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General Introduction

Black Carbon
Climate Active Pollutants = CAP
Intersting because it is a good way to act on a component

that is relatively quickly responding in terms of climate
time scale.

AU CENCHEERINEIRIUER Black Carbon is very

100-1000 years bad for women and
CH4 10 years children’s health and it

N,O (laughing gas) 150 years is a climate active gas.
Black Carbon, CAP 5 years



General Introduction

Black Carbon is generally generated by partial combustion of
organic matter.

CO-BENEFITS: what is good for climate is good for health.

CO-BENEFITS AND CLIMATE CHANGE:

PROTECTING HEALTH IN
A NEW ENVIRONMENT

L9 W W . W
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Figure1: An overview of the links between greenhouse gas emissions, climate change, and health
The causal links are explained in greater detail in the section about climate change and exposure to health risks.
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Figure 2: The direct and indirect effects of climate change on health and wellbeing
There are complex interactions between both causes and effects. Ecological processes, such as impacts on biodiversity and changes in disease vectors, and social
dynamics, can amplify these risks. Sodial responses also ameliorate some risks through adaptive actions.



General Introduction — how we usually look at the map
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General Introduction — Cumulative emissions since 18t century
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General Introduction — Vulnerability
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General Introduction — Inequity dimensions

 We fear that the gain in development that we have achieved could
be reversed by climate change

Policy goal Climate policy term | Health policy term

Measures to counter the root  Mitigation Primary prevention
causes of a problem

Measures to address a problem Adaptation after Seconary prevention

as early as possible early warming (diagnoses of early stage
diseases, screening)

Measures to manage the Adaptation Tertiary prevention

inflicted damage (tratement and

reahabilitation)
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General Introduction — policy

THE BEAUTY OF MITIGATION, BY
DOING CLIMATE POLICY (EVEN IF IT IS
MAYBE EXPENSIVE), WE WILL GET
HUGE HEALTH BENEFITS

Climate
Change v

11



https://cop23.com.fj/mitigation-adaptation-resilience/

Mitigation: Slowing the rate of global warming

The nations of the world are committed by the Paris Agreement to reduce
global emissions of greenhouse gases by 40% by 2030. Each nation has filed
its own plan to reduce emissions in its own territory, known as Nationally
Determined Contributions. But this commitment will not stop global
warming; it will only reduce the rate at which the earth is warming. Top
policy makers and corporate leaders must think about how to meet the Paris
Agreement’s targets from a legislative, technological, business, and even
political perspective. In other words, there is no silver bullet to overcome
increasing global temperatures. More ways must be found to reduce
greenhouse gases in the earth’s atmosphere. Decision makers at all levels
need to recommit to finding ways to reduce even further the greenhouse
gases that are released into the atmosphere.



Adaptation: Taking steps to live with the effects of global warming

Our economies, our well-being, and in some cases, our abilities to continue
living on the land we occupy will depend on how well we adapt to climate
change. Adaptation can take many forms. Some communities may decide
to build dikes, levees or sea walls to hold back water; others may want to
move people and economic activity out of flood-prone areas. Farmers may
choose to grow crops that are more suitable to warmer temperatures than
the crops they are growing now, or that are more resistant to periods of
drought. Communities that have never had to consider saving water may
have to develop systems to hold rain water or mountain runoff for periods of
drought. And many communities, particularly in the developing world or in
tropical climates, may have to adjust their building codes so that homes,
schools and public buildings can withstand more severe weather events.



Resilience: Nations need to hecome more resilient to the effects of climate change

Resilience means the key economic and social systems are climate-proofed for the
future. It is not a question of if, but when: When the next storm hits, how prepared
will you be? This issue is being addressed by communities around the world who
are seeking—and finding—ways to be more resilient following a maﬂ'or natural
disaster. Nations need to become more resilient to the effects of climate change.
For example, flooding is the most costly and frequent natural disaster in many
places around the world. The adoption of policy mandates that will provide flood
Insurance for high-risk areas is one answer. Those mandates can raise awareness
among citizens and give peace of mind to those who need to be financially
protected. But insurance against flood and storm damage can be prohibitive for the
private sector alone, particularly in developing countries where housing
construction may be relatively weak and many people don’t have the means to
acquire it. Private and public partnerships can help mitigate some of the worst
effects of natural disasters amplified by climate change by pooling resources and
coming up with solutions that address what happens before, during, and after an
extreme weather event. Resources can be made available to strengthen homes and
other structures to better withstand extreme storms. And infrastructure for
temporary evacuation and sheltering of vulnerable populations can be developed.
But It is not just about extreme weather. Climate change is slow and inexorable, but
the exact nature of the effects can be unpredictable. With rising temperatures
around the globe comes more responsibility from the top down. How we consume
our natural resources and integrate more proactive and continuous community
planning will be instrumental in how resilient we are.



General Introduction — policy and health benefits

| " World Health

V) g
EXAMPLES W&®YY Organization

1. Reduce transport by car = less emission and fitter population

2. Clean fuels = less emissions and reduce risk of disease for women

Around 3 billion people cook and heat their homes using open fires and simple stoves burning biomass (wood, animal
dung and crop waste) and coal.

Over 4 million people die prematurely from illness attributable to the household air pollution from cooking with solid
fuels.

More than 50% of premature deaths due to pneumonia among children under 5 are caused by the particulate matter
(soot) inhaled from household air pollution.

3.8 million premature deaths annually from non-communicable diseases including stroke, ischaemic heart disease,
chronic obstructive pulmonary disease (COPD) and lung cancer are attributed to exposure to household air pollution.
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https://thevision.com/habitat/bicicle

tta-ecologica-inquinamento/

https://www.pinbike.it/

V HABITAT

LA BICICLETTA NON INQUINA, E ECONOMICA E PRODUCE

RICCHEZZA. PERCHE CI OSTINIAMO A USARE L'AUT0?

DI SILVIA GRANZIERO 17 APRILE 2019

a

Oggi & uno dei mezzi che usiamo per combattere il surriscaldamento globale. Eppure la bicicletta fu
inventata nel 1817 per ovviare alla moria di cavalli dovuta alla carestia dell’*anno senza estate” - il
1816 - causata dall’esplosione di un vulcano in Indonesia, che l'anno prima offusco il cielo
sconvolgendo gli equilibri termici facendo precipitare la temperatura media del pianeta. Oggi la bici
& uno dei nostri migliori alleati per limitare le emissioni inquinanti prodotte dalle auto.

In Europa tra il 2000 e il 2016 la concentrazione di polveri sottili nell’aria ha registrato un calo

graduale. Considerando che il trasporto su strada & una delle sue principali cause e che il volume dei
passeggeri & rimasto costante, cio significa che sta migliorando la sostenibilita dei mezzi di trasporto.
La strada verso 'obiettivo europeo delle zero emissioni nette entro il 2050 & lunga, ma diventa pit
facile seguirla se & vero che per i millenial 'automobile non sembra piti avere l'attrattiva di uno

status symbol. E, tra ingorghi e i semafori, non é nemmeno pitt l'emblema della velocita. Tuttavia, a
gennaio di quest’anno, sulla base dei dati del ministero dello Sviluppo Economico, in Italia si e
calcolato un aumento del 3,5% delle emissioni dovute a benzina e gasolio rispetto a gennaio 2018.
Secondo i dati del rapporto della European Environment Agency sulla qualita dell'aria in Europa, il
nostro Paese l'anno scorso é risultato tra i peggiori a livello europeo per superamento (sia
giornaliero che annuale) dei limiti del PM10 . E urgente trovare un equilibrio tra il bisogno di

spostarsi in citta e la volonta che queste diventino luoghi in cui sia sano (e piacevole) vivere.
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General Introduction — BIOENERGY

Greenouse gas Atmospheric survival time

CO, 100-1000 years
CH, 10 years

N,O (laughing gas) 150 years

Black Carbon, CAP 5 years
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General Introduction — BIOENERGY

H

METHANE (CH,) l

Cirn,
H/ \ H
H

Methane is the primary component of natural gas, a common fuel
source.

If methane is allowed to leak into the air before being used—from a leaky
pipe, for instance—it absorbs the sun’s heat, warming the atmosphere.
For this reason, it’s considered a greenhouse gas, like carbon dioxide.
While methane doesn’t linger as long in the atmosphere (10 years) as
carbon dioxide (100-1000 years), it is initially far more devastating to the
climate because of how effectively it absorbs heat. After its release,
methane is 84 times more potent than carbon dioxide. Both types of
emissions must be addressed if we want to effectively reduce the impact
of climate change.
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General Introduction — NATURALLY OCCURRING...

..BUT ENCREASED BY CLIMATE CHANGE

® released from gas hydrates (microbial or thermcgenic)

a.
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Ruppel, Nature Knowledge, Hydrates/Climate, April 2011

Schematic cross-section from
a high-latitude ocean margin
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nature International weekly journal of seience

Home | | Research | Careers & Jobs | Current Issue | Archive | Audio & Video |

Mews & Comment News

NATURE | NEWS -y

Mysterious Siberian crater attributed to methane

Build-up and release of gas from thawing permafrost most probable explanation, says
Russian team.

Katia Moskvitch

’
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General Introduction — METHANE MAKERS

a b Continued
ESTIMATE PROJECTION ke Figure 1 | Compound- and sector-specific emissions
~ - . of greenhouse gases, associated radiative forcing
: 7] and global ruminant numbers over the past 50
_;é‘ 30 years. a, Estimates of direct radiative forcing in
:;f . . 2008 for CO.and non-CO:greenhouse gases from
3 eemona v @nthropogenic sources. b, Projections of radiative
g 20- forcing in four different scenarios: constant future
- - emissions at 2008 levels (red); 80% reduction in
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ol T CH4 ESTIMATE 3.8 Estimated annual anthropogenic emissions from
T e E ij / major sources of methane in recent years. Error
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General Introduction — METHANE MAKERS

Food and Agriculture Organization
of the United Nations
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General Introduction — METHANE MAKERS

Greenhouse gas emissions from ruminant meat production are significant.
Reductions in global ruminant numbers could make a substantial contribution to
climate change mitigation goals and yield important social and environmental
co-benefits.

Although a main focus of climate policy has been to reduce fossil fuel
consumption, large cuts in CO2 emissions alone will not abate climate change.

Annual meat production worldwide Fpmion&mmment

is growing rapidly, and without policy

changes is projected to more than Ruminants, climate change and
double from 229 million tonnes in : :

ZOOO to 465 mllllon tonnes in 2050 MSI[:T:’:p?P.etteittheSutI:abcer{ephenA. Montzka, Clive McAlpine and Douglas H. Boucher
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NEWS IN FOCUS

ASTRONOMY \W hat's next for the BRIEINS Microbe grownin lab FUNDINE Austerity in s ASTRONOMY The first billion
beleaguered Thirty Meter could help to explain rise of Mexico pushes science years of the Universe begin
Telescope? p282 complex life p294 to breaking point p204 to vield secrets p288

Vo ¥ PR J ’ ~ il bor | VI
Cattle farming, shown here in northern Brazil, is emission-intensive and often accompanies large-scale deforestation.

Eat less meat: UN climate-
change panel tackles diets

Report on climate change and land comes amid accelerating deforestation in the Amazon.



General Introduction — METHANE MAKERS (COWS)

Thanks to a multichambered
stomach and helpful
microbes, cattle can digest
food that humans cannot.
The largest chamber, the
rumen, is a fermentation vat
€ that breaks down cellulose.

Intestine @

Rumen &}

Rumen

o"'a Omasum

Do
‘0o 08y
Q...

Abomasu

Microbes soak up the
:M resulting hydrogen,
. H 1
O vt @, ocer @, ™ 0 tranogens Qcu,  Producing methane (CH,),
in fermentation ~ CO, out which the cow releases.

Science News: Vol. 188, No. 11, November 28, 2015, p. 22
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General Introduction — METHANE MAKERS (COWS)
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GREENER COWS These cows at the Ellinbank Dairy Research Centre in
Victoria, Australia, wear backpacks that measure their methane output.
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General Introduction — METHANE MAKERS (COWS)

Different approaches are under study to reduce bovine methane
emissions. Most try to change the chemistry or microbial makeup of the

rumen.

Method How it works Advantages Disadvantages
] Promotes formation of ] L
Nitrate o Highly effective in some . .
. ammonia instead of . Nitrate toxicity for some cows
additive experiments

methane

Plant extract

Alters the chemistry of

Cost concerns; may affect

. Natural
additive the rumen taste of feed
. Substitutes feed that ] L Can be expensive;

Increasing i Increases milk production in ) .

relies less on ) . environmental cost if
concentrates ) dairy cows; already available .

fermentation transportation needed

. Blocks enzyme that In one experiment, methane )
Synthetic . Rumen may adapt. reducing
L drives last step of dropped 30 percent and cows ) )

additive i ) . effectiveness over time

methane formation gained weight

o Potential for cows to
. Antibodies to

Vaccine Easy to use accumulate hydrogen;

methanogens )

effectiveness unknown
) . Changes are slow; may affect
Selective Cows require less feed ) )
) Cumulative and permanent other traits, such as health or

breeding for same growth

fertility
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General Introduction — METHANE MAKERS

when full life cycle analysis including both
direct and indirect environmental effects
from ‘farm to fork’ for enteric fermentation,
manure, feed, fertilizer, processing,
transportation and land-use change are
considered. Non-ruminant meats such as
those from pigs and poultry (and marine
fisheries) have a lower carbon equivalent
footprint, although they still average 3-10
times greater than high-protein plant foods.
Pigs and poultry also consume feed that
could otherwise be more efficiently
consumed directly by humans.
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General Introduction — METHANE MAKERS (COWS)

Influencing human behaviour is one of the most challenging aspects of any
large-scale policy, and it is unlikely that a large-scale dietary change will
happen voluntarily without incentives.

Implementing a tax or emission trading scheme on livestock’s greenhouse
gas emissions could be an economically sound policy that would modify
consumer prices and affect consumption patterns. A tax has recently
been successfully modelled for the European Union with tax rates
proportional to the average greenhouse gas emissions per unit of food
sold, although social justice, equity and food access issues need to be
carefully considered. Such demandside mitigation measures have more
social and environmental co-benefits than supply-side measures. For an
effective and rapid response, we need to increase awareness among the
public and policymakers that what we choose to eat has important
consequences for climate change.
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SRS comen 90 Although policymakers strive to reduce
COMMENTAR? Ruminant fossil fuel emissions, the livestock sector has
Ruminants, climate change and . generally been exempt from climate policies
climate policy - - and little is being done to alter patterns of
Willam 1 Rippe,Pte Sith,Helmut Haberl,Stephen A Montzka, live McAlpine and Douglas H.Boucher T production and consumption of ruminant

70

Greenhouse gas emissions from ruminant meat production are significant. Reductions in global ruminant
numbers could make a substantial contribution to climate change mitigation goals and yield important
social and environmental co-benefits.

meat products™®. Annual meat production
worldwide is growing rapidly, and without
60 policy changes is projected to more than
double from 229 million tonnes in 2000 to
465 million tonnes in 2050%./The greenhouse
gas footprint of consuming ruminant

meat is, on average, 19-48 times higher
than that of high-protein foods obtained
from plants (Fig. 2), when full life cycle
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* Social impact
* Economic and political actions

* Three gases (carbon dioxide or CO2, methane or CH4 and nitrous
oxide or N20) account for about 98 % of the global annual
emissions of greenhouse gases (GHGs).

* Atmospheric methane, the second most important greenhouse gas
after carbon dioxide, and is responsible for about 20% of the global
warming effect since pre-industrial times

Digestion stems from methanogenesis, a process in which microorganisms synthesise
methane. This process takes place in most environments (soil (Gutknecht et al., 2006),
including permafrost (Li et al., 2020), and water (Martinez-Cruz et al., 2017)). Together with
other processes (such as nitrification and denitrification), methanogenesis influences
atmospheric chemistry (Gutknecht et al., 2006).



Global sources of atmospheric CH4

* Natural CH4 sources * estimate of anthropogenic
activity-related sources as
detailed on the right

Hvdrates

Oceans 2%

3%

Termites

30
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Rice culture
10%p

Landfills
7%

Biomass burning
Waste treatment 7%
404

Adapted from IPCC (2001) and Conrad (2009)



Methanogenesis in the Digestive Tracts of
Insects and Other Arthropods

Midgut
Foregut | Hincgut

https://doi.org/10.1007/978-3-319-53114-4 13-1 https://doi.org/10.1073/pnas. 1809790115




General Introduction — METHANE MAKERS (RICE)

Rice paddies are one of the largest
anthropogenic methane source and
= | produce 7-17% of atmospheric
i B methane. Warm waterlogged soil
B | and exuded nutrients from rice
roots provide ideal conditions for
methanogenesis in paddies with

annual methane emissions of 25-
100-million tonnes.

i
y ‘;\"1
fify

1) NEW TECHNOLOGIES 2) GOOD PRACTISES
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General Introduction — METHANE MAKERS (RICE)

Inseciicide

N urooenous femltser

N
uemciae ig ’ | ) .\1’.
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Rice stage Sowng Tillering Booting Flowering

- Days after soming —
pone-0021713-g002: Timeline for rice growth, maintenance and application. The dashed

horizontal line indicates the water level that was maintained during various stages of rice crop
and drainage 10-14 days before harvest.
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General Introduction — Good Practise

Simple changes to farming practices in China have slashed the amount of methane released
from rice fields.

Farmers normally flood rice fields throughout the growing season, meaning that methane is
produced by microbes underwater as they help to decay any flooded organic matter.

Draining paddy fields in the middle of the rice-growing season stopped most of the methane
release from the field.

Only 1% of Chinese farmers drained their paddies halfway during the rice-growing season in
1980, but around 80% of them have been routinely using this approach since 2000.

Given that most farmers outside China continuously flood their rice fields, the researchers
say that simply shifting towards the practice of mid-season drainage could significantly
reduce global paddy-derived methane emissions.
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Installment 8 of “Creating a Sustainable Food Future”

TAPAN K. ADHYA, BRUCE LINQUIST, TIM SEARCHINGER, REINER WASSMANN, AND XIAOYUAN YAN

Three principal strategies exist for mitigating GHG
emissions from rice. The first is to increase rice yields.
Increasing yields avoids increases in emissions from land-
use change and from rice area expansion. If they are high
enough, yield increases could even lead to reductions in
rice area, reducing methane emissions as well as emis-
sions from land-use change.

Second, better management of rice straw, the non-grain
portion of rice plants, can hold down emissions. Methane
emissions increase when fresh (non-composted) rice straw
is added to flooded fields, particularly if not plowed in
until just before planting. Yet rice straw burning, which
occurs in some regions, also creates methane and other
greenhouse gases, as well as local air pollution. Strategies
that reduce emissions include incorporating rice straw
into fields well before new production seasons, and remov-
ing rice straw from fields to use for other productive pur-
poses, such as growing mushrooms, energy, or biochar.*®

In this paper, we focus on the third strategy for mitigat-
ing GHG emissions from rice: reducing or interrupting
periods of flooding. We focus on this strategy for its water
savings potential and because among the three strategies,
it could reduce emissions most dramatically. In addition,




Systems for reducing flooding and emissions during the
crop-growing season fall into four categories:

DRY SEEDING. Most paddy rice production in Asia fol-
lows the traditional pattern of transplanting seedlings
grown in nursery areas into already flooded paddies.
But direct seeding of rice is growing in Asia and prob-
ably now accounts for a quarter of all rice production
there.> Farmers in the United States use direct seeding
because it requires less labor.*® Direct seeding can occur
in flooded fields or through drilling seeds into dry fields.
If it occurs in flooded fields (wet seeding), it is unlikely
to reduce methane emissions,?s but if it occurs in dry
fields (dry seeding), it reduces emissions because it
shortens the flooding period by roughly a month.>

SINGLE MID-SEASON DRAWDOWN. Studies have shown
that a single drawdown during the crop production
season, sufficient to allow oxygen to penetrate the

soils, substantially lowers GHG emissions. Typically,
this kind of drawdown must occur for 5—10 days to
generate methane benefits.?s Most farmers in China,
Japan, and South Korea already practice this drawdown
to increase yields.

ALTERNATE WETTING AND DRYING (AWD). This practice
involves repeatedly flooding a farm field, typically to

a water depth of around 5 centimeters, allowing the
field to dry until the upper soil layer starts to dry out
(typically when the water level drops to around 15
centimeters below the soil surface), and then reflood-
ing the field. This cycle can continue from 20 days after
sowing until 2 weeks before flowering.>® This approach
is also known as “controlled irrigation” or “multiple
irrigation,” depending on country and research context.
Because each drying cvcle sets back the generation of
methane-producing bacteria, AWD achieves even larger

reductions in methane than only one drawdown. AWD
can be practiced along a continuum, with the frequency
of drawdowns ranging from more to less frequent,
although the level of methane reductions will depend on
how stringently it is practiced.

AEROBIC RICE PRODUCTION. Like AWD, this system
involves adding irrigation water only when needed.

It avoids standing water, aiming instead to keep soils
moist. This system can drastically reduce—or nearly
eliminate—methane production. In general, however,
aerobic rice production has lower yields than rice pro-
duced through traditional methods or the three methods
listed above. Still, as our case study from China shows,
some farmers are maintaining high vields by construct-
ing raised beds and ditches, which limit standing water
to furrows.

All of these systems will reduce methane emissions.

’arious studies have found reductions in GHG emissions
from direct seeding in dry fields of 30 percent or more.>”
IPCC guidance provides that a single drawdown will
reduce whatever emissions would otherwise occur by 40
percent, and multiple drawdowns by 48 percent.28 How-
ever, these figures are averages. Evidence from the United
States (described below) indicates that AWD could reduce
emissions by as much as 9o percent.” There is also evi-
dence that combining different water-saving approaches
can have additive benefits for mitigation. For example,
studies combining dry seeding with AWD have found
emissions reductions of 9o percent.2®
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Figure 1 | Mid-season Drainage Reduces Greenhouse Gas Emissions from Rice Production in Punjab
By One-Third
(Tons of CO_e per hectare)
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Source: Pathak et al. (2012).
Note: Solid bars show state-wide averages. Error bars represent one standard deviation.
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PRODUCTION OF RICE (2019)
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Top 10 Countries
by POpulation Wil the global population surpass 10 billion by the end of the century?
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NEW TECHNOLOGIES — METHANE MAKERS (RICE)
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A * This scenario will be exacerbated by an
expansion in rice cultivation needed to meet the
escalating demand for food in the coming
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Fgure 1. G+, production, transport and consumption in the rice rhizosphere.
Reactions within the shaded ellipse indicate the microbial transformations of root
exudates into methane. The blue and red arrows show the diffusion of CHs and 02
through the plant aesrenchyma. 8
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Photosynthate allocations in rice plants: Food
production or atmospheric methane?

Ronald L. Sass*! and Ralph J. Cicerone!
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* Rice is the staple food for nearly 50% of the world’s peoples, many in Asia.
The world per capita rice consumption in 1990 was 58 kg / yr of milled rice.

This represents 23% of the average world per capita caloric intake and 16%
of the protein intake
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0 2 4 - . - Optimizing grain yields reduces CH4 emissions from
rice paddy fields
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Fig. 1. Seasonal methane emission as a function of grain yield at Maligaya,
Philippines, 1994-1998 (data from ref. 13, treatment T1).



Optimizing grain yields reduces CH; emissions from
rice paddy fields

M A T Dondervan der Gon'™, M. I Kropff®, M. van Breeman®, B. Wazsmann', R. 5. Lantin*®, E Aduna** , T. ML Corton ',
and H. H. wan Lassr®

* carbon that could not be allocated to rice grain is an issue

* excess carbon is then available to soil bacteria for the production and
emission of additional methane



Biotechnology for methane mitigation
LETTER

Expression of barley SUSIBA2 transcription factor
yields high-starch low-methane rice

). Su™*_ . Ho'™, X_ Yan™, Y. Jin"", Z. Chen', (). Guan', Y. Wang', I. Fhong', C. Jansson®, F. Wang', A. Schniirer” & C. Sun®

doi; 101038 rabure 14673

* First high-starch low-methane-emission rice reported.

* Generated via transcription factor technology.



What is SUSIBA2?

* Sugar signalling in barley 2
(SUSIBA?2) is a plant-specific
transcription factor

/How do you test \

SUSIBA2

localization?




What is the advantage of working with a
transcription factor?



What is SUSIBA2?

* Sugar sighalling in barley 2
(SUSIBA?2) is a plant-specific

transcription factor . What are plant source
and sink organs?

* How is carbon stored
and transported in
general in plants?
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