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Introduction

Å Stone pine (PinuspineaL.) typical W Mediterranean forest species

Å High value goods: nuts, timber, fuelwood, mushrooms, hunting…

Å Services: soil erosion, biodiversity, CO2 fixation, recreation 

Å Mediterranean forests threatened by climate change 

Å SFM: need to identify vulnerabilities & propose adaptive 

management strategies to mitigate the effect of climate change

Å Climate & Management sensitive models permit evaluate the 

effect of climate change over the provision of Ecosystem Services
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Main objective:

To estimate the expected provision of ecosystem services through a productive cycle for a 
representative stand of PinuspineaL. in inner Spain, comparing different management alternatives 

under different climate scenarios 

Specificobjectives:

1. Improvementof PINEA2 model

ÁAnnualization

ÁClimatesensitivity

2. Define simulationscenarios

ÁManagement alternatives(MA)

ÁClimatescenarios(CS)

ÁEcosystemservices(ES)

3. Compare provisionof ES and define optimalMA

Objectives
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StudyArea: Central Range

Studyarea

Å Valley of Alberche and Tiétar (S Central Range)

Å Altitude: 500 –1000 m

Å Steeprockygraniticslopes

Å Annualrainfall: 650 mm

Å AnnualT: 13-14 ºC

Å Coneproduction: 350-450 kg ha-1 year-1

Å Grazing, landscape, recreationaluse, biodiversity
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Annualization& climatesensitive

Å Module for annualdiameterincrement

Å Module for annualconeproduction

Compatibility

Å Compatibilitywith NFI: limit use of age

Å Compatible annualvs periodicestimates

Single-tree levelmodelactingat 5-year steps

Management sensitive

Statemodule: 
Å Timberproductionwith end-use
Å Stemrot affection
Å Averageconeproduction
Å Biomass& CO2 fixation

Stand-levelsimulator: 
https:// sites.google.com/site/regeneracionnatural/pinea2

Updating PINEA2

Methods: updatingPINEA2
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Net of 52 permanent plots Inventories: 1996, 2008, 2015 Increment cores in a subsample of trees

Annual rate of radial increment (cores) Sinchrony in annual rate of increment
among trees in a plot

Annualdbh&  
BAI for everytree

in the plot

Model for annual diameter increment

Methods: updatingPINEA2
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Å Roottransformationto attain normality: ãBAIijk
Å Basic linear mixedmodelincludingrandomeffectsat plot (P), 

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

Å Explanatorycovariates(Xij): 
Å Plot: Mean squareddiameter(-), stand density(-)

Å Tree: dbh (+)

Å Site: site index(+)

Å Standardizedclimateattributes(Wk) 
Å Rainfallfrom mayyear_1 –year_0 (+)

Å Rainfallfrom dec_2 –may-1 (+)

Å Temperaturesdoesnot enter into the model

Å Standardizedwith 1970 –2000 series

√BAIijk = μ + Xijβ + Wkφ + Pi + Tij + Yk + PxYjk + eijk

Why standardize climate attributes?

Å Mean= 0, STD = 1

Å Compatibilityamongannual–mean 

predictions

Å Permitsdefiningscenariosin termsof STD

Å Compare contributionof eachclimate

attribute

Model for annual diameter increment

Methods: updatingPINEA2

StarTreeFinal Conference. Barcelona 13-14 October2016



Å Updatedversionof Calama et al. 

2011

Å Bietapicmodel: ZILN

Å SDI, dg, dbh

Å No SI - Age

Å Territorystratification

Å Standardizedclimateattributeson

different physiologicalinstants

Conecollectionin 5 treesper 
plot, from 1996 - 2008
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Calama, R.et al. (2016). Enhanced tools for predicting annual stone pine (PinuspineaL.) cone production at tree and forest 
scale in Inner Spain. Forest Systems, Volume 25, Issue 3, e079. http://dx.doi.org/10.5424/fs/2016253-09671.

Methods: updatingPINEA2

Model for annual cone production
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Definedin collaborationwith forest
managers

Timber: short rotation, less
intensivethinnings

Mixed: BAU

Cone: longerrotation, early
intensivethinnings, natural 

regeneration

Othersilviculturalpractices

Methods: definingscenarios

Management Alternatives
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Timber oriented Cone orientedMixed

Management Alternatives

Methods: definingscenarios
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RCP Annual Winter Spring Summer Fall

Currentclimate 631 157 134 56 285

4.5 -10,2 % -2,6 % -9,5 % -14,4 % -13,9 %

8.5 -18,1 % -3,3 % -15,6 % -20,1 % -27,0 %

Rainfall RCP 4.5 RCP 8.5

Cone

DC_10_3 -0,34 -0,61

MY_2_2 -0,25 -0,41

SP_2_2 -0,20 -0,28

DC_4_1 -0,27 -0,52

JN_4_0 -0,24 -0,39

BAI
MY_12_0 -0,24 -0,54

AB_5_1 -0,14 -0,30

Regionalizedscenariosfrom AEMET

CC –RCP 4.5 –RCP 8.5

Standardizeddeviationswith respect
to 1970 –2000 (CC)

Focuson 2070 –2100 period

Methods: definingscenarios

Climatescenarios
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Å Coneproduction: kg ha-1 year-1

Å Annualaverageincomedueto coneproduction: € ha-1 year-1

Å Treeproduction< 1 kg: 0.10 € / kg
Å Treeproduction1 –5 kg: 0.25 €/kg
Å Treeproduction> 5 kg : 0.45 €/kg

Å TimberMAI: m3 ha-1 year-1

Å Annualaverageincomedueto timber production: € ha-1 year-1

Å Sawtimber rot I:  45 € / m3

Å Sawtimber rot II: 40 € / m3

Å Sawtimber rot III: 30 € / m3

Å Sawtimber rot IV: 25 € / m3

Å Pulpwood: 20 € / m3

Å Fuelwood: t D.M. ha-1 year-1(10 € / t)

Å Net presentvalue(discountrate 3%)

Å Averagecarbonstorage(t  ha-1 year-1 )

Methods: definingscenarios

Ecosystemservices
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Å Twenty-yearsold even-agedstand

Å N: 500 stems/ha

Å Dg: 10.3 cm

Å Dominantheight: 5 m (sitequalityII)

Å Randomrealizationof tree randomeffect
for eachtree

Å Wesimulatea final cuttingat the endof 
rotation period

Å Averagestandardizedannualclimate
conditionsfor eachRCP

Å AdaptedPINEA .xlasimulator

Simulations

Methods: carryingout simulations
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Å Cone production and income always favoured in 

cone-oriented 

Å Importance of individual yield over income

Å Cone production decrease:  37-40% (RCP 4.5) to 55-

62% (RCP 8.5)

Å Income decrease: 45-55 % (RCP 4.5) to 70-75 % 

(RCP8.5)

Å Lower rates of decrease in (1st) cone-oriented, (2nd) 

mixed and (3rd) timber_oriented

Cone production is more sensitive to 

climate than to management

Decrease is mitigated in cone_oriented

Results: coneproduction

Results
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Å Timber production and timber income always favoured in 

timber-oriented 

Å Importance of stem rot in longer rotation alternatives

Å Timber production decrease:  2-7% (RCP 4.5) to 8-13% 

(RCP 8.5)

Å Income decrease: 4-11 % (RCP 4.5) to 10-15 % (RCP8.5)

Å Lower rates of decrease in (1st) cone-oriented, (2nd) 

timber_orientedand (3rd) mixed

Timber production is more sensitive to 

management than to climate

Decrease is mitigated in cone_oriented

Results: timber production

Results
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Å NPV decrease with climate change

Å NPV is optimized by cone-oriented management 

under current and changing climate scenarios

Å Differences among alternatives are reduced under 

changing scenarios

Å Carbon storage also optimized by cone-oriented 

management, and less affected by climate change

Results: NPV & carbonstorage

Results
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Å Within this territory stability & persistence of the species is not highly threatened by climate change

Å Dramatic decrease in cone production is expected under climate change scenarios 

Å Timber and biomass production less sensitive to climate change 

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

Å BAU is not an adequate alternative under changing scenarios

Å Timber production an alternative in changing scenarios under increasing timber-biomass prices

Limitations: 

Å Empirical (past based) approach 

Å Sensitivity & stochastic analysis (prices, discount rates, climate)

Å Currently non-limiting environmental territory => Northern Plateau?

Å Additional ES: landscape, biological & size diversity, grazing…

Conclusions

Conclusions
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