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Global biodiversity hotspots 

Myers et al. 2000, Nature 
Artwork: http://atlas-for-the-end-of-the-world.com 

Sala et al., 2000, Science 

Change in biodiversity for the year 2100 
Maximum in Mediterranean biomes 



Mayor riesgo con el modelo CHIMERE 

Hábitats en riesgo:  

Å Principalmente en las zonas de mayor depósito y hábitats con CC Ò 10 kg ha-1  

Å Pastos naturales de alta montaña: hábitats más amenazados según ambos modelos (30 ï 60%) 

Å Otros hábitats en áreas de montaña: Pino negro, brezales, encinares 

52 183 km2 evaluados      2.8 ï 7.3% en riesgo      CCSUP media: 2.7 ï 3.0 kg ha-1 

EMEP CHIMERE 

Natura 2000 Network 

CCEXC < 2.5 kg ha-1 

CCEXC > 2.5 kg ha-1 

Natura 2000 Network 

CCEXC < 2.5 kg ha-1 

CCEXC > 2.5 kg ha-1 
Bobbink and Hetteling (2011) 

García-Gómez et al., 2014 (with data for 2008) 



Threatened forest habitats (according to CHIMERE model) 
 

ÅSubalpine and montane Pinus uncinata forests (86%)  

ÅMediterranean pine forests with endemic Mesogean pines (71%) 
    (Pinus halepensis, P. pinaster, P. pinea) 

ÅLuzulo-Fagetum beech forests (71%)  

ÅAbies pinsapo forests (57%)  

Dry deposition:  

ÅComparison of modeled dry deposition values with estimations obtained by 

other authors (Rodá et al., 2002; Sanz et al., 2002; Aguillaume et al., 2017) 

showed that the modelled dry deposition could be underestimated for 

Spanish Mediterranean forests.  

ÅMediterranean forests (and other forests) in Spain could be withstanding a 

higher risk derived from N deposition than the one resulting from this first 

approach  

RESULTS FOR FOREST HABITATS 

UNDERESTIMATION OF 

DRY DEPOSITION IN 

MEDIT. FORESTS  

RELIABLE DRY DEPOSITION DATA 

ARE NEEDED FOR IMPROVING 

RISK ASSESSMENT 



TC (Tres Cantos) 

CA (Carrascal) 

PAMPLONA 

MADRID 

CB (Can Balasc) 

BARCELONA 

LC (La Castanya) 

Dehesas 

Forests 

RESULTS FROM EDEN PROJECT 

DRY DEPOSITION  
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EMPIRICAL INFERENTIAL METHOD 

Model DO3SE   (Deposition of Ozone and Stomatal Exchange) 

gs = gmax × flight × max {  fmin , ( ftemp × fVPD × fSWP × fphen ) }  

Branch washing Passive sampling 

ὑ
Ὂ
ὅ  

ὈὈ ὑ ὅ ὒὃὍ 

SURFACE CONDUCTANCE 

SURFACE DEPOSITION 

STOMATAL UPTAKE MODELLING 

ὈὈ ὅ Ὣ ὒὃὍ  

Jarvis, 1976 - Emberson et al., 2000 - Alonso et al., 2007, 2008  
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Empirical Inferential Method 

Dry deposition (kg N / ha) 

EMEP

CHIMERE

Comparison with other methods 
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Empirical inferential method 

Annual N deposition (kg N ha-1) 

CBM

IM

Comparison with models 

CA 

open-field plot 

bellow-canopy plot 

aƻŘŜƭǎΩ ƻǳǘǇǳǘ ŀǊŜ ŎƻƳƳƻƴƭȅ  
cell- (and habitat-) averaged values 

EMPIRICAL INFERENTIAL METHOD 

CHIMERE cell 

Q. Ilex forest 



Sources of uncertainty: 

Representativeness of selected trees 

EIM does not include particulate N in the estimation 

  

EMPIRICAL INFERENTIAL METHOD 

RATIO GAS / PM 

Easy-to-apply, not expensive. 
Site-specific results 

García-Gómez et al., 2016, Environ. Sci. Poll. Res. 
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Wet depostition measurements 

García-Gómez et al. In prep. (2011-2013 data) 
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Stomatal uptake modelization 

Surface deposition estimation 

TOTAL DEPOSITION AND RISK ASSESSMENT  

Empirical CL (mostly based on lichens) 
      Bobbink et al. 2011 
      Pardo et al. 2011 

Wet deposition 

NH4
+ 

NO3
- 

Dry deposition 

NH3 NH4
+ 

NO2 HNO3 NO3
- 

 

Annual mean 
 

Wet 

3.8 kg N ha-1 y-1 

58% NH4-N 
 

Dry 

13.5 kg N ha-1 y-1 

74%  oxidized N 



... but, apart from assessing risk of eutrophication, 
why dry deposition matters?  



CONCENTRATION OF GASEOUS N:  BELOW CANOPY vs. OPEN FIELD  



OPEN FIELD                     BELOW CANOPY 
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NO2 NH3 

HNO3   O3   

Wilcoxon (for matched pairs)     *: p < 0.05; **: p < 0.10; ***: p < 0.01 

BELOW-CANOPY REDUCTION OF GASEOUS POLLUTANTS  

García-Gómez et al. 2016, Environ. Sci. Poll. Research 



SEASONALTY OF N INPUTS 
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García-Gómez et al. 2016, Environ. Poll. 

SEASONALITY OF NUTRIENT INPUTS  



Dry deposition significance 

V Atmospheric models are useful tools for risk assessment but further 
developments are still needed for dry deposition measurements and 
modelling 

V Deposition of atmospheric N might be an important added stress to some 
forest habitats in Spain and other Mediterranena areas 

V EIM is an easy-to-apply method for estimating dry deposition and originates 
site-specific results 

V According to the EIM, dry deposition  represented 77% of the total N input to 
Q. ilex forests, dominated by the oxidized N  

Ą further efforts in HNO3 measurements 

V Meteorology and N deposition show important seasonal and inter-annual 
variations in Mediterranean region  

Ą implications for effects and CL estimation 

 

key messages 
  
ü  Atmospheric models are useful tools for risk 
assessment but further developments are still 
needed for dry deposition measurement and 
modeling 
ü  Deposition of atmospheric N might be an 
important added stress to some forest habitats 
in Spain and other Mediterranean areas 
ü  EIM is an easy-to-apply method for 
estimating dry deposition and originates site-
specific results 
ü  According to the EIM, dry 
deposition  represents 76% of the total N input 
to Q. ilex forests, dominated by the oxidized 
N à further efforts in HNO3 measurements. 
ü  Meteorology and N deposition show 
important seasonal and inter-annual 
variations: implications for effects and CL 
estimation 
ü  Urban and peri-urban forests could become 
important green infraestructures for improving 
aŜŘƛǘŜǊǊŀƴŜŀƴ ŎƛǘƛȊŜƴǎΩ ƘŜŀƭǘƘ 
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Branch washing 

ὑ
Ὂ

ὅ  

ὑ
Ὂ

ὅ  

Natural branches 

Lyophilized branches 

╕▼◊►█╪╬▄╒ ╚ ╛═╘  

LAI : Leaf area index 

╕▼◄▫□╪◄╪■╒ ╬▼ ╛═╘  

Ғ 

╕▼◊►█╪╬▄: Flux of N onto the leaf 

surface (surface dry deposition) 

╕▼◄▫□╪◄╪■: Flux of N into the stomata 

(stomatal dry deposition) 

Model DO3SE (Deposition of Ozone and Stomatal Exchange) 
  CLRTAP, 2004 

gs = gmax × flight × max {  fmin , ( ftemp × fVPD × fSWP × fphen ) }  
Jarvis, 1976 

Emberson et al., 2000 

Alonso et al., 2007, 2008  

ὧ = gs × Du 
Bytnerowicz et al., 2015 

Massman, 1998 

 ╬▼: Stomatal conductance 

╚: Surface conductance 

C: Pollutant concentratoin in air 

LAI 

DRY DEPOSITION 

SURFACE 

DEPOSITION 
STOMATAL 

DEPOSITION 

Passive sampling (Bytnerowicz et al., 2015, EP) 

METHODOLOGY: EMPIRICAL INFERENTIAL METHOD  

ESTIMATING ATMOSPHERIC DRY DEPOSITION  



Ecosistemas terrestres: 

ÅToxicidad directa 

ÅAcidificación de los suelos 

ÅMayor susceptibilidad a otros factores de estrés 

ÅEutrofización de ecosistemas 

  DEPÓSITO ATMOSFÉRICO DE NITRÓGENO  

Aber et al., 1998, BioScience 

Emmett, 2007, WASP 

Eutrofización en bosques 

Saturación por N: Cambio de un ecosistema 

limitado por el N  a uno enriquecido en N 

EFECTOS DEL DEPÓSITO DE NITRÓGENO 




