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ABSTRACT

Accurate and timely prediction of bark beetle-related timber volumes is essential for minimizing economic losses and for ensuring effective
logistics management in both the forestry and wood-processing sectors. Therefore, this study focuses on analysing the predictive capacity of
interim reports on salvage logging volumes to estimate the final annual impacts of bark beetle outbreaks. Based on a regression analysis of
time-series data from the Czech Republic (2007-2024), we examined the relationship between mid-year and three-quarter reports and the total
annual volume of bark beetle-affected timber. The results demonstrate a very strong correlation for both reporting periods. However, the anal-
ysis revealed that the relationship between mid-year and annual volumes does not correspond to a simple linear doubling; instead, it requires
the application of a multiplication factor of approximately 3.1. This pattern reflects the phenology of the spruce bark beetle (Ips typographus)
and delays in detecting infestations during the first half of the year. In contrast, three-quarter reports show high stability and align with the
theoretical expectation of volume completion at the end of the year. The study confirms that interim reporting can serve as a robust tool for

early prediction and strategic planning in forest management. . . .
For more information see Summary at the end of the article.
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UVOD né, v dusledku ¢ehoz se projevily vyznamné ekologické a ekonomické
dopady doprovazené zvy$enymi naroky na logistiku zpracovani drivi

V poslednim desetileti celi lesni ekosystémy stfedni Evropy zvysené- (KARHA et al. 2018; RAUCH et al, 2024).

mu tlaku biotickych i abiotickych $kodlivych ¢initeld (PATACCA et al.
2023). Periody intenzivniho sucha a vysokych teplot zvy$uji ndchylnost ~ Pro efektivni planovéni a stabilizaci dfevafského trhu je nezbytny
porostii k napadeni patogeny i hmyzimi $kiidci, zejména podkornim ~ V¢asny a spolehlivy odhad rozsahu nahodilych tézeb (Patacca et al.
hmyzem (ANDEREGG et al. 2015; NETHERER et al. 2021). Kombinace 2023). Bézné pouzivané (feromonové lapace) i pokrocilé (ddlkovy pri-
Klimatického stresu a gradaci $kidci vede k rozsahlé mortalité po- ~ zkum Zeme) metody monitoringu mohou poskytovat obstojné udaje,
rostii a zésadné méni moznosti a zptisoby vyuziti hospodatskych lestt aviak v provoznich podminkéch ¢asto naréZeji na praktickd omezeni
(WERMELINGER et al. 2004; MARINI et al. 2017; THORN et al. 2018). (SRAMEL et al. 2021; KauTz et al. 2024). Naopak administrativni data
o prubéiné evidenci nahodilych téZeb, standardné pouzivand v les-
Gradace lykozrouta smrkového (Ips typographus L.) zaznamenala nim hospodaistvi, mohou predstavovat rychle dostupny informaéni
v poslednich dvou dekddach v Evropé vyrazny nérust a stala se jednim zdroj, jehoz potenciil je dosud malo vyuzivan.
z hlavnich faktort ovliviujicich strukturu tézeb (Patacca et al. 2023).

V mnoha regionech prevysily objemy nahodilych tézeb tézby tmysl- Biologicky je pro vyvoj kiirovcové kalamity rozhodujici prvni po-

lovina roku, kdy probiha jarni rojeni a vyvoj prvni generace skid-
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ce (FaccoLr, STERGULC 2006; WERMELINGER et al. 2015). Lze proto
ocekavat, Ze objem kurovcového diivi evidovaného v tomto obdobi
v sobé nese silnou predikéni informaci o celkovém ro¢nim objemu
kiirovcovych tézeb. Cilem této prace je proto analyzovat vztah mezi
prabéznymi (pololetnimi a tfi¢tvrtéletnimi) hlaSenimi a findlnimi
ro¢nimi objemy nahodilych kiirovcovych tézeb na zdkladé ¢asovych
fad z let 2007-2024. Ovéreni této zavislosti mize poskytnout lesnické
praxi dostupny a efektivni ndstroj pro zpresnéni odhad tézeb jesté
pred ukondenim vegeta¢ni sezony.

MATERIAL A METODIKA

Byla analyzovana data objemi zpracovanych kirovcovych tézeb smr-
kového dfivi, kterd vlastnici a spravci lesnich majetkt v Ceské repub-
lice dobrovolné hlasi Lesni ochranné sluzbé. Tato data pochazeji z pti-
blizné poloviny rozlohy tuzemskych lest. Hlaseni stavu $kodlivych fak-
tortt pokryvajici obdobi prvni poloviny roku (tj. 1. 1.-30. 6. béZného
roku) a obdobi prvnich tfi ¢tvrtin roku (tj. 1. 1.-30. 9. bézného roku)
jsou ziskavana vzdy priblizné v poloviné prvniho mésice po uplynuti
sledovaného obdobi. Celoro¢ni (tj. 1. 1.-31. 12. bézného roku) hldseni
jsou poskytovana v mésicich lednu a unoru nasledujiciho roku.

Pro vyhodnoceni, jakym zptisobem priibézna hldseni predikuji sku-
te¢né ro¢ni objemy kirovcovych tézeb, byly odhadnuty dva linedrni
regresni modely pomoci funkce Im z bali¢ku stats. V prvnim modelu
byl vysvétlovanou proménnou celkovy ro¢ni objem tézeb a vysvétlu-
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Obr. 1.

jici proménnou pololetni objem. Ve druhém modelu byla obdobné
pouzita tfi¢tvrtéletni hodnota. Oba modely byly odhadnuty metodou
nejmensich ¢tvercd a pro kazdy z nich byl stanoven odhad sklonu
regresni primky, priisecik s osou Y, jejich intervaly spolehlivosti a ko-
eficient determinace (R?). Timto postupem bylo mozné posoudit, na-
kolik presné prubézna hlaseni odhaduji skute¢ny ro¢ni objem a zda
jejich vztah odpovida teoreticky ocekdvanym poméram (tj. zdvojna-
sobeni pololetnich objemil a navyseni tri¢tvrtéletnich hodnot ptibliz-
né o 33 %). Statistické analyzy byly provedeny a grafy byly vytvoreny
pomoci software R (verze 4.5.2).

VYSLEDKY

Pololetni hlageni

Prvni model s pololetnimi objemy vykdzal velmi vysokou miru vy-
svétlené variability (R? = 0,97). Odhadnuty sklon byl 8; = 3105 (95%
CI: 2980-3229, p = 1,83 x 10™°), coz znamen4, Ze ro¢ni objem je
v priméru o néco vice nez trojnasobkem pololetniho hlaseni. Tento
vysledek je vyrazné vy$si nez teoretickd hodnota 2, ktera by odpovi-
dala jednoduchému zdvojnasobeni pololetniho objemu. Intercept byl
statisticky vyznamny o = 99 222 (95 % CI: 20 565-177 879, p = 0,014),
coz indikuje existenci malého systematického posunu. Tento posun je
v8ak vzhledem k rozsahu objemt relativné maly a neovliviiuje zdsadné
praktickou interpretaci modelu (Obr. 1).
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Linearni vztah mezi pololetnim (A), tfi¢tvrtéletnim (B) a ro¢nim objemem, plna ¢dra znazornuje regresni ktivku; (C) rozdéleni pomérii ro¢niho
viici pololetnimu a ro¢ntho vidi tfictvrtéletnimu objemu; (D) vztah mezi pololetnimi a t¥ictvrtéletnimi objemy, preruSovana ¢ara zndzornuje

ktivku identity.
Fig. 1.

Linear relationships between half-year (A), three-quarter (B), and annual volumes; the solid line represents the fitted regression curve; (C)
distribution of annual-to-half-year and annual-to-three-quarter ratios; (D) relationship between half-year and three-quarter volumes, with the

dashed line indicating the identity line.
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Tri¢tvrtéletni hlaseni

Model pracujici s tfi¢tvrtéletnimi objemy poskytl jesté presnéjsi vy-
sledky (R? = 0,99). Sklon regresni piimky byl y, = 1376 (95% CI:
1344-1407, p = 1,39 x 107"), coZ je velmi blizko teoretické hodnoté.
Interval spolehlivosti navic tuto hodnotu obsahuje, takze data jsou
statisticky konzistentni s o¢ekdvanym multiplikativnim faktorem pii
doplnéni objemu tézeb v poslednim ctvrtleti. Intercept nebyl statis-
ticky vyznamny yo = 436 (95 % CI: -45 322-44 450, p = 0,984), coZ
ukazuje na absenci systematického zkresleni. Tfi¢tvrtéletni idaje po-
skytuji vyrazné presnéjsi a stabilnéjsi odhad ro¢nich objemi kiirovco-
vych tézeb nez pololetni hldseni, a jsou proto vhodnéj$im podkladem
pro ro¢ni predikce (Obr. 1).

DISKUSE

Vysledky potvrzuji, Ze priibézna evidence nahodilych kiirovcovych
tézeb smrkového dfivi poskytuje spolehlivou informaci o celkovém
ro¢nim objemu kirovcového diivi. Obé sledovanad obdobi vykazala
mimorddné vysokou shodu s celkovymi ro¢nimi hodnotami. Zaroven
byly identifikovany vyrazné rozdily ve zptisobu interpretace pololet-
nich a tfi¢tvrtéletnich dat. Multiplika¢ni faktor pololetnich objemi
(B1 = 3,1) souvisi s rychlosti evidence a fenologii Iykozrouta smrko-
vého. Napadené stromy z jarniho rojeni mohou byt vyhledany a zpra-
covany, respektive evidovany se zpozdénim, a hlavni objem zpracova-
vaného diivi pochazi az z letni generace (¢ervenec—srpen), kterd ma
v gradaci vy$si pocetnost (WERMELINGER 2004; FACCOLI, STERGULC
2006). Hlavni nartst objemu napadeného dfivi je tak spojen az s vy-
vojem druhé a sesterské generace v letnich mésicich (WERMELINGER
2004). Pololetni hldSeni k 30. 6. proto zachycuji pouze ¢ast prvni
generaci skute¢né napadenych stromi, zatimco kulminace tézeb na-
stava pozdéji. Statisticky vyznamny intercept pravdépodobné odrazi
zékladni uroven tézeb mimo hlavni obdobi rojeni (stromy napadené
v pfedchozim roce, jednotlivé vyvraty apod., jez jsou evidovany ne-
zavisle na intenzité aktudlniho rojeni; MARINI et al. 2017). Naopak
tri¢tvrtéletni hodnoty vykazuji témér idedlni soulad s teoretickymi
predpoklady. K poslednimu zéf1 je jiz evidovana vétsina kirovcového
drivi dané sezony, nebot aktivita skidce v této dobé kon¢i (WERME-
LINGER et al. 2015).

ZAVER

Z hlediska praktické vyuzitelnosti je zfejmé, ze zatimco tfictvrtéletni
data umoziuji velmi presny a piimy odhad findlniho stavu, u polo-
letni evidence je nezbytné zohlednit specificky multiplika¢ni faktor,
reflektujici nelinedrni biologickou dynamiku $kadce. Pribézna data
o objemu kutirovcovych téZeb, systematicky shromazdovana a publi-
kovana Lesni ochrannou sluzbou, tak predstavuji nejen cenny sta-
tisticky zdroj, ale i robustni nastroj pro predikci celkového ro¢niho
objemu tézeb.

Podékovani:

Clanek vznikl za podpory vyzkumného projektu Ministerstva ze-
médélstvi CR NAZV QK23020126, institucionalni podpory MZE-
-RO0123 a smlouvy na zaji$téni Lesni ochranné sluzby.

ﬂ ZLV, 71, 2026 (1): 50-53

LITERATURA

ANDEREGG W.R.L., HickE J.A., FisHER R.A., ALLEN C.D., AUKEMA ],
BenTz B., Hoop S., LicHSTEIN J.W., MacaLaDY A.K., McDo-
WELL N., PAN Y., RAFFA K., SALA A., SHAW ].D., STEPHENSON N.L.,
TaGuUE C., ZEPPEL M. 2015. Tree mortality from drought, insects,
and their interactions in a changing climate. New Phytologist, 208:
674-683. DOI: 10.1111/nph.13477

Faccorr M., STERGULC E 2006. A practical method for predicting the
short-time trend of bivoltine populations of Ips typographus (L.)
(Col., Scolytidae). Journal of Applied Entomology, 130: 61-66.
DOI:10.1111/j.1439-0418.2005.01019.x

KARHA K., ANTTONEN T, POIKELA A., PALANDER T, LAUREN A,,
Perrora H., NUUTINEN Y. 2018. Evaluation of salvage logging
productivity and costs in windthrown Norway spruce-dominated
forests. Forests, 9: 280. DOI: 10.3390/f9050280

KauTz M., FEURER J., ADLER P. 2024. Early detection of bark beetle
(Ips typographus) infestations by remote sensing - A critical
review of recent research. Forest Ecology and Management, 556:
121595. DOI: 10.1016/j.foreco.2023.121595

MARINI L., OkLAND B., JonssoN A.M., BENTz B., CARROLL A.,
ForsTER B., GREGOIRE J-C., HURLING R., NAGELEISEN L.M,,
NETHERER S., RAvN H.P,, WEED A., SCHROEDER M. 2017. Climate
drivers of bark beetle outbreak dynamics in Norway spruce forests.
Ecography, 40: 1426-1435. DOI: 10.1111/ecog.02769

NETHERER S., KaANDAsSAMY D., JirosovA A., KALINOVA B., SCHE-
BECK M., SCHLYTER E. 2021. Interactions among Norway spruce,
the bark beetle Ips typographus and its fungal symbionts in times
of drought. Journal of Pest Science, 94: 591-614. DOI: 10.1007/
$10340-021-01341-y

PataccAM.,LINDNERM.,NABUURS G-].,SCHELHAAS M-].,PATACCAK.,
Hrasny T, SEinL R,, SENE C., DE R1Go D., NOoCETTI M., MELEY P,
PiroTTI E., BOTEQUIM B., VAUHKONEN E., D1 LEO M., MARINI L.,
SANCHEZ A., BARANEK J., BENTSEN N.S., BOROWSKI J., BORRASS L.,
BRUNET ], CAMPAGNARO T., CANDELARIO ]., CHERUBINI E,
DoBor L., DorpevIC 1., ENGESSER A., FORZIERI G., GRUBA P,
Hjeim K., HoLMGREN S., IacovELL G., Kamar G.K., Kas B.,
Ka$paR J., KEREY G., KoNOPKA B., KRISTENSEN L.D., KROKENE P,
LA PortA N., LALI¢ B, LAZDINS A., LINDEMAN M., LukaCc M.,
MERGANIC J., MERGANICOVA K., MiL1s M., PENUELAS J., PISEK V.,
PucHAzkAa R., RAMAGE B., ROSSIGER ]., SAGHEB-TALEBI K.,
SANDSTROM J., ScHUCK A., SIMIONI G., SKOVSGAARD J-P,
SurovY P, SvoBopa M., TEoposiu T., THoMm D., Trajkovi¢ D.,
TroTsiuk V., URBAN J., VALLEJO R., ViTKOVA ]., ZGAGA M.,
ZLINSZKY A., JoNARD E 2023. Significant increase in natural
disturbance impacts on European forests since 1950. Global
Change Biology, 29: 1359-1376. DOI: 10.1111/gcb.16560

RaucH P, WoLrsMAYR UlJ., GRONALT M. 2024. Logistics challenges
in salvage wood supply chains: A review. International Journal of
Forest Engineering, 35: 20-34.

SrRaMEL N., Kavei¢ A., KoL$ek M., DE GrooT M. 2021. Estimating
the most effective and economical pheromone for monitoring
the European spruce bark beetle. Journal of Applied Entomology,
145: 312-325. DOI: 10.1111/jen.12853

https://doi.org/10.59269/Z1V/2026/1/781


https://doi.org/10.59269/ZLV/2026/1/781

VYUZITi PRUBEZNYCH HLASENi MNOZSTVi ZPRACOVANYCH KUROVCOVYCH TEZEB SMRKOVEHO DRiVi PRO PREDIKCI CELOROCNICH OBJEMU

THORN S., BAssLer C., BRanDL R., Burton PJ, CaHALL R., WERMELINGER B. 2004. Ecology and management of the spruce bark
CampPBELL J.,, CasTrO ], CoBB T., DoNnaTO D.C, DYDO L, beetle Ips typographus — a review of recent research. Forest Ecology
FoNTAINE ].B., GMINDER A., HEBErRT C., HIiLszczaNski ], and Management, 202: 67-82. DOI: 10.1016/j.foreco.2004.07.018
Hurto R.L., KErReN S., Kaus A., Korvura M., Kouxkr J.,
LEHNERT L., MULLER ], MUHLETHALER R., NmTant H.,
ODOR P, RanNtus T, ROZICKA V., SCHAFFRATH I, SHOVON TA.,
STAUDENMAIER T., STENLID J., STEIDL R.J., STRAKA J., SvoBODA M.,
VESELY P, ViErLING K. T., WEISHAMPEL J., WIENS ].D., WIrTH C,,
WUNDERLE JR. J.M. 2018. Impacts of salvage logging on
biodiversity: A meta-analysis. Journal of Applied Ecology, 55:
279-289. DOI:10.1111/1365-2664.12942

WERMELINGER B. 2015. The spruce bark beetle, Ips typographus (L.)
(Coleoptera: Scolytinae). In: Vega F. E., Hofstetter R. W. (eds.):
Bark beetles: Biology and ecology of native and invasive species.
Amsterdam, Elsevier - Academic Press: 213-251. ISBN: 978-0-
124-17156-5

UTILIZATION OF INTERIM REPORTS ON PROCESSED SPRUCE BARK BEETLE SALVAGE
LOGGING FOR PREDICTION OF ANNUAL VOLUMES

SUMMARY

In the last decade, forest ecosystems in Central Europe have faced increased pressure from biotic and abiotic damaging agents (PATACCA et al.
2023). Periods of intense drought and high temperatures increase the susceptibility of stands to infestation by pathogens and insect pests, par-
ticularly bark beetles (ANDEREGG et al. 2015; NETHERER et al. 2021). The combination of climatic stress and pest outbreaks leads to extensive
tree mortality and fundamentally alters the possibilities and methods of forest management (WERMELINGER et al. 2004; MARINI et al. 2017;
THORN et al. 2018).

Consequently, the outbreak of the spruce bark beetle (Ips typographus L.) has seen a significant increase in Europe over the last two decades,
becoming one of the main factors influencing the structure of timber harvesting (PATACCA et al. 2023). In many regions, the volumes of salvage
logging have exceeded planned logging, resulting in significant ecological and economic impacts accompanied by increased demands on timber
processing logistics (KARHA et al. 2018; RAUCH et al. 2024). Timely and reliable estimation of the extent of salvage logging is therefore essential
for effective planning and stabilization of the timber market (PATACcCA et al. 2023). While commonly used monitoring methods (pheromone
traps) and advanced techniques (remote sensing) can provide decent data, they often encounter practical limitations in operational conditions
(SRAMEL et al. 2021; KauTz et al. 2024).

This study analyzes the predictive capacity of administrative data on the continuous recording of salvage logging, a standard yet underutilized
source in forestry. Biologically, the development of a bark beetle calamity is decisively determined by the first half of the year, during which
spring swarming and the development of the first generation occur (FACCOLI, STERGULC 2006; WERMELINGER 2015). Therefore, it is expected
that the volume of bark beetle timber recorded during this period carries strong predictive information regarding the total annual volume of
salvage logging.

Based on a regression analysis of time-series data from the Czech Republic (2007-2024), we examined the relationship between interim reports
(mid-year and three-quarter) and final annual volumes. The results demonstrate a very strong correlation for both reporting periods. However,
the analysis revealed that the relationship between mid-year and annual volumes does not correspond to a simple linear doubling; instead,
it requires the application of a multiplication factor of approximately 3.1. This pattern reflects the phenology of the spruce bark beetle and delays
in detecting infestations. Infested trees from spring swarming may be located and processed (or recorded) with a delay, and the main volume of
processed timber originates from the summer generation (July—August), which has a higher abundance during outbreaks (WERMELINGER 2004;
FaccoLi, STERGULC 2006). The main increase in the volume of infested timber is thus associated with the development of the second and sister
generations in the summer months (WERMELINGER 2004).

The statistically significant intercept in the model likely reflects the baseline level of logging outside the main swarming period (trees infested
in the previous year, individual windthrows, etc., which are recorded independently of the current swarming intensity) (MARINI et al. 2017).
In contrast, three-quarter reports show high stability and align with the theoretical expectation of volume completion at the end of the year. By
the end of September, the majority of bark beetle timber for the given season is already recorded, as the pest activity ceases at this time (WER-
MELINGER et al. 2015). The study confirms that interim reporting can serve as a robust tool for early prediction and strategic planning in forest
management.
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