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Background 

An up-to-date forest description is a key requirement 
to ensure resources are effectively managed and 
monitored. Traditionally the benchmark for mapping 
and planning in forestry has been aerial photography. 
It is generally accepted that visual interpretation 
and digitising of high resolution aerial photography 
(~0.25 m) provides a more accurate representation 
of boundaries, gaps and changes due to silvicultural 
tending or harvesting than automated delineation. 

Typically aerial photography is routinely flown to 
update or remap areas after the following events: post 
establishment (to determine stocked area), early or 
mid-rotation inventory, prior to pre-harvest inventory 
and following harvesting. For first rotation stands use 
of differential Global Positioning System (GPS) is often 
recommended to set a solid spatial representation for 
future mapping. Post establishment updates often use 
aerial photography once the trees can be identified. 
Ongoing mapping is often also required to update 
areas prior to inventory or to track harvesting. 

Advances in satellite technology mean that this 
technology offers a range of benefits to resource 
managers who require timely information to 
assist in broad-scale (1:25 000 scale) planning. It is 
especially effective when combined with existing 
GIS stand boundaries that have been mapped from 
ortho-photography. In this environment satellite 
imagery provides a cost-effective option that allows 
for frequent monitoring and updating of forest 
mapping. In effecting updates resource managers 
have two options; integration of changes manually 
through onscreen digitising or implementation of 
semi-automated methods such as those presented in 
this paper. 

There are a number of sensors that can be used 
to assess forest condition or monitor forest change 
(Table 1).  

The summary presented highlights a number of 
functional differences between these sensors in terms 
of resolution (temporal, spectral and spatial) and cost. 
For stand based applications the selected platform 
must satisfy the criteria given in Table 2.

If the goal is stand-based assessment then based 
on this selection criterion the currently (as at 2011) 
available sensors are limited to RapidEye or SPOT 5. 
RapidEye is of particular use for forestry applications 
as it has a relatively fine (5 m) resolution and the five 
identical satellites in orbit allow daily revisit over 
many locations. Despite the availability of satellite 
data little research has described how this information 
can be used by New Zealand forest managers for 
planning purposes. 

Using RapidEye satellite imagery the objectives of 
this research were to (i) determine the age at which 
the plantation crop can be detected, (ii) use imagery 
to identify areas of non-forest i.e. harvesting or gaps 
using a single image (T1), (iii) evaluate images from 
two time periods (T1 & T2) to identify areas of forest 
change caused by harvesting, and (iv) identify stands 
with variable establishment or growth.  

Methodology

Method overview
The main aim of this project was to translate 

existing scientific knowledge into an operational 
environment. Where possible the routines were 
developed in a GIS environment (ArcGIS with 
spatial analyst) and added as a customised toolbox 
implemented from ArcToolbox. The three geo-
processing tools included:

•	 Detection of harvested and bare soil 
areas from a single image or a time series,

•	 Mapping of crop variation at the stand-
level,
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•	 Mapping of crop variation within stands. 

Prior to running the GIS routines several pre-
processing steps are recommended if continual 
monitoring of the same area is required. Processes 
such as atmospheric and topographic shadow 
corrections assist in standardizing coincident 
acquisitions. These routines require specialist remote 
sensing software (ENVI or GRASS), knowledge of 
satellite data and other atmospheric datasets (ozone 
and water vapour).

It should be noted that for change detection 
applications (i.e. harvest detection) the spectral 
ratio selected (Enhanced Vegetation Index (EVI)) is 
relatively robust, so the pre-processing steps are less 
critical. However, for mapping variation or subtle 
change it is important that images are standardised 
so as to effectively detect change in the vegetation 
spectral response. Figure 1 shows the method 
adopted and inputs (left) and outputs (right) for 
each process. 

Datasets 
Imagery for two areas were acquired for this study 

covering forests located in Canterbury and Hawke’s 
Bay, New Zealand. The forest areas comprised a 
range of age-classes, species and operational activities 
distributed over a 100,000 ha area. The project 

objectives have been evaluated using two 25 x 25 km 
tiles (62,500 ha each) drawn from each area. 

Determination of the Enhanced Vegetation Index from 
satellite imagery

Previous research has shown that individual 
spectral bands such as the green, red and spectral 
ratios that include NIR correlate well with the degree 
of canopy closure and are effective for separating 
forest from non-forest. The Normalized Difference 
Vegetation Index (NDVI) is one the most widely 
used metrics for identifying areas of vegetation cover 
and bare ground. The difference in reflectance from 
the near infrared and red bands is divided by the 
sum of the two reflectances. The ratio is useful as it 
compensates for changing sun angles, topography 
effects and produces values that range from about 
0.1 for bare soil to 0.9 for dense vegetation. 

An alternative to the NDVI, the Enhanced 
Vegetation Index (EVI) ratio, is also useful. The ratio 
was originally developed to help correct for certain 
atmospheric scattering effects (using the blue spectral 
band) and soil background signals that potentially 
influence the NDVI values. The ratio is also considered 
to be more sensitive to canopy structural variations 
such as leaf area index and less likely to saturate over 
areas with high biomass. 

Table 1: Selected satellite sensors and their characteristics.

Sensor
Spatial 

resolution Pan resolution
Temporal 
resolution

Scene 
extent Cost1 Available Bands2

m m days km USD km-2 RGB NIR Pan

SPOT 5 10 5 2-3 60 x 60 1.33 RG Yes Yes

Ikonos 4 1 3 11 x 11 20.00 RGB Yes Yes

GeoEye1 2 0.4 2-8 9 x 9 25.00 RGB Yes Yes

Quickbird 3 0.7 1-3.5 16 x 16 34.00 RGB Yes Yes

RapidEye 6.5 n/a 1 70 x 70 1.37 RGB Yes Yes

FORMOSAT-2 8 2 1 24 x 24 8.97 RGB Yes Yes
1 Prices are based on images available in the archive and are correct as at September 2011
2 Red, green and blue; NIR - near infrared : Pan - Panchromatic

Attribute Requirement

Spatial resolution <10 m (1:25 000 or better)

Temporal resolution (daily revisit) 1-2 days

Spectral resolution Spectral bands sensitive to vegetation composition and vigour

Image cost Low cost to facilitate frequent acquisition

Meets user requirements GIS ready (ortho-corrected) with minimal level of pre-processing 
and wide image extent to reduce the number of scenes. Minimal 
cloud-cover thresholds (<20%).

Table 2. Required satellite attributes for stand based assessment.
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The EVI is calculated using the following equation 
as presented and described in Huete et al 2002, 

where G is the gain factor, r are atmospherically 
corrected or partially atmosphere corrected (Rayleigh 
and ozone absorption) surface reflectances, L is 
the canopy background adjustment that addresses 
nonlinear, differential NIR and red radiant transfer 
through a canopy, and C1, C2 are the coefficients of 
the aerosol resistance term, which uses the blue band 
to correct for aerosol influences in the red band. The 
coefficients adopted in the EVI algorithm are, L=1, 
C1=6, C2 = 7.5 and G = 2.5. Jackson & Huete 1991 
noted that the ratio is quite stable if calculated from 
raw digital numbers. However if the ratio is derived 
from radiance or top of the atmosphere reflectance 
then the values will differ. It is therefore important 
to be consistent, in this respect, if multi-temporal 
images are used. 

Detecting Harvest Areas 
EVI can be used to identify non-forested areas 

over both single and sequential time periods. During 
the processing only non-forest components that meet 
the prescribed EVI threshold value (set at 0.251) are 
retained. These areas are filtered to remove isolated or 

1  The user may alter the default value based on experience which 
provides flexibility especially if pre-processing steps are not 
implemented.

disjointed areas and then converted to GIS polygons. 
Optionally, the GIS polygons can also be further 
classified into areas of high soil disturbance. During 
the final stages of extraction the gaps or harvested 
areas are clipped to the stand GIS. This means that 
any areas that have already been mapped out in the 
GIS as harvested or as gaps are ignored. 

The following example (Figure 2) illustrates 
how the EVI can be used to identify harvested areas. 
The left image shows a true colour composite and the 
right the corresponding EVI image. On the greyscale 
EVI image lighter shades of gray indicate high levels 
of vegetative cover (values close to 1) while darker 
areas indicate lower levels or none (black values close 
to 0). On the EVI image the dark areas such as bare 
soil, scattered skid sites, roads and harvesting are all 
clearly visible.

RapidEye imagery can also be used to determine 
forest change between two time periods using a 
similar process. The main difference is that changes 
are identified by differencing images taken from two 
different time periods. This has the advantage of 
identifying only those areas that have changed from 
forest to non-forest. These areas can include harvest 
areas, areas of soil disturbance or forest gaps that have 
not already been mapped out.

Mapping Plantation Variability

The development of the stand variation routines 

Figure 1. Process flow and methodology for using RapidEye imagery to identify harvest areas and define stand variability. 

EVI = G
rNIR - rred

rNIR + C1rred - C2rblue + L
(1)
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relies on the relationship between the EVI and age. 
Here, age is used as a proxy for establishment success. 
In this study a relationship between age and EVI was 
developed by averaging the reflectance values over 
4,000 Pinus radiata stands for images acquired for two 
time periods (2010 and 2011). While minor differences 
were observed between the curves, the relationship is 
very similar (Figure 3). This is also indicated by the 
low standard deviation between the relationships. 
As the canopy closes the EVI values increase rapidly 
(from 0.15 to 0.5) plateauing at about age 7 (Figure 
3). Between these points a dip is observed that may 
correspond to the first thinning. Little variation is 
observed after age 7 with the EVI becoming relatively 
stable (Figure 3). The oscillations in the curve at older 
ages reflect the different harvesting ages that the 
dataset was pooled from. 

Practically this means that reflectance can be used 
to track crop development up to the point of canopy 
closure - as the reflectance values are changing rapidly. 
However, beyond this point there is little variation 
in reflectance which limits its application in stands 
post canopy closure. Other research has sought to use 
spectral bands or band ratios as a basis to estimate 
biophysical measurements such as canopy height 
(Donoghue and Watt 2006). 

Using the relationship described in Figure 3 a 
global lookup table was developed and populated with 
mean EVI values for each age-class. The variation for 
each stand from the global mean was based on how 
many standard deviations it lies from the mean (mean 
–  1sd; 1sd – 2sd; 2sd – 3sd; 3sd – 4sd) and included 
both negative (EVI below the mean) and positive 
(EVI above the mean) classes.  A similar process was 
used to identify the variation within stands. Intra-

stand variability was assessed through comparing 
the EVI value of each pixel (5m) against the mean 
value for that age-class. Intra-stand variability could 
be attributable to: 

•	 Variations in growth development across 
the stand,

•	 Unmapped forest gaps such as wind damage 
or erosion,

•	 Areas that have not been updated in the 
stand GIS – i.e. new harvesting or roads.

It should also be noted that there are several 
factors that may influence the results such as the 
effects of topography or cloud on the spectral response 
of the forest and mis-registration of the GIS and image 
datasets. These factors are summarised as follows:

•	 A mismatch between the satellite and the 
stand GIS, or vice versa. These areas will 
appear as ‘slivers’ along the edge of the 
stand GIS. 

•	 The topographic orientation of the stand 
relative to the sensor. In this case areas 
pointing towards the sensor will be 
illuminated with opposing areas in shadow. 
These areas will appear in line with the 
topographic aspect of the terrain and can 
be identified by producing a hillshade 
surface from the digital terrain model that 
mimics the sun azimuth and elevation of 
the RapidEye image. 

•	 Any cloud or cloud-shadow and potentially 
hazy areas. In both cases the results will 
appear in the shape of the cloud feature so 
they can be easily eliminated.

Figure 2. True colour composite (left) and EVI (right) images showing how EVI can be used to identify harvest areas.
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Potential Operational Applications
Monitoring Plantation Establishment

An evaluation of the March 2011 RapidEye 
imagery using the stand boundary layer and the year 
of establishment indicates that establishment can 
be detected within 2 years of planting and mapped 
within 3-5 years of planting (Figure 4). Using false 

colour composites (using NIR, Red Edge and Green 
bands) bare ground or disturbed soil appears bright 
blue (year 0 example) and green vegetation appears in 
shades of red, orange and brown. As the canopy closes 
the transition from bare ground (blue) to plantation 
(orange to brown) becomes quite apparent.

Figure 3. Relationship between mean stand level EVI and age. Using data obtained from 4,000 stands, the relationships 
show variation in the mean and standard deviation in EVI for imagery acquired during 2010 and 2011. For reference, 
representative RapidEye images at harvest and age 5 are shown on the right.

Figure 4. Monitoring plantation establishment for a range of stands, aged from 0 to 5 years.
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This trend is well known and has a physical 
basis as reflectance is known to decrease in certain 
spectral bands as the canopy closes. This means 
that the trend observed should be transferable to 
other sites and species that are managed using a 
similar regime.

Identification of non-forest areas
One of the most widespread applications of 

remote sensing is monitoring of temporal changes 
in either land or forest cover. A common method 
is to acquire a base image that provides a reference. 
While changes can be determined from a single image 
(through thresholding change) it is often easier to 
acquire a second image and automate the process by 
subtracting the two to identify differences or change. 

Key to the success of this process is cloud-free well co-
registered images of the same spatial resolution so to 
reduce the likelihood of false change caused by cloud 
contamination or image mis-registration. 

This application is illustrated by the image time 
series in Figure 5 showing changes over a six month 
period. The image sequence shows a stocked area prior 
to harvesting (A) the same area after harvesting (B) the 
corresponding EVI ratio image that splits forest and 
bare ground (C) and finally the GIS representation of 
the felled area (D).

Using these outputs the mapping of recent 
harvesting can be semi-automated and integrated 
directly into a GIS. Generally some additional editing 

Figure 5. Time series showing detection of harvesting using RapidEye imagery. Shown are the (A) stocked area, (B) the same 
area following harvesting, (C) EVI imagery of the harvested area and (D) the GIS representation of the harvested area. 
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is required in the GIS to improve the delineation of 
felling edges, fill internal holes and to remove small 
or fragmented polygons. These discrepancies can be 
caused by variations in the spectral response across 
the cleared area (i.e. logging debris or in steep areas 
shadow that is misclassified as change).   

Mapping variation in growth 

Variation in EVI from the mean estate values, for a 
given age (as described in Fig. 3), can be used to detect 

stands with abnormal growth. Stands that exhibit 
high deviation from the mean estate value are likely 
to have variations in growth development across the 
stand, unmapped forest gaps or areas that have not 
been updated in the stand GIS – i.e. new harvesting 
or roads. Figure 6 shows the spatial variation in these 
EVI categories over the study area (62,500 ha). Most 
of the estate falls within normal bounds where EVI 
is within 2 standard deviation of the mean. Stands 
that are coloured orange or red signify regions of 
low EVI, relative to mean values, that warrant further 
inspection.

Figure 6. Map showing a forested area described using the EVI classification. EVI is categorised in terms of standard 
deviations (SD) from the mean for a given age.
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RapidEye imagery can also be used to highlight 
within stand variation in growth. This provides a 
method of pinpointing areas of anomalous growth 
or identifying attribute discrepancies in each stand. 
The routine uses the same relationship developed 
between EVI and age used for stand-level analyses. 
The intra-stand variability routine compares the EVI 
value of each pixel against the mean value for that 
age-class. Figure 7 shows the resulting classification 
for a stand and the corresponding RapidEye image, 
with orange or red areas indicating areas with low 
EVI. These differences are caused by unstocked gaps 
that are mapped as stocked areas, incomplete GIS 

updates or plantation areas that developed slower 
than expected. 

Spatial projection of variations in EVI from 
expected mean values provides a ‘health check’ on 
the younger crop. This allows a rapid assessment 
of large areas in a cost-effective manner, providing 
a means of identifying those stands that vary from 
‘normal’ reflectance values. The stand-level routine 
provides a high-level assessment across all stands. In 
large stands the variation may be masked if areas of 
high and low standard deviation are present across 
the stand in equal measure. However, this variation 

Figure 7. Intra-stand variability method illustrated using a RapidEye image classified into EVI categories.
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would be identified at the intra-stand level as this 
method of detection operates at a 5-m scale (i.e. the 
pixel level). 

Concluding comments

The methods and processes described here provide 
resource managers with a number of tools that can 
assist with updating the resource description. The 
processes developed are designed to make efficient 
use of existing information sources and seek to 
complement these to provide cost-effective solutions 
to monitor harvesting or plantation performance.

Operationally this information could be used to 
identify areas of variability and assist in targeting 
field or additional aerial mapping effort. The methods 
presented could also be used to better stratify 
resources. Assuming that any early variation is likely 
to continue throughout the life of the plantation crop 
then the processes developed provide a mechanism 
for identification of areas that will yield lower than 
expected performance. 
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