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Damage from Pine Weevils

AThe most damaging pest for young Irish and
Welsh conifer plantations

AFeeds on the bark of young trees and typlcally
can kill 30%100% of unprotected new plantlngs
AJp to 150,000 weevils per hectare can exist in'
suitable locations, especially atearfellareas W|th R
lots of tree stumps .
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Management Strategies

Arraditionally insecticides, but these are
coming under increasing controls as a resul
concerns regarding bioaccumulation and the
effect on non target species

MNatural controls centre on introducing
organisms which prey on the beetle:

Fungi
Nematodes
Parasitic wasps



Pine Weeuvil Life Cycle

AFemale lays eggs in stumps of conifers

ADevelopment takes :36 months in Ireland and Wales, with over wintering occurring in the
stump or in leaf litter

A mergence of new weevils in September

ACan fly if temperatures are warm enough, typically spreading 10km or rBotbréckand
Gyldberg(1997))
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Pine Weevit Climate Influences

Development stages shortened with warmer days
Weevils consume 5x as much bark al@@han at 16C

Egg laying stagel he literature is not very precise on the exact temperature this
occurs at, somewhere between 11Z°C. Currently this temperature range occurs
between Aprilc October. The model scenarios suggest that by the middle to th
end of the century this could be an all year phenomena.

Flight According to Tan et al (2011) flight requires temperatures above@&dnd
wind speeds <4m/s) to take place and under current climatic conditions rarely
takes place in Ireland or Wales. Adult weevils emerge in the Autumn to feed. (
Is essential for reproduction and wing muscle development). Model prediction:
the end of the century suggest that temperatures of this magnitude will occur i
May to the end of September opening up the possibility that flight will no longe

a rare event.
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Objectives

U To use observations of weevil emergence
from a number of Irish forests together with
meteorological observations to modify the
model developed bWainhouseet al (2014)
for Irish conditions

U To subsequently drive the model with
regional climate outputs for two 3¥ear
periods 204669 and 207609 to assess
implications forhylobiusbehaviourand
management

integrated management of forest
pests addressing climate trends



HylobiusModel : Main Characteristic:

(Model developed byWainhouseet al (2014)

Model Starts at day 171 (migline of ¥ year)

Developmeniof Larvae starts at 4°€ stump
temperature.

Pine = 660 Degree Days >°€.5
Spruce = 767 Degree Days >@.5

50% of larvae develop at 10cm and 50% at
30cm (Default value 20cm)

A Emergence needs 5 consecutive days with
mean ambient temperatures and rostump
temperature >9C

A Dispersalif max air temperature is >186 and
they have undergone 120 days of maturation n
feeding after they first emerge from the stum .

A Overwintering Initiated when mean ambient
temperature and rootstump temperature <9C
for 10 consecutive days.

T

Wainhouse, D. et al (2014) Modelling geographical variation in voltinism of Hylobius abietis under
climate change and implications for management: Agricultural and Forest Entomology, 16, 136-146



Calibration to Field Observations of Emerger

After a series of optimisation experiments it was found that
the model produced a better fit to the observed emergence
data with the following default parameters: A Automatic Stations

@ Manual Stations AMalin Head

A Pine required a stump depth set in the model to 30cm.
A Spruce required a stump depth set in the model to 20cm.
A 100% overwintering

AFinner

Critical to the model was the observed temperature data for —, **™"* AMarkrea
each individual sampling site. This was obtained from Met piorport § 5 R
Eireannsynoptic stations as follows: ACisromorris A Dillon
MeerparkBallinageeand Bitons oo, PrES ..é!.!::;:&f‘kwm
Hortlandforests : Phoenix Park, Dublin,
A ackenredorest : Oak Park, Co. Carlow ot L
AGlendineandRossnagatbrests: Gurteen Co. Tipperary @Shannon Apt
ABallymacshaneboforest : Moorpark, Co. Cork
ASummerhiltforest : Dunsany, Co. Meath pry Aiighnstom Cant
AValentia
.CTApI

Roches Pt

ASherkin Is



Observed v Predicted Deerpark 2007 (Spruce) Observed v Predicted Ballinagee 2004 (Spruce)
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Observed v Predicted Glendine 2007 (Pine) Observed v Predicted Summerhill 2010 (Pine)
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Climate Modelling: GCMs and RCMs

The output from General Circulation Models

(GCMs) are used as drivers to Regional Climate

Models (RCMs).
Typical (GCM) horizontal resolution (500x30C
WRFV3 (RCM) resolution 10km x 10km

GCMs relied upon hypothetical scenarios ba
on a set of future predictions of world
development (SRES): A1 A2 B1 B2

The Intergovernmental Panel on Climate Cha
(IPCC) realized in 2007 that these basic scer
did not encompass the possible full range of

future CQ emissions. Emissions may change
than the scenarios implied or more? Also any
change in global emissions trajectory entailec
rerunning the expensive GCMs.

A new approach to the way carbon emissions

within climate modelling was needed.

IPCC latest development has been the
introduction of Representative Concentration

Pathways (RCPs)
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(a) Sequential approach

Emissions & socio-
economic scenarios
1 (IAMs)

2 Radiative forcing

(b) Parallel approach

Representative concentration
pathways (RCPs) and levels
1 of radiative forcing
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Climate, atmospheric
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Emissions & socio-
economic scenarios
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& vulnerability
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IPCC and RCPs

ECMWEF Consortium of 20 Members
Earth System Model (EEarth)

ECEARTH release 2 is developed by thE&® consortium, gathering a number

of national weather services and universities from currently 11 countries in Europe
ECEarth component models are IFS for the atmosphere, NEMO for the ocean, ant
LIM for the seace, coupled through OASIS. More components and plans for
iIncorporation are under development.-E@rth current users include KNMI , SMHI ,
Met Eireann , DMMeteorologisknstitutt, and ETH Zlrich.

Fully Coupled Atmosphei®ceanLand and Seke
RCP Output Data Compliant With IPCC CMIP5 and AR5

Four emission trajectories based on the heating th%yzproduce at the top of the
atmosphere at end of the 24Century (8.5, 6, 4.5 and 2.6 watts per square metre)

Four Future runs (2003100)

One Historical run (187R005)
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Regional Climate Modelling

Allows for more precise description
of regional forcing effects over small
scale orographic features.

Higher resolution climatic scenarios
important for resource management
and impact assessment.

However higher resolution does not
necessarily imply greater accuracy in
climate simulations (Duffet al.

2003)

Depending on the domain size and
resolution RCM simulations can be
time and computationally
demanding.

Annual UK rainfall (mm per day) simulated by the HadCM2 GCM (le
hand panel) (300km resolution) and the Hadley Centre RCM (centre
panel) (50km resolution), compared with observed rainfall for 2961
1990 (righthand panel).
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Methodology

U To dynamically downscale the historical (RCP) outpu
from ECEarth GCM data for the period 194990
(Reference Period) using WRF as a Regional Climat:
Model (RCM) to provide simulations at 10km
resolution.

U To compare a Future E&arth Simulation 8.5 Wih
(2021-2100) against the same model run in the
current climate (19641990). (RCP 8.5 corresponds to
a scenario of continuing high emissions.)

U To use the results to infer vulnerability to pest attack
for Irish and Welsh Forestry




Model Description and Parameterization
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WRF V3 (RCM) Domain
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Modelled Temperature Changes: 3 models with varying GCM/RCM compared

DJF 21-50 WRFmax—temp anomaly in (°C) from 61-90
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Modelled Temperature Changes: 3 models with varying GCM/RCM compared

JJA 21-50 WRFmax—temp anomaly in (°C) from 61-9C

JUA 20205-2050s Ireland-t2max anom in (°C) from 61-90
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Some Caveats

A Ensemble Runs would have been preferred to
give a better understanding of model
uncertainty

A Screen temperatures are not stump, trunk or
canopy temperatures

A Changes in tree resilience to climate change
may be important determinants of their
susceptibility to pest damage



Present and Future Climate Outpu
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Present and Future Climate Outpu

Deerpark
o 100 o L
© 90 —e— Observed
L 80
@ 70
£ 60
o 50
8 40 ——model
S 30 future2050 10
© 20 runs 5gen
o Spruce 20cm
o 10 100%0W
2 O ! T T T T T T
g 30-May29-Jun 29-Jul 28-Aug27-Sep27-Oct26-Nov
S
S
O
Lackanrea
100
o 90
% 80 - —&— Observed
o 70 - 2007
£ 60 -
)
o 50 A
g 40
S 30 ——model 2050
% 20 Spruce 20cm
o 10 - 100%0W
o
2 0 T T T T T T
L; 30-May29-Jun 29-Jul 28-Aug27-Sep27-Oct26-Nov
S
jun}
O




260
220
180
140

e

90
40

10% aw 4% i 5]

Vulnerability to Hylobius increases
everywhere, especially westwards
into Wales and northwards into
lowland Scotland.

By mid century degree days>9°C
have increased by approximately
33%. Weevil activity will be 4- 6
weeks longer in general.
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New areas of vulnerability will be
greatly enhanced by flight potential in
Ireland and Wales.

Warmer temperatures produce larger
more robust and more fecund insects.
Upland Scotland will resist spread
longest; but major increases in damage
can be expected elsewhere.

f‘if.""‘L S Ireland’s FU Steuctural r_:ni‘.
| %}@ SOUTHERN & EASTERN
\[& Co-lunded by the rish Gevernment Regional Assembly
4 and the furopean Union Promoting Our Regron

EUROPEAN REGIONAL
DEVELOPMENT FUND

24 IRELAND WALES o
2007 - 2013 ¢




