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1. INTRODUCTION
The Climate and Air Quality Modelling (CAQM) group at the South African Council for Scientific and

Industrial Research (CSIR) are conducting a study into the Urban Heat Island (UHI) phenomenon

over the City of Durban in the eThekwini Municipality located within the KwaZulu-Natal province.

Within the study the group will also look at the impact the UHI has on urban air quality in the region.

To this end, an emissions inventory was developed to feed into an air quality model; which requires

gridded, hourly and speciated emissions from all relevant sectors (natural and anthropogenic).

While there have been emission inventories developed for the municipality, none have been

gridded, have covered all relevant sectors or included the surrounding region (which could influence

local air quality through transboundary movement and chemistry). The inventory developed and

presented here is gridded at 0.01o (~1km) resolution and includes source sectors, biogenic (VOC

and NOx), biomass burning, domestic waste burning, residential fuel combustion, on-road vehicles,

marine aerosol, shipping, an international airport (King Shaka International Airport; KSIA) and the

Port of Durban. In terms of estimation the inventory represents a mix of locally derived and global

datasets. For the CSIR CAQM derived sectors, results are compared with global inventories where

possible. The inventory is designed to represent 2014, as the air quality modelling will need to be

verified against available monitoring data; which is only availably up to 2014.

2. METHODOLOGY
Biogenic emissions are simulated with the MEGAN model (v2.10). The land-cover input is derived

from the South African 2014 National Land Cover dataset that is mapped to the plant functional

types required by MEGAN. Leaf area index input is based on MODIS MCD15A2H version 6. Hourly

meteorological parameters are simulated by the Conformal Cubic Atmospheric Model (CCAM)

climate model; which was run for 2014 at a resolution of ~1km during an initial analysis of

eThekwini UHI.

Biomass burning emissions are sourced from the Fire Inventory from NCAR (FINNv1.5) for 2014.

False-positive fires, located primarily within industrial facilities, have been removed.

Domestic waste burning is estimated similar to the methodology used in Wiedinmyer et al. (2014).

Only residential open burning is considered as activity data for illegal open burning in landfills is not

available. A waste per person value of 1.25 kg/person/day (middle income) found in eThekwini

Municipality’s draft Integrated Waste Management Plan was used. Fraction of waste that can burn

is set at 0.6 and is taken from the IPCC 2006 guidelines. The number of people who are assumed

to burn waste are those that do not have their waste collected on a regular basis; and is estimated

through the Statistics South Africa Community Survey 2016 data. The emission factors used are

those found within Wiedinmyer et al. (2014).

Residential fuel combustion emissions were estimated using Department of Energy national

residential fuel (paraffin, LPG, wood and coal) consumption based on energy balances (these are

submitted to the IEA as well). This is disaggregated to the finest Statistics South Africa Census

spatial unit (Small Area Level) using household fuel usage information. This is further disaggregated

for gridding purposes using a dwelling frame specific point database. Emission factors are made up

of a mix of US EPA AP-42 for paraffin, LPG and wood; and locally derived data for coal.

Industrial emissions were sourced from the official National Atmospheric Emissions Inventory

System (NAEIS) which holds detailed industrial emissions information from all Atmospheric

Emissions License holding facilities across the country. The database is run by the national

Department of Environment, Forestry and Fisheries (DEFF) and industries are mandated by their

license to report into the system through an online portal. The data used here represents year 2016.

On-road vehicle emissions were estimating using a hybrid bottom-up/top-down approach that

utilized national route vehicle counts merged with 2014 provincial level fuel sales disaggregated to

road level (weighted by link capacity). VKT from counts are converted to fuel consumption and

removed from sales before to prevent double counting. In terms of vehicle classes, fractions are

based on province wide registrations; while spread of technologies (EURO1-6) are based on a

South African specific scrapping curve with age as a proxy for technology. Emission factors are Tier

3 from the 2016 EMEP/EEA emissions inventory guidelines (Chapter 1.A.3.b.i-iv Annex). Through

subsequent air quality modelling, it was found that NOx and ozone is underestimated. A likely cause

is the vehicle parc being assumed to be relatively modern (the scrapping curve was calibrated

using national vehicle registrations); while it may be possible that vehicles within eThekwini are

older. A previous Air Quality Management Plan (AQMP) for eThekwini utilized Tier 1 emission

factors for vehicles which resulted in much higher emission estimates. These were used to modify

vehicle emissions (NOx, CO and NMVOC) which resulted in higher modelled concentrations (some

over-estimates). The Tier 1 emission factors may represent the eThekwini fleet better; and may also

increase emissions sufficiently to cover (inadvertently) microscale vehicle movements (start-stop

traffic) that aren’t normally captured by large scale emission inventories.

Airport emissions for KSIA are taken from the municipality’s AQMP and represent year 2012. The

emissions include those from landing and take-off (LTO) movements and ground support vehicles.

Activity data for LTO are from monthly airport reported movements while ground vehicle activity is

based on airport reported fuel consumption. ICAO emission factors are used for LTO emissions.

Marine aerosol emissions were simulated using a model created by the CAMx air quality model 

developers at Ramboll Environ. The model estimates aerosol fluxes for PM2.5 over open ocean 

and from breaking waves in the surf zone. The model requires gridded input of coastline length, surf 

zone width, pressure, temperature, humidity and wind speed. Coastline length is derived from high 

resolution South African General Surveyor data while surf zone width is assumed a constant 20m. 

Meteorological data is taken from the 2014 CCAM simulations over the region. 

The Port of Durban is often referred to as the busiest in sub-Saharan Africa. In 2016, it handled 

3754 sea-going vessels. Emissions are taken from a 2012 Transnet (State owned rail, logistics and 

port company) air quality study of the port; and include all vessels (ocean going and harbour) and 

port authority vehicles. 

Shipping emissions are extracted from the HTAPv2 dataset (Janssens-Maenhout et al., 2015). The 

data was re-gridded to 0.01o in a manner that conserves emission mass, and thus fully represents 

the source data. Emissions located within the Port area are masked out to avoid double counting 

with the Port specific emissions from Transnet. 

For comparison purposes global inventories (HTAPv2 Industry, Transport and Residential; 

Wiedinmyer et al. (2014) waste burning and Belgian Institute for Space Aeronomy (Bauwens et al., 

2016) biogenic isoprene) are re-gridded to the eThekwini domain.  

Figure 1: Time series of  hourly O3 and NOx and 8-hourly O3 monitored during 1-5 February 2005 at Delta Park (DP)

Figure 1: Gridded emissions, topographic profile and locality maps. Boundaries in emission maps represent municipalities.

SECTOR NMVOC CO NOx SO2 PM10 PM2.5 NH3 CODE
Airport-KSIA (L) 112 702 469 59 78 78 27 KSIA
Port of Durban (L) 662 1 074 14 238 11 369 1 393 1 248 NR PORT
Biomass burning (G) 16 385 65 032 3 945 356 12 274 6 792 978 BBURN
Biogenic (L) 34 669 NR 318 NA NA NA NR BVOC
Marine aerosol (L) NA NA NA NA 4033 4033 NR MARAER
Residential fuel combustion (L) 13 041 75 942 836 128 9 737 9 058 0 RESBURN
On-road vehicles (L) 676 7 959 6 496 157 211 211 430 ROADS
Shipping (G) 23 32 601 365 60 60 0 SHIPS
Waste burning (L) 9 247 15 548 1 530 205 4 869 4 010 458 WASTE
Industry (L) 5 310 11 000 8 048 19 776 5 295 NR NR IND

Table 2: Comparison with re-gridded global inventories (emissions in ton/year)

Sector TRANSPORT RESIDENTIAL WASTE BIOGENIC INDUSTRIAL

Inventory Global1 CSIR Ratio Global1 CSIR Ratio Global2 CSIR Ratio Global3 CSIR Ratio Global1 CSIR Ratio
CO 91 530 222 859 0.4 198 496 75 942 2.6 79 928 15 548 5.1 NR NR NA 100 226 11 000 9.1

NOx 24 574 116 919 0.2 5 667 836 6.8 7 867 1 530 5.1 NR 318 NA 8 719 8 048 1.1

NH3 679 430 1.6 40 0 NA 2 354 458 5.1 NR NR NA 3 367 NR NA
NMVOC 23 374 40 561 0.6 38 393 13 041 2.9 15 754 9 247 1.7 30 302 34 669 0.9 173 834 5 310 32.7

SO2 1 563 157 10.0 18 170 128 142.0 1 047 205 5.1 NA NA NA 12 733 19 776 0.6
PM2.5 682 211 3.2 17 323 9 058 1.9 20 653 4 010 5.2 NA NA NA 4 419 NR NA

PM10 684 211 3.2 25 347 9 737 2.6 25 072 4 869 5.1 NA NA NA 19 446 5 295 3.7
1 HTAPv2 
2 Wiedinmyer et al. (2014)
3 IASB OMI

NA: Not applicable
NR: Not reported

Table 1: Total annual emissions (tons) for 0.01o domain (L: local derived; G: global inventory)

3. RESULTS AND CONCLUSION
The eThekwini inventory (Table 1) indicates on-road vehicles dominate NOx emissions, while for

NMVOC biogenic sources are also important. For SO2 industry and the Port that dominate. This is

due to the South Durban Industrial Basin (refineries and paper) which is also adjacent to the Port.

Residential fuel combustion (mainly wood) and biomass burning dominate PM emissions. Global

inventories provide higher estimates for a majority of the sectors considered in the comparison. One

exception is on-road vehicles against HTAPv2 Transport; in which the local eThekwini shows higher

estimates for NOx, CO and NMVOC. This is the case only after increasing eThekwini emissions to

represent those found within a recent municipality AQMP. Sectors based on demographic data

(residential fuel combustion and waste burning) were higher for the global estimates. This is

particularly so for waste burning as the local inventory used the same emission factors and

approach to the global inventory, but different waste generation rates and definition of households

that would burn waste. For residential fuel combustion both inventories utilize national fuel

consumption submitted to IEA; however the HTAPv2 sector includes residential and institutional

energy production from generators. This is a likely source for the global estimate being higher;

particularly if one looks at the higher SO2 estimate (linked to diesel generators). Biogenic isoprene

is similar between the MEGAN simulation and IASB product. A likely reason for the MEGAN

estimate being slightly higher is that the higher resolution land-cover and leaf area index data is

able to identify more areas with vegetation.

Inventories contain assumptions and uncertainties that may compound to produce an estimate far

from reality. It is a useful exercise to test an emissions inventory via an air quality model. Model

performance can often highlight deficiencies in the emission estimates. These may then be

addressed in an appropriate manner. While air quality modelling contains it’s own uncertainties,

here, the concentrations of NOx simulated were low enough (particularly comparing against traffic

specific monitoring sites) to identify the vehicle emissions as a likely source of the problem.
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