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1 Document Purpose

�is document serves as a technical note for the Air �ality Sensitivity Matrices (AQSM) com-

puted using the GEOS-Chem nested adjoint v33. Further information about these sensitivities

can be found in the thesis of Dedoussi (LAE Report Number: LAE-2014-003-T).

2 Contact

Please contact Irene C. Dedoussi (dedoussi@mit.edu) or Steven R.H. Barre� (sbarre�@mit.edu)

with questions.

3 Additional resources

Further information about the GEOS-Chem and the GEOS-Chem adjoint can be found at h�p://

acmg.seas.harvard.edu/geos/ and h�p://wiki.seas.harvard.edu/geos-chem/index.php/GEOS-Chem

Adjoint.

4 AQSM Description

4.a Overview

�e 3D gridded, annually averaged sensitivities can be found in h�p://lae.mit.edu/datasets. �ese

are the annually averaged sensitivities of annually averaged population exposure to PM2.5 in the
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US (objective function) with respect to each of the 43 species of the standard GEOS-Chem chem-

istry run (control parameters). �ese are saved as .mat �les, and the name of each .mat �le corre-

sponds to each of the control parameters. �e notation and description for each of these control

parameters is described in the Table 1 (and online, on the GEOS-Chem Users’ Manual). Each .mat

�le contains a 151 ! 121 ! 35 matrix. Details about the grid can be found in the next subsection.

4.b Grid

�e three dimensional grid focuses on the North American (NA) domain, 140! W to 40! W longi-

tude, and 10! N to 70! N latitude. �e resolution of the horizontal grid is 0.5! ! 0.666! (latitude

! longitude), with 47 vertical layers up to 80km. �e sensitivities of the �rst 35 layers (i.e. up to

16 km) are shown here. �e exact coordinates (in Matlab code syntax) can be found in Appendix

A.

4.c Interpretation

�e 3D gridded sensitivities are annually averaged. �e domain of interest is the contiguous US,

including the 48 states and the District of Columbia (i.e. excluding Hawaii and Alaska). �e

objective function J is therefore de�ned as

J =
1
T

á
N lonX

i =1

N latX

j =1

TX

t=1

[! ij á! " ijt ] , (1)

where i and j are indices for the longitude and latitude, respectively, and N lon and N lat the

number of grid cells in the longitudinal and latitudinal sense, t denotes the time step, T the number

of time steps in the simulation, ! " ijt is the concentration perturbation of PM2.5 in ! g/m3 at
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Table 1: Control parameter (species) notation and description

Name Description Weight (g/mol)

NOx Nitric oxide 46
Ox Ozone 48
PAN Peroxyacetyl Nitrate 121
CO Carbon Monoxide 28
ALK4 Lumped ¿= C4 Alkanes 12
ISOP Isoprene 12
HNO3 Nitric Acid 63
H2O2 Hydrogen Peroxide 34
ACET Acetone 12
MEK Methyl Ethyl Ketone 12
ALD2 Acetaldehyde 12
RCHO Lumped Aldehyde ¿= C3 58
MVK Methyl Vinyl Ketone 70
MACR Methacrolein 70
PMN Peroxymethacroyl Nitrate 147
PPN Lumped Peroxypropionyl Nitrate 135
R4N2 Lumped Alkyl Nitrate 119
PRPE Lumped ¿= C3 Alkenes 12
C3H8 Propane 12
CH2O Formaldehyde 30
C2H6 Ethane 12
N2O5 Dinitrogen Pentoxide 105
HNO4 Pernitric Acid 79
MP Methyl Hydro Peroxide 48
DMS Dimethyl Sul�de 62
SO2 Sulfur Dioxide 64
SO4 Sulfate 96
SO4s Sulfate on surface of sea-salt aerosol 96
MSA Methyl Sulfonic Acid 96
NH3 Ammonia 17
NH4 Ammonium 18
NIT Inorganic nitrates 62
NITs Inorganic nitrates on surface of sea-salt aerosol 62
BCPI Hydrophilic black carbon aerosol 12
OCPI Hydrophilic organic carbon aerosol 12
BCPO Hydrophobic black carbon aerosol 12
OCPO Hydrophobic organic carbon aerosol 12
DST1 Dust aerosol, Re� = 0.7 microns 29
DST2 Dust aerosol, Re� = 1.4 microns 29
DST3 Dust aerosol, Re� = 2.4 microns 29
DST4 Dust aerosol, Re� = 4.5 microns 29
SALA Accumulation mode sea salt aerosol (Re� = 0.01-0.5 microns) 31.4
SALC Coarse mode sea salt aerosol (Re� = 0.5-8 microns) 31.4
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time step t in grid cell (i, j ) of the ground layer, and ! ij is the population (over age 30 as this

is consistent with the applicability of the concentration–response function applied) in grid cell

(i, j ). Population data was processed from the GRUMP 2006 database [1]. �e sensitivities are

computed for the year of 2006.

�e annually averaged three-dimensional sensitivity matrices we obtain from the adjoint are

of the form

Sw
ijk =

#J
#E w

ijk

for emissions species w, where J is the previously de�ned objective function and E w
ijk are the

emissions (in kg) of species w in the three-dimensional grid. �ese show the e�ect that a kg of

emission of specie w at grid location (i, j, k ), has on the annually averaged population exposure

to PM2.5 within the US.

�ese sensitivities multiplied by the annually averaged emissions in (kg/hr) result in the an-

nually averaged population exposure to PM2.5 a�ributable to these emissions.

4



A Grid coordinates

% Grid dimension definitions

% ( coordinates of grid boxes , which can be found in the GEOS- Chem users '

% manual online for the nested NA domain )

%

% Longitude ( in degrees )

% centres

geosLong = linspace(-140,-40, 151);

% edges

geosLonEdges = linspace(-140.3333,-39.6667, 152);

% Latitude ( in degrees )

% centres

geosLat = linspace(10,70, 121);

% edges

geosLatEdges = linspace(9.75,70.25, 122);

% Altitude ( in km) (35 layers shown here )

geosAltCentres= [0.058 0.189 0.320 0.454 0.589 0.726 0.864 1.004 1.146 ...

1.290 1.436 1.584 1.759 1.988 2.249 2.517 2.792 3.074 3.439 ...

3.896 4.375 4.879 5.413 5.980 6.585 7.237 7.943 8.846 9.936 ...

11.021 12.086 13.134 14.170 15.198 16.222] ;

geosAltEdges = [-0.006 0.123 0.254 0.387 0.521 0.657 0.795 0.934 1.075 ...

1.218 1.363 1.510 1.659 1.860 2.118 2.382 2.654 2.932 3.219 ...

3.665 4.123 4.623 5.142 5.692 6.277 6.905 7.582 8.320 9.409 ...

10.504 11.578 12.633 13.674 14.706 15.731 16.753];
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