Cloud Computing and Continuous Monitoring of Forest
Resource using high Cadence Satellite Data
To effectively manage resources decision makers, require timely information at an appropriate
scale. In the recent years there has been a marked increase and uptake of remote sensing
technologies – drones, LiDAR and satellite imagery. In a sense they all have a place provided
they are cost-effective, provide consistent results, and add value. Not to go unnoticed is the
increased availability of Earth Observation (EO) data and advances in technologies that allow
cost-effective repeat assessment of forest resources. The two main catalysts have been the
launch of more satellites and the development of cloud-based processing engines – enabling
the development of near real-time monitoring applications.
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Introduction
The terms ‘big data’ and ‘planetary-scale analysis’ have become synonymous with the processing of
Earth Observation (EO) datasets. In essence, these terms refer to the vast volumes of EO data collected
and archived since 1972, a trend that has continued with the launch of the Sentinel satellites - a
constellation commissioned by the European Space Agency (ESA). The two
Sentinel satellites 2A and 2B alone, enable repeat imaging of the same
spatial location every five days at a spatial resolution of 10 m.
Combined with the Landsat constellation (L7 and L8) this
increases to 6-7 observations per month.
The increased temporal resolution represents an important
shift towards continuous monitoring of resources. The
ability to monitor the same location repeatedly enables
the detection of subtle changes in vegetation vigour and
identification of trends. The real analytical efficiencies
are accomplished by leveraging off cloud computing
architecture which hosts and serves petabytes of
historical and recently acquired images on-demand. With
data held in this environment there is no need to
individually review, download, or process and analyse
satellite imagery as was the norm in the recent past.
These developments represent a major change in the way
data is analysed – allowing on-demand processing while
simultaneously accessing an ever-increasing repository of global
datasets, satellite images, topographic and climatic observations.
For decision makers this moves the conversation towards better
understanding of when and how these datasets should be applied and what questions they assist in
answering.

Indufor’s Continuous Plantation Monitoring System
The resource monitoring team at Indufor (www.indufor.co.nz) have developed a Continuous Plantation
Monitoring System that leverages off both free and commercial satellites to provide timely and accurate
information. This service enables the monitoring of harvesting and plantation development across large
areas.

The rationale is that the increased frequency of satellites (temporal frequency) at high resolution adds
a further dimension that enables planning managers to more efficiently allocate field resources which
results in a more structured approach to monitoring and the area update process.
Each month the CPMS pulls in multiple images to create an image collection (which can be a stack of
coincident and mosaiced images). The image collection is then processed to produce a cloud-free
composite. The composite is built at the pixel level, using a cloud clearing algorithm. Finally, it is
‘cleaned’ and processed, and ready for analysis.
There are numerous scientifically proven spectral indices that can be derived from images to provide
information on the structure and vigour of vegetation. Of greatest relevance are indices which measure
vegetation and moisture performance. These can be used in models interchangeably to monitor
changes in foliage volume or moisture that are associated with persistent, or subtle infrequent changes.
Across the rotation the CPMS provides a platform that can be used to track and monitor plantation
development, change events, and to provide operational updates.
Figure 1. Continuous Plantation Monitoring Applications

Plantation Canopy Index
The CPMS is underpinned by Indufor’s Canopy Index (CI) which is a customised model that tracks
changes in the plantation canopy condition. The model uses information from the stand GIS to produce
a CI map which highlights any unusual deviations from a modelled benchmark. The CI image is
produced at the same spatial resolution as the input data.
The CI model can be applied across the rotation in several ways. In fast growing plantations, frequent
analysis allows the monitoring of plantation establishment. In slower plantations it provides an early
indicator of differences in crop development, or an effective way of benchmarking crop development
against expectations. Once a plantation is established, the model tracks changes in the canopy to report
areas that have lost full or partial canopy cover. This can include both planned events such as forest
operations or sporadic events such as wind, fire or defoliating agents such as needle blight or droughtinduced stress.
At the other end of the rotation the CPMS can be used to detect harvesting. Using a slightly different
algorithm this is identified by systematically working through each pixel to identify those that have
changed. These are grouped and vectorised to delineate the harvest boundary, and used for harvest
tracking.
Once harvesting operations are complete, the monthly updates are merged and reconciled to the
existing or new stand boundaries. The same principle can be applied to thinning, where newly thinned
areas are detected and mapped.

Operational Examples
The following examples provide a basic overview of how the CPMS can be used as a tool to routinely
monitor plantations. Relevant examples are drawn from the early stages of a rotation as the plantation
forms a canopy. Mid-rotation monitoring to identify storm events such as wind damage and lastly
tracking the progression of thinning and harvest operations.

Plantation Development
During the early development phase, plantations (pine or eucalypt) are expected to capture the site and
form a continuous canopy. The rate of development is tied to the tree species, site preparation and
climate. The following example tracks the development of an even-age eucalypt stand three months
after planting.
The CI model compares plantation development against expected progress for a stand of this age. The
model produces a colour-coded index that divides the stand into four classes. The index ranges from
green to red with red values representing the lowest index values.
Figure 2. CPMS Detection of Plantation Establishment – Image (left) and Canopy Index (right)

In this case the CI model is re-run each month and used to identify and stratify areas that have failed
to establish as a viable crop. In temperate climates plantation growth is slower which means plantations
can be 1.5 to 2 years before the crop is visible on 10 m satellite imagery. On higher 3 m resolution
imagery this lag reduces to around 1 year or less. Despite these challenges, it is possible to get an early
indication of crop development.

Mid-Rotation Monitoring
The detection of wind damage can be identified as a slight discolouration on satellite images. Using the
CI model these areas are easily distinguished from the surrounding plantations. The resulting map
provides an output that can be used to update stand GIS layers or identify areas that may warrant
further field inspections.

Figure 3. CPMS Detection of Wind Damage – Image (left) and Canopy Index (right)

Thinning and Harvest Detection
The last example introduces progressive monitoring of planned operations such as harvesting, roading
and plantation thinning. These events can be tracked by comparing images acquired at dfferent points
in time. The transition from forest to a harvested state represents a large spectral change.
The detection algorithm used identifies this transition and groups all similar pixels to form a cohesive
block that delinates the harvest boundary.
Figure 4. CPMS Monitoring the Progression of Harvest and Thinning

The underlaying satellite data is evaluated in the cloud to produce a series of analysis ready datasets
that can be viewed via a secure web-based GIS viewer (for managers), which also serves as a platform
for downloading the outputs.

Summary
In summary, the increased frequency of high resolution satellite data linked to near real-time processing
has removed many of the barriers that has prevented the use of satellite and derived products for forest
management. The aim of the CPMS is to provide additional information and value that enables more
efficient management of forest resources at a suitable scale and frequency.
For further information or to sign up for a free trial, please visit www.indufor.co.nz, or come and talk to
us at ForestTECH.

