Satellite Based Characterization of Emissions
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Outline

1.What is an Emissions Inventory and why do we
need one?

1.Building and bottom up emission inventory

2.Satellite measurements and top down emission
inventory

3.Data base for Global and regional Emission
Inventory data sources



What is an Emission Inventory?

An emission inventory is an accounting of the amount of
pollutants discharged into the atmosphere. An emission
iInventory usually contains the total emissions for one or
more specific greenhouse gases or air pollutants,
originating from all source categories in a

*Specific geographic area
*Certain period of time

*Organized by type of data (e.g., point, area, mobile,
biogenic)




What are Emission Sources?
(Anthropogenic and Natural)
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What information we get from EI?

 Where air pollution is emitted

(at surface: e.g. from mobile and st.
sources, ocean, biomass,

non- surface: e.g. Air craft, lightening,
etc, Indoor activity or outdoor
activity)

« How much is emitted from each
source

« What sources would be most
effective to control




Information we could not get from EI?

The distance that air pollutant
emissions are transported
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The amount of air pollution to
which people are exposed

The health risk from the air
pollution
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Why is emission inventory needed?

Air quality management (ldentify sources of pollution and pollutants

Of Concern) Quantification of

actual emissions

e ——— ..“ ‘.J'..__g'. . : :. .
‘ 3 21 R impact assessment

Input te-air-guality-monitoring

1o prevent and control emissions
! ’
\\ //

Development of policies

Environmental monitoring

Identify distriBulflon and trends Implementation of emission
Emissions projections revention and control measures




Types of Inventories

 Bottom up EIl (emissions >
concentrations)

 Top Down (concentrations = emissions)

1. Direct estimate

2. Combination of satellite and bottom up

Annual average

Seasonal inventories

Forecasted - future estimates

Gridded / Modeling



Building an bottom up Emission Inventory
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Activity Data and Methodology

« Methodology
Emission Inventories are estimated as per the most widely used emission
factor approach.

ZZFCklm|:ZE j.k.m.n kl,m,n:|

J,k,[,m,n =Species, country, sector, fuel type, Technology

Em = Total Emission

FC = Fuel consumption , Kg/yr

EF 2= Emission factor specific to fuel/Technology

X = Fraction of fuel for this sector consumed by a specific technology,
where =1 for each fuel and sector




Schematic Methodology for the Development of Indian emission estimation
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NO, Emission in India (2011)
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Drawbacks of bottom-up

(N OX) Emission factor

TN

Information about \

sources
Amount emitted

* Depend on the availability and reliability of
the statistical information.

* Depend on historic information: easily out-
dated.

* Uncertainties in spatial resolution if only area
totals are available.



If you don’t like your result
change your approach!



Constraining emissions with satellite
observations

Satellites have world-wide, homogeneous
coverage.

Correcting inventory for emission trends
Detecting new (unknown) emission sources

Emission trend analysis reveals effectiveness
of air pollution policy

Up-to-date emission inventories improve air
quality forecasting



Top Down Approach
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Top Down (concentrations > emissions)
1. Direct estimate

2. Combination of satellite and bottom up



Top-down Approach

Martin et al. [2003, 2006]
Lamsal et al. [2011]

= Adjustment of the emissions with satellite
observations to reduce the disagreement
between model and observation.

NO2_model NOZ2_satellite

Assuming that horizontal transport of NOXx is
a negligible, a posteriori emissions can be
derived as following:

a = ENOX_apriori / NO2_model

=> ENOX_aposteriori = a x NO2_satellite

Ooo

ENOX = anthropogenic NOx emissions
NO2_model= Modeled NO2 Tropospheric Column
NO2_satellite= Satellite NO2 Tropospheric Column

gl




Satellite can only observe pollutant concentrations. These should be
backtracked to their underlying emissions:

e
THIS IS AN INVERSE PROBLEM

Complicating factors:

« Transport of pollutant away from the source

 Lifetime of pollutant

° Varlablllty In lifetime (temperature, chemical composition...)
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AIRS July 2008 CO, (ppmv)



Lifetime example (2): NO,

tropospheric NO, in summer: ~4h, in winter: ~10h

OMI 2005-2008



Local, linear relation concentration and emission

Martin et al. (2006) Space-based constraints on NOx emission, J. Geophys. Res.
Jaeglé et al. (2005) Global partitioning of NOx sources using (...), Faraday Discuss.

Assume linear relation between NO, emission and NO,

concentration:

Direct Approach

E =00, , a= (QNOX /QN()z)/TNOX
s Combine

e Approach

) TTT E=o0£2 o= Eamod /QNOZm

obs *



Local, linear relation concentration and emission
Direct Approach
E =00, , a= (QNOX /QNOZ)/TNOX

N " From literature,
%% .. measurements

21N

TNo, = Qno, X exp(—1/Tno, ).

20N

11.2 hours = 11.2*3600 sec
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1.7 x 1015 mole/c m?

(25km x 25 km) Et = (0.31/11.2)*1.7 x 107> mole/cm?



Combine Approach (Lab + Satellite)
Satellite based estimates of Fire emission

E;=A(x,t) x B(x) xFB x ef;

Use of fire hot spots

Burnt area at location x and time t: A(x,t)

land cover maps (identify vegetation type)

Biomass loading : B(x)

consumption estimates at location x: FB

Emission factors (emission factors from filed lab experiment):




Complete Satellite based Approach
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(a) Spatial distribution of OMI NO, (1 x 103 molecules cm2) for 2005 for regions with

a maximum in the seasonal cycle in tropospheric NO, during March-April. In these regions
the dominant source type is estimated as biomass burning. (b) ATSR fire counts over

the India region during March-April 2005 averaged over 0.5° x0.5°.



Local, linear relation concentration and emission
Advantages

* Fast, no inverse modeling needed
* Emission update gives also new error estimates

Disadvantages

« Transport to neighbouring grid cells neglected
* Only one emission update possible
 No new sources detected if a priori emission is O pad

Urban




If you don’t like your result
change your approach!



Local, linear relation applied iteratively

(Ghude et al., (2013), GRL

Assume linear relation between NOx emission and NO2 concentration:
Ei+1 = aQobsi y A= Ei /Qi
lterate until convergence criteria are met.
0
4

Advantages b

dill

 lteration compensates for transport to neighbouring grid cells
» Accuracy of emissions improves

Disadvantages

» No error estimates of inventory
* No new sources detected if a priori emission is O



Flatland simulation

* “Toy” transport model in two dimension

« Simplified advection model allows analytic
calculation of sensitivities
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If you don’t like your result
change your approach!



More realistic inversion:
Sensitivities

When transport is taken into

account, emissions in all grid

cells can contribute to the —=

observed concentration:

0Q,
AQ =Na, AE,, a ;=—

J—i
3




Monte Carlo method

Konovalov et al. (2006), Inverse modeling of NOx emission on a continental scale (2006), ACP

Perform model runs with random perturbations on the
a priori emissions to get a set of linear equations from
which the sensitivities can be solved:

AQ = E(x o AE! J
J

AQ, = Yo, AE]
2%

The optimal number of random model
runs depends on the desired accuracy.

For two next neighbours: N =100

AQ!, = Ea AER,
J



Monte Carlo method

Advantages

» Takes transport of nearest neighbours into
account

Disadvantages

* Time consuming calculations:
~100 model runs needed to solve transport from
2 nearest neighbours.



Convergence behaviour

0 ) 10 15 20

Local, linear

1000 F
a00 |
600 |
400}
200}

0 ) 10 15 20

Kalman



Top-Down Approach for NOx- emission over India

 What we Need?
« Satellite observations of NO,

* Chemical Transport Model

Tropospheric NO, column is derived in )
three main steps involving the |
calculation of

(1) slant column (using Differential

Optical Absorption Spectroscopy

(DOAS) approach in the 405465 nm

spectral

window),

(2) tropospheric slant column (using

modeling/ assimilation approach),

(3) tropospheric vertical column (using

air mass factor—AMF).

~4
'r

spectralirradiance [VW/m?/nm] ,
& & i o o
° & P b P
f I ] |

ozone (Os)
5 1

nitrogen dioxide (NO,)

750 1000
wavelength[nm]



Top-Down Approach for NOx- emission over India

A priori
NOx Emission

Version: DOMINO v 2.0

Cloud fraction less than 20% (clear sky scenes)
Viewing Zenith Angle less than 35

Cloud radiance fraction less than 50%

Solar Zenith Angle less than 80

Meteorology

\ 4

Chemical Transport Model
(Indian domain 0.55° x 0.55 °)

OoMI
Tropospheric NO,

Simulate tropospheric NO
Apply AK

A postriori NOx
Emission
(Top-down NOx Inventory)

Derive linear local relation
concentration and emission

iterate a = E_ NOxModel | NO2 _ Model 4




OMI Tropospheric NO, columns for the year 2005 Over India

Version: DOMINO v 2.0 (Level 2 data set)

Cloud fraction less than 20% (clear sky scenes)

Viewing Zenith Angle less than 35 (pixel size smaller than 34x14km?)
Cloud radiance fraction less than 50%

Solar Zenith Angle less than 80

WRF-Chem Simulation for Jan 2005

Domain : South Asia (0 - 45° N, 55 -110 ° E)
Period : 2005

Resolution : 5 km x 55 km

Emissions : INTEX-B (A Priori)

Fire Emission : NCAR Fire Inventory (FINN)
Biogenic : MEGAN

Gas Ph. Chem : MOZART

Aerosol Ph. Chem : GOCART



@] WREF simulation with a priori emission (Intex-B)
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Spatial distribution of OMI and WRF-Chem tropospheric NO, column for 2005 and
its difference. Tropospheric column NO, unit is 1013 molecules/cm?/s.

Ghude S.Det al., GRL, 2013c¢



\\\\/? @)  WRF simulation with a postrioro emission (T1)
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OMI
. @| WREF simulation with a postrioro emission (T7)
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A priori versus A posteriori Emissions

INTEX-B(1x10*11 molec /ecm2/s)  TOPDOWN(1x10*11 molec /cm2/s) Absolute Difference
b

- <”\v\ (a) ?\/\ (b) ?B
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Spatial distribution of NOy emission from (a) INTEX-B inventory, (b) optimized top-down
Inventory and (c) their difference (emission unit is 10! NO molecules/cm?/s)

1.56Tg N /year 1.42Tg N /year
Ghude S.Det al., GRL, 2013¢



Seasonal Top-down Emission

Winter Pre Monsoon Monsoon Post Monsoon

1.6 Tg(N)/yr 1.3 Tg(N)/yr

1.9 Tg(N)/yr 0.9 Tg(N)/yr | ™

|||||||||||||||||||||||||||||||||||||||

Spatial distribution NOx emissions from optimized Top-Down inventory (emission unit is 10!
NO molecules/cm?/s) for winter, pre-monsoon, monsoon and post-monsoon seasons for 2005.

Jne et al., AE, 2014 (Under review)



Annual Top-down Emission

2006

N

| 142 TgN)yr

78E 81E

C 2.2 Tg(N)/yr

78E 81E

1.81 Tg(N)/yr N ( 2.1 Tg(N)/yr

78E 81E 878 QOF 93|

Spatial distribution of annual NOy emissions from optimized Top-Down inventory (emission unit
is 1011 NO molecules/cm?/s) for 2005, 2006, 2007, 2008, 2009, 2010 years.



Sources of Uncertainties in Top-Down Inventory:

1. Uncertainty in satellite retrievals

OMl filtering error,
Air Mass Faction (clod fraction, cloud pressure, NO2 Profile shape, aerosols calculation,

Stratospheric corrections, etc)

1. Model Uncertainties
: :

Error in model metrology
Model profile shape
Simulation of fate of Nitrogen emitted into the atmosphere—" = —NO FNOQ —
(chemical mechanism and heterogeneous aerosol Ro_l; gk
NOx reactions) Y= 7E

dry and wet deposition

=

VVVVYVYV

ground
M1, gir temperature C1. k(OH+NO;2HNO,)
= M2. water vapor contrent C2. Y[HOANQ2HND;)
ConCIUS|ons M3. PELH C3. isoprene and PAN chemistry
M4, convection and lightning emissions  Cd. aerosol uptake coefficient (y)
MS. cloud oplical cepth Cs5. aerosol optical properties

CE. non-MOx emissions

Fig. 1. Tropospheric chemistry mvolving NOy and impacts of mete-
orological and chemical parameters evaluated m the present study.
Processes shown m solid grey arrows are discussed without sensi-
trvity stmulations. Processes shown in dashed grey arrows are not

Eve ry advantage has its discussed explicitly. Note that PBL mixing and convection affect

disadva ntage vertical distributions of NOy and related species. Heterogeneous
uptake on aerosols depends on the amount of aerosol surfaces as
well. Evaluation on the RONO; pathway 1s focused mainly on 1so-
prene nitrates. Clouds and water vapor have mdirect influences on
radicals through effects on solar radiation.

Lin et al 2012



Access to information on emissions:
The ECCAD Emissions Database

ECCAD = Emissions of Chemical Compounds and
Compilation of Ancillary Data



Goal of ECCAD

Provide access to surface emissions and associated
ancillary data to support many projects:

e International projects such as:
GEIA (Global Emission Inventories Activity)
IGAC (International Global Atmospheric Chemistry Project)
CCMI, AEROCOM, , CMIP5/CMIPS6, etc.

e European research projects such as:

MACC-II (Monitoring of the Atmospheric Composition and Climate)
PANDA (Forecasting Air Pollution in China)

ChArMEx (The Chemistry-Aerosol Mediterranean Experiment)
ECLIPSE, PEGASOS, PANDA, ACCESS, etc.

Website: pole-ether.fr/eccad



The ECCAD database includes currently a large diversity of
datasets, which provide global and regional surface emissions for
a large set of chemical compounds. All the data are at a 0.5x0.5
or 1x1 degree resolution. ECCAD provides detailed metadata for
each dataset, including information on complete references and
methodology, and links to the original inventories.

Several tools are available for the visualization of the data, for
computing global and regional totals and for an interactive
spatial and temporal analysis. The data can be downloaded as
NetCDF CF-compliant files.

NetCDF-CF = Climate and Forecast (CF) Metadata Convention
See http://cfconventions.org/
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ECCAD = Emissions of Atmospheric Compounds

Project
Users

Newsletter #1

Partners

&frecim
OGNS
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ECCAD v6.6.3
©2006-2013 CNRS/SEDOO

and Compilation of Ancillary Data

THE ECCAD - THE GEIA DATABASE

Claire Granier

<
missions of atmospheric Compounds & Compilation of Ancillary Data
Emissions Inventories
| Anthropogenic ||} Biomass burning || Natural

GLOBAL INVENTORIES

MACCity ACCMIP RCPs PEGASOS_PBL EDGARv4.2
EDGARv3.2FT2000 RETRO

0 ECLIPSE_GAINS_4a Junker-Liousse HYDE1.3 Andres_C0O2_v2013
AMAP_Mercury

B GFASvi.0 GFED3 GFED2 GICC AMMABB
B MEGANv2 MEGAN-MACC MEGANv2-CH30H

B GEIAv1 POET
Developed for ongoing projects
B IS4FIRES
I GUESS-ES
B CcCMI
Ancillary Datasets
LAND COVER FIRES POPULATION

UMD CLM3 WFA GBA2000 .

B GLc2000 B Geoland2_BAvi_Africa B GPW3_Population

REGIONAL INVENTORIES

TNO-MACC-II (Europe) TNO-MACC (Europe)
EMEP (Europe) Assamoi-Liousse (Africa)
India_NOx (india) SAFAR-India (India)
REAS (Asia)

Developed for ongoing projects
Bl ChArMEXx (Mediterranean)

GEOGRAPHICAL INFORMATION

B GPW3 Region_IMAGE2.4 Pixel_Area

ECCAD is the GEIA emissions database



REGIONAL INVENTORIES (7)

TNO-MACC-II ) innovation
2003 - 2009 earl Anthropogenic 0.5° :
Europe 2013 yeary Pog mforhfe
TNO-MACC . :
2003 - 2007 Year Anthropogenic 0.5° Jnoation
Europe 2009 'y Pog mforllfe
EMEP Convention on Long-range
- 1980 - 2020 Year Anthropogenic 0.5° e
Europe 2007 Y A emep
Assamoi-Liousse
2005 - 2030 Decadal Total 0.5°
Africa 2072
India_NOx
2005 Yearly Anthropogenic 0.5°
India 20712
SAFAR-India
1991 - 2011 Decadal Anthropogenic 1°
India 20712
REAS )
. 1980 - 2020 Yearly Anthropogenic 0.5° R
Asia 2007

REGIONAL INVENTORIES DEVELOPED FOR ONGOING PROJECTS (1)

Anthropogenic CHARMEX
ChAMEx 2000 Varied " Biogenic | 0.2500.5/1° >
. arie iogenic L L
Mediterranean 2072 Oceanlc Bl
Volcanic MISTRALS

Many different inventories, including global and regional datasets
Only gridded inventories can be inserted currently in the database
New version under development (Thanks to EPA)

—> data at any resolution can be included

Ei




ECCAD tools

Total emitted for different regions

RCPs: anthro_NOx, Residential, RCP 3PD, total/cell for year 2005, All regions

% o Y- i
<_VvA“' 5 =9
@

'f\ ":‘ﬁ:;»

kg/s

Ancillary data

Temporal variation for a country over
a period of time

biogenic_isoprene, total /region : GUESS-ES, USA

1970-01 1975-01 1980-01 1985-01 1990-01 1995-01  2000-01  2005-01
Date

Temporal profile at 0.5/0.5 from 1970-01-01 to 2009-12-31

UMD: land cover, Woodland

,g A o o e | unit=2
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- 4 #3 o
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Currently under development: comparisons of maps with algrebraic

calculations, scattered plots



http://www.temis.nl/airpollution/no2.html

https://disc.gsfc.nasa.gov/Aura/data-holdings/OMI/omno2 v003.shiml

http://projects.knmi.nl/omi/research/product/product generator.php?&info=intro&product=I

http://www.tropmet.res.in/emission/

http://eccad.sedoo.fr/eccad extract interface/JSF/page map instituts.jsf




In brief, tropospheric NO2 column is derived in three main steps involving the
calculation of

(1) slant column (using Differential Optical Absorption Spectroscopy

(DOAS) approach in the 405—-465 nm spectral

window),

(2) tropospheric slant column (using modeling/ assimilation approach),

(3) tropospheric vertical column (using air mass factor—AMF).

ozone (O3)

—~
[ - 25174
'- nitrogen dioxide (NO,)
2.0

750 1000
wavelength[nm]




Estimate Surface PM,, : From
Satellite AOD

AOD is related to PM,

...but how to separate surface aerosol from column concentrations?

PM, . / AOD ratio is a Multiple approaches:
function of: « surface monitors calibration
* vertical structure . empirical relations

» aerosol type/hygroscopicity
* meteorology

* model output




Approach

measurements of aerosol optical depth to PM, 5 using a
global/regional chemical transport model

Following Liu et al., 2004

Estimated PM, 5 = n- T +—— Combined MODIS/MISR

Aerosol Optical Depth

Global/Regional CTM

* AOD/PM, ; relationship (n)
* A priori values

Satellites provide:

* High resolution (0.1° x 0.1°)
* Observational constraint

* Column-integrated value

n <

. vertical structure

* aerosol type

» meteorological effects
* meteorology

L diurnal effects



Annual Satellite(MODIS) AOD
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Fig. 2: Annual mean Aerosol Optical
Depth (AOD) (a) MODIS Satellite,
(b) WRF-chem Model, & (¢) annual
model-satellite (difference).
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Estimated PM,s=n"T

Annual PM2.5 Concentration

Finter PM2.5 Concentration

N N 5N N
70E 80E 90E 100E 70E 80E 90E 100F 70E 80E 90E 100F 8 80E 90F 100F 70E 80E 90E 100F

NINNRNNIRRNRNRNNRRRNERED
10 =20 34 54 74 96 116 145 350 600

Fig. 7: Estimated PM, s values for annual and seasonal during the study period.
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Fig. 3: Variability of monthly mean satellite derived (red), and observed (black) surface PM, s (in pg/m?) over 15

monitoring locations.
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Fig. 4b: Correlation coefficients between observed (monthly mean of 15 stations) and estimated PM, s concentrations



480 | UDAIPUR :
320 N ol

163 t#%‘lﬁiﬁ ’ vﬂ\m\;l 3‘ ; S s ° . ‘. " ) n ) .ﬁ#"-ﬁlsw?ﬁ‘%w‘_‘

| 1 | 1 ol 1 | 1 ol

480 |- HYDERABAD Estimated PM,, |
=l —— Observed

I N AR

480 | JABALPUR -
320 |

163 MWM’“MMW-'&\MN*\\M& : s ‘IJA-A&:AR‘{\”V{I

480 [ PUNE ]
320 ol

163 EWMM;A&U:J‘! !,M#\o‘ mk((
480 DELHI

=Py 1 s s |5 1 W‘W“ .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Estimated PM __ (ng/m3)

o o

Months

F1g. 57 variability i observed and estimated PV, ; concentrations over Delni, Pune, Jabalpur, Hyderabad and Udaipur



Ob.(Hr Averaged)

Ob.(Hr Averaged)

600 .
Delhi
500-
400- Y
300- e
200 .:.. 2o e . .
. oo‘ » o ° .
100 o SZES ’;-. ‘oo
. r=0.75
0 . . . . .
0 100 200 300 400 500 600
Satellite derived PMZ_5
250
Hyderabad
200 N
° L)
150 ..: - .
sy D AR
100_ ..'.0. ..0.
..‘
50- .. . L ] A
hod)
o h r=0.45
0 50 100 150 200 250

Satellite derived PMZ.5

200
Pune *
160 .
8 o0 s o
. Lo .
& 120 . % .
L & .
[ e e°* .’ .
2 . . -; . .
< 80; T g .
E_f o~ s l.. o:.o
£ 40- $ oo .3
L ) O‘
o e
0 . r=0.68
0 40 80 120 160 200
Satellite derived PM2_5
250
Udaipur
200
)
& ..
& 150- e s .
| 4 g.'.
g > \.’ DR e % .
< 100 %% " *
- . 1] .
I & xy
S solig ¥id %
L 504
(@] <.
0 v r=0.45
0 50 100 150 200 250

Satellite derived PMZ‘5

350
Jabalpur

300-
T 250
Q
(=]
© 2004
S
< 150 .’ .
= AR
L 100 o, 2% e . .
.Q. ov. (] .~ s .
O 504 N

-’ r=0.55
0 L ]

0 50 100 150 200 250 300 350
Satellite derived PMZ_5

e PM,,
—— Linear fit

Fig. 6: Correlation coefficients values between observed and Satellite derived PM, 5 concentrations over
Delhi, Pune, Jabalpur, Hyderabad and Udaipur



Emission Exercise ---- Transportation Sector (Delhi)

Categories of vehicles

Two stroke two-wheeler (2W2S)

Four stroke two-wheeler (2W45S)

Two stroke three-wheeler (3W25S)

Four stroke three-wheeler (3W45S)
Four wheeler gasoline (4WG)

Four wheeler diesel (4WD)

Heavy Duty Diesel Low sulfur (HDDLS)
Heavy Duty Diesel High sulfur (HDDHS)

© N O U A WwhNhE



Pollutants for which Emission Factors
have been determined

1. Carbon dioxide (CO,)
2. Carbon monoxide (CO)
3. Oxides of Nitrogen (NO)



Computed Mass Emission Factors for Different

Vehicles

Species 2W2S | 2W4S | 3W2S | 3W4S | 4WG | 4WD | HDDLS | HDDHS
FC g/km 11.0 9.7 22.1 259 84.3 92.77 195.2 195.2
G/hr 2549 | 2252 | 511.2 | 599.8 [1576.5| 1733.2 | 36499 | 3649.9

CO; | g/km 26.6 28.3 60.3 78.5 2236 | 208.3 515.1 515.2
G/hr 6170 | 655.6 | 13972 | 1817.1 [4181.3| 38964 | 9633.3 | 9634.8

CcO g/km 2.0 14 5.25 2.0 24 .8 2.0 4.7 4.7
G/hr | 464 | 33 | 1216 | 469 | 4629 | 368 88.4 87.4

NO | g/km | 08 14 12 2.0 33 | 1169 | 3543 | 4053
G/hr | 205 | 329 | 281 | 460 | 624 |21855 ] 6626.6 | 75792




Area of Delhi: 36 km x 36 km

Number of total vehicles : 4.5 million

1. Two stroke two-wheeler (2W2S): 10% 25km /day

2.  Four stroke two-wheeler (2W4S) : 10% 25km /day
3. Two stroke three-wheeler (3W2S): 15% 50km /day
4.  Four stroke three-wheeler (3W4S):5% 50km /day
5. Four wheeler gasoline (4WG): 30% 25km /day
6. Four wheeler diesel (4WD): 10% 25km /day
7. Heavy Duty Diesel Low sulfur (HDDLS): 10% 10km /day
8. Heavy Duty Diesel High sulfur (HDDHS): 10% 10km /day

Calculate total annual emissions from the transportation secto



