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Multiple Benefits/Impacts
Description: This section includes articles addressing the multiple benefits of action to address SLCPs and
implement SLCP measures.

Impacts of transportation sector emissions on future U.S. air quality in a changing climate. Part II: Air
quality projections and the interplay between emissions and climate change
In Part II of this work we present the results of the downscaled offline Weather Research and
Forecasting/Community Multiscale Air Quality (WRF/CMAQ) model, included in the “Technology Driver Model”
(TDM) approach to future U.S. air quality projections (2046–2050) compared to a current-year period (2001–
2005), and the interplay between future emission and climate changes. By 2046–2050, there are widespread
decreases in future concentrations of carbon monoxide (CO), nitrogen oxides (NOx = NO + NO2), volatile organic
compounds (VOCs), ammonia (NH3), sulfur dioxide (SO2), and particulate matter with an aerodynamic diameter
≤ 2.5 μm (PM2.5) due mainly to decreasing on-road vehicle (ORV) emissions near urban centers as well as
decreases in other transportation modes that include non-road engines (NRE). However, there are widespread
increases in daily maximum 8-hr ozone (O3) across the U.S., which are due to enhanced greenhouse gases (GHG)
including methane (CH4) and carbon dioxide (CO2) under the Intergovernmental Panel on Climate Change (IPCC)
A1B scenario, and isolated areas of larger reduction in transportation emissions of NOx compared to that of
VOCs over regions with VOC-limited O3 chemistry. Other notable future changes are reduced haze and improved
visibility, increased primary organic to elemental carbon ratio, decreases in PM2.5 and its species, decreases and
increases in dry deposition of SO2 and O3, respectively, and decreases in total nitrogen (TN) deposition. There
is a tendency for transportation emission and CH4 changes to dominate the increases in O3, while climate
change may either enhance or mitigate these increases in the west or east U.S., respectively. Climate change
also decreases PM2.5 in the future. Other variable changes exhibit stronger susceptibility to either emission (e.g.,
CO, NOx, and TN deposition) or climate changes (e.g., VOC, NH3, SO2, and total sulfate deposition), which also
have a strong dependence on season and specific U.S. regions.
Campbell, Patrick, et al. "Impacts of transportation sector emissions on future US air quality in a changing climate.
Part II: Air quality projections and the interplay between emissions and climate change." Environmental Pollution
238 (2018): 918-930.

Air-quality-related health impacts from climate change and from adaptation of cooling demand for
buildings in the eastern United States: An interdisciplinary modeling study
Climate change negatively impacts human health through heat stress and exposure to worsened air pollution,
amongst other pathways. Indoor use of air conditioning can be an effective strategy to reduce heat exposure.
However, increased air conditioning use increases emissions of air pollutants from power plants, in turn
worsening air quality and human health impacts. We used an interdisciplinary linked model system to quantify
the impacts of heat-driven adaptation through building cooling demand on air-quality-related health outcomes
in a representative mid-century climate scenario. We used a modeling system that included downscaling
historical and future climate data with the Weather Research and Forecasting (WRF) model, simulating building
electricity demand using the Regional Building Energy Simulation System (RBESS), simulating power sector
production and emissions using MyPower, simulating ambient air quality using the Community Multiscale Air
Quality (CMAQ) model, and calculating the incidence of adverse health outcomes using the Environmental
Benefits Mapping and Analysis Program (BenMAP). We performed simulations for a representative present-day
climate scenario and 2 representative mid-century climate scenarios, with and without exacerbated power
sector emissions from adaptation in building energy use. We find that by mid-century, climate change alone can
increase fine particulate matter (PM2.5) concentrations by 58.6% (2.50 μg/m3) and ozone (O3) by 14.9% (8.06
parts per billion by volume [ppbv]) for the month of July. A larger change is found when comparing the present
day to the combined impact of climate change and increased building energy use, where PM2.5 increases 61.1%
(2.60 μg/m3) and O3 increases 15.9% (8.64 ppbv). Therefore, 3.8% of the total increase in PM2.5 and 6.7% of
the total increase in O3 is attributable to adaptive behavior (extra air conditioning use). Health impacts
assessment finds that for a mid-century climate change scenario (with adaptation), annual PM2.5-related adult
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mortality increases by 13,547 deaths (14 concentration–response functions with mean incidence range of 1,320
to 26,481, approximately US$126 billion cost) and annual O3-related adult mortality increases by 3,514 deaths
(3 functions with mean incidence range of 2,175 to 4,920, approximately US$32.5 billion cost), calculated as a
3-month summer estimate based on July modeling. Air conditioning adaptation accounts for 654 (range of 87 to
1,245) of the PM2.5-related deaths (approximately US$6 billion cost, a 4.8% increase above climate change
impacts alone) and 315 (range of 198 to 438) of the O3-related deaths (approximately US$3 billion cost, an 8.7%
increase above climate change impacts alone). Limitations of this study include modeling only a single month,
based on 1 model-year of future climate simulations. As a result, we do not project the future, but rather
describe the potential damages from interactions arising between climate, energy use, and air quality. This study
examines the contribution of future air-pollution-related health damages that are caused by the power sector
through heat-driven air conditioning adaptation in buildings. Results show that without intervention,
approximately 5%–9% of exacerbated air-pollution-related mortality will be due to increases in power sector
emissions from heat-driven building electricity demand. This analysis highlights the need for cleaner energy
sources, energy efficiency, and energy conservation to meet our growing dependence on building cooling
systems and simultaneously mitigate climate change.
Abel, David W., et al. "Air-quality-related health impacts from climate change and from adaptation of cooling
demand for buildings in the eastern United States: An interdisciplinary modeling study." PLoS medicine 15.7
(2018): e1002599.

Estimating the costs of air pollution to the National Health Service and social care: An assessment and
forecast up to 2035
Air pollution damages health by promoting the onset of some non-communicable diseases (NCDs), putting
additional strain on the National Health Service (NHS) and social care. This study quantifies the total health and
related NHS and social care cost burden due to fine particulate matter (PM2.5) and nitrogen dioxide (NO2) in
England. Air pollutant concentration surfaces from land use regression models and cost data from hospital
admissions data and a literature review were fed into a microsimulation model, that was run from 2015 to 2035.
Different scenarios were modelled: (1) baseline ‘no change’ scenario; (2) individuals’ pollutant exposure is
reduced to natural (non-anthropogenic) levels to compute the disease cases attributable to PM2.5 and NO2; (3)
PM2.5 and NO2 concentrations reduced by 1 μg/m3; and (4) NO2 annual European Union limit values reached
(40 μg/m3). For the 18 years after baseline, the total cumulative cost to the NHS and social care is estimated at
£5.37 billion for PM2.5 and NO2 combined, rising to £18.57 billion when costs for diseases for which there is
less robust evidence are included. These costs are due to the cumulative incidence of air-pollution-related NCDs,
such as 348,878 coronary heart disease cases estimated to be attributable to PM2.5 and 573,363 diabetes cases
estimated to be attributable to NO2 by 2035. Findings from modelling studies are limited by the conceptual
model, assumptions, and the availability and quality of input data. Approximately 2.5 million cases of NCDs
attributable to air pollution are predicted by 2035 if PM2.5 and NO2 stay at current levels, making air pollution
an important public health priority. In future work, the modelling framework should be updated to include multipollutant exposure–response functions, as well as to disaggregate results by socioeconomic status.
Pimpin, Laura, et al. "Estimating the costs of air pollution to the National Health Service and social care: An
assessment and forecast up to 2035." PLoS medicine 15.7 (2018): e1002602.

Impacts of stove use patterns and outdoor air quality on household air pollution and cardiovascular
mortality in southwestern China
Decades of intervention programs that replaced traditional biomass stoves with cleaner-burning technologies
have failed to meet the World Health Organization (WHO) interim indoor air quality target of 35-μg m−3 for
PM2.5. Many attribute these results to continued use of biomass stoves and poor outdoor air quality, though
the relative impacts of these factors have not been empirically quantified. We measured 496 days of real-time
stove use concurrently with outdoor and indoor air pollution (PM2.5) in 150 rural households in Sichuan, China.
The impacts of stove use patterns and outdoor air quality on indoor PM2.5 were quantified. We also estimated
the potential avoided cardiovascular mortality in southwestern China associated with transition from traditional
5
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to clean fuel stoves using established exposure-response relationships. Mean daily indoor PM2.5 was highest in
homes using both wood and clean fuel stoves (122 μg m−3), followed by exclusive use of wood stoves
(106 μg m−3) and clean fuel stoves (semi-gasifiers: 65 μg m−3; gas or electric: 55 μg m−3). Wood stoves emitted
proportionally higher indoor PM2.5 during ignition, and longer stove use was not associated with higher indoor
PM2.5. Only 24% of days with exclusive use of clean fuel stoves met the WHO indoor air quality target, though
this fraction rose to 73% after subtracting the outdoor PM2.5 contribution. Reduced PM2.5 exposure through
exclusive use of gas or electric stoves was estimated to prevent 48,000 yearly premature deaths in southwestern
China, with greater reductions if local outdoor PM2.5 is also reduced. Clean stove and fuel interventions are not
likely to reduce indoor PM2.5 to the WHO target unless their use is exclusive and outdoor air pollution is
sufficiently low, but may still offer some cardiovascular benefits.
Snider, Graydon, et al. "Impacts of stove use patterns and outdoor air quality on household air pollution and
cardiovascular mortality in southwestern China." Environment international 117 (2018): 116-124.

Methane
Description: This section includes articles addressing methane source apportionment, emissions factors, impacts
and emissions trends.

Year-round methane emissions from liquid dairy manure in a cold climate reveal hysteretic pattern
Liquid dairy manure storage is favourable for methane (CH4) production and a significant source of this
greenhouse gas. Manure storage in cold climates faces large temperature variations over the course of a year,
and added on-farm complexities in manure loading require year-round measurements which are currently
lacking. The objectives of this study were to 1) quantify CH4 emissions from farm-scale liquid dairy manure
storage in a cold climate, 2) investigate the effect of manure temperature on CH4 emissions, and 3) compare
measured CH4 emissions with values derived from the USEPA temperature model. Methane fluxes were
measured from Aug 2010 to early Nov 2011 on a commercial farm in Ontario, Canada, using a
micrometeorological mass balance method which relied on 3 towers with air intakes at 4 heights placed around
the storage tank. Manure temperature and volatile solid content (VS) were also measured. Monthly CH4
emissions scaled by VS decreased from 43.8 g CH4 kg−1 VS in Sep 2010 to 5.3 g CH4 kg−1 VS in Jan 2011, and
were correlated with temperature (r2 = 0.94). Manure temperature increased starting in Feb 2011, but the
increase in CH4 emissions was delayed to Jul 2011. Hence, the response of CH4 emissions to temperature
showed a hysteretic pattern where emissions in the warming branch after the winter (Apr-Jun) were significantly
lower than emissions in the cooling branch after the summer (Sep-Nov) despite similar temperatures. The
temperature model predicted emissions during the cooling phase well, but overpredicted emissions during the
warming phase, indicating other limiting factors for microbial CH4 production. Thus, the annual predicted CH4
emissions were about 2.3× larger than the measured values. The newly observed hysteresis effect should be
considered when predicting CH4 emissions from stored manure.
Kariyapperuma, Kumudinie A., et al. "Year-round methane emissions from liquid dairy manure in a cold climate
reveal hysteretic pattern." Agricultural and Forest Meteorology 258 (2018): 56-65.

Estimating methane emissions from beef cattle in a feedlot using the eddy covariance technique and
footprint analysis
Measurements of methane (CH4) emissions from cattle could provide invaluable data to reduce uncertainties in
the global CH4 budget and to evaluate mitigation strategies to lower greenhouse gas emissions. The eddy
covariance (EC) technique has recently been applied as an alternative to measure CH4 emissions from livestock
systems, but heterogeneities in the source area and fetch limitations impose challenges to EC measurements.
The main objective of this study was to estimate CH4 emissions rates per pen surface (Fpens) and per animal
(Fanimal) from a beef cattle feedlot using the EC technique combined with two footprint models: an analytical
footprint model (KM01) and a parametrization of a Lagrangian dispersion model (FFP). Fluxes of CH4 were
measured using a closed-path EC system in a commercial feedlot. The footprint models were used to investigate
6
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fetch requirements and to estimate Fpens and Fanimal. The aggregated footprint area predicted by KM01 was
5–6 times larger than FFP estimates. On average, Fpens was 8 (FFP) to 14% (KM01) higher than the raw EC flux,
but differences between Fpens and EC flux varied substantially depending on the location and size of the flux
footprint. The monthly average Fanimal, calculated using Fpens and the footprint weighed stocking density,
ranged from 83 to 125 g animal−1 d−1 (KM01) and 75–114 g animal−1 d−1 (FFP). The emission values are
consistent with the results from previous studies in feedlots. These results suggest that the EC technique can be
combined with footprint analysis to estimate gas emissions from livestock systems.
Prajapati, Prajaya, and Eduardo A. Santos. "Estimating methane emissions from beef cattle in a feedlot using
the eddy covariance technique and footprint analysis." Agricultural and Forest Meteorology 258 (2018): 18-28.

Large methane emissions from natural gas vehicles in Chinese cities
In recent years, cities in developing countries have become more and more reliant on natural gas as a clean
energy source for transportation to reduce air pollution. In this study, we used street-level measurement of
atmospheric CH4 and CO2 concentrations to quantify CH4 emissions from natural gas vehicles (NGVs) in China.
These measurements were made in eight cities (Chengdu, Urumqi, Jinan, Nanjing, Lanzhou, Harbin, Guangzhou)
with varying sizes of NGV fleet. A traffic CH4:CO2 emission ratio (TER) was determined via linear regression of
CH4 versus CO2 concentration data obtained from each street transect. The TER value was combined with the
ratio of NGVs in the street traffic in a mathematical model to obtain the CH4 emission factor for NGVs. Results
show that the TER increases with increasing NGV ratio and decreases with increasing traffic speed. Overall, the
NGV CH4 emission factor in these cities is 0.022 ± 0.0033 kg m−3, about 8 times the Intergovernmental Panel
on Climate Change (IPCC) default factor for NGVs and is more than 100% higher than the mean NGV tailpipe
emission factor found in the published literature. That the overall emission factor is much larger than the tailpipe
emission factor indicates that on-road vehicle gas leakage is a widespread problem. A business-as-usual scenario
suggests that NGVs may emit 1.23 Tg CH4 yr−1 in 2030, or about 3% of China's current total anthropogenic
emission. Our study suggest that curbing the emissions from this sector should be a high priority for global
climate mitigation efforts.
Hu, Ning, et al. "Large methane emissions from natural gas vehicles in Chinese cities." Atmospheric Environment
(2018).

Symposium review: Uncertainties in enteric methane inventories, measurement techniques, and
prediction models
Ruminant production systems are important contributors to anthropogenic methane (CH4) emissions, but there
are large uncertainties in national and global livestock CH4 inventories. Sources of uncertainty in enteric CH4
emissions include animal inventories, feed dry matter intake (DMI), ingredient and chemical composition of the
diets, and CH4 emission factors. There is also significant uncertainty associated with enteric CH4 measurements.
The most widely used techniques are respiration chambers, the sulfur hexafluoride (SF6) tracer technique, and
the automated head-chamber system (GreenFeed; C-Lock Inc., Rapid City, SD). All 3 methods have been
successfully used in a large number of experiments with dairy or beef cattle in various environmental conditions,
although studies that compare techniques have reported inconsistent results. Although different types of
models have been developed to predict enteric CH4 emissions, relatively simple empirical (statistical) models
have been commonly used for inventory purposes because of their broad applicability and ease of use compared
with more detailed empirical and process-based mechanistic models. However, extant empirical models used to
predict enteric CH4 emissions suffer from narrow spatial focus, limited observations, and limitations of the
statistical technique used. Therefore, prediction models must be developed from robust data sets that can only
be generated through collaboration of scientists across the world. To achieve high prediction accuracy, these
data sets should encompass a wide range of diets and production systems within regions and globally. Overall,
enteric CH4 prediction models are based on various animal or feed characteristic inputs but are dominated by
DMI in one form or another. As a result, accurate prediction of DMI is essential for accurate prediction of
livestock CH4 emissions. Analysis of a large data set of individual dairy cattle data showed that simplified enteric
CH4 prediction models based on DMI alone or DMI and limited feed- or animal-related inputs can predict
7
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average CH4 emission with a similar accuracy to more complex empirical models. These simplified models can
be reliably used for emission inventory purposes.
Hristov, Alexander N., et al. "Symposium review: Uncertainties in enteric methane inventories, measurement
techniques, and prediction models." Journal of dairy science 101.7 (2018): 6655-6674.

Canopy soil of oil palm plantations emits methane and nitrous oxide
Due to an increasing global demand in cheap oils and biofuels, forest conversion to oil palm plantations is rapidly
increasing in Indonesia. Oil palm canopy soil, or the soil lodged between the stems and leaf axils of oil palms, is
one ecosystem compartment that has yet to be investigated as to its importance on the soil greenhouse gas
budget. Our objectives were 1) to quantify nitrous oxide (N2O) and methane (CH4) fluxes from oil palm canopy
soil, and 2) to determine the factors controlling these fluxes. Our study was conducted in Jambi Province,
Indonesia, an area of rapid oil palm expansion. Trace gas fluxes were measured in eight smallholder oil palm
plantations (9–16 years old). In each plantation, oil palms were delineated into three 1-m height sections (low,
middle, and top) to represent possible gradients of canopy soil conditions that influence N2O and CH4 fluxes.
Trace gas fluxes were measured by collecting canopy soil from each stem section and immediately incubating in
the field in an air-tight glass jar. Canopy soils from all oil palm stem sections emitted N2O and CH4. The top stem
section had higher N2O and CH4 emissions than the lower sections, and this pattern was paralleled by nitrogen
availability and water content, which strongly influenced these fluxes. Greenhouse gas emissions per unit dry
mass of canopy soil were considerable, but on a hectare basis these emissions were small due to the low amount
of canopy soil per hectare (170 kg ha−1). Annual canopy soil N2O and CH4 emissions were 10.7 ± 3.3 g N2O-N
ha−1 yr−1 and 1.9 ± 0.5 g CH4-C ha−1 yr−1, respectively, which contributed only 1% of the total soil (canopy soil
+ ground soil) N2O fluxes and 0.2% of the ground soil net CH4 consumption. Our estimate of oil palm canopy
soil emissions in Jambi Province were 7.7 Mg N2O-N yr−1 and 1.3 Mg CH4-C yr−1. Considering the increasing
areal coverage of oil palm plantations in Southeast Asia, these fluxes may substantially contribute to soil
greenhouse gas budgets.
Allen, Kara, et al. "Canopy soil of oil palm plantations emits methane and nitrous oxide." Soil Biology and
Biochemistry 122 (2018): 1-6.

Inventory of methane emissions from livestock in China from 1980 to 2013
Livestock is the largest anthropogenic methane (CH4) source at the global scale. Previous inventories of this
source for China were based on the accounting of livestock populations and constant emission factors (EFs) per
head. Here, we re-evaluate how livestock CH4 emissions have changed from China over the last three decades,
considering increasing population, body weight and milk production per head which cause EF to change with
time, and decreasing average life span (ALS) of livestock. Our results show that annual CH4 emissions by livestock
have increased from 4.5 to 11.8 Tg CH4 yr−1 over the period 1980–2013. The increasing trend in emissions
(0.25 Tg CH4 yr−2) over this period is ∼12% larger than that if using constant EFs and ALS. The increasing livestock
population, production per head and decreasing ALS contributed +91%, +28% and −19% to the increase in CH4
emissions from livestock, respectively. This implies that the temporal changes in EF and ALS of livestock cannot
be overlooked in inventories, especially in countries like China where livestock production systems are
experiencing rapid transformations.
Yu, Jiashuo, et al. "Inventory of methane emissions from livestock in China from 1980 to 2013." Atmospheric
Environment 184 (2018): 69-76.

Gas concentration and flow rate measurements as part of methane baseline assessment: Case of the
Fontaine Ardente gas seep, Isère, France
Methane and CO2 gas emissions from a gas seep located in the French Alps, documented over two millenaries,
have been quantified along with gas emissions from the miniseepage area contouring the main vent. Several
tons per year of both gas phases are released in the atmosphere from the main seep (18 tons of CH4 and 5.5
8
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tons of CO2) which has been modified by an old borehole. Diffuse seepage brings additional CH4 (1 ton per year)
and CO2 (2.3 tons per year) which are emitted from a small area of 240 m2. Secondary CH4 oxidation processes
are likely to occur near the surface. Biologically produced CO2 is also found in the soil in the seepage area and
the biological component becomes predominant as CO2 concentrations drop lower than 2% vol. Soil gas
CH4+CO2 enrichments are oriented along N45 and N170 pathways that represent the main structural directions
of the area. Soil flux anomalies are more scattered because surface clay formations have been strongly reworked
at surface. Variety of methods (IRGA, micro-GC, accumulation chamber flux measurements, IR-camera) were
tested and are discussed in connection with environmental impact monitoring and the role of sampling
conditions, with emphasis on shale gas and carbon storage baseline assessments The role of potential leakage
pathways represented by the old borehole structure is also discussed as an analogue with leaky shale gas wells.
Gal, F., et al. "Gas concentration and flow rate measurements as part of methane baseline assessment: Case of
the Fontaine Ardente gas seep, Isère, France." Applied Geochemistry (2018)

Methane Emissions From the Baltimore-Washington Area Based on Airborne Observations: Comparison
to Emissions Inventories
Urban areas are responsible for a substantial fraction of anthropogenic emissions of greenhouse gases (GHGs)
including methane (CH4), with the second largest anthropogenic direct radiative forcing relative to carbon
dioxide (CO2). Quantification of urban CH4 emissions is important for establishing GHG mitigation policies.
Comparison of observation‐based and inventory‐based urban CH4 emissions suggests possible improvements
in estimating CH4 source emissions in urban environments. In this study, we quantify CH4 emissions from the
Baltimore‐Washington area based on the mass balance aircraft flight experiments conducted in Winters 2015
and 2016. The field measurement‐based mean winter CH4 emission rates from this area were 8.66 ± 4.17 kg/s
in 2015 and 9.14 ± 4.49 kg/s in 2016, which are 2.8 times the 2012 average U.S. GHG Inventory‐based emission
rate. The observed emission rate is 1.7 times that given in a population‐apportioned state of Maryland inventory.
Methane emission rates inferred from carbon monoxide (CO) and CO2 emission inventories and observed
CH4/CO and CH4/CO2 enhancement ratios are similar to those from the mass balance approach. The observed
ethane‐to‐methane ratios, with a mean value of 3.3% in Winter 2015 and 4.3% in Winter 2016, indicate that
the urban natural gas system could be responsible for ~40–60% of total CH4 emissions from this area. Landfills
also appear to be a major contributor, providing 25 ± 15% of the total emissions for the region. Our study
suggests there are grounds to reexamine the CH4 emissions estimates for the Baltimore‐Washington area and
to conduct flights in other seasons.
Ren, Xinrong, et al. "Methane Emissions From the Baltimore-Washington Area Based on Airborne Observations:
Comparison to Emissions Inventories." Journal of Geophysical Research: Atmospheres 123.16 (2018): 8869-8882.

Quantifying Methane and Ethane Emissions to the Atmosphere From Central and Western U.S. Oil and
Natural Gas Production Regions
We present atmospheric measurements of methane (CH4) and ethane (C2H6) taken aboard a National Oceanic
and Atmospheric Administration WP‐3D research aircraft in 2015 over oil‐ and natural gas‐producing regions
of the central and western United States. We calculate emission rates from the horizontal flux of CH4 and C2H6
in the planetary boundary layer downwind of five of these oil‐ and gas‐producing regions: the Bakken in North
Dakota, the Barnett in Texas, the Denver Basin in Colorado, the Eagle Ford in Texas, and the Haynesville in Texas
and Louisiana. In general, we find that the enhancement of C2H6 relative to CH4 in the atmosphere is similar to
their relative abundances in locally produced natural gas. For the Bakken and Barnett regions, both absolute
CH4 emissions and the percentage of produced natural gas emitted to the atmosphere are consistent with
previous studies. The percentage of produced natural gas emitted to the atmosphere was lower than in previous
studies in the Denver Basin and the Haynesville regions, which may be due to a decrease in drilling activity, an
increase in emission controls, or some combination thereof. Finally, we provide the first estimates of basin‐wide
emissions from the Eagle Ford region using in situ airborne data and find C2H6 emissions to be greater than
those from the Bakken region. Emissions from the Bakken and Eagle Ford regions combined account for 20% of
9
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anthropogenic C2H6 emissions in North America.
Peischl, J., et al. "Quantifying methane and ethane emissions to the atmosphere from central and western US oil
and natural gas production regions." Journal of Geophysical Research: Atmospheres (2018).

Black Carbon
Description: This section includes articles addressing black carbon source apportionment, emissions factors,
impacts and emissions trends.

Characteristics of Black Carbon aerosols over Patiala Northwestern part of the IGP: Source
apportionment using cluster and CWT analysis
The present study represents the variation in characteristics of Black Carbon aerosols over Patiala (Punjab),
northwest region of the IGP, India during two separate periods i.e. October 2013–September 2014 and October
2015–September 2016. Averaged BC mass concentration were found to be 9.9 μg m−3, 6.6 μg m−3,3.4 μg m−3
and 2.8 μg m−3 during Autumn (Oct–Nov), Winter(Dec–March), Summer(Apr–June) and Monsoon (July–Aug)
seasons respectively. During the entire study period, spectral dependence of aerosol mass absorption coefficient
reveals that dominant source of BC is biomass burning during autumn season while there is mixed contribution
from biomass, bio-fuel burning and fossil fuel combustion in rest of the seasons. These results are further
supported by seasonal variations in Angstrom coefficient and Delta -C values. Averaged values of mass
absorption efficiency of BC were found to be 3.8 m2g-1, 5.0 m2g-1, 5.6 m2g-1 and 7.1 m2g-1 during autumn,
winter, summer and monsoon seasons respectively. Cluster & Concentration weighted trajectory (CWT) analysis
suggests that potential sources of BC aerosol over the study region are local as well as transported from distant
places mostly situated in the northwest, south-west and south-east side of the observation site depending upon
the meteorological conditions and regional anthropogenic activities that varies with season. BC concentration
derived from online MERRA-2 model for Patiala region and from global inventory EDGARHTAP site for agriculture
waste burning further supports our findings.
Bansal, Onam, Atinderpal Singh, and Darshan Singh. "Characteristics of Black Carbon aerosols over Patiala
Northwestern part of the IGP: Source apportionment using cluster and CWT analysis." Atmospheric Pollution
Research (2018).

Long-term monitoring of black carbon across Germany
Lately, black carbon (BC) has received significant attention due to its climate-warming properties and adverse
health effects. Nevertheless, long-term observations in urban areas are scarce, most likely because BC
monitoring is not required by environmental legislation. This, however, handicaps the evaluation of air quality
models which can be used to assess the effectiveness of policy measures which aim to reduce BC concentrations.
Here, we present a new dataset of atmospheric BC measurements from Germany constructed from over six
million measurements at over 170 stations. Data covering the period between 1994 and 2014 were collected
from twelve German Federal States and the Federal Environment Agency, quality checked and harmonized into
a database with comprehensive metadata. The final data in original time resolution are available for download
(https://doi.org/10.1594/PANGAEA.881173). Though assembled in a consistent way, the dataset is characterized
by differences in (a) measurement methodologies for determining evolved carbon and optical absorption, (b)
covered time periods, and (c) temporal resolutions that ranged from half hourly to measurements every 6th day.
Usage and interpretation of this dataset thus requires a careful consideration of these differences. Our analysis
focuses on 2009, the year with the largest data coverage with one single methodology, as well as on the relative
changes in long-term trends over ten years. For 2009, we find that BC concentrations at traffic sites were at least
twice as high as at urban background, industrial and rural sites. Weekly cycles are most prominent at traffic
stations, however, the presence of differences in concentrations during the week and on weekends at other
10
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station types suggests that traffic plays an important role throughout the full network. Generally higher
concentrations and weaker weekly cycles during the winter months point towards the influence of other sources
such as domestic heating. Regarding the long-term trends, advanced statistical techniques allow us to account
for instrumentation changes and to separate seasonal and long-term changes in our dataset. Analysis shows a
downward trend in BC at nearly all locations and in all conditions, with a high level of confidence for the period
of 2005–2014. In depth analysis indicates that background BC is decreasing slowly, while the occurrences of high
concentrations are decreasing more rapidly. In summary, legislation – both in Europe and locally – to reduce
particulate emissions and indirectly BC appear to be working, based on this analysis. Adverse human health and
climate impacts are likely to be diminished because of the improvements in air quality.
Kutzner, Rebecca D., et al. "Long-term monitoring of black carbon across Germany." Atmospheric Environment
185 (2018): 41-52.

Tropospheric Ozone
Description: This section includes articles addressing tropospheric ozone impacts and important trends in
precursor emissions.

Estimation of biogenic VOC emissions and its impact on ozone formation over the Yangtze River Delta
region, China
Biogenic volatile organic compounds (BVOCs) play an important role in the formation of tropospheric ozone. In
the present work, biogenic emissions over the Yangtze River Delta (YRD) region for year 2014 were developed
based on the interpretation of remote sensing image and MODIS data using the Model of Emissions of Gases
and Aerosols from Nature (MEGAN). Impact of BVOCs emissions over the YRD region on ozone formation was
investigated based on the Weather Research and Forecasting (WRF)-Community Multi-scale Air Quality (CMAQ)
modeling system for July 2014. Two parallel scenarios-with and without BVOCs emissions-were developed to
evaluate the influence of BVOCs emission on ozone formation. Biogenic emissions were estimated to be
18.86 × 105 ton yr−1 over the YRD region for year 2014, with higher emissions in the southern YRD region than
the northern region, and higher emissions in summer than other seasons. Model evaluation showed fairly good
model performances, with the index of agreement (IOA) of meteorological parameters and ozone
concentrations of 0.80–0.95 and 0.76–0.91, respectively. Ozone concentrations mainly concentrated in the
northwest, which is the downwind of the YRD region in summer. Impact of biogenic emissions on ozone
formation exhibited a strong spatial pattern: high contributions were observed in the middle YRD region,
including Bengbu, Tongling, Hefei, Huzhou, Nanjing and Zhenjiang, with the maximum hourly ozone contribution
of 18.43–36.18μg/m3 during July 18 to 23. Ozone concentrations in rural areas would be more likely to be
influenced by BVOCs emissions than urban areas.
Wang, Junfeng, et al. "Characteristics and sources of ambient refractory black carbon aerosols: Insights from
soot particle aerosol mass spectrometer." Atmospheric Environment 185 (2018): 147-152.

Hydrofluorocarbons (HFCs)
Description: This section includes articles addressing hydrofluorocarbon emissions, relevant new information
about use sectors, alternative refrigerants and relevant analysis of energy efficiency.

Energetic, economic and environmental analysis of air source transcritical CO2 heat pump system for
residential heating in China
Using air source heat pump system for residential heating is a practical way to replace coal-fired boiler in China
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to alleviate the haze problem, and CO2 is a promising candidate to replace hydrochlorofluorocarbon (HCFC) or
hydrofluorocarbon (HFCs) charged into the system. A mathematical model is developed to comprehensively
evaluate the energetic, economical and environmental performances of CO2 heat pump system compared with
other three traditional heating methods. The results indicate that the primary energy ratio of CO2 heat pump is
the highest and it is a rational way to utilize renewable energy with the renewable energy contribution ratio of
0.60∼0.69. The initial capital cost of CO2 heat pump is much higher due to the dominant compressor cost. The
emission of CO2 heat pump is lower than that of coal-fired boiler at seasonal performance factor above 2.44.
The initial and operation cost can be gradually reduced with the mass production and energy efficiency
improvement of CO2 heat pump. It is believe that air source CO2 heat pump system can be employed for home
heating in China, especial for the hot summer and cold winter region.
Liu, Shengchun, et al. "Energetic, economic and environmental analysis of air source transcritical CO2 heat pump
system for residential heating in China." Applied Thermal Engineering (2018).

Natural and synthetic refrigerants, global warming: A review
Halogenated hydrocarbons with high ozone depletion potential (ODP) were banned under Montreal Protocol
(1987) due to their detrimental effects on ozone layer that shields the planet against ultraviolet radiations. The
greenhouse gases (GHG) used in modern refrigeration, air conditioning, and heat pumping systems, are under
Kyoto Protocol (1997)’s time-barred permission period. In order to reduce the depletion of ozone and reverse
the climate change effects, the European Union legislation (2014) and Paris Accord (2016) are strongly
emphasizing the phasing out of the use of harmful synthetic refrigerants. Choice of natural refrigerants makes
no net addition of the greenhouse gases (GHG) in the environment. To retrofit and modify existing cooling and
heating systems using natural refrigerants, extensive investigations are in progress worldwide. This work reviews
timeworn, current and the next-generation refrigerants using Refrigerant Qualitative Parametric (RQP)
quantification model to assist the refrigerant choice decision process. It is based on the ratio of arithmetic sums
of actual parametric values of refrigerants normalized to equivalent ideal values. This model can help in choosing
alternative refrigerants to replace CFCs by HCFCs or HFCs provisionally and finally replacing HCFCs or HFC to low
GWP and ODP synthetic and natural refrigerants. A set of 16 refrigerants, both natural and synthetic, as an
example, is computed for the standard Vapour Compression Cycle (VCC) based on the proposed model using
REFPROP (NIST- 23 standard). The techno-economic parametric values of chosen refrigerants are taken from
cited literature, ASHREA safety standards and international environmental legislations, laws and protocols. This
paper reports the environment benign natural (CO2, NH3, HCs) and a few synthetic (R-152a, R-1234yf)
refrigerants to be the optimal options.
Abas, Naeem, et al. "Natural and synthetic refrigerants, global warming: A review." Renewable and Sustainable
Energy Reviews 90 (2018): 557-569.

PM2.5 and Air Pollution
Description: This section includes articles addressing PM2.5 and air pollution source apportionment, impacts
and emissions trends.

Seasonal trends in the composition and sources of PM2.5 and carbonaceous aerosol in Tehran, Iran
Currently PM2.5 is a major air pollution concern in Tehran, Iran due to frequent high levels and possible adverse
impacts. In this study, which is the first of its kind to take place in Tehran, composition and sources of PM2.5 and
carbonaceous aerosol were determined, and their seasonal trends were studied. In this regard, fine PM samples
were collected every six days at a residential station for one year and the chemical constituents including organic
marker species, metals, and ions were analyzed by chemical analysis. The source apportionment was performed
using organic molecular marker-based CMB receptor modeling. Carbonaceous compounds were the major
contributors to fine particulate mass in Tehran, as OC and EC together comprised on average 29% of PM2.5 mass.
Major portions of OC in Tehran were water insoluble and are mainly attributed to primary sources. Higher levels
of several PAHs, which are organic tracers of incomplete combustion, and hopanes and steranes as organic
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tracers of mobile sources were obtained in cold months and compared to the warm months. The major
contributing source to particulate OC was identified as vehicles, which contributed about 72% of measured OC.
Among mobile sources, gasoline-fueled vehicles had the highest impact with a mean contribution of 48% to the
measured OC. Mobile sources also were the largest contributor to total PM2.5 (40%), followed by dust (24%)
and sulfate (11%). In addition to primary emissions, mobile sources also directly and indirectly played an
important role in another 27% of fine particulate mass (secondary organics and ions), which highlights the
impact of vehicles in Tehran. Our results highlighted and quantified the role of motor vehicles in fine PM
production, particularly during winter time. The results of this study could be used to set more effective
regulations and control strategies particularly upon mobile sources.
Arhami, Mohammad, et al. "Seasonal trends in the composition and sources of PM 2.5 and carbonaceous aerosol
in Tehran, Iran." Environmental Pollution 239 (2018): 69-81.

PM2.5 source allocation in European cities: A SHERPA modelling study
Many European cities suffer from poor air quality and still exceed the European standards prescribed by the Air
Quality Directive, and the guidelines recommended by the World Health Organization (WHO). This is especially
the case for PM2.5, focus of this work. While international, national and local level actions to reduce air pollution
have undoubtedly resulted in an overall improvement of the air quality over the years, there are still problems,
which are localised in specific regions and many cities. A key issue is to determine at which scale to act in order
to abate these remaining air pollution problems most effectively. Central to this, for cities, is a quantitative
assessment of the different origins of air pollution (urban, regional, national and transboundary) to support the
design of efficient, effective air quality plans, which are a legal obligation for countries and regions whenever
exceedances occur. The “Screening for High Emission Reduction Potentials for Air quality” tool (SHERPA) is used
in this work to quantify the origins of air pollution in cities and regions, both from a spatial (urban, country…)
and sectoral (transport, residential, agriculture…) perspectives. For PM2.5 we conclude that (1) for many cities,
local actions at the city scale are an effective means of improving air quality in that city; (2) the target sectors
and scales to abate air pollution are city specific, even for cities that are located in the same country.
Consequently, it is important to take into account these city-specific circumstances when designing air quality
plans and (3) for many cities, sectoral measures addressing agriculture at country or EU scale would have a clear
benefit on urban air quality.
Thunis, P., et al. "PM 2.5 source allocation in European cities: A SHERPA modelling study." Atmospheric
Environment (2018).

Source apportionment of ambient PM2.5 in two locations in central Tehran using the Positive Matrix
Factorization (PMF) model
In this study, the positive matrix factorization (PMF) model was used for source apportionment of ambient
PM2.5 in two locations in the central Tehran from May 2012 through June 2013. The average PM2.5 mass
concentrations were 30.9 and 33.2 μg/m3 in Tohid retirement home and the school dormitory, respectively.
Metals and trace elements, water-soluble ions, and PM2.5 mass concentrations were used as inputs to the
model. Concentrations of elemental and organic carbon (EC and OC), and meteorological data were also used as
auxiliary variables to help with the factor identification and interpretation. A 7-factor solution was identified as
the best solution for both sites. The identified source factors included vehicular emissions, secondary aerosol,
industrial emissions, biomass burning, soil, and road dust (including tire and brake wear particles) in both
sampling sites. Results indicated that almost half of PM2.5 mass can be attributed to vehicular emissions at both
sites. Secondary aerosol was the second major contributor to PM2.5 mass concentrations at both sites, with
contributions of around 25% on average for both sites. In addition, while two industrial factors were identified
in Tohid retirement home (with an overall contribution of 17%), only one industrial factor (with a minimal
contribution of <2%) was identified at Tohid retirement home, probably due to the fact that the retirement home
is impacted to a higher degree by industry-related activities. The other factors included biomass burning, road
dust, and soil, with overall contributions of around 20% in both sites. Results of this study clearly indicate the
major role of traffic-related emissions (both tailpipe and non-tailpipe) on ambient PM2.5 concentrations, and
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can be used as a beneficial tool for air quality policy makers to mitigate adverse health effects of exposure to
PM2.5.
Taghvaee, Sina, et al. "Source apportionment of ambient PM 2.5 in two locations in central Tehran using the
Positive Matrix Factorization (PMF) model." Science of The Total Environment 628 (2018): 672-686.

Source apportionment studies on particulate matter (PM10 and PM2.5) in ambient air of urban
Mangalore, India
Particulate matter (PM10 and PM2.5) samples were collected from six sites in urban Mangalore and the mass
concentrations for PM10 and PM2.5 were measured using gravimetric technique. The measurements were
found to exceed the national ambient air quality standards (NAAQS) limits, with the highest concentration of
231.5 μg/m3 for PM10 particles at Town hall and 120.3 μg/m3 for PM2.5 particles at KMC Attavar. The elemental
analysis using inductively coupled plasma optical emission spectrophotometer (ICPOES) revealed twelve
different elements (As, Ba, Cd, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Sr and Zn) for PM10 particles and nine different
elements (Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sr and Zn) for PM2.5 particles. Similarly, ionic composition of these
samples measured by ion chromatography (IC) divulged nine different ions (F−, Cl−, NO3−, PO43−, SO42−, Na+,
K+, Mg2+ and Ca2+) for PM10 particles and ten different ions (F−, Cl−, NO3−, PO43−, SO42−, Na+, NH4+, K+,
Mg2+ and Ca2+) for PM2.5 particles. The source apportionment study of PM10 and PM2.5 for urban Mangalore
in accordance with these six sample sites using chemical mass balance model (CMBv8.2) revealed nine and
twelve predominant contributors for both PM10 and PM2.5, respectively. The highest contributor of PM10 was
found to be paved road dust followed by diesel and gasoline vehicle emissions. Correspondingly, PM2.5 was
found to be contributed mainly from two-wheeler vehicle emissions followed by four-wheeler and heavy vehicle
emissions (diesel vehicles). The current study depicts that the PM10 and PM2.5 in ambient air of Mangalore
region has 70% of its contribution from vehicular emissions (both exhaust and non-exhaust).
Kalaiarasan, Gopinath, et al. "Source apportionment studies on particulate matter (PM 10 and PM 2.5) in
ambient air of urban Mangalore, India." Journal of environmental management 217 (2018): 815-824.

Estimates of air pollution in Delhi from the burning of firecrackers during the festival of Diwali
Delhi is one of the most polluted cities in the world, especially in the winter months from October - January.
These months coincide with the religious festival of Diwali. It is argued that air quality gets worse in the
aftermath of Diwali on account of firecrackers that get burned during the festival. We use hourly data on PM 2.5
particulate matter from 2013 to 2017 to estimate the Diwali effect on air quality in Delhi. We improve on existing
work by using the event study technique as well as a difference-in-difference regression framework to estimate
the Diwali effect on air quality. The results suggest that Diwali leads to a small, but statistically significant increase
in air pollution. The effect is different across locations within Delhi. To our knowledge, this is the first causal
estimate of the contribution of Diwali firecracker burning to air pollution.
Ghei, Dhananjay, and Renuka Sane. Estimates of air pollution in Delhi from the burning of firecrackers during the
festival of Diwali. No. 18/223. 2018.

Biomass Burning & Household Energy
Description: This section includes articles primarily addressing SLCP measures and innovations related to the
household energy initiative, open burning of agricultural residue, and emissions in relevant sectors. Solid waste
burning is covered in the waste section.

Particulate and gaseous emissions from charcoal combustion in barbecue grills
The use of charcoal for cooking and heating can be a major source of air pollution and lead to a wide range of
health outcomes. The aim of this study was to experimentally quantify and characterise the gaseous and
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particulate matter (PM2.5) emissions from charcoal combustion in a typical brick barbecue grill. The gaseous
emission factors were 219 ± 44.8 g kg−1 for carbon monoxide (CO), 3.01 ± 0.698 g kg−1 for nitrogen oxides (NOx
expressed as NO2), and 4.33 ± 1.53 gC kg−1 for total organic carbon (TOC). Particle emissions
(7.38 ± 0.353 g kg−1 of dry charcoal burned) were of the same order of magnitude as those from traditional
residential wood burning appliances. About 50% of the PM2.5 emitted had a carbonaceous nature while water
soluble ions accounted, on average, for 17% of the particulate mass. Alkanes (C11–C16 and C23), hopanes,
steranes and alkyl-PAHs accounted for small mass fractions of PM2.5. Phenolic compounds and saccharides
represented the major particle-bond organic constituents. The high proportion of either resin acids or syringyl
and vanillyl compounds is consistent with emissions from charred coniferous wood. The ratios between
anhydrosugars for charcoal are much lower than the values reported for lignite combustion, but overlap those
from other biomass burning sources.
Vicente, E. D., et al. "Particulate and gaseous emissions from charcoal combustion in barbecue grills." Fuel
Processing Technology 176 (2018): 296-306.

Personal exposure of PM2.5 emitted from solid fuels combustion for household heating and cooking in
rural Guanzhong Plain, northwestern China
Household solid fuel combustion for heating and cooking in rural areas is an important source of fine particulate
matter (PM2.5) in northwestern China, which largely contributes to PM2.5 personal exposure concentrations
during the cold winter. There is a general lack of understanding about the personal exposure to PM2.5 and to its
chemical components emitted from domestic solid fuel combustion in northwestern Chinese rural populations.
In this work, personal exposure to PM2.5 was sampled using a portative device together with fixed indoor and
outdoor fixed samplings in Guanzhong Plain in December 2016 for the purpose of characterizing personal
exposure to PM2.5 as a function of different solid fuels used in rural households. The average housewife's
personal exposure to PM2.5 concentration was 263.4 ± 105.8 μg m−3 (1σ, n = 30), which was about 40% higher
than the values found indoors (186.5 ± 79.5 μg m−3, 1σ, n = 30) and outdoors (191.0 ± 85.3 μg m−3, 1σ, n = 30).
High personal exposure PM2.5 levels were mainly related to the ignition of solid fuels for heating and cooking.
Correlations among personal exposure, indoor and outdoor PM2.5 levels and their mutual ratios were computed
to investigate how personal exposure to fine aerosols can be related to microenvironmental PM2.5 levels and to
individual activities. The results showed that households using electric power for heating and cooking were
characterized by an average personal exposure PM2.5 value of 156.8 ± 36.6 μg m−3 (1σ, n = 6) while personal
exposure to PM2.5 in households using solid fuels was twice higher (310.8 ± 90.4 μg m−3, 1σ, n = 24). Solid fuel
combustion products and related secondary formed species dominated PM2.5 mass in personal exposure,
indoor and outdoor samples. Motor vehicle emission and various dust sources were two other main contributors
identified. Our results demonstrated that the use of clean energy could be an effective measure to reduce
personal exposure levels of PM2.5 emitted from domestic solid fuels combustion in winter in rural areas, which
implied that the government should speed up the upgrade of the heating and cooking equipment fleet to protect
the health of rural residents in northwestern China.
Xu, Hongmei, et al. "Personal exposure of PM2. 5 emitted from solid fuels combustion for household heating and
cooking in rural Guanzhong Plain, northwestern China." Atmospheric Environment 185 (2018): 196-206.

Understanding the Influence of Crop Residue Burning on PM2.5 and PM10 Concentrations in China from
2013 to 2017 Using MODIS Data
In recent years, particulate matter (PM) pollution has increasingly affected public life and health. Therefore, crop
residue burning, as a significant source of PM pollution in China, should be effectively controlled. This study
attempts to understand variations and characteristics of PM10 and PM2.5 concentrations and discuss
correlations between the variation of PM concentrations and crop residue burning using ground observation
and Moderate Resolution Imaging Spectroradiometer (MODIS) data. The results revealed that the overall PM
concentration in China from 2013 to 2017 was in a downward tendency with regional variations. Correlation
analysis demonstrated that the PM10 concentration was more closely related to crop residue burning than the
PM2.5 concentration. From a spatial perspective, the strongest correlation between PM concentration and crop
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residue burning existed in Northeast China (NEC). From a temporal perspective, the strongest correlation usually
appeared in autumn for most regions. The total amount of crop residue burning spots in autumn was relatively
large, and NEC was the region with the most intense crop residue burning in China. We compared the correlation
between PM concentrations and crop residue burning at inter-annual and seasonal scales, and during burningconcentrated periods. We found that correlations between PM concentrations and crop residue burning
increased significantly with the narrowing temporal scales and was the strongest during burning-concentrated
periods, indicating that intense crop residue burning leads to instant deterioration of PM concentrations. The
methodology and findings from this study provide meaningful reference for better understanding the influence
of crop residue burning on PM pollution across China.
Zhuang, Yan, et al. "Understanding the Influence of Crop Residue Burning on PM2. 5 and PM10 Concentrations
in China from 2013 to 2017 Using MODIS Data." International journal of environmental research and public
health 15.7 (2018): 1504

Ground‐Based Field Measurements of PM2.5 Emission Factors From Flaming and Smoldering
Combustion in Eucalypt Forests
In fire‐prone areas such as southern Australia and parts of the United States, prescribed burning is a common
fire management tool to reduce fuel load for wildfire suppression purposes. The burns are typically undertaken
during calm and stable conditions when the burn extent and duration can be carefully controlled. This often
coincides with poor atmospheric ventilation, leading to a buildup of smoke, which can impact air quality and
human health. The low intensity of these burns also means that the plume is less buoyant and the main impact
on local populations is due to emissions during the slow and prolonged smoldering combustion of heavy fuels.
This study presents emission measurements of PM2.5 at prescribed burns in eucalypt forests of southern
Australia using a smoke collection method suitable for both flaming combustion of fine fuels and residual
smoldering combustion of heavy fuels and logs. The median PM2.5 emission factors (EFs) measured were 16.9‐
g/kg fuel during flaming combustion and 38.8‐g/kg fuel during smoldering combustion. The correlation between
PM2.5 EFs and modified combustion efficiency highlights two distinct trends at low modified combustion
efficiency, attributed to the distinct combustion processes of glowing char combustion and pyrolysis. Hence, two
distinct relationships were developed that best fitted the measurements and that can be used to extrapolate
measured EFs to a wider range of fuel and burning conditions. The results from this study addressed a gap in
our knowledge of particle emissions during burns in eucalypt forests under different burning conditions and help
to better forecast and manage air quality impacts from prescribed burns on nearby communities.
Reisen, F., et al. "Ground‐Based Field Measurements of PM2. 5 Emission Factors From Flaming and Smoldering
Combustion in Eucalypt Forests." Journal of Geophysical Research: Atmospheres 123.15 (2018): 8301-8314.

Agriculture and Livestock
Description: This section includes articles primarily addressing SLCP measures and innovations related to the
Agriculture initiative and emissions in relevant sectors

Greenhouse-gas budgets for irrigated dairy pasture and a winter-forage kale crop
Managed grasslands can be net sources or sinks for three major greenhouse gases (CO2, CH4 and N2O). We
measured the exchange of these gases for three years over an irrigated, intensively-managed dairy pasture in
New Zealand that was grazed ten times per year. We also measured the greenhouse gas (GHG) exchanges over
a neighbouring dryland pasture for two years, including its conversion to a winter-forage kale crop in the second
year and the grazing of that crop. From the gas exchanges, measurements of the grazed biomass, and estimates
of other imports and exports we obtained annual net carbon (C) budgets and GHG budgets for these ecosystems.
The irrigated pasture system (excluding cows) removed CO2 from the atmosphere, 423 (±23) g C m−2 yr−1 on
average, and when considering the other C inputs and outputs it was also a net C sink in each year, gaining 81
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(±27) g C m−2 yr−1 on average. The net CO2 uptake of the dryland in the conversion year was about half that of
the irrigated pasture, and its net C budget was neutral. The irrigated pasture, without grazing cows, emitted CH4
throughout all seasons. These emissions were about 15 times greater than emissions expected just from cow
dung; we cannot discern what fractions originated from the soil and the pasture plants, respectively. At the
dryland/kale site, CH4 emissions of the same magnitude occurred. The emissions of N2O from the irrigated
pasture were 0.68 (±0.026) g N m−2 yr−1 on average (± standard error), and about half that from the kale crop.
These results agree reasonably well with expected emissions based on the N inputs from fertiliser and excreta,
using emission factors from New Zealand’s national GHG inventory; however, it is unclear what fraction of the
observed emissions can be considered as non-anthropogenic background fluxes. For the irrigated pasture, the
global-warming potential of the N2O emissions (expressed as CO2-equivalent mass) was approximately equal to
the net C uptake. Hence, the pasture was offsetting its own N2O emissions. However, CH4 emissions directly
from cows (calculated from the cows’ feed intake) were two to three times greater than the N2O emissions, and
about six times greater than the pasture’s CH4 emissions. Therefore, the dairy system including pasture and
cows was a net GHG source.
Laubach, Johannes, and John E. Hunt. "Greenhouse-gas budgets for irrigated dairy pasture and a winter-forage
kale crop." Agricultural and Forest Meteorology 258 (2018): 117-134.

Whole cottonseed supplementation improves performance and reduces methane emission intensity of
grazing beef steers
The objective of this experiment was to determine the effect of level of whole cottonseed (WCS)
supplementation on ADG and enteric CH4 emissions of steers grazing tallgrass prairie in the summer. Steers (n
= 18; initial BW = 316 ± 23 kg) were trained for 3 wk to use a portable, automated head-chamber system
(GreenFeed; C-Lock Inc., Rapid City, SD). Steers were then offered from 0 to 2.9 kg/d (as fed) WCS in individual
feeders for 43 d. Body weight was measured weekly before feeding. Total fat concentration of the diet
(supplement + forage) at the greatest supplement intake was estimated to be 8.3% of DM. Body weight gain
increased linearly as supplement intake increased (P = 0.01). Because of inadequate use of the automated headchamber system by steers at the 0-kg WCS level, this level was excluded from further analysis. In supplemented
steers, there was a tendency (P = 0.1) for a quadratic relationship between CH4 emissions (g/animal per d) and
supplement intake, with minimum CH4 at 2.0 kg of supplement (WCS + bait) per day. Emission intensity (g of
CH4/kg of BW gain) also responded quadratically (P < 0.004) and was minimized at approximately 2.2 kg of
supplement intake per day. The results of this experiment suggest that if WCS supplementation is used to
mitigate CH4 emission intensity in stocker cattle grazing tallgrass prairie in the early summer, a dose near 2 kg/d
is suggested.
Beck, M. R., et al. "Whole cottonseed supplementation improves performance and reduces methane emission
intensity of grazing beef steers." The Professional Animal Scientist 34.4 (2018): 339-345.

Effects of biochar amendment on net greenhouse gas emissions and soil fertility in a double rice
cropping system: A 4-year field experiment
A 4-year field experiment was conducted to investigate the effects of biochar amendment on the net greenhouse
gas emission (NGHGE), greenhouse gas intensity (GHGI), soil fertility and crop yield in a typical double rice
cropping system in the central subtropics of China, from April 2012 to April 2016. Three biochar treatments were
studied in this experiment, with application rates of 0, 24 and 48 t ha−1 (named CK, LB and HB, respectively)
using straw-derived biochar applied once at the beginning of the experiment. In each treatment, the fluxes of
methane (CH4), nitrous oxide (N2O) and soil heterotrophic respiration (Rh) were measured using a static
chamber/gas chromatography method. Major soil fertility properties were also determined throughout the
experimental period. Biochar amendment was found to persistently decrease annual total CH4 emissions by 20
to 51% in the four years, but increased the annual total N2O emissions and Rh by 150 to 190% and 2 to 19% in
the first year and the following three years, respectively. On a 4-year average, biochar addition significantly
reduced annual NGHGE and GHGI by 156 to 264% and 159 to 278%, respectively (p < 0.05), with much higher
reduction in the first year than those in the following three years (916 to 1911% vs 24 to 51%) due to soil carbon
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sequestration from biochar addition in the first year. The reduction of NGHGE and GHGI was mainly caused by
the decrease of CH4 emissions (71 to 74% contribution), and the increase of soil carbon sequestration (25 to 29%
contribution) in biochar treatments. Biochar amendment also significantly and persistently increased soil pH,
total organic carbon (TOC), total nitrogen (TSN), and total phosphorus (TSP) by 6 to 14%, 33 to 61%, 11 to 15%,
and 9 to 12%, respectively (p < 0.05), in the four years. Significant increases (p < 0.05) of microbial biomass
carbon and nitrogen contents were found only in the first year after biochar amendment. Soil pH was also
increased significantly (p < 0.05) with biochar amendment, but showed a declining trend in the four years.
Annual grain yields for the biochar treatments were enhanced by 1 to 13%, with an average of 4 to 7% in the
four years, compared to CK (p = 0.07–0.26). Compared to the LB treatment, the HB treatment significantly
decreased average NGHGE and GHGI, and significantly increased average soil pH value and TOC content, but
there was no significantly difference in average TSN, TSP, and yield between LB and HB treatments (p < 0.05).
The gross margin analysis by considering the profit from rice grain, gain for NGHGE, and cost for biochar
indicated that the economical profit for the LB treatment might be higher than that for the CK and HB treatments.
Our results suggest that addition of biochar at 24 t ha−1 can be regarded as a consistently effective and
economic measure for greenhouse gas emission mitigation, and soil fertility improvement, in the double rice
cropping system.
Wang, Cong, et al. "Effects of biochar amendment on net greenhouse gas emissions and soil fertility in a double
rice cropping system: A 4-year field experiment." Agriculture, Ecosystems & Environment 262 (2018): 83-96.

Effect of concentrate feeding level on methane emissions, production performance and rumen
fermentation of Jersey cows grazing ryegrass pasture during spring
Dietary supplementation has been well documented as an effective enteric methane (CH4) mitigation strategy.
However, limited studies have demonstrated the effect of concentrate level on enteric CH4 emissions from
grazing dairy cows, and to our knowledge none of these studies included a pasture-only diet or reported on
rumen fermentation measures. Sixty multiparous (4.0 ± 1.51 SD) Jersey cows, of which six were rumencannulated, were used in a randomised complete block design, and the cannulated cows were used in a separate
replicated 3 × 3 Latin square design, to investigate the effect of concentrate supplementation (0, 4, and 8 kg/cow
per day; as fed) on enteric CH4 emissions, milk production, dry matter intake (DMI), and rumen fermentation of
dairy cows grazing perennial ryegrass pasture during spring, following a 14-d adaptation period. The sulphur
hexafluoride tracer gas technique was used to measure enteric CH4 emissions from 10 cows of each treatment
group over a single 9-d measurement period. Parallel with the CH4 measurement period, pasture DMI was
determined using TiO2 and indigestible neutral detergent fibre as external and internal markers, respectively,
while milk yield, milk composition, cow condition, and pasture pre- and post-grazing measurements were also
recorded. Total DMI (13.4 to 18.0 kg/d), milk yield (12.9 to 19.2 kg/d), energy corrected milk (14.6 to 20.7 kg/d),
milk lactose content (46.2 to 48.1 g/kg) and gross energy intake (239 to 316 MJ/d) increased, while milk fat
content (50.0 to 44.2 g/kg) decreased with increasing concentrate feeding level. Volatile fatty acid
concentrations and ruminal pH were mostly unaffected by treatment, while dry matter disappearance decreased
and NH3-N concentration increased with increasing concentrate feeding level. Methane production (258 to
302 g/d) and CH4 yield (20.6 to 16.9 g/kg of DMI) were similar for all cows, while pasture DMI (13.4 to 10.8 kg/d)
and CH4 intensity (20.4 to 15.9 g of CH4/kg of milk yield) decreased linearly with increasing concentrate feeding
level. Results indicate that concentrate supplementation on high quality pasture-only diets have the potential
to effectively reduce CH4 emissions per unit of milk yield from grazing cows during spring.
Van Wyngaard, J. D. V., R. Meeske, and Lourens Jacobus Erasmus. "Effect of concentrate feeding level on methane
emissions, production performance and rumen fermentation of Jersey cows grazing ryegrass pasture during
spring." Animal Feed Science and Technology 241 (2018): 121-132.

Greenhouse gas emissions from liquid dairy manure: Prediction and mitigation
The handling and use of manure on livestock farms contributes to emissions of the greenhouse gases (GHG) CH4
and N2O, especially with liquid manure management. Dairy farms are diverse with respect to manure
management, with practices ranging from daily spreading to long-term storage for more efficient recycling of
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manure nutrients for crop production. Opportunities for GHG mitigation will depend on the baseline situation
with respect to handling and storage, and therefore prediction and mitigation at the farm level requires a
dynamic description of housing systems and storage conditions, and use of treatment technologies. Also, effects
of treatment and handling on the properties of field-applied manure must be taken into account. Storage
conditions and manure composition importantly define carbon and nitrogen transformations, and the resulting
emissions of CH4 and N2O, as well as CO2 and NH3, which are all important for the GHG balance. Currently,
inventories for CH4 and N2O emissions from manure are based on emission factors for a limited number of
production systems, together with average annual temperature, but the inherent uncertainty of this approach
is a barrier toward prediction and mitigation. Although more representative emission factors may be determined
at country level, this is both challenging and costly, and effects of management changes for GHG mitigation are
not easily quantified. An empirical model of CH4 emissions during storage is discussed that is based on daily
time steps, and a parameterization based on measurements. A distinction between emissions from manure in
barns and outside storage facilities is important for assessing effects of treatment technologies, such as
anaerobic digestion, where only posttreatment emissions are affected. Upon field application, manure and soil
together define the equilibrium distribution of labile carbon and nitrogen between bulk soil and manure
hotspots. This introduces heterogeneity with respect to potential for N2O emissions, which is not represented
in existing prediction models. Manure treatment and management options for GHG mitigation are discussed
with emphasis on effects on manure volatile solids and N availability. Anaerobic digestion and acidification
represent treatment technologies that are relevant for GHG mitigation on dairy farms.
Petersen, Søren O. "Greenhouse gas emissions from liquid dairy manure: Prediction and mitigation." Journal of
dairy science 101.7 (2018): 6642-6654.

Transportation
Description: This section includes articles primarily addressing SLCP measures and innovations related to the
Diesel initiative and emissions in relevant sectors

Determination of black carbon, PM2.5, particle number and NOx emission factors from roadside
measurements and their implications for emission inventory development
The road transportation sector contributes largely to air pollution in urban areas, why the knowledge of accurate
vehicle emission factors (EF) is crucial to prepare reliable emission inventories, which, in turn, are strategic tools
for air quality management. Curbside and rooftop concentrations of several traffic-related species were
measured within a busy street canyon in Londrina (Brazil). EF for NOx, black carbon (BC), fine particles (PM2.5)
and particle number (PN) were calculated based on these measurements and on inverse modeling using the
Operational Street Pollution Model (OSPM). We highlight the importance of this work in quantifying BC, PM2.5,
NOx and PN emissions from vehicles driven in an urban area under real conditions in a continent-sized country
where there is a lack of EF studies. In the case of EFPN, we report the first value in the entire South America.
Our EF were consistent with results from other on-road studies, but much higher than laboratory measurements
conducted in Brazil and Europe, especially for particles (quantified as mass and number). This finding suggests
that the EF derived from laboratory tests should be revised for all vehicle categories, since inaccurate values can
have major implications on the compilation of official national inventories for the road transportation sector and
on the assessment of their health and climate (in the case of BC) impacts. Incorporating certification procedures
that more closely resemble real driving conditions is highly recommended. Limitations of the EF determined in
this research for application in other studies are also discussed.
Krecl, Patricia, et al. "Determination of black carbon, PM 2.5, particle number and NOx emission factors from
roadside measurements and their implications for emission inventory development." Atmospheric Environment
(2018).
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A proposed methodology for impact assessment of air quality traffic-related measures: The case of
PM2.5 in Beijing
Air quality traffic-related measures have been implemented worldwide to control the pollution levels of urban
areas. Although some of those measures are claiming environmental improvements, few studies have checked
their real impact. In fact, quantitative estimates are often focused on reducing emissions, rather than on
evaluating the actual measures’ effect on air quality. Even when air quality studies are conducted, results are
frequently unclear. In order to properly assess the real impact on air quality of traffic-related measures, a
statistical method is proposed. The method compares the pollutant concentration levels observed after the
implementation of a measure with the concentration values of the previous year. Short- and long-term impact
is assessed considering not only their influence on the average pollutant concentration, but also on its maximum
level. To control the effect of the main confounding factors, only the days with similar environmental conditions
are analysed. The changeability of the key meteorological variables that affect the transport and dispersion of
the pollutant studied are used to identify and group the days categorized as similar. Resemblance of the
pollutants' concentration of the previous day is also taken into account. The impact of the road traffic measures
on the air pollutants’ concentration is then checked for those similar days using specific statistical functions. To
evaluate the proposed method, the impact on PM2.5 concentrations of two air quality traffic-related measures
(M1 and M2) implemented in the city of Beijing are taken into consideration: M1 was implemented in 2009,
restricting the circulation of yellow-labelled vehicles, while M2 was implemented in 2014, restricting the
circulation of heavy-duty vehicles. To compare the results of each measure, a time-period when these measures
were not applied is used as case-control.
Fontes, Tânia, et al. "A proposed methodology for impact assessment of air quality traffic-related measures: The
case of PM 2.5 in Beijing." Environmental Pollution 239 (2018): 818-828.

Air quality impacts of implementing emission reduction strategies at southern California airports
Reducing aviation emissions will be a major concern in the coming years, as the relative contribution of aviation
to overall emissions is projected to increase in the future. The South Coast Air Basin of California (SoCAB) is an
extreme nonattainment area with many airports located upwind of the most polluted regions in the basin.
Techniques to reduce aviation emissions have been studied in the past, and strategies that can be implemented
at airports include taxi-out times reduction, ground support equipment electrification and aviation biofuel
implementation. These strategies have been analyzed only at the national scale, their effectiveness to improve
air quality within the SoCAB given the local meteorology and chemical regimes is unclear. This work studies how
the adoption of the techniques at commercial SoCAB airports affect ozone (O3) and fine particulate matter
(PM2.5) concentrations. In addition, potential impacts on public exposure to PM2.5 and O3 resulting from
changes in the concentration of these pollutants are estimated. In addition, the work calculates aviation
emissions for each scenario and simulate the transport and atmospheric chemistry of the pollutants using the
Community Multiscale Air Quality (CMAQ) model. The simultaneous application of all reduction strategies is
projected to reduce the aviation-attributable population weighted ground-level PM2.5 by 36% in summer and
32% in winter. On the other hand, O3 increases by 16% in winter. Occurring mostly in densely populated areas,
the decrease in ground-level PM2.5 would have a positive health impact and help the region achieve attainment
of national ambient air quality standards.
Benosa, Guillem, et al. "Air quality impacts of implementing emission reduction strategies at southern California
airports." Atmospheric Environment 185 (2018): 121-127.

Optimal public-transport operational strategies to reduce cost and vehicle’s emission
Public transport passenger demand is inevitably made non-uniform because of spatial and temporal land use
planning. This non-uniformity warrants the use of public transport operational strategies to attain operating
efficiency. The optimization of these strategies is commonly being done from the operator perspective, and
indirectly from the user perspective. However, the environmental perspective of these strategies, in terms of
vehicle’s emission, has not been investigated. This study proposed a methodology to analyze the benefits of
using transit operational strategies to reduce operating cost and eventually also to reduce undesirable emissions.
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First, a strategy-based optimization model is established to minimize the number of transit vehicles required.
Four candidate operational strategies are considered in this model, including full route operation (FRO), short
turn, limited stop, and a combination of limited stop and short turn. Second, the pollutant emissions of transit
vehicles are estimated by the MOVES emission model. The developed methodology is applied to a real life case
study in Dalian, China. Results show that the use of operational strategies can not only significantly save the
number of vehicles by 12.5%, but also reduce emissions of pollutants (i.e., CO2, HC, CO, NOx, PM2.5) by
approximately 13%, compared with applying FRO strategy exclusively. In addition, both benefits can be further
enhanced through the use of an efficient payment mode (e.g., off-board or contactless card) or improving bus
performance in deceleration/acceleration as well as doors opening and closing at a stop.
Tang, Chunyan, Avishai Ceder, and Ying-En Ge. "Optimal public-transport operational strategies to reduce cost
and vehicle’s emission." PloS one 13.8 (2018): e0201138.

Real-world emissions of gaseous pollutants from diesel passenger cars using portable emission
measurement systems
Passenger cars contribute significant emissions in urban areas affecting the air quality of cities. Traditionally,
vehicular emission factors (EFs) were developed based on measurements in the laboratory. However, studies
indicate that the laboratory measurements are unrepresentative of real-world conditions. In this study, EFs were
developed for diesel passenger cars using Portable Emission Measurement Systems (PEMS) on urban arterials
with heterogeneous traffic conditions in Chennai, India. Three diesel passenger cars from different
manufacturers, of the same age, and complying with Bharat Stage IV (BS IV) emission standards were selected
for emission monitoring. The results show that the average carbon monoxide (CO), hydrocarbon (HC), and
nitrogen oxides (NOx) emission factors of the passenger cars were 1.28, 0.13, and 0.59 g/km, respectively. In
addition, the measured EFs were influenced by the road type with higher emissions on roads with higher speeds
and steeper accelerations. Finally, the total annual emissions generated by diesel passenger cars in Chennai city,
for the current vehicle activity, were estimated to 7000 tonnes of CO, 750 tonnes of HC, and 2400 tonnes of NOx.
Considering the increasing emphasis on electric mobility and public transport, this study provides a timely insight
into emissions from diesel passenger cars.
Mahesh, Srinath, Gitakrishnan Ramadurai, and SM Shiva Nagendra. "Real-world emissions of gaseous pollutants
from diesel passenger cars using portable emission measurement systems." Sustainable Cities and Society 41
(2018): 104-113.

Determination of black carbon, PM2.5, particle number and NOx emission factors from roadside
measurements and their implications for emission inventory development
The road transportation sector contributes largely to air pollution in urban areas, why the knowledge of accurate
vehicle emission factors (EF) is crucial to prepare reliable emission inventories, which, in turn, are strategic tools
for air quality management. Curbside and rooftop concentrations of several traffic-related species were
measured within a busy street canyon in Londrina (Brazil). EF for NOx, black carbon (BC), fine particles (PM2.5)
and particle number (PN) were calculated based on these measurements and on inverse modeling using the
Operational Street Pollution Model (OSPM). We highlight the importance of this work in quantifying BC, PM2.5,
NOx and PN emissions from vehicles driven in an urban area under real conditions in a continent-sized country
where there is a lack of EF studies. In the case of EFPN, we report the first value in the entire South America.
Our EF were consistent with results from other on-road studies, but much higher than laboratory measurements
conducted in Brazil and Europe, especially for particles (quantified as mass and number). This finding suggests
that the EF derived from laboratory tests should be revised for all vehicle categories, since inaccurate values can
have major implications on the compilation of official national inventories for the road transportation sector and
on the assessment of their health and climate (in the case of BC) impacts. Incorporating certification procedures
that more closely resemble real driving conditions is highly recommended. Limitations of the EF determined in
this research for application in other studies are also discussed.
Krecl, Patricia, et al. "Determination of black carbon, PM 2.5, particle number and NOx emission factors from
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roadside measurements and their implications for emission inventory development." Atmospheric Environment
(2018).

Waste and Waste Management
Description: This section includes articles primarily addressing SLCP measures and innovations related to the
solid waste initiative and emissions in relevant sectors

Domestic wastewater management in Greece: Greenhouse gas emissions estimation at country scale
Information regarding the domestic wastewater management in Greece was collected and the greenhouse gas
emissions from wastewater treatment plants were estimated at country scale using a steady state
comprehensive model. In 2016, 220 domestic wastewater treatment plants operated in Greece, serving 91% of
the total population and treating almost 1.74 × 106 m3 wastewater per day. All systems provided secondary
biological treatment, while 83%, 57% and 93% of them provided also biological nitrogen removal, biological
phosphorus removal and wastewater disinfection, respectively. Wastewater reuse was applied in 13% of the
existed plants, while 38% and 31% of the produced sludge was incinerated and disposed to the landfills,
respectively. The average daily production of wastewater was 210 L per capita, while the average sludge
production was 15.3 Kg dry solids per capita and year. The total amount of greenhouse gas emitted from Greek
treatment plants was 892,454 t CO2e per year. The on-site emissions contributed to 68.8% of the total emissions
and the off-site emissions to the rest 31.2%. Biogenic emissions were calculated to 72.7% of the total emissions.
Biogas use and net power consumption were the major mechanisms contributing to the on-site and off-site
emissions, respectively. The major source of CH4 was sludge disposal to the landfills, while N2O was mainly
emitted through nitrification/denitrification during wastewater treatment. The contribution of on-site and offsite greenhouse gas emissions was affected by treatment plants' capacity; on-site emissions were much more
important in plants with more than 100,000 population equivalent. Calculation of the specific CO2 equivalent
(CO2e), CH4 and N2O emissions showed that the average per capita daily production was 0.21 Kg CO2e d−1, 4 g
CH4 d−1 and 60 mg N2O d−1. Future actions should be taken to assure efficient operation of smaller treatment
plants, promote wastewater reuse and integrate reduced greenhouse gas emissions strategies on plants’ design
and operation. It is the first time that the greenhouse gas emissions from wastewater treatment plants are
estimated at a country scale in Europe.
Koutsou, Olga P., Georgia Gatidou, and Athanasios S. Stasinakis. "Domestic wastewater management in Greece:
Greenhouse gas emissions estimation at country scale." Journal of Cleaner Production 188 (2018): 851-859.

Air pollution & Health Impacts
Description: This section includes articles primarily addressing linkages between air pollution exposure and
health impacts

Mortality and morbidity for cardiopulmonary diseases attributed to PM2.5 exposure in the metropolis
of Rome, Italy
The aim of the study was to evaluate the health effects associated with the exposure to ground-level of
particulate matters with aerodynamic diameter ≤ 2.5 μm (PM2.5) on citizens in Rome (Italy) in 2015 and 2016.
Based on the new version of the World Health Organization's AirQ+ model, we have estimated the short- and
long-term effects of PM2.5 on hospital admissions due to cardiovascular (HA-CVD) and respiratory diseases (HARD) as well as on mortality for ischemic heart disease (M-IHD) and chronic obstructive pulmonary disease (MCOPD). In this study, city-specific relative risk values and baseline incidence rates were used to calculate the
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association between PM2.5 and daily counts of emergency hospitalizations and mortality. The annual mean
PM2.5 concentrations were 18 μg m−3 and 14 μg m−3 in 2015 and 2016, respectively. In Rome, the citizens are
mostly exposed to daily mean PM2.5 concentrations of 10–20 μg m−3 during the study period. In 2015–2016,
0.4–0.6% for HA-CVD, 1.1–1.5% for HA-RD, 16.5–18.1% for M-IHD and 8.5–9.2% for M-COPD are attributed to
PM2.5. In 2015–2016, 134–186 HA-CVD, 126–175 HA-RD, 947–1037 M-IHD and 244–279 M-COPD, caused by
PM2.5 exposure, could be “avoided” if PM2.5 concentrations would not exceed 10 μg m−3, i.e. the threshold
recommended by the World Health Organization. Thus, a consistent air quality management and sustainable
city planning are needed, urgently, to mitigate the adverse effects of PM2.5 exposure in Rome.
De Marco, Alessandra, et al. "Mortality and morbidity for cardiopulmonary diseases attributed to PM2. 5
exposure in the metropolis of Rome, Italy." European journal of internal medicine (2018).

Premature Deaths Attributable to Long-term Exposure to Ambient Fine Particulate Matter in the
Republic of Korea
Ambient fine particulate matter (PM2.5) is the major environmental health risk factor in Korea. Exposure to
PM2.5 has been a growing public concern nationwide. With the rapid aging of the Korean population, the health
effects attributable to long-term exposure to PM2.5 were expected to increase further in the future. We aimed
to estimate premature deaths attributable to long-term exposure to ambient PM2.5 in Korea. A modelled
estimation of long-term exposure to PM2.5 was used to calculate the nationwide exposure level. Hazard ratios
of long-term exposure to PM2.5 were obtained from a large prospective cohort study in North America. Modified
cause of death (CoD) data, which applied the garbage code reclassification algorithm, were used to calculate
premature deaths attributable to long-term exposure to PM2.5. From 1990 to 2013, the average populationweighted PM2.5 concentration in Korea was 30.2 μg/m3. The estimated number of premature deaths was
17,203 (95% confidence interval [CI], 11,056–22,772). The most common CoD was ischemic stroke (5,382;
3,101–7,403), followed by cancer of trachea, bronchus, and lung (4,958; 2,857–6,820), hemorrhagic stroke
(3,452; 1,989–4,748), and ischemic heart disease (3,432; 1,383–5,358). Premature deaths due to long-term
exposure to PM2.5 accounted for 6.4% of all deaths in Korea. However, individual efforts alone cannot prevent
the effects of air pollution. This disease burden study can serve as a basis for the establishment of government
policies and budgets and can be used to assess the effectiveness of environmental health policies
Kim, Jong-Hun, et al. "Premature deaths attributable to long-term exposure to ambient fine particulate matter
in the Republic of Korea." Journal of Korean medical science 33.37 (2018).

Using personal exposure measurements of particulate matter to estimate health impacts associated
with cooking in peri-urban Accra, Ghana
This study assessed personal exposure to PM2.5 and the associated potential health outcomes in Accra, Ghana.
The Household Air Pollution Tool model was employed to estimate health benefits attributable to various fuel
use scenarios using user-derived and publicly available inputs, including the Global Burden of Disease data
presented by the Institute for Health Metrics and Evaluation. This study assessed personal exposure for four fuel
user groups: LPG-only, LPG and charcoal, charcoal only, and wood use alone or in combination with any other
fuel. Ambient PM2.5 concentrations were also assessed during the study period. The wood user group
demonstrated significantly higher PM2.5 exposure than the other three user groups, which all had average
PM2.5 personal exposure similar to the average ambient PM2.5 concentration. The results of the exposure
assessment imply that ambient particulate matter may drive the majority of PM2.5 exposure in peri-urban LPG
and charcoal using households in Accra and therefore for the majority of homes in Accra (~80% are non-wood
users in urban Ghana), reductions in PM2.5 exposure and associated health gains may require reducing ambient
PM. From a study by Zhou et al., in Accra biomass burning accounted for 39–62% of total PM2.5 mass in the
kitchen in different neighborhoods. Road dust and vehicle emissions comprised 12–33% of PM2.5 mass. This
means that even if direct PM emissions are low from LPG and charcoal burning homes, homes using wood fuel
to meet their household energy needs contribute to ambient PM, which influences the PM2.5 exposure of their
non-wood using neighbors.
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Delapena, Samantha, et al. "Using personal exposure measurements of particulate matter to estimate health
impacts associated with cooking in peri-urban Accra, Ghana." Energy for Sustainable Development 45 (2018):
190-197.

Long term exposure to air pollution and mortality in an elderly cohort in Hong Kong
Several studies have reported associations between long term exposure to air pollutants and cause-specific
mortality. However, since the concentrations of air pollutants in Asia are much higher compared to those
reported in North American and European cohort studies, cohort studies on long term effects of air pollutants
in Asia are needed for disease burden assessment and to inform policy. To assess the effects of long-term
exposure to particulate matter with aerodynamic diameter < 2.5 μm (PM2.5), black carbon (BC) and nitrogen
dioxide (NO2) on cause-specific mortality in an elderly cohort in Hong Kong. In a cohort of 66,820 participants
who were older than or equal to 65 years old in Hong Kong from 1998 to 2011, air pollutant concentrations were
estimated by land use regression and assigned to the residential addresses of all participants at baseline and for
each year during a 11 year follow up period. Hazard ratios (HRs) of cause-specific mortality (including all natural
cause, cardiovascular and respiratory mortality) associated with air pollutants were estimated with Cox models,
including a number of personal and area-level socioeconomic, demographic, and lifestyle factors. The median
concentration of PM2.5 during the baseline period was 42.2 μg/m3 with an IQR of 5.5 μg/m3, 12.1 (9.6) μg/m3
for BC and 104 (25.6) μg/m3 for NO2. For PM2.5, adjusted HR per IQR increase and per 10 μg/m3 for natural
cause mortality was 1.03 (95%CI: 1.01, 1.06) and 1.06 (95%CI: 1.02, 1.11) respectively. The corresponding HR
were 1.06 (95%CI: 1.02, 1.10) and 1.01 (95%CI: 0.96, 1.06) for cardiovascular disease and respiratory disease
mortality, respectively. For BC, the HR of an interquartile range increase for all natural cause mortality was 1.03
(95%CI: 1.00, 1.05). The corresponding HR was 1.07 (95%CI: 1.03, 1.11) and 0.99 (95%CI: 0.94, 1.04) for
cardiovascular disease and respiratory disease mortality. For NO2, almost all HRs were approximately 1.0, except
for IHD (ischemic heart disease) mortality. Long-term exposure to ambient PM2.5 and BC was associated with
an elevated risk of cardiovascular mortality. Despite far higher air pollution exposure concentrations, HRs per
unit increase in PM2.5 were similar to those from recent comparable studies in North America.
Yang, Yang, et al. "Long term exposure to air pollution and mortality in an elderly cohort in Hong Kong."
Environment international 117 (2018): 99-106.

The association between ambient PM2.5 exposure and the risk of preterm birth in China: A
retrospective cohort study
The relationship between PM2.5 exposure and preterm birth remains unclear. The objective is to explore the
effect of exposure to PM2.5 on preterm birth in China. The birth outcomes of 426,246 pregnant women enrolled
between January 2014 and December 2014 in NFPCP (National Free Pre-pregnancy Checkups Project) were
collected, and their individual PM2.5 exposure values were estimated from the China National Environmental
Monitoring Centre. The time of gestational exposure to PM2.5 was divided into four periods (the first trimester,
the second trimester, the third trimester and the entire pregnancy). The average concentration and the
corresponding quartiles of PM2.5 were calculated in these periods by the daily average PM2.5 data. Cox
proportional hazards regression was used and he effects of maternal age, education level, occupation, secondhand smoking, alcohol use, pre-pregnancy BMI, baby's sex, number of previous pregnancies, coastal areas and
season of conception were adjusted for. A total of 426,246 singleton births were included, among which 35,261
(8.3%) were preterm birth. Effect of each 10 μg/m3 increase of PM2.5 on preterm birth was most significant
during the third trimester (HR, 1.06; 95%CI, 1.06–1.07), and also significant during the first trimester (HR, 1.04;
95%CI, 1.03–1.04), the second trimester (HR, 1.02; 95%CI, 1.02–1.02) and the entire pregnancy (HR, 1.06; 95%CI,
1.05–1.06). Compared with the lowest quartile of PM2.5, other quartiles increased the risk of preterm birth, and
were most significant during the third trimester (HR, 1.87; 95%CI, 1.69–2.06). Subgroup analysis showed that
compared with other subgroups, women who were older than 30 years, had low education level, worked as
farmers, had male baby, had previous pregnancies, not live in coastal areas and pregnant in winter were more
sensitive to PM2.5 exposure. Ambient PM2.5 exposure during pregnancy played an important role in the
pregnancy process and increased the risk of preterm birth.
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Guo, Tongjun, et al. "The association between ambient PM2. 5 exposure and the risk of preterm birth in China: A
retrospective cohort study." Science of The Total Environment 633 (2018): 1453-1459.

Short-term effect of tropospheric ozone on daily mortality in Spain
Studies that seek to link the impact of ozone with mortality display a number of uncertainties. This study sought
to ascertain the functional relationship between ozone and mortality, and analyse its short-term impact on daily
natural-, respiratory- and circulatory-cause mortality in Spain. We analysed data on daily natural- (ICD 10: A00R99), respiratory- (ICD 10: J00-J99) and circulatory-cause mortality (ICD 10: I00-I99) for each of Spain's 52
provinces across the period 2000–2009. We calculated the impact of ozone on mortality by reference to relative
risks (RRs) using generalised linear models, and performed an overall meta-analysis. Attributable mortality was
calculated on the basis of RRs. A quadratic relationship was observed and the existence of a threshold value
identified in 33 of the 46 monitoring stations judged to be valid for ozone data, this threshold value was located
above the 80th percentile. The overall RRs for 10 μg/m3 increases in concentrations of the O3 threshold value
were as follows: 1.033 (95%CI: 1.023–1.044) for natural causes; 1.089 (95%CI: 1.058–1.120) for respiratory
causes; and 1.025 (95%CI: 1.018–1.033) for mortality circulatory causes. The annual total of natural-cause
ozone-attributable deaths was 499 (95%CI: 277–717), 126 of which (95%CI: 54–194) were due to respiratory
causes and 167 (95%CI: 39–293) to circulatory causes. High ozone concentrations display a quadratic relationship
with daily mortality. While this effect is more pronounced in respiratory causes, there is also a short-term effect
on natural- and circulatory-cause mortality.
Díaz, Julio, et al. "Short-term effect of tropospheric ozone on daily mortality in Spain." Atmospheric Environment
187 (2018): 107-116.

Other SLCP Source Sectors & Measures
Description: This section includes articles relating to SLCP emissions and measures from sources not currently
addressed by the CCAC

Links Between Carbon Monoxide and Climate Indices for the Southern Hemisphere and Tropical Fire
Regions
In the Southern Hemisphere and tropics, the main contribution to carbon monoxide (CO) variability is from fire
emissions, which are connected to climate through the availability, type, and dryness of fuel. Here we assess the
data‐driven relationships between CO and climate, aiming to predict atmospheric loading during fire seasons.
Observations of total column CO from the Measurements Of Pollution In The Troposphere satellite instrument
are used to build a record of monthly anomalies between 2001 and 2016, focusing on seven biomass burning
regions of the Southern Hemisphere and tropics. With the exception of 2015, the range of absolute variability
in CO is similar between regions. We model CO anomalies in each of the regions using climate indices for the
climate modes: El Niño–Southern Oscillation, Indian Ocean Dipole, Tropical South Atlantic, and Antarctic
Oscillation. Stepwise forward and backward variable selection is used to choose from statistical regression
models that use combinations of climate indices, at lag times between 1 and 8 months relative to CO anomalies.
The Bayesian information criterion selects models with the best predictive power. We find that all climate mode
indices are required to model CO in each region, generally explaining over 50% of the variability and over 70%
for tropical regions. First‐order interaction terms of the climate modes are necessary, producing greatly
improved explanation of CO variability over single terms. Predictive capability is assessed for the Maritime
Southeast Asia and the predicted peak CO anomaly in 2015 is within 20% of the measurements.
Buchholz, R. R., et al. "Links between carbon monoxide and climate indices for the Southern Hemisphere and
tropical fire regions." Journal of Geophysical Research: Atmospheres.
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Air quality, primary air pollutants and ambient concentrations inventory for Romania
Air pollution is among the greatest risk factors for human health, but it also poses risks to the food security, the
economy and the environment. The majority of the pollutants emitted by human activities derive from the
production and use of fossil-fuel-based energy. Most energy-related emissions contain sulfur dioxide and
nitrogen oxides. The principal source of sulfur dioxide originates from coal, and the main sources of nitrogen
oxide emissions are power generation and use of vehicles. Other important pollutants are the inhalable coarse
particles (PM10) and the fine particulate matter (PM2.5), which arises from the building sector. Over the last
decade, since Romania joined the European Union on the 1st of January 2007, the use of fossil fuels has
decreased dramatically, as consumers switched to either natural gas or biomass. This was as a result of the
European Commission encouraging the member countries to make use of renewable sources (including
biomass). To reduce the PM emissions, in April 2015 EC has extended the EcoDesign Directive to solid-fuel boilers
and solid-fuel space heaters. The boilers need to generally meet certain requirements that will be introduced by
1 January 2020. In this article, we are highlighting the fluctuations in air pollution in Romania from the European
WebDAB – EMAP database and trends in ambient concentrations of air pollutants using Romania's national air
pollution monitoring network. Romania's Air Pollutants/Air Quality Monitoring Network consists of 142
automatic air quality monitoring stations. The results indicate that Romania's annual average mass emissions of
CO decreased from 3186 Gg in 1990 to 774 in 2014 (decrease by <76%), SOx decreased from 1311 Gg–176 Gg
(decrease by ∼60%), NOx decreased from 546 Gg to 218 (decrease by ∼87%), CO2 decreased from
66.226 Gg/year in 2007 to 38.916 Gg/year in 2014 (decrease by <41%).
Năstase, Gabriel, et al. "Air quality, primary air pollutants and ambient concentrations inventory for Romania."
Atmospheric Environment 184 (2018): 292-303.

Ammonia emissions from biomass burning in the continental United States
This study quantifies ammonia (NH3) emissions from biomass burning from 2005 to 2015 across the continental
US (CONUS) and compares emissions from biomass burning with the US Environmental Protection Agency (EPA)
National Emissions Inventory (NEI), the Fire Inventory from the National Center for Atmospheric Research (FINN)
and the Global Fire Emissions Database (GFED). A statistical regression model was developed in order to predict
NH3 emissions from biomass burning using a combination of fire properties and meteorological data. Satellite
data were used to evaluate the annual fire strength and frequency as well as to calculate the total NH3 emissions
across the CONUS. The results of this study showed the total fire number has decreased, while the total yearly
burn area and the average fire radiative power has increased. The average annual NH3 emissions from biomass
burning from this study, on a national scale, were approximately 5.4e8 ± 3.3e8 kg year−1. When comparing the
results of this study with other emission inventories, it was found that ammonia emissions estimated by the NEI
were approximately a factor of 1.3 lower than what was calculated in this study and a factor of 1.1 lower than
what was modeled using the statistical regression model for 2010–2014. The calculated NH3 emissions from
biomass burning were a factor of 5.9 and a factor of 13.1 higher than the emissions from FINN and the GFED,
respectively. The modeled NH3 emissions from biomass burning were a factor of 5.0 and a factor of 11.1 higher
than the emissions from FINN and the GFED, respectively. As the climate continues to change, the pattern
(frequency, intensity and magnitude) of fires across the US will also change, leading to changes in NH3 emissions.
The statistical regression model developed in this study will allow prediction of NH3 emissions associated with
climate change.
Bray, Casey D., et al. "Ammonia emissions from biomass burning in the continental United States." Atmospheric
Environment (2018).
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