R

SLU

This is an author produced version of a conference paper published in IEEE
International Geoscience and Remote Sensing Symposium proceedings.
This paper has been peer-reviewed but may not include the final layout and
proof-corrections by the publisher.

Citation for the published paper:

L. Huo, E. Lindberg and H. Persson, "Normalized Projected Red & SWIR
(NPRS): A New Vegetation Index for Forest Health Estimation and Its
Application on Spruce Bark Beetle Attack Detection," IGARSS 2020 - 2020
IEEE International Geoscience and Remote Sensing Symposium, Waikoloa,
HI, USA, 2020, pp. 4618-4621, doi: 10.1109/IGARSS39084.2020.9323611

Published with permission from: IEEE

© 2020 IEEE. Personal use of this material is permitted. Permission
from IEEE must be obtained for all other uses, in any current or future
media, including reprinting/republishing this material for advertising or
promotional purposes, creating new collective works, for resale or
redistribution to servers or lists, or reuse of any copyrighted component
of this work in other works.

This publication is openly available through SLU publication database,
https://res.slu.se/id/publ/111155




NORMALIZED PROJECTED RED & SWIR (NPRS):
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APPLICATION ON SPRUCE BARK BEETLE ATTACK DETETION
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ABSTRACT

Due to the ongoing global warming, European spruce bark
beetles has become a serious threat to the spruce forests in
Europe and caused serious environmental and economic
issues. This study proposes a new vegetation index,
Normalized Projected Red & SWIR (NPRS), for detection of
spruce bark beetle attacks. 29 healthy and 24 bark beetle
attacked plots in southern Sweden were used for evaluating
the classification accuracy using NPRS at early-,
intermediate- and late-stage attacks. The obtained kappa
coefficients were 0.73, 0.80 and 0.88, respectively. It was
concluded that the NPRS is a feasible method for continuous
bark beetle mapping over large areas.

Index Terms— bark beetle attacks, vegetation index,
early detection

1. INTRODUCTION

The European spruce bark beetle (Ips typographus [L.]) is
one of the insects in coniferous forests causing the largest
economical damage in Europe [1, 2]. Furthermore, it is a
serious threat to the forest ecosystems and sustainable forest
managements. One efficient strategy for damage control is
monitoring of the forests using remote sensing data, to detect
attacks and possibly remove stems with larva still inside
before the bark beetles swarm for the next generation. The
early stage of the attacks, known as “green attacks” [3—6], is
the most important time for forest management, but also the
most difficult period for detection because there is almost no
color change in the tree crowns. Yet, optical remote sensing
images provide additional wavelengths outside the visual
spectra. These have potential to be used for mapping the
change under early-stage attacks.

Non-conclusive results have been presented in earlier
studies regarding how the red edge and near inferred (NIR)
bands behaved. In most studies, common indices like
Normalized Difference Vegetation Index (NDVI) and
Normalized Difference Water Index (NDWTI) have been used
and recommended [7, 8]. Both these indices are based on the
NIR band. However, Kloucek et al. [9] concluded that the

performance of indices based on the NIR band was lower than
those based on the red band. Due to the inconsistent results in
the studies based on the NIR band, additional alternatives for
robust bark beetle detection should be explored.

This study proposes a new vegetation index, NPRS, using
the red and SWIR bands from the Sentinel-2 satellite, to
identify attacks in early, intermediate and late stages.
Classification accuracy and estimation maps are presented as
the evaluation.

2. MATERIALS

The study area in Remningstorp, Viastra Gotaland, Sweden
(58°27'18.35"N, 13°39'8.03"E), covers an area of 1,602
hectares. The forest in the area is mainly managed Norway
spruce (Picea abies L. Karst.) for wood production. In 2019,
according to the swarm monitoring station records from
SODAR, a forest owners’ association, the first and second
generations of bark beetles started swarming and attacking
trees in week 15 (April 8 to 15) and week 31 (July 29 to
August 4), respectively. Most of the offspring from the
second generation remained in the bark at least until early
September.

A field inventory was conducted in June 2019. Sample
plots were placed in mature, spruce-dominated stands and the
status of trees with DBH=10 ¢cm were recorded. Bark beetle
attacks were revealed through resin flows, beetle
crumbs/flour and traces of woodpeckers searching for insects.
Totally 53 sample plots with 15 m radius were used to present
the performance of NPRS on spruce bark beetle attack
detection, of which 24 plots had ongoing bark beetle attacks
and 29 were healthy plots. The proportion of attacked trees in
each plot ranged from 14% to 59%, with an average of 31%.
Attacked and healthy plots had similar distributions of stem
density and biomass.

Optical images were obtained from Sentinel-2, a European
wide-swath, high-resolution, multi-spectral imaging satellite
mission. Three cloud-free L2A images for 2019/04/07,
2019/07/26 and 2019/10/07 were acquired. The average pixel
values for each plot were extracted for the red band (665 nm
and 10 m resolution) and the SWIR band (2202 nm and 20 m
resolution).



3. METHODS

An index was created based on the linear relation between
the red and the SWIR bands, as

SWIR = k X Red + b (1)

where k and b are the slope and intercept of the linear
regression between the red and the SWIR band.

All images in our dataset showed a similar linear relation
but with slightly different values of k and b (Figure 1).
Attacked plots showed larger pixel values in the red and
SWIR bands, distributed further away from the intercept
along the regression line (Figure 1), when compared with the
healthy plots. The Projected Red SWIR (PRS, Figure 1d)
could be calculated using Equation (2) as

k2xSWIR+kxRed+b

PRS = BN ery 2)
Since only one PRS value was needed as the threshold to

identify attacks in this application, k and b were generalized

to be 2 and 0 to simplify the calculation of PRS. This agrees

with the suggestion proposed by Kaufman et al. [10], who

used a large variety of land types. The PRS was therefore

simplified to Equation (3) as

Red+2xSWIR

PRS = =% 3)

The PRS was then normalized to 0 — 1 to attain a
continuous distribution of attacked probabilities and with
uniform thresholds for attack degree classification. The
NPRS could finally be calculated as

PRS—PRS),in
“)

NPRS = ——— 21—
PRSHax—PRShin

where PRS),q, and PRS,,;,, are the max and min values
of the PRS from the spruce stands in the corresponding
image. By using these values instead of the actual range
obtained from the images, the extremes from other land types,
such as clear-cut areas, were removed. The normalization
made the NPRS more sensitive to the subtle optical change
caused by bark beetle attacks, while clear-cut areas could still
be detected by NPRS values close to 1. In this study, the range
was derived based on pixel values from 14 spruce stands with
closed canopy (PRS"). The 99% and 1% percentiles of their
PRS values were used as PRS),q, and PRS;,;,.

For detection of attacks, the NPRS index was calculated
for the 53 plots. We used 0.5 as the threshold to classify the
plots into healthy or attacked. The classification error was
used as the evaluation of the NPRS performance.

A map of the bark beetle attacks was estimated for the
selected forest stands in the entire satellite scene of the study
area. The stands were selected to contain spruces comprising
more than 80% of the stem volume. Spruce stands younger

than 30 years were excluded since bark beetles primarily
attack mature spruces. NPRS was calculated on 10 m
reslution pixels using the image from 2019/04/07.
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Figure 1. Pixel values from the red and SWIR bands for
healthy (blue) and attacked (red) pixels. (a - ¢) images from
2019/04/07, 2019/07/26 and 2019/10/07. (d) The PRS of
point A projected on the regression line.

4. RESULTS

The classification of healthy and attacked plots resulted in
the kappa values 0.73, 0.80 and 0.88, for the three proceeding
images, corresponding to early-, intermediate- and late-stage
attacks. The estimation map with continuous NPRS values
representing the attack probabilities are illustrated in Figure
2 (only part of the full map in order to show more details).

Table 1. Confusion matrix of the predictions at different
attack stages. Class A for attacked plots, and Class H for
healthy plots.

Field inventory
Jul. 26

Apr. 7 Oct. 7

g Cas A H A H A H

2 A 21 4 21 2 21 0

£ H 325 3 271 3 29
Kappa 0.73 0.80 0.88

*A for attacked plots, H for healthy plots.



- 1.0 B S
250 500m N.
o S

Figure 2. NPRS map for spruce stands from a subpart of the
study area.

5. DISCUSSION

Bark beetle attacked forests showed significant increases of
the red and the SWIR bands. Similar changes have been
identified also in other studies [9, 10], and they appear to be
related to the biochemical reaction due to the bark beetle
attacks. Abdullah et al. [11] observed a clear distinction of
foliar chlorophyll, leaf water content and stomatal
conductance between leaves from healthy trees and trees
attacked by bark beetles. Reductions in chlorophyll has been
shown to decrease the spectral absorptance in the visible
region, resulting in relatively higher reflectance, especially in
the red band [12]. During the attacks, not only the larval
feeding caused phloem girdling [13], but also the beetle-
associated blue-stain fungi may dry the tissue and induce
tracheid aspiration or vascular plugging [14]. Such changes
in the water content would be sensed by the SWIR band [15].

The bark beetle index using the red and the SWIR bands
proposed in this study is a combination which has been rarely
used earlier [16]. This index was based on the linear
relationship between the two bands. Such relations have been
proposed more than twenty years ago [17], and they have
been used in an aerosol free vegetation index when replacing
the red or blue bands by the SWIR band (1.6 and 2.1 pm)
[18]. In the latter study, the scatter plot of the red and the
SWIR bands from different landscape pixels also showed that
the pixel values distributed along the regression line, with
pixels containing smaller proportions of forests scattered at
further distance from the origin of coordinates. The index
proposed in this study extends the work from previous studies
and furthermore confirm their findings. When approximating
the parameters k and b in the linear regression with 2 and 0

instead of using the actual values derived from the specific
date, a small bias was introduced to the PRS index.
Nevertheless, the classification accuracy illustrated that the
simplified calculation was still sufficiently robust for spruce
bark beetle detection.

For practical use, the PRS might also be affected by stand
properties such as age, stem density, canopy density, species
composition and biomass. Thus, it is recommended to use it
on homogeneous spruce stands and normalized to NPRS
using thresholds based on homogeneous spruce stands. In
addition, weak and stressed trees also have high probabilities
to be discriminated by NPRS based on the similar
biochemical reaction. Different studies have illustrated the
relationship between probability of an attack and soil
nutrients [19], water supply [20] and topography [21].
Weakness caused by such factors would also be sensed from
the tree crowns by optical images at early stage attacks or
even describing the potential of successful attacks.

6. CONCLUSION

This study proposed a new vegetation index, NPRS, which
can be used for identifying bark beetle attacked forest. NPRS
was calculated from the red and SWIR bands based on their
linear relation, and they were verified on 24 attacked and 29
healthy plots in southern Sweden. Sentinel-2 images from
2019/04/07, 2019/07/06 and 2019/10/07, were used for the
classifications, resulting in the kappa coefficients 0.73, 0.80
and 0.88. Maps with continuous NPRS values as the attack
probabilities were presented as a demonstration of practical
use on spruce forests.

Further studies could be conducted using denser time-
series of images, larger areas and more diversified forest
types as reproducibility tests for the proposed NPRS index.
We may also propose a hypothesis that NPRS could be used
for detection of other forest insects, which are damaging
barks and induce tracheid aspiration or vascular plugging.
Such a hypothesis could be studied in the future for various
forest damages and diseases. Similar studies on an individual
tree level is also an option to test the potential improvement
of detection accuracy.
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