hold
* Door replaced by radar “transparent” window

* Operator sits in back. Laptop for control/communication
* Local calibration site established

* Campaigns every spring and late summer/early autumn

THE UNIVERSITY OF
Py AUCKLAND
3 Te Whar e Waranga © Timabi Makawras
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SIimSAR: Calibration targets

* Three corner reflectors (2.5m interior dimension) fabricated
and deployed local to Wanaka

e Since dimension is “small” at P-band radar cross section was
solved for at USC (Prof Sideris)

17
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P on
SIImSAR: Forest Flows Strategy o SCO

Forest Flows used a similar retrieval strategy to AIRMOSS for estimating soil moisture under vegetation
canopies
« Advantage of Forest Flows: dual frequency
» Soil moisture primary target for Forest Flows, however, raw data collected of the above ground
biomass

The algorithms can be made more sophisticated by including topography underneath the canopy

Radar imagery need to be calibrated prior to applying retrieval algorithms
« Normalised radar cross-section/o,4(6;) primary input to retrieval
* Requires absolute calibration — goal 0.5dB

SIimSAR has a near-realtime SAR processor that generates geo-referenced complex compressed images
* Note that system is both L- and P-band providing additional measurements for the inversions
» L-band used for satellite-based SM products — relatively mature retrievals for surface SM
* Noise equivalent o0 requirement -50dB P-band, -45 dB L-band
» Custom post-processing developed to generate calibrated products for geophysical retrievals

w pg AUC iZELRXWE; \%‘%"‘% USC University of
e e T \!” Southern California



SIIMSAR: Soil moisture retrieval approach

Radar backscattering Numerical EM scattering Soil moisture
cross section image —model

LaSelva 25 March 2014: soil meisture (m’/m”)
7 layer 1
4 ~ > layer2
layer 3
e d
layer 5
— |- [ __—laver

—_—~—— T T

e We use an inversion algorithm to find the best set of numerical radar
scattering model parameters that matches radar measurements

e Solution uses a global optimization to minimize a cost function

e There are too many unknowns and only 3 measurements per frequency
per radar image pixel: use simplifying assumptions to reduce # of

unknowns
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Campaign Site Dominant Substory Understory Campaign 1 Campaign 2 Campaign 3

summary Factors |Tree Species| Present? Present?
Corner Reflectors |Flat N/A N/A P&L Nominal+ P&L Nominal+ |P&L Nominal+
Ashley Forest, Moderate Pinus radiata |No Yes — some P&L Nominal+ P & L nominal+ |P & L nominal+
South Island: topography locations
Catchment 3
Mawhera Forest, Moderate to |Pinus radiata |Yes - Yes — dense P&L Nominal+ L-only+ P & L nominal+
South Island: high common
Catchment 5 topography
Mahurangi Forest, [Moderate to |Pinus radiata |Yes Yes — P nominal+ P & L nominal+
North Island: high moderate L-band data+
Catchment 1 topography density drops*
Te Hiku Forest, Low Pinus radiata |No No P&L Nominal+ P nominal+ P & L nominal+
North Island: Coal |topography L-band data +
Creek w dunes drops*
Titoki Forest, Falls |Rolling Pinus radiata |No No P nominal P & L nominal+
Block, North Island: |topography L-band data
Catchment 4 drops*+
Balmoral Forest, Flat Pinus radiata |No No P&L Nominal+ P & L nominal+ |P & L nominal+
South Island (i.e. Analog to
the flat forest near |[the Ashley
Ashley Forest). site

*working on a correction due to dropped pulses

+Calibration loop data delivered




SIimSAR: L-Band Preliminary results & SClon
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SIimSAR: P-Band preliminary results

Soil Moisture Retrieval for First Campaign: Late Summer 2022
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SIimSAR: P-Band preliminary results

Retrieval Errors for the Late Summer 2022 Campaign
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Forest Flows - The Pulse of the Forest - Digital Twin
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Summary

Forest Flows programme uses an integrated system of above
and below ground measurements to better understand
planted forests hydrology

Preliminary results from different measurements
independently align

Kafka Big Data Pipeline efficient approach with streaming,
cleaning, storing, and accessing multiple datasets

SIimSAR L- & P-Band airborne radar retrieval successful in
forests with dense canopy & with steep topography

SIIMSAR focused on soil moisture retrieval, but backscatter
collected for the above ground biomass

— Looking for partners to process this data

Multiple analyses approach
- no one individual approach to rule them all

A. Ashley Forest

D. Te Hiku

» i

a!

Sandy AQUIET mm—
(Productive)

Data fusion of terrestrial and remote sensing data starting this summer — new learnings??

Programme ends mid-2024
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Forest Flows Programme ") SCIOn
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Dean Meason
Senior Scientist
Dean.Meason@scionresearch.com

www.sclonresearch.com
www.forestflows.nz

Date: 8/03/2023




