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GIS-based prediction of the foliage browsing 

insects’ outbreaks in the pine stands 

of the SE “Kreminske FHE” 

V. L. Meshkova1, O. I. Borysenko2 

To improve the detection and prevention of foliage browsing insects’ outbreaks it is very important to reveal the forest 
plots, which are the most favorable for these pests. 

The aim of this research was to predict using GIS technologies the spatial dynamics of foliage browsing insects’ 
outbreaks in the pine stands of the State Enterprise “Kreminske FHE” (Luhansk region).

Forest inventory databases of Production Association “Ukrderzhlisproekt” were analyzed for the SE “Kreminske 
FHE” as of 2001 and 2011. Rating of forest plots preferences for common pine sawfl y (Diprion pini L.) and European 
pine sawfl y (Neodiprion sertifer Geoffr.) considered the type of forest site conditions, age of stand, density of stocking, 
and the part of pine in the stand composition. If forest plot bordered with clear-cut, then 1 point was added to the general 
score of the threat.

It was shown, that the area with high threat of European pine sawfl y and common pine sawfl y outbreaks for 2001–
2011 increased in the forest fund of the SE “Kreminske FHE” by 702.8 and 2004.2 hectares respectively. The part of foci 
area made up 27.5 and 32 % from forest fund area, 42.5 % and 49.5 % from pine stands area for European pine sawfl y 
and common pine sawfl y respectively.

The areas of pine sawfl ies foci increased mainly in result of decrease the stocking density of pine stands and increase 
the number of plots which border with clear-cuts.

The survey for pine sawfl ies is recommended to carry out fi rst of all in the plots with high threat of foci appearance.
Key words: foliage browsing insects, common pine sawfl y (Diprion pini L.), European pine sawfl y (Neodiprion serti-

fer Geoffr.), forest inventory, insect preferences to forest plots, risk assessment, density of stocking, forest site conditions, 
land category of neighboring plots, GIS-based risk rating of forest insect outbreak.
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Introduction. Mass propagation of foliage browsing 
insects (outbreaks) is one of the most important causes 
of forest weakening (Behmer et al., 2012, Branco et al., 
2016, Isaev et al., 2015, Kollberg et al., 2013, Liebhold et 
al., 2008, Morin & Liebhold, 2015). Much attention was 
devoted to revealing the regularities of spatial & temporal 
population dynamics of such pests (Allstadt et al., 2013, 
Berggren et al., 2009, Bjorkman et al., 2011, Peltonen et 
al., 2002, Pimental et al., 2017) as well as their outbreaks 
prediction, especially under climate change (Haynes et 
al., 2012, 2014, Logan et al., 2003, Neuvonen & Viiri, 
2017). It was shown that outbreaks of foliage browsing 
insects develop synchronously in different regions and 
forest plots (Haynes et al., 2013, Liebhold et al., 2004), 
fi rst of all in the regions and plots, where ecological con-
ditions are little favorable for forest (Meshkova & Koli-
enkina, 2016, Nevalainen et al., 2015). 

To improve the detection and prevention of out-
breaks development it is very important to know pre-
cisely the plots, which are the most favorable for foliage 
browsing insects. Methodical approach for evaluation of 
indivi dual plots preferences for the most spread foliage 
browsing insects was developed by Meshkova (2009) 
and tested in Kharkiv (Meshkova, 2006a, 2006b), 
Kherson, Luhansk (Meshkova & Kolienkina, 2016) and 
Zhytomyr regions of Ukraine (Andreieva, 2009). 

According to this approach, a rating of forest plots 
preferences for the main species of foliage browsing 
insects was carried out considering the type of forest 
site conditions, age of stand, density of stocking, and 
the part of pine in the stand composition. Then total 
score of points and threat risk is calculated for each 
forest plot taking into account forest inventory data-
base. The plots with maximal threat of foliage brows-
ing insects’ outbreaks are recommended for high prior-
ity fi eld inspection, and total area of such plots in the 
forest stand corresponds to the potential area of certain 
pest focus in the years of its outbreak.

In different countries GIS-approach is widely used 
for evaluation of forest damage by different causes, in-
cluding insects, together with remote sensing and aer-
ial survey (Bone et al., 2013, Rullan-Silva et al., 2013, 
Senf et al., 2017). 

The maps of forest stands are plotted and connected 
with geographic coordinates and forest inventory da-
tabase in Ukrainian Research Institute of Forestry & 
Forest Melioration (URIFFM). Additional fi elds can 
be attached with characteristics of certain insect pests’ 
preferences, abundance, and forest damage by wind, fi re 
etc. (Polupan et al., 2011). Such approach gives the pos-
sibility not only to reveal the foci, but also to predict the 
trends in their development in time and space (Grodzki, 
2005, Meshkova, 2006a, 2006b). However, the possibil-
ity of change the land category of neighboring plots was 
not taken into account. It is known (Meshkova, 2009), 
that the risk of foliage browsing insects outbreaks in-
creases, if forested neighboring plots are converted to 
clear-cuts, burnt area, roads or another categories of the 
lands, which are not covered with forest. Infl uence of 
land category change on spread of foliage browsing in-
sects’ foci can be taken in to account with the help of 

GIS applications. A similar approach was developed for 
assessment the level of fi re threat (Polupan et al., 2011) 
and gave the possibility to build respective thematic 
maps, to obtain the lists of forest plots with high fi re 
risk and respective area, to plan the necessary preven-
tive measures, as well as to improve the algorithm for 
optimal mobility of vehicles in the case of forest fi res.

The using of GIS approaches gives the possibil-
ity also to improve the prediction of foliage browsing 
insects spread for the cases of change the forest age, 
species composition or stocking density (Meshkova & 
Kolienkina, 2016). 

The State Enterprise “Kreminske Forest & Hunting 
Economy” (SE “Kreminske FHE”, Luhansk region) 
was selected as model object, because of high sever-
ity, frequency and duration of foliage browsing insects 
outbreaks there, which strengthens by climate aridity 
(annual precipitation 492 mm per year, annual air tem-
perature 8 °C) and high anthropogenic loading (Mesh-
kova & Kolienkina, 2016). 

At the beginning of XXI century the area of foliage 
browsing insects foci and outbreak duration increased, 
and intervals between outbreaks decreased, particular-
ly from 12 to 7 years for common pine sawfl y (Diprion 
pini L.) and from 7 to 5 years for European pine sawfl y 
(Neodiprion sertifer Geoffr.) (Meshkova & Kolienki-
na, 2016).

The aim of this research was to predict using GIS 
technologies the spatial dynamics of foliage browsing 
insects’ outbreaks in the pine stands of the State Enter-
prise “Kreminske FHE”.

Objects and methods. Forest inventory Databases 
of Production Association “Ukrderzhlisproekt” were 
analyzed for the SE “Kreminske FHE” as of 2001 and 
2011. These databases were converted into Access and 
Excel tables using applications developed in URIFFM. 

The foci of two foliage browsing insects of pine 
stands – common pine sawfl y (Diprion pini L.) and Eu-
ropean pine sawfl y (Neodiprion sertifer Geoffr.) were 
analyzed as the most spread forest pests in the region 
(Meshkova & Kolienkina, 2016).

The threat of pine sawfl ies spread in the pine forests 
of SE “Kreminske FHE” was evaluated using approach 
of Meshkova (2009). According to it each plot in the 
database was scored by the type of forest site condition, 
part of pine (Pinus sylvestris L.) in the forest composi-
tion, stand age, density of stocking, and then total score 
and threat level were evaluated. For all plots with the 
absence of pine the threat was evaluated as “0 points”.

In the second scenario of evaluation the threat of 
pine sawfl ies spread, the neighboring plots were taken 
into account. Using QGIS 2.18, the spatial query was 
formed with the fulfi llment of the predicates of neigh-
borhood, affi liation and adjoining. So if forest plot 
bordered with clear-cut, then 1 point was added to the 
general score of the threat.

Thus total area with the threat of pine sawfl ies out-
breaks was evaluated for forest fund of the SE “Kremin-
ske FHE” by three levels: low, moderate and high. The-
matic maps on common pine sawfl y and European pine 
sawfl y foci distribution were built using QGIS 2.18 for 
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the whole territory of forest fund. Here we show only 
the maps for Serebryanske forestry by the variants:

 – as of 2001 without considering land category of 
neighboring plots;

 – as of 2001 with considering the land category of 
neighboring plots;

 – as of 2011 without considering land category of 
neighboring plots;

 – as of 2011 with considering the land category of 
neighboring plots.

Results and discussion. Data analysis shows that 
the area of forest stands in the SE “Kreminske FHE” 
increased from 41401.5 hectares in 2001 to 41503.8 
hectares in 2011. The area of pine stands increased 
from 26340.4 to 26827.8 hectares, and the part of pine 

stands in forest fund increased from 63.6 to 64.6 % (Ta-
ble 1). According to this, the area of stands available 
for pine sawfl ies outbreaks increased.

The area of stands with high threat for European 
pine sawfl y outbreak increased from 10701.7 hectares 
in 2001 to 11404.5 hectares in 2011 (by 702.8 hect-
ares), and that for common pine sawfl y increased from 
11266.5 hectares in 2001 to 13270.7 hectares in 2011 
(by 2004.2 hectares). The part of European pine sawfl y 
foci area from forest fund area increased for this period 
from 25.8 to 27.5 %, and the part of common pine saw-
fl y foci area – from 27.2 to 32 %. The part of European 
pine sawfl y foci area from pine stands area increased 
from 40.6 to 42.5 %, and the part of common pine saw-
fl y foci area – from 42.8 to 49.5 % (see Table 1).

Table 1
Predicted area with the highest threat of spread the pine sawfl ies outbreaks in SE “Kreminske FHE” 

Indices 

Foci area (hectares) or its part (%)
European pine sawfl y Common pine sawfl y 

evaluated by forest inventory of:
2001 2011 2001 2011

Area of forest fund, hectares 41401.5 41503.8 41401.5 41503.8
Area of pine stands, hectares 26340.4 26827.8 26340.4 26827.8

Area of foci, hectares 
– without considering the land category of neighboring plots 10701.7 11404.5 11266.5 13270.7
– with considering the land category of neighboring plots 11029.4 11571.9 11508.8 13533.9

Part from forest fund area, %
– without considering the land category of neighboring plots 25.8 27.5 27.2 32.0
– with considering the land category of neighboring plots 26.6 27.9 27.8 32.6

Part from pine stands area, %
– without considering the land category of neighboring plots 40.6 42.5 42.8 49.5
– with considering the land category of neighboring plots 41.9 43.1 43.7 50.4

More intensive growth of common pine sawfl y foci 
area, than European pine sawfl y foci area, is explained 
by greater photophilia of the fi rst species. It prefers the 
plots with lower relative density of stocking. Therefore 
if we consider only the change of relative density of 
stocking, we can calculate, that the area with the high 
threat of outbreaks increased for 2001–2011 from 
853.5 to 2576 ha, and its part from all predicted foci 
area (with low, moderate and high threat) increased 
from 3.2 to 9.6 % (Fig. 1).

The change of land category of neighboring plots 
also contributes to the growth of pine sawfl y foci area. So 
with considering the land category of neighboring plots 
in 2001 the area of European pine sawfl y and common 
pine sawfl y foci was by 327.7 and 242.3 hectares larger 
respectively, than without considering the land category 
of neighboring plots. In 2011 respective difference was 
167.4 and 263.2 hectares for European pine sawfl y and 
common pine sawfl y foci respectively (see Table 1).

For 2001–2011 the area of pine stands with high 
threat of European pine sawfl y and common pine 
sawfl y foci, evaluated considering land category of 
neighboring plots, increased by 542.5 and 2025.1 
hectares respectively (see Table 1).

The trend of growth the pine sawfl ies foci in 
connection with decrease of stocking density of stands 
and increase of number of plots, which border with 
clear-cuts, was supported also for individual forestries 
of SE “Kreminske FHE”, particularly for Serebryanske 
forestry (Fig. 2–4).
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Fig. 1. Distribution of pine sawfl ies foci area in SE 
“Kreminske FHE” by threat level with considering the 

change of stocking density for 2001–2011 (H – high threat: 
M – moderate threat; L – low threat)
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The area of pine stands in Serebryanske forestry with 
high threat of European pine sawfl y foci, evaluated by 
2011 database, exceeded 209 and 261.1 hectares such 
area evaluated by 2001 database, and for common 
sawfl y by 416.5 and 448.9 hectares in the cases without 
considering neighboring plots and with such considering. 

It is necessary to carry out the survey and assessment 
of pine sawfl ies fi rst of all in these plots. Considering 
these data gives the possibility to reduce the costs 
both on forest inspection and on forest treatment with 
insecticides.
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Fig. 2. Area of European pine sawfl y and common pine 
sawfl y foci in Serebryanske forestry of SE “Kreminske 

FHE”, evaluated by forest inventory databases for 2001 and 
2011 without considering the land category of neighboring 

plots (N0) and with considering the land category of 
neighboring plots (N1) 

Fig. 3. Distribution of predicted European pine sawfl y foci 
area in Serebryanske forestry of SE “Kreminske FHE” 

(upper row – as of 2001, lower row – as of 2011; in every 
row left map is built without considering the land category 

of neighboring plots; right map is built with considering 
the land category of neighboring plots)

Due to greater photophilia of common pine sawfl y it 
is more sensitive not only to decrease of stocking density, 
but also to appearance of clear-cuts in the neighboring 
plots (Meshkova, 2009). 

As the area of pine stands in Serebryanske forestry 
was 2627.5 and 2688.1 hectares in 2001 and 2011, the 
part of area with the highest threat of European pine 
sawfl y foci from pine stands area increased from 30.3 
to 39.3 %, and the part of area with the highest threat 
of common pine sawfl y foci from pine stands area 
increased from 42.3 to 58 %.

Obtained data show, that total treatment of all pine 
forests with insecticides is inexpedient, because potential 
area of European pine sawfl y foci cannot exceed 39.3 % 
of pine stands area, and such area for common pine 
sawfl y cannot exceed 58 % of pine stands area.

Fig. 4. Distribution of predicted common pine sawfl y foci 
area in Serebryanske forestry of SE “Kreminske FHE” 

(upper row – as of 2001, lower row – as of 2011; in every 
row left map is built without considering land category of 
neighboring plots; right map is built with considering the 

land category of neighboring plots)

Considering these data gives the possibility to re-
duce the costs on insecticide treatment and negative 
infl uence of forest ecosystem.

Conclusions. Rating of forest plots by preferences 
for foliage browsing insects show, that in the forest 
fund of the SE “Kreminske FHE” the area with high 
threat of European pine sawfl y and common pine saw-
fl y outbreaks for 2001–2011 increased by 702.8 and 
2004.2 hectares respectively. 

The part of foci area made up 27.5 and 32 % from 
forest fund area, 42.5 % and 49.5 % from pine stands 
area for European pine sawfl y and common pine sawfl y 
respectively.

The areas of pine sawfl ies foci increased mainly in 
result of decrease the stocking density of pine stands 
and increase the number of plots which border with 
clear-cuts.

On example of Serebryanske forestry it was evalu-
ated, that the area of pine stands with high threat of Eu-
ropean pine sawfl y outbreak increased for 2001–2011 
by 209 and 261.1 hectares, and such area for common 
pine sawfl y by 416.5 and 448.9 hectares respectively 
in the cases without considering neighboring plots and 
with their considering. 

The survey for pine sawfl ies must be fi rst of all car-
ried out in the plots with high threat of foci appearance.
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Базоване на ГІС-технології прогнозування 
спалахів комах-хвоєгризів у соснових 

насадженнях ДП «Кремінське ЛГ» 

В. Л. Мєшкова1, О. І. Борисенко2 

Для вдосконалення виявлення та запобігання 
розвитку спалахів масового розмноження комах-
хвоєгризів дуже важливо точно знати перелік ви-
ділів, які найпринадніші для цих шкідників. Таку 
можливість надає бальне оцінювання преференцій 
цих комах стосовно типу лісорослинних умов і дея-
ких характеристик насаджень. Хоча відомо, що ри-
зик розвитку спалаху зростає, якщо сусідні лісові 
виділи стають зрубами, згарищами або іншими не 
вкритими лісом землями, водночас зміни категорії 
земель сусідніх виділів під час визначення таких 
преференцій комах-хвоєгризів досі не було врахо-
вано через трудомісткість такого аналізу. 
Метою цього дослідження було прогнозування 

з використанням ГІС-технологій просторової дина-
міки осередків комах-хвоєгризів у соснових наса-
дженнях ДП «Кремінське ЛГ» (Луганська область).

Під час виконання дослідження використа-
но бази даних ВО «Укрдержліспроект» стосовно 
ДП «Кремінське ЛГ» станом на 2001 та 2011 рр. 
Принадність виділів розраховували стосовно най-
поширеніших у регіоні звичайного соснового пиль-
щика (Diprion pini L.) та рудого соснового пильщика 
(Neodiprion sertifer Geoffr.). До бальної оцінки наса-
джень кожного виділу включали тип лісорослинних 
умов, вік деревостану, відносну повноту та частку 
сосни у його складі. Якщо виділ межував зі зрубом, 
до оцінки загрози спалаху додавали один бал.

Загрозу поширення осередків соснових пильщи-
ків у лісовому фонді ДП «Кремінське ЛГ» оцінили 
за трьома рівнями – низький, помірний і високий. 
Відповідні тематичні карти з використанням QGIS 
2.18 побудовано для всієї території лісгоспу, а в 
статті наведено, як приклад, карти стосовно Сереб-
рянського лісництва за варіантами: станом на 2001 
та 2011 рр. без урахування та з урахуванням катего-
рії земель сусідніх виділів.
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Оцінювання насаджень за принадністю для 
комах-хвоєгризів свідчить, що у лісовому фонді 
ДП «Кремінське ЛГ» площа з високою загрозою ви-
никнення спалахів рудого соснового пильщика та 
звичайного соснового пильщика за 2001–2011 рр. 
зросла на 702,8 та 2004,2 га відповідно. Частка пло-
щі осередків рудого соснового пильщика та звичай-
ного соснового пильщика становила 27,5 і 32 % від 
площі лісового фонду, 42,5 і 49,5 % відповідно від 
площі соснових насаджень.

Площі осередків соснових пильщиків збільши-
лися переважно внаслідок зменшення відносної по-
вноти насаджень і збільшення кількості виділів, які 
межують зі зрубами.

На прикладі Серебрянського лісництва визна-
чено, що площа соснових насаджень із високою 
загрозою поширення осередків рудого соснового 
пильщика зросла за 2001–2011 рр. на 209 і 261,1 га, 
а звичайного соснового пильщика – на 416,5 і 
448,9 га за розрахунками без урахуванням сусідніх 
виділів та з їхнім урахуванням відповідно. 

Нагляд за сосновим пильщиками потрібно на-
самперед здійснювати у виділах із високою загро-
зою виникнення осередків.

Ключові слова: комахи-хвоєгризи, звичайний 
сосновий пильщик (Diprion pini L.), рудий сосно-
вий пильщик (Neodiprion sertifer Geoffr.), лісовпо-
рядкування, преференції комах стосовно виділів 
лісу, оцінювання ризику, повнота деревостану, лі-
сорослинні умови, категорія земель сусідніх виді-
лів, базоване на ГІС-технології оцінювання ризику 
спалахів лісових комах

Основанное на ГИС-технологии 
прогнозирование вспышек 

хвоелистогрызущих насекомых 
в сосновых насаждениях 

ГП «Кременское ЛХ» 

В. Л. Мешкова1, А. И. Борисенко2 

Для обнаружения и предотвращения развития 
вспышек хвоелистогры зущих насекомых важно 
знать перечень наиболее привлекательных для них 
выделов. Такую возможность дает балльная оцен-
ка преференций насекомых относительно типа 
лесорастительных условий и некоторых характе-
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ристик насаждений. Хотя известно, что риск раз-
вития вспышки возрастает, если соседние лесные 
выделы становятся вырубками, горельниками или 
другими не покрытыми лесом землями, однако из-
менения категории земель соседних выделов при 
определении таких преференций хвоелистогрызу-
щих насекомых ранее не принимали во внимание, 
в связи с трудоемкостью такого анализа. 
Целью данного исследования было прогнози-

рование с использованием ГИС-технологий про-
странственной динамики очагов хвоелистогрызу-
щих насекомых в сосновых насаждениях ГП «Кре-
менское ЛХ» (Луганская область).

При выполнении исследований использованы 
базы данных ПО «Укргослеспроект» относитель-
но ГП «Кременское ЛХ» по состоянию на 2001 и 
2011 гг. Привлекательность выделов оценивали от-
носительно наиболее распространенных в регионе 
обыкновенного соснового пилильщика (Diprion pini 
L.) и рыжего соснового пилильщика (Neodiprion 
sertifer Geoffr.).

В балльную оценку каждого выдела включали 
тип лесорастительных условий, возраст древос-
тоя, относительную полноту и долевое участие 
сосны в составе насаждений. Если выдел грани-
чил с вырубкой, к оценке угрозы вспышки добав-
ляли один балл. Угрозу распространения очагов 
сосновых пилильщиков в лесном фонде ГП «Кре-
менское ЛХ» оценили по трем уровням – низ-
кий, умеренный и высокий. Тематические карты 
построены с использованием QGIS 2.18 для лесхо-
за. В статье приведены карты Серебрянского лесни-
чества по состоянию на 2001 и 2011 гг. без учета и с 
учетом категории земель соседних выделов.

Оценка насаждений по привлекательности для 
хвоегрызущих насекомых показывает, что в лесном 
фонде ГП «Кременское ЛХ» площадь с высокой угро-
зой возникновения очагов рыжего и обыкновенного 
соснового пилильщика за 2001–2011 гг. возросла на 
702,8 и 2004,2 га соответственно. Доля площади оча-
гов рыжего и обыкновенного соснового пилильщи-
ка составила 27,5 и 32 % от площади лесного фонда, 
42,5 и 49,5 % соответственно от площади сосновых 
насаждений. Площади очагов сосновых пилильщи-
ков возросли в основном в результате уменьшения 
относительной полноты насаждений и увеличения 
количества выделов, граничащих с вырубками.

На примере Серебрянского лесничества рассчи-
тано, что площадь сосновых насаждений с высокой 
угрозой распространения очагов рыжего сосново-
го пилильщика возросла за 2001–2011 гг. на 209 и 
261,1 га, а обыкновенного соснового пилильщика – 
на 416,5 и 448,9 га по расчетам с учетом и без учета 
соседних выделов соответственно. 

Надзор за сосновыми пилильщиками следует в 
первую очередь осуществлять в выделах с высокой 
угрозой возникновения очагов.

Ключевые слова: хвоегрызущие насекомые, 
обыкновенный сосновый пилильщик (Diprion 
pini L.), рыжий сосновый пилильщик (Neodiprion 
sertifer Geoffr.), лесоустройтво, преференции на-
секомых относительно выделов леса, оценка риска, 
полнота древостоя, лесорастительные условия, ка-
тегория земель соседних выделов, основанная на 
ГИС-технологии оценка риска вспышек лесных на-
секомых 


