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Abstract

Insects are one of the most important elements of the natural balance in forest ecosystems.
Thaumetopoea pityocampa, which is one of the important pests of Turkey's forests, causes
increment loss, tree dead and economic losses in the forest stands. Therefore, there is a need
for alternative methods of detecting and monitoring beetle damage with low cost and
acceptable accuracy. Remote sensing data is widely used in beetle damage detection. In this
study, the infestation of Thaumetopoea pityocampa in Calabrian pine forests in
Kahramanmaras Regional Directorate of Forestry, Elmalar Planning unit was determined with
Remote Sensing data. 70 forest stands (sub-compartments) belonging to the infested (2016)
and non-infested (2022) periods were determined in the study area. The minimum, average,
maximum and total values of NDVI values were calculated using Landsat 8 OLI satellite images.
The Kolmogorov-Smirnov normality test was used to determine whether the NDVI values
were normal. Using SPSS software, the difference in NDVI values in infested and non-infested
forest stands were statistically analyzed using a paired sample t-test. According to results,
there was a statistically significant difference between all NDVI values in the years 2016 and

2022.

1. Introduction

Insects are the most important factors that threaten
the existence, productivity and sustainability of Turkey's
forests (Onaran and Kat 2010; Ozcan, 2017). The Pine
Processionary Moth (PPM) (Thaumetopoea pityocampa
Schiff (Denis & Schiffermiiller, 1775) (Lepidoptera:
Notodontidae), which can cause significant damage to
the forests in the Mediterranean region (Salvato et al.
2002) and has been known for many years in Turkey,
spreads along the whole coastline (Ipekdal and Caglar
2011). PPM larvae was feed on pine needles (Kanat et al.
2002; Kerdelhué et al. 2009), and in the advanced stage,
they can cause the death of the trees. Due to the
defoliation, they cause a great deal of needle loss and
reduced tree growth. Generally, young trees suffer more
damage than older trees (Jacquet et al. 2013).

PPM causes economic losses as it negatively affects
diameter and height growth in trees, health problems
due to its allergen and aesthetic problems due to
defoliation of trees (Mendel 1990). While trees rarely die
in old forest stands, significant decrease in increment can

occur. It was determined that trees with significant
defoliation decreased by 24% in diameter, 36% in height
and 52% in growing stock (Carus 2004). It was reported
that, increment in Calabrian pine forests was decreased
as 38.2% (Kanat et al. 2002) and 22.3% (Kanat and
Sivrikaya 2005). In the afforestation areas of Crimean
pine, the annual increment decreased by 34.6%-39.7%
compared to the general average, and decreased by
58.3%-43.1% the following year (Altumisik and Avci
2016). General Directorate of Forestry uses biological,
chemical, mechanical, biotechnical and integrated
control methods against this harmful species.

In the control against pests, the spatial determination
of the damage is important in terms of the precautions to
be taken. However, detection of the PPM in field survey
is a time and cost-consuming activity. Therefore, there is
a need for alternative methods with lower cost and
acceptable accuracy. In this context, remote sensing (RS)
techniques are used effectively in the detection and
monitoring of PPM. Detection of beetle infestation using
RS data depends on leaf discoloration and degree of leaf
damage (Wulder et al. 2006). Each satellite image reveals
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a different degree of beetle infestation in terms of its
characteristics (White et al. 2006). Medium resolution
satellite images such as Landsat satellite images are used
effectively in beetle infestation detection studies due to
their multispectral bands, covering large areas, 30 m
spatial resolution and 16-day temporal resolution
(Collins and Woodcock 1996; Franklin et al. 2003;
Skakun et al. 2003).

The aim of this study is to determine the PPM
infestation in the Calabrian pine forests with RS data in
Kahramanmaras Regional Directorate of Forestry,
Elmalar Planning Unit. The results will contribute to the
determination of PPM in large forest areas with less
effort and time and taking the necessary precautions.

2. Method

The study area is located Kahramanmaras Regional
Directorate of Forestry, Kahramanmaras Forest
Enterprise, Elmalar Forest Planning Unit at 37°35'26” N,
36°53'04” E (WGS 84 datum, 37 zone) (Figure 1). The
Mediterranean climate is in the south of
Kahramanmaras, and the continental climate is not harsh
in the north. Winters are warm and rainy, and summers
are hot and dry. The annual average temperature is 17.2
C°, the monthly average precipitation is 750.9 mm, the
lowest temperature is -9.6 C° and the highest
temperature is 45.2 C° The total forest area in the
planning unit is 13.575 ha, of which 11.223 ha (83% of
the total study area) is productive forest and 2.352 ha
(17% of the total study area) is degraded forest. The main
tree species in the study area are Calabrian pine (Pinus
brutia Ten.), Oak (Quercus ssp.), and Stone pine (Pinus
pinea L.).
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Figure 1. Study area location in Kahramanmaras,
Tiirkiye

In the study area, the natural outbreak was observed
in 2015, followed by 2016, and 2017. Landsat images
from T. pityocampa infested (2016) and non-infested
(2022) periods were compared in Calabrian forests in
Kahramanmaras Regional Directorate of Forestry.
Landsat 8 Operational Land Imager (OLI) images of two
different time periods (2016 and 2022) were used to
compare the (Normalized Vegetation Index) NDVI values
in 2016 and 2022. These data with cloud cover less than
5% were downloaded from
https://earthexplorer.usgs.gov (USGS, 2022) (Table 1).
Some pre-processes were applied to make the Landsat 8
OLI satellite images to be used in the study ready for
analysis. Atmospheric correction was made on Landsat 8
OLI satellite images and the digital number values of the
bands (Red and NIR) to be used for NDVI were converted
to reflectance values.

Table 1. The properties of Landsat 8 OLI images used in
the study

. Cloud Central Spatial
Acquisition Band .
Date cover e wavelength resolution

(%) (um) (m)
2016/04/23 0.52  Blue 0.45-0.51
Green 0.53-0.59
Red 0.64-0.67 30
NIR 0.85-0.88
SWIR 1 1.57-1.65
2022/04/16 329  SWIR2  2.11-2.29

In the study area, 70 forest stands (sub-
compartments) were overlaid to satellite images of 2016
and 2022. NDVI values were estimated according to the
obtained reflectance values. NDVI values for 70 selected
forest stands were calculated according to the Eq. 1

NDVI = (NIR - RED) / (NIR + RED) (1)

Where NIR is the near infrared wavelength of the
spectrum (0.851 - 0.879 um), RED is the red region
wavelength (0.636 - 0.673 pm), and NDVI is the
vegetation index value.

Since the area of each forest stand and the number of
pixels falling into these forest stands will be different, the
minimum, average, maximum and total values of NDVI in
each forest stands were calculated using ArcGIS 10.6. The
normality of the NDVI values was performed using the
Kolmogorov-Smirnov normality test. Paired sample t-
test was used to statistically analyze the differences
between NDVI values in infested and non-infested forest
stands using SPSS software.

3. Results and Discussion

In recent studies, NDVI is a frequently used method
for monitoring beetle infestation (Rullan-Silva et al.
2013). Figure 2 shows NDVI images of the study area for
infested (2016) and non-infested (2022) periods that
were generated to investigate the infestation by PPM in
the Elmalar planning unit using Landsat 8 OLI images.
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Figure 2. NDVI images in infested (2016) and non-
infested (2022) periods (lighter pixels = high NDVI
values, darker pixels = low NDVI values)

The minimum, average, maximum and total values of
NDVI obtained from PPM infested (2016) and non-
infested (2022) periods were statistically compared. All
NDVI values were normally distributed according to the
Kolmogorov-Smirnov test of normality. The paired
sample t-test of the minimum, average, maximum and
total values of NDVI results figure out that there was a
statistically significant difference between all NDVI
values in the years 2016 and 2022 (Table 2). Severe
beetle infestation was in the study area in 2016. For this
reason, the Regional Directorate of Forestry carried out
successful efforts to control against beetle damage. The
results also support this situation. In 2016, NDVI values
are lower than in 2022 due to beetle damage.

Table 2. The result of the paired sample t-test for the

minimum, average, maximum and total values of NDVI
Std.

Years Mean N t P
Dev.

2016 Min.  0.071 70  0.019

2022 Min. 0086 70 0.025 11370 0:000
2016 Ave. 0112 70 0.019

2022 Ave. 0139 70 0.024 25154 0.000
3‘(116 0173 70 0.050 6417 0000
fn‘lzvz 0210 70 0.055 ' '
2016 21380 70 23.658 761 0000
2022 26612 70 29.054 ' '

Tatal

NDVI values were significantly reduced in the year of
infestation due to the reduction in NIR band value
(Junttila et al. 2015; Rock et al. 1988). De Beurs and
Townsend (2008) used the NDVI and EVI indices in
MODIS satellite images to determine the damage caused
by Lymantria dispar (L.) (Lepidoptera: Erebidae) on
deciduous trees in the central Appalachian region of the
USA. NDVI decreases at the beginning of epidemic beetle
infestation, according to research on oak mortality in
California using high-resolution images (Kelly 2002).
Townsend et al. (2012) successfully classified and
mapped defoliation severity using NDIIb5 together with
a logistic regression model in Landsat TM. Spruce et al.
(2011) stated that NDVI is better at distinguishing
moderate damage from low damage in a deciduous
forest. NDVI has a strong positive linear correlation
between 25% and 80% vegetation cover in forest
ecosystems (Zhang et al. 2010).

4. Conclusion

Landsat satellite images with medium spatial
resolution can be used to assess the damage caused by
PPM outbreaks, identify and analyze their ecological
impact. Our results are consistent with similar studies.
Gooshbor et al. 2016 stated that NDVI values for 2002
(before infestation), and 2007 and 2014 (after
infestation) showed a statistically significant decrease in
oak forest infested by oak leaf roller.

Acknowledgement

We would like to express our gratitude to the
Kahramanmaras Regional Directorate of Forestry
personnel for providing the forest stand type map and
related beetle information.

References

Altunisik, A, & Avcy, M. (2016). Isparta cam ormanlarinda
cam kese bocegi (Thaumetopoea wilkinsoni Tams,
1926) (Lep.: Notodontidae) zararinin artim {izerine
etkisi. Tlirkiye Entomoloji Biilteni, 6(3), 231-244.

Carus, S. (2004). Impact of defoliation by the pine
processionary moth (Thaumetopoea pityocampa) on
radial, height and volume growth of Calabrian pine
(Pinus brutia) trees in Turkey. Phytoparasitica,
32(5):459-469.

Collins, J. B.,, & Woodcock, C. E. (1996). An assessment of
several linear change detection techniques for
mapping forest mortality using multitemporal
Landsat TM data. Remote Sensing of Environment,
56: 66-77.

De Beurs, K., & Townsend, P. (2008). Estimating the effect
of gypsy moth defoliation using MODIS. Remote
Sensing and Environment, 112: 3983-3990.

Franklin, S. E., Wulder, M. A,, Skakun, R. S., & Carroll, AL.
(2003). Mountain pine beetle red-attack forest
damage classification using stratified Landsat TM
data in British Columbia, Canada. Photogrammetric
Engineering and Remote Sensing, 69: 283-288.

Gooshbor, L., Bavaghar, M. P., Amanollahi, ., & Ghobari,
H. (2016). Monitoring infestations of oak forests by

101



4th Intercontinental Geoinformation Days (IGD) - 20-21 June 2022 - Tabriz, Iran

Tortrix viridana (Lepidoptera: Tortricidae) using
remote sensing. Plant Protection Science, 52(4), 270-
276.

Ipekdal, K, & Caglar, S. S. (2011). Thaumetopoea
pityocampa ve T. wilkinsoni’'nin Turkiye’deki
yayilisinin ve melezlesmesinin molekiiler
yontemlerle  arastirilmasi. Tirkiye 1. Orman
Entomolojisi ve Patolojisi Sempozyumu, 23-25.

Jacquet, |. S., Bosc, A., 0’Grady, A. P., & Jactel, H. (2013).
Pine growth response to processionary moth
defoliation across a 40-year chronosequence. Forest
Ecology and Management, 293:29-38.

Junttila, S., Kaasalainen, S., Vastaranta, M., Hakala, T,
Nevalainen, O. & Holopainen, M. (2015).
Investigating  bi-temporal hyperspectral lidar
measurements from declined trees- experiences
from laboratory test. Remote Sensing, 7:13863-
13877.

Kanat, M., & Sivrikaya, F. (2005). Cam kese bodceginin
kizilcam agaclarinda c¢ap artimi iizerine etkileri.
Kahramanmaras Siitgcii imam Universitesi Fen ve
Miihendislik Dergisi, 8(2), 74-78.

Kanat, M., Sivrikaya, F., & Serez, M. (2002). A research on
damage of pine processionary moth (Thaumetopoea
pityocampa Schiff.) on Pinus brutia Ten. trees, and the
effect of tending activities on the diameter increment
of Calabrian pine in Kahramanmaras. Pages 44-51 in
Pine Processionary Moth Symposium, (Ed. M. Kanat),
(Kahramanmaras, Turkey).

Kerdelhué, C., Zane, L. Simonato, M. Salvato, P.,
Rousselet, ], Roques, A., & Battisti, A. (2009).
Quaternary history and contemporary patterns in a
currently expanding species. BMC Evolutionary
Biology, 9(1):220.

Mendel, Z. (1990). On the origin of the pine processionary
caterpillar, Thaumetopoea wilkinsoni Tams (Lep.:
Thaumetopoeidae) in Israel. Journal-of-Applied-
Entomology, 109: 3,311-314.

Onaran, M. A, & Kati, M. (2010). Cam kese bdcegi
(Thaumetopoeo pityocampa Shiff) ile biyolojik
miicadele. Balikesir Universitesi Fen Bilimleri
Enstitiisti Dergisi, 12(2), 21-27.

Ozcan, G. E. (2017). Assessment of Ips sexdentatus
population considering the capture in pheromone
traps and their damages under non-epidemic
conditions. Sumarski list, 141(1-2), 47-55.

Rock, B., Hoshizaki, T., & Miller, ]. (1988). Comparison of
in situ and airborne spectral measurements of the
blue shift associated with forest decline. Remote
Sensing of Environment, 24: 109-127.

Rullan-Silva, C. D., Olthoff, A. E., Delgado, de la Mata ]J. A.
& Pajares-Alonso, . A. (2013). Remote monitoring of
forestinsect defoliation. A review. Forest Systems, 22:
377-391.

Salvato, P., Battisti, A., Concato, S., Masutti, L, Patarnello,
T., & Zane, L. (2002). Genetic differentiation in the
winter pine processionary moth (Thaumetopoea
pityocampa - wilkinsoni complex), inferred by AFLP
and mitochondrial DNA markers. Molecular Ecology,
11, 2435-2444.

Skakun, R. S., Wulder, M. A, & Franklin, S. E. (2003).
Sensitivity of the thematic mapper enhanced wetness
difference index to detect mountain pine beetle red-
attack damage. Remote Sensing of Environment, 86:
433-443.

Spruce, ], Sader, S., Ryan, R, Smoot, ]., Kuper, P., & Ross,
K. (2011). Assessment of MODIS NDVI time series
data products for detecting forest defoliation by
gypsy moth outbreaks. Remote Sensing and
Environment, 115: 427-437.

Townsend, P., Singh, A, Foster, ., Rehberg, N., Kingdon, C.
& Eshleman, K. (2012). A general Landsat model to
predict canopy defoliation in broadleaf deciduous
forests. Remote Sensing and Environment, 119: 255-
265.

u.s. Geological Survey (2021).
https://earthexplorer.usgs.gov/. Accessed 25 March
2022.

White, J. C.,, Wulder, M. A, & Grills, D. (2006). Detecting
and mapping mountain pine beetle red-attack
damage with SPOT-5 10-m multispectral imagery. BC
Journal of Ecosystems and Management, 7: 105-118.

Wulder, M. A, Dymond, C. C., White, |. C., Leckie, D. G., &
Carroll, AL. (2006). Surveying mountain pine beetle
damage of forests: a review of remote sensing
opportunities. Forest Ecology and Management, 221:
27-41.

Zhang, T., Zhang, X., Liu, H., & Pei, X. (2010). Application
of remote sensing technology in monitoring forest
diseases and pests. Plant Diseases and Pests, 1(3), 57-
62.

102



