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Introduction

Stone pineRinuspineal..) typical W Mediterranean forest species
Hi gh value goods: nuts, timber
Services: soil erosion, biodiversity, di&ation, recreation

Mediterranean forests threatenely climate change

o o Do Do Do

SFM: need to identify vulnerabilities & propose adaptive

management strategies to mitigate the effect of climate change

A Climate & Management sensitive models permit evaluate the

effect of climate change over the provision of Ecosystem Services
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Objectives

Main objective

Toestimatethe expected provision of ecosystearvices througla productive cycle for a
representative stand d?inuspineal. ininner Spain, comparing different management alternatives
under different climate scenarios
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Specifimbjectives

1. Improvementof PINEAZnodel
A Annualization
A Climatesensitivity

2. Definesimulationscenarios
A Managementlternatives(MA)
A ClimatescenariogCS)
A EcosystenservicegES)

3. Compareprovisionof ES and defineptimal MA
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Studyarea

StudyArea CentralRange

A Valley of Alberche and Tiétar (S CenRahge
A Altitude: 500—1000 m

A Steeprockygraniticslopes

A Annualrainfall 650 mm

A AnnualT: 1314°C

A Coneproduction 350450 kg hé year?

A Grazinglandscaperecreationaluse,biodiversity
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Methods updatingPINEA2

Updating PINEAZ2

Instant t;
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INPUT
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TRANSITION
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¢SIMULATE A

VARIABLES t,

> NEW PERIOD?

INPUT
VARIABLES t.s
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Managementsensitive

Statemodule:

A
A

Timberproductionwith end-use
Stemrot affection

A Averageconeproduction
j No A Biomass CQ fixation
STATE

COVARIATES ] .
] END OF Standlevelsimulator.
SIMULATION o 0 q
OUTPUT https:// sites.google.com/site/regeneracionnaturplhea2
VARIABLES t,
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Methods updatingPINEA2

Model for annual diameter increment

Net of 52 permanent plots Increment cores in a subsample of trees

dbh2007 —dbh1996 = id Qe
T T T T |
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E 0,14
/ Annualdbh &
o =) | BAlfor everytree
in the plot
§ 0,06
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dbhygg; R o
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Annual rate of radial increment (cores) Sinchrony in annual rate of increment

among trees in a plot
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Methods updatingPINEA2

Model for annual diameter increment

A Roottransformationto attain normality: aBAl;,

A Basic lineamixedmodelincludingrandomeffectsat plot (P),

tree (T),year(Y),plot x yearlevel

A Explanatorycovariates(;):
A Plot Meansquareddiameter(-), standdensity(-)
A Tree dbh(+)
A Site site index(+)

A Standardizedlimateattributes (W,)
Rainfallfrom mayyear_1-year O (+)
Rainfallfrom dec_2—may1 (+)
Temperaturesioesnot enter into the model
Standardizedvith 1970— 2000 series

To o Io I

\/BAIIjk = l.l + XIJB + Wk(p + Pi + TI] + Yk + PXY]k + eijk

To T  To I»

Why standardize climate attributes?

Mean=0, STD =1
Compatibilityamongannual- mean
predictions

Permitsdefiningscenariosn termsof STD
Comparecontribution of eachclimate
attribute

Standardized value of annual rainfall
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Methods updatingPINEA2

Model for annual cone production

; -#-PRED ——O0BS CENTRAL RANGE
. ; A Updatedversionof Calamaet al.
z 2011
%, A Bietapicmodet ZILN
i A SDI, dgdbh
A No StAge
a A Territory stratification
4 A Standardizedlimateattributes on
’ different physiologicainstants
YearT-3 Year T-2 Year -1 T vembeny
M{A|M[J]|J|A|S|OIN|D|[J|F|M|[A|M|J|J|A|S|O[N|D|J|F|M|[A|M[J|J|A|S|O|N|D[J|F[M[A|[M[J]JJ[A]|S|O|N
CR_Occ
CR_Ab
e

Conecollectionin 5treesper
plot, from 1996- 2008

CalamaR.et al. (201p Enhanced tools for predicting annual stone piRimspineal.) cone production at tree and forest
scale in Inner Spain. Forest Systems, Volume 25, Issue 3n@078Ix.doi.org/10.5424/fs/201625309671.

StarTreeFinalConference Barcelona 134 October2016


http://dx.doi.org/10.5424/fs/2016253-

Methods definingscenarios

ManagementAlternatives
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Methods definingscenarios

ManagementAlternatives

Timber oriented

Cone oriented
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Methods definingscenarios

Climatescenarios

10
——RCP_8.5 ——RCP_4.5

g

S 5
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i Regionalizedcenariofrom AEMET

8 CG-RCP 4.5RCP 8.5

% . o .

= | ’ Standardizedleviationswith respect

: ’ ..... Rl to 1970—2000 (CC)
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§ | Rainfall | _RcPa5 | RcP8.s5 |
DC_10_.3  -0,34 0,61

2 MY 2 2  -0,25 0,41
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 - =

SP.22 020 0,28
DC 41 -027 -0,52
JN .40 -0,24 -0,39

R | Annual | Winter | Spring | Summer
Currentclimate 631 157 134 56
4.5 -10,2 % -2,6 % -9,5 % -14,4 %

8.5 -18,1 % -3,3% -15,6 % -20,1 %

MY 12 0  -0,24 -0,54
AB51  -014 -0,30
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Methods definingscenarios

Ecosystenservices

A Coneproduction kg hat year?

A Annualaverageincomedueto coneproduction €l yehrh

A Treeproducton< 1 kg: O0.10 € [/ kg
A Treeproductionl-5 kg: 0.25 €/ kg
A Treeproduction> 5 kgkgs 0. 45 €/

A TimberMAI: n® hatlyear!

A Annualaverageincomedueto timber production €l yehrh

A Sawtimberrot| : A5 € | m
A Sawtimberrotl | : £0 € / m
A Sawtimberrotl I 1 : 330 € / m

A Sawtimberrotl V: 235 € / m
A Pulpwood 203 € / m

A FuelwoodtD.M.halyear!( 10 € [/ t)

A Net presentvalue(discountrate 3%)

A Averagecarbonstorage(t halyear?!)
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Methods carryingout simulations

Simulations

Twentyyearsold evenagedstand
N: 500stemgha

Dg: 10.3 cm

Dominantheight 5 m 6ite qualityl)

To Io Io Do

T

Randonrealizationof tree randomeffect
for eachtree

A We simulatea finalcutting at the end of
rotation period

A Averagestandardizecannualclimate
conditionsfor eachRCP

RESUMEN PRODUCCIONES

Prodpiia Prodpisa N,

tdad 2 pi et
(aos) M (sl) AR (he) Garpi)  (aiha)  (pe/ka)  (w/ha)

A AdaptedPINEAxlasimulator
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Results

Resultsconeproduction

A Cone production and income always favoured in
: / coneoriented
: Importance of individual yield over income
‘%ﬂ A Cone production decrease: @0% (RCP 4.5) to 55
62% (RCP 8.5)
: 50 I I A Income decrease: 455 % (RCP 4.5) to-76 %

’ E—— e — (RCP8.5)

A Lower rates of decrease insfilconeoriented, (2)
P mixed and (%) timber_oriented
& Cone production is more sensitive to
I I climate than to management

i . I Decrease is mitigated tone_oriented

Management alternative
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Results

Resultstimber production

2,5
W CURRENT mRCP4.5 mRCP8.5

2 A Timber production and timber income always favoured in
\ timber-oriented
A Importance of stem rot in longer rotation alternatives
A Timber production decrease:-6 (RCP 4.5) t618%
(RCP 8.5)
: A

Income decrease:-41 % (RCP 4.5) to-16 % (RCP8.5)

Mean annual timber volume increment (m>. ha'.year?)
-

Timber_oriented Mixed Cone_oriented
Management alternative

Lower rates of decrease ins{flconeoriented, (29)

o timber_orientedand (39) mixed

Timber production is more sensitive to
management than to climate
Decrease is mitigated rone_oriented

Timber_oriented Mixed Cone_oriented
Management alternative

Mean annual income due to timber production (€. ha™.year?)

StarTreeFinalConference Barcelona 134 October2016



Results

Results NPV &carbonstorage

3000

® CURRENT mRCP4.5 mRCP8.5

A NPV decrease with climate change
A NPV is optimized by cormiented management
II under current and changing climate scenarios

0 A Differences among alternatives are reduced under
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N
o
Q
o

Net present value (€. ha)
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changing scenarios

30000
m CURRENT mRCP4.5 mRCP8.5

Timber_oriented Mixed Cone_oriented
Management alternative

A Carbon storage also optimized by cemented

25000
management, and less affected by climate change

15000
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Carbon storage (kg C. year? ha)
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Conclusions

Conclusions

Within this territory stability & persistence of the species is not highly threatened by climate change
Dramatic decrease in cone production is expected under climate change scenarios

Timber and biomass production less sensitive to climate change

Cone-oriented management best alternative for all climate scenarios in terms of NPV and Carbon storage

BAU is not an adequate alternative under changing scenarios

o Io Do o Do P>

Timber production an alternative in changing scenarios under increasing tipids&iass prices

Limitations:

A Empirical (past based) approach
A Sensitivity & stochastic analysis (prices, discount rates, climate)

A Currently norlimiting environmental territory => Northern Plate@u

A Additional ES: | andscape, biol
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