--------------------------------------------------------------------------
AEROCOM EMISSIONS:  suggested EMISSION (-fluxes) for AEROSOL  (by species)

--------------------------------------------------------------------------
MODIFICATION HISTORY
        Oct 2005  some editorial corrections (descriptive Word document)


  Sep 2005  correction of VOLCANIC altitude data (minor impact).
        Aug 2004  new DUST emissions (corrected sizing - now larger)

        Aug 2004  new SEASALT emissions (now ca 10% larger [ice cover bug]
        Jul 2004  PRE-INDUSTRIAL emissions added (for year 1750) 

        Apr 2004  new seasalt emissions (ice-cover screen is now applied)

        Jan 2004  VOLCANIC ALTITUDE data fixed (were all '0' by mistake)

        Dec 2003  initial version established (for year 2000) 

FORMAT
        data are stored in netcdf-files (_.nc) [in ..._ncf subdirectories]
        data resolution is 1*1 deg(longitude/latitude), [element=grid-box]
        data units ‘../grid_box/time’ (e.g number conc., mass-flux(in kg))
              modelers might prefer units of '../m2/time'  ...in that case

              monthly netcdf-files (dust, seasalt, DMS) contain a 2D-field 

              named gridbox_area [360,180] providing data on ‘m2/grid-box’ 

'year 2000': COMMON AEROSOL SPECIES and ADDITIONAL SPECIES for 'year 2000'

'year 1750': COMMON AEROSOL SPECIES and ADDITIONAL SPECIES for 'year 1750'

             (dust, seasalt, DMS, SOA, volcanic emissions remain the same)
COMMON (daily) AEROSOL SPECIES
------------------------------ 

species    data type                author     location on web-site              

--------------------------------------------------------------------------           

DUST       daily data by size mode (P.Ginoux)  in subdir  /dust_ncf

SALT(dry)  daily data by size mode (S.Gong)    in subdir  /seasalt_ncf  

DMS        daily data              (O.Boucher) in subdir  /DMS_ncf

[for sensitivity-studies: old DUST data(<8/04) in subdir /dust_small_ncf

              these dust-fluxes underestimate dust size by a factor of 2
              increasing accumulation flux totals by about a factor of 10]

Dust: Paul Ginoux [pag@gfdl.noaa.gov] - originaly: daily, 1*1, 4 size-bins

       References: Ginoux et al. JGR 102 3819-3830, 2001

                   Ginoux et al. dust spec. issue, Environ.M&S, 2004
Seasalt: Sunling Gong - originally: 6hr data, 1.175*1.175, 24 size-bins

       Reference: Gong et.al. JGR, 107, 2002 

       plus: ECWMF 2000 monthly ice-screen implemented (no seasalt over ice)

DMS: Olivier Boucher - originally: 6hr data, 3.75*2.5, based on LMDZ GCM sim

       Ref-oceanic:         Kettle & Andreae JGR, 105, 26793.., 2000

       Ref-surf 10m-winds:  Nightingale et.al. Gl.Bio.Cyc. 14, 373... 2000

       Ref-biogenic:        Pham et.al. JGR, 100, 26061... 1995

monthly emission totals (and accumulation mode totals)

         Tg/mo          DUST, r<.5um    SALT, r<.5um     DMS

         -----     ---  ------------    ------------    ----
                   Jan   164    2.25     656    8.32    1.89

                   Feb   170    2.38     680    8.63    2.05

                   Mar   153    2.11     709    9.00    1.96

                   Apr   129    1.77     654    8.31    1.53

                   May   142    1.89     674    8.57    1.29

                   Jun   144    1.92     642    8.15    1.14

                   Jul   124    1.69     675    8.57    1.13

                   Aug   121    1.64     680    8.63    1.27

                   Sep   113    1.51     640    8.13    1.01

                   Oct   139    1.92     655    8.32    1.18

                   Nov   142    1.96     591    7.52    1.68

                   Dec   137    1.84     669    8.50    2.12

ADDITIONAL SPECIES for 'year 2000'

----------------------------------

             time   size-type   Tg/yr    altitude      in /other_ncf_2000
             ------ --------- ---------  ------------  -------------------
BC biofuel   yearly  BIOMASS   1.6(BC)   lowest layer          BC1bfuel.nc

BC fossil f  yearly  TRAFFIC   3.0(BC)   lowest layer             BC1ff.nc

BC veg.fire  monthly BIOMASS   3.0(BC)   6 diff. alt.      GFED_2000_BC.nc

OM biofuel   yearly  BIOMASS   9.1(POM)* lowest layer          POMbfuel.nc

OM fossil f  yearly  TRAFFIC   3.2(POM)* lowest layer             POMff.nc
OM veg.fire  monthly BIOMASS  34.7(POM)* 6 diff. alt.     GFED_2000_POM.nc
OM SOA       monthly on exist  3.2(POM)* lowest layer               SOA.nc

SU veg.fire  monthly BIOMASS   4.1(SO2)  6 diff. alt.     GFED_2000_SO2.nc

SU roads     yearly  TRAFFIC   1.9(SO2)  lo-l SO2_RoadTransport_2000bau.nc

SU off-road  yearly  TRAFFIC   1.6(SO2)  lo-l      SO2_Off-road_2000bau.nc

SU domestic  yearly  TRAFFIC   9.5(SO2)  lo-layer  SO2_Domestic_2000bau.nc

SU industry  yearly  INDUSTR  39.3(SO2)  100-300m  SO2_Industry_2000bau.nc

SU shipping  yearly  INDUSTR   7.8(SO2)  lo-l SO2_Int._Shipping_2000bau.nc

SU powerpl.  yearly  INDUSTR  48.4(SO2)  100-300m  SO2_Powerpl._2000bau.nc

Volc, cont   yearly 50%TR/BIO 25.2(SO2)  2/3-1/1*Vtop   continuous_volc.nc

Volc, expl   yearly 50%TR/BIO  4.0(SO2) .5-1.5km ab Vtop explosive_volc.nc

    (lat/lon of volcanos are listed    in /other_ascii/continous_volc.1x1)

-----------------------------------------------------------------------------

                                   * OC-POM relationship: 1.4*OC  <==> POM

                                      SO2-S relationship: 0.5*SO2 <==> S

97.5 % of S emitted as SO2, 2.5% emitted as primary SO4! 

references:

 biomass burn (GFED): v.g.Werf http://www.gps.caltech.edu/~jimr/randerson.html

                      "Carbon emissions from fires in tropics, GCB, 2003"

 fossil fuel (SPEW):  Bond "A technology based global inventory of BC and OC

                            emissions from combustion, JGR 2003"

 SO2: Cofala (IIASA): country based using (RAINS), gridded according EDGAR3.2



     Ships 2000: assume 1.5%/year increase since 1995

 volcanic (SO2): continuous -  GEIA *1.2 [Andres/Kasgnoc JGR 1998]

                 explosive - loc of active v. last 100 yrs [Halmer JVGR 2002] 

ADDITIONAL SPECIES for 'year 1750'

----------------------------------

             time   size-type   Tg/yr    altitude      in /other_ncf_1750/
             ------ --------- ---------  ------------  -------------------
BC biofuel   yearly  BIOMASS   .26(BC)   lowest layer    BC1_1750_bfuel.nc

BC veg.fire  monthly BIOMASS  1.02(BC)   6 diff. alt.      GFED_1750_BC.nc

OM biofuel   yearly  BIOMASS  2.49(POM)* lowest layer    POM_1750_bfuel.nc

OM veg.fire  monthly BIOMASS  12.8(POM)* 6 diff. alt.     GFED_1750_POM.nc
OM SOA       monthly on exist 19.1(POM)* lowest layer               SOA.nc

SU biofuel   yearly  BIOMASS  0.12(SO2)  lowest layer SO2_1750_domestic.nc

SU veg.fire  monthly BIOMASS  1.45(SO2)  6 diff. alt.     GFED_1750_SO2.nc

volc, cont   yearly 50%TR/BIO 25.2(SO2)  2/3-1/1*Vtop   continuous_volc.nc

volc, expl   yearly 50%TR/BIO  4.0(SO2) .5-1.5km ab Vtop explosive_volc.nc

--------------------------------------------------------------------------
                                    * OC-POM relationship: 1.4*OC <==> POM

97.5 % of S emitted as SO2, 2.5% emitted as primary SO4! 

'year_1750' biofuel was calculated from two different sources:

- BC/POM: Scaling of the developed countries use of biofuels based on the replacement of cooking fuels from wood to electricity and natural gas taking into account the energy consumption of wood from 1870 to 1960 in US. 
- 1890 SO2: CO biofuel inventory from (Aardenne) (Susott et al.,1991)

- multiply with emission factor ratio (S02/CO: .27/.78)(Andreae+Merlet,1997)

- scale back in time with population numbers from 1890 to 1750 (HYDE database)

- scaled up by factor 2 north of 45 N. (not significant for global total)

large scale burning was determined by:

- taking the 1997-2002 avg of the GFED inventories of G. van de Werf 

- use Olson (1985) current land cover

            [grassland, shrub/bush, forest, agriculture, other] 

- use (regional) population ratio of HYDE 1990 to 1750
- hi-latitude forest emissions: 2* current value, due to lack of prevention in         
N.America, Russia, Europe: see Brenkert et al,Transactions, AGU, 78 1997
- wet forest emissions: scale by pop(ulation)

- grasslands: activity: 0.4+0.6*ratio of pop in 1750/1990 (40% burns anyhow)

- agricultural fires:   0.4+0.6*ratio of pop in 1750/1990 (40% burns anyhow)

1750 2000   regional population numbers (in million) from HYDE

            ----  ----                         (http://www.rivm.nl/hyde/1990)
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for 'additional' emissions:

---------------------------   

                               prescribed 'log-normal distribution' parameters

                                      mode_radius   std.deviation   effective

                                      (by number)   (distr.width)   radius 

                           --------- ------------- --------------- ----------

                            INDUSTR       .500 um      2.0     -->  1.66  um

                            BIOMASS       .040 um      1.8     -->   .095 um

                            TRAFFIC       .015 um      1.8     -->   .036 um 

for 'common' daily emissions:

-----------------------------

                                          [DUST and SEASALT emission fluxes]

                            DUST size     is described by 2 (ln-) size modes 

                            SEASALT size  is described by 3 (ln-) size modes

   Option 1 (preferred): use the log-normal parameters for each size-mode:

                         - 'mode?_number' number concentration per 1*1grid

                         - 'mode?_radius' mode radius (in micrometer)

                         - 'sigma' standard deviation (prescribed ! )

                           (log-normal formula is explained below)

   Option 2 (in case the model requires input for PARTICULAR SIZE-BINS)


                 use 'binflux.pro'      in subdirectory  /idl_binflux

                                 the execution of this idl routine requires

                         - 'bininput' input file ('binDU','binSS' are samples)

                         - idl support routines in subdir /idl_binflux/support

         the 'binflux.pro' idl routine creates netcdf files with daily fluxes

         the 'binflux.pro' idl routine needs to be executed for each size-bin

         ...where the size-bin's lower and upper boundary ('rmin' and  'rmax')

         radius limits are set in 'bininput'. To make sure that all the mass

         of the coarse log-normal size-distributions is accounted for

 NOTE: a maximum radius of at least 25um for seasalt and dust bins is needed

         ---------------------------------    

   naming                   Dust                     Seasalt

   convention -----------------------------  --------------------------------

           mode?_number  mode?_radius sigma  mode?_number  mode?_radius sigma

           --------------------------------  --------------------------------

   aitken       ---         ---        ---   mode1_number  mode1_radius  1.59

   accumu  mode2_number  mode2_radius  1.59  mode2_number  mode2_radius  1.59

   coarse  mode3_number  mode3_radius  2.00  mode3_number  mode3_radius  2.00   

   annual global            Dust                     Seasalt

   average values--------------------------  --------------------------------

   aitken       ---         ---        ---      7.5e18    0.022(0.037)um 1.59

   accumu     2.2e19    0.22 (0.37)um  1.59     3.3e19    0.13 (0.22)um  1.59

   coarse     3.6e19    0.63 (2.09)um  2.00     6.8e18    0.74 (2.50)um  2.00

            (size-summed mass fluxes are provided only for testing purposes!)

   log-normal formula (to be integrated over many sizes for each size mode)

   ------------------

       MASSFLUX at size radius 'rad' representing the size-interval delta_rad

                for a 'mode?' and a density 'rho': 

       epsi     = ((alog(rad)-alog(mode?_radius))^2) /(2.0*(alog(sigma))^2)

       envonr   = [mode?_number]/(rad*sqrt(2.0*pi)*alog(sigma)) *exp(-epsi)

       massflux = envonr *delta_rad *4.0/3.0 *rho *pi *rad*rad*rad

some more info on DUST/SEASALT/DMS

DUST    -> /Dust_ncf       data and plots  (for details look into 'dustinfo')
- dust2000##.nc  monthly dust-source netcdf-files (total and 2 size-classes)

  size-class2 (radius 0.05-0.5um): mode2_radius,(sd=1.59), number, (mass-flux)

  size-class3 (radius 0.5-6.0um) : mode3_radius,(sd=2.00), number, (mass-flux)

  for calculation of mass-fluxes use a density of 2.5g/cm3 (or 2.5e-15kg/um3)

  (note: mass-fluxes are only given as backup! use lognormal distribution

         parameters for mode-radius and number-conc to determine mass-fluxes,

  ...supporting plots (and __.jpg versions)

  ndustn2a.ps - monthly number mean-2 (ndustn2a.pro -ndustn2a.d-> ndustn2a.ps)   

  ndustn2r.ps - monthly number range2 (ndustn2r.pro -ndustn2r.d-> ndustn2r.ps)   

  ndustr2a.ps - monthly radius mean-2 (ndustr2a.pro -ndustr2a.d-> ndustr2a.ps)   

  ndustr2r.ps - monthly radius range2 (ndustr2r.pro -ndustr2r.d-> ndustr2r.ps)   

  ndustn2a.ps - monthly number mean-2 (ndustn2a.pro -ndustn2a.d-> ndustn2a.ps)   

  ndustn2r.ps - monthly number range2 (ndustn2r.pro -ndustn2r.d-> ndustn2r.ps)   

  ndustn3a.ps - monthly number mean-3 (ndustn3a.pro -ndustn3a.d-> ndustn3a.ps)   

  ndustn3r.ps - monthly number range3 (ndustn3r.pro -ndustn3r.d-> ndustn3r.ps)   

  ndustr3a.ps - monthly radius mean-3 (ndustr3a.pro -ndustr3a.d-> ndustr3a.ps)   

  ndustr3r.ps - monthly radius range3 (ndustr3r.pro -ndustr3r.d-> ndustr3r.ps)   

  ndustfl.ps  - monthly total flux    (ndustfl.pro  -ndustfl.d -> ndustfl.ps)   

  ndustfy.ps  - yearly flux by mode   (ndustfy.pro  -ndustfy.d -> ndustfy.ps)   

SEASALT -> /Seasalt_ncf     data and plots  (for details look into 'saltinfo')
- salt2000##.nc  monthly dust-source netcdf-files (total and 3 size-classes)

  size-class1 (radius .005-.05um), mode1_radius (sd=1.59), number, (mass-flux)

  size-class2 (radius 0.05-0.5um), mode2_radius (sd=1.59), number, (mass-flux)

  size-class3 (radius 0.5-10.0um), mode3_radius (sd=2.00), number, (mass-flux)

  for calculation of mass-fluxes use a density of 2.2g/cm3 (or 2.2e-15kg/um3)

  (note: mass-fluxes are only given as backup! use lognormal distribution

         parameters for mode-radius and number-conc to determine mass-fluxes,

- icefreeocean.nc (a multiplier for ice-free oceans - no seasalt over ice)

  ...supporting plots (and __.jpg versions)

  nsaltn1a.ps - monthly number mean-1 (nsaltn1a.pro -nsaltn1a.d-> nsaltn1a.ps)   

  nsaltn1r.ps - monthly number range1 (nsaltn1r.pro -nsaltn1r.d-> nsaltn1r.ps)   

  nsaltr1a.ps - monthly radius mean-2 (nsaltr1a.pro -nsaltr1a.d-> nsaltr1a.ps)   

  nsaltr1r.ps - monthly radius range2 (nsaltr1r.pro -nsaltr1r.d-> nsaltr1r.ps)   

  nsaltn2a.ps - monthly number mean-2 (nsaltn2a.pro -nsaltn2a.d-> nsaltn2a.ps)   

  nsaltn2r.ps - monthly number range2 (nsaltn2r.pro -nsaltn2r.d-> nsaltn2r.ps)   

  nsaltr2a.ps - monthly radius mean-2 (nsaltr2a.pro -nsaltr2a.d-> nsaltr2a.ps)   

  nsaltr2r.ps - monthly radius range2 (nsaltr2r.pro -nsaltr2r.d-> nsaltr2r.ps)   

  nsaltn3a.ps - monthly number mean-3 (nsaltn3a.pro -nsaltn3a.d-> nsaltn3a.ps)   

  nsaltn3r.ps - monthly number range3 (nsaltn3r.pro -nsaltn3r.d-> nsaltn3r.ps)   

  nsaltr3a.ps - monthly radius mean-3 (nsaltr3a.pro -nsaltr3a.d-> nsaltr3a.ps)   

  nsaltr3r.ps - monthly radius range3 (nsaltr3r.pro -nsaltr3r.d-> nsaltr3r.ps)   

  nsaltfl.ps  - monthly total flux    (nsaltfl.pro  -nsaltfl.d -> nsaltfl.ps)   

  nsaltfy.ps  - yearly flux by mode   (nsaltfy.pro  -nsaltfy.d -> nsaltfy.ps)   

DMS     -> /DMS_ncf        data and plots  (for details look into 'dustinfo')
- dms2000##.nc  monthly dust-source netcdf-files 

  data near coastline are conservatively screened to avoid high DMS over land

  ...supporting plots (and __.jpg versions)

  ndmsfl.ps - monthly total flux     (ndmsfl.pro -ndmsfl.d-> ndmsfl.ps)   

  ndmsfy.ps - monthly total flux     (ndmsfy.pro -ndmsfy.d-> ndmsfy.ps)   
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