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Abstract: The objective of this work is to do a comprehensive evaluation of how CHIMEREates the wet
deposition of sulfur and nitrogen (oxidized and reduced) on the Iberian Peninsula. The CHIMERE estimates were
compared with measured data in the Spanish EMEP staticasnonthly basis covering a period of 4 years (2005
2008). Statisticaland graphical methods Vebeen appliedo analyze the model performance for the whole period

and also the seasonal and spatial variabgity compared witithe results of the EMEP model. CHIMERE
subpredicts the wet deposition of reduced nitrogen whierésults for oxidized nitrogen are better than those of
EMEP. CHIMERE estimates ofvet deposition of sulfuseem to correlate quite well with observations in spite of
there is slight subprediction. The rainfall estimates of meteorological models uSg&tiMERE and EMEP fits quite

well the observationwith somewhat worse results in summer time and at Southeast stations. Errors in the estimation
of precipitation seem not to be the main cause of the errors found for sulfur and nitrogen deposition.
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INTRODUCTION

Few studies have been done for evaluating the ability of models to estimate pollutant deposition. This is a
complex task because, unlike air pollutaoheentrations: first, deposition is much more difficult to be
accurately measured, asdconl, there aranuchfewer stationsHowever, there are some studies about
how models estimates the pollutant deposition (Simpson et al, 288&t al., 2010, amoragthers)

The objective of this work is to do a comprehensive evaluation of how CHIMERE estimates the wet
deposition of sulfur and nitrogen (oxidized and reduced) on the Iberian Peninsula. The CHIMERE
estimates were compared with measured data in thesBpEMEP stations camonthly basis covering a

period of 4 years (2008008) Main focus will be also on discussisgasonal and spatial variabilit

preliminary study, in which total annual N and S wet deposition estimates of the CHIMERE and EMEP

modelsf or Spani sh stations were compared with measured

METHODOLOGY

CHIMERE was runfor the 20052008 period overtwo nested domains: a European dom&®x60 kn?
grid resolutionfor 20052007 and20x20 knf for 2008 ard a finer domain focused on the Iberian
PeninsulaZ0x20 knf resolution for 20082007 andL0x10 knf for 200§. WRF simulationsvere used as
meteorological inputsBoundary conditionsvere basednthe LMDZ-INCA and LMDZ-AERO models
for CHIMERE and GFS moddbr WRF. Pollutant enission data wer&0x50 knf resolution.This data
were disaggregatedto hourly data irto the CHIMERE finer grid for the Iberian Peninsuking activity
time profiles and land use data, respectiv8iyatial emission distribution diNMVOC speciationwere
performed as indicated Mivanco et al. (2009)

For this study, annual atmospheric nitrogen deposition data estimated for the perib20P@0&ith the

EMEP model rv3.8.1 over Europe using a grid siz6€& km 1 50 Kagerlie¢al e20is ed (
Meteorological datavere obtained from ECMWH-S Cycle36r1 fittp://www.ecmwf.intfesearch/ifsdocs

/) and emissions fronthe EEA and CEIP Inventory Revienf 2011.

In Spain, the KIEP network consists of 10 monitoring stations located from sea level to 1366.Im
Daily samples of precipitation were collected with swaty samplers in 9 of the monitoring stations for


http://www.ecmwf.int/research/ifsdocs

the period 20062008. Measured deposition data accumulated girout each monthwere estimated
following the EMEP protocols.

Several statistical metrics such as correlation coefficient (Rinean fractional biagMFB), mean
normalized factor biasBNMBF) (Yu et al., 2006)the fraction of predictions within a factof two of
observationgFAC2), normalized mean absolute errédNIAE) and TARGET (Thunis et al., 2018)ere
computedwith the time series of wet deposition of oxidized and reduced nitrogen estimated by the
models and measured at Spanish EMEP stations.

RESULTS AND DISCUSSION

As the estimated wet depositiostrongly depends onsimulated precipitation the ability of the
meteorologicalmodels (WRF and ECMWHFIFS, respectively) linkedto CHIMERE and EMEPto
estimate monthly rainfallvasfirstly analyzed Both nodels predict well the monthly rainfall at most of
the stations, specially the WRF model, but the results are slightly worse in summer tiai¢han8outh
Eastern stations (see figuresind?2). In both cases (irsummer and in the Southegsheirregular smalk
scaleconvective precipitationtfjundersorms)is frequent becomirg much more difficultits simulation
Errors inpredictingrainfall seem not to be the main cause of the errors found for sulfur aodaritr
deposition.

Table 1 andrigure 3 shav that CHIMERE clearly subpredicts the wet deposition of reduced nitrogen
(factor of 2.32)while the results for oxidized nitrogen are better than those of EMEP with a slight
underpredictior{factor of 1.14)

CHIMERE EMEP

Figure 1. BNMBF values for the monthly raiafl estimated by the WREHIMERE) and ECMWF/IFSEMEP)
models for 2008008.

Table 1. Values of the metrics from comparison of model and measured estimates of wet deposition of
reduced and oxidized nitrogen and oxidizedphurin Spain

Metrics CHIMERE  EMEP CHIMERE  EMEP CHIMERE  EMEP
REDUCED N REDUCED N OXIDIZEDN _OXIDIZEDN OXIDIZED S _OXIDIZED S

R 0.44 0.48 0.54 0.56 0.55 0.43

MFB -0.54 0.13 0.08 -0.1 0,22 0,06

BNMBF  -1.32 -0.02 -0.14 -0.24 -0.49 0,07

FAC2  0.39 0.58 0.61 0.61 0,55 0,61

NMAE  0.67 0.6 0.56 0.53 0,56 0,63

Targets 1.09 0.92 0.85 0.85 0,89 1,09




Figure 2. R values for the monthly rainfall estimated by the WRIHIMERE) and ECMWF/IFSEMEP) models
for the summer period (Jusgeptember) (above) and rReammermperiod for20052008.

Figure 3. Scatter plots (observation vs modelled data) of monthly wet deposition of reduced nitrogen for the
CHIMERE model (left) and EMEP model (centre left) and of oxidized nitrogen for the CHIMERE focedéle
right) and EMEP model (right) for 20e2008.

The amount of wetleposited pollutant (D) is the result of several factors representing the rainfall,
pollutant dispersiofincluding chemistryjand pollutant deposition processes. Then, let say that:

D=P DC

whereP represergthe rainfall process andC is the combination of dispersion and deposifioocess in

modelformulations.The relative error of deposition valuesd/D) will be thesummationof the relative
errors ofP andDC:

Metrics related to normalized bias are very similar to relative errors. Hence, approximaten seg
that:



