Attributing human and
bioclimate impacts to
carbon loss in tropical

forest
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Xn end to deforestation?

The firstmajor pledge from the COP26 climate summit is a plan
to save the world’s trees by 2030, reports Adam Vaughan

NATIONS representing 85 per cent
of the world’s forests have pledged
to end deforestation by 2030ina
renewed effort to stem the carbon
emissions released by trees being
cleared, nearly all for agriculture.
The Glasgow Leaders’
Declaration on Forests and Land
Use, issued on 2 November by
more than 100 countries plus
the European Union at the COP26
climate summit in the UK, comes
alongside £14 billion of new
funding to combat forest loss over
five years. The money is being
provided by 12 nations, including
the UK, plus private organisations,
including the Bezos Earth Fund.
Experts welcomed the renewed
focus on forests and the new
funding, but warned that the way

deforestation is tackled will be key
to whether the 2030 goal is met.

“We cannot reach climate goals
ifwe don't keep trees standing,”
says Frances Seymour at the World
Resources Institute, a think tank
in Washington DC. She saysit is
good that trees are one of the
UK government’s four priorities at
COP26, along with climate finance,
ending coal use and phasing out
cars that use fossil fuels.

The 2030 goal is identical to one
made seven years ago by a smaller

group of countries, known as the

New York Declaration on Forests.
They also set an interim goal of

halving deforestation by 2020,
a target missed by a wide margin.

But a key difference is the new
plan s signed by several countries
that were missing last time,
including those with the greatest |
deforestation rates, such as Brazil..
“Having all the main players
on it is significant, that is a big
step,” says Stephanie Roe at the
University of Virginia.

While £14 billion looks big, it
still isn’t on a par with what will be
needed to meet the deforestation
targets of the 2015 Paris climate
deal. Meeting those would mean
spending an estimated $45 billion

The latest news from COP26

Online every weekday

newscientist.com/COP26news

A deforested section
of the Brazilian
Amazonin 2017

to $460 billion a year to protect,
restore and enhance forests.
Nonetheless, Roe says the funding
is a “very welcome and critically
needed addition”.

So, is it realistic that
deforestation could be halted
by 2030? “Yes, I think it is feasible.
Itis difficult, but it is feasible,” says
Seymour. “The main constraint
in most places is political will.”

She says there is precedent
for action, citing the example of
Brazil in the early 2000s, which
successfully used policies to slow
deforestation rates at the time.
Other reasons for hope include
a growing awareness among
governments that trees aren't
just important for locking away
carbon, but also for protecting
against the impacts of extreme
weather, such as preventing
soil erosion. Modern satellite
monitoring of forest loss helps
too, Seymour adds.

However, there is little detail
in the new declaration on how the
goal will be met —-such as paying
countries for preventing projected
clearances —or how progress will
be monitored./Fhegoalalsoisn't
binding. Seymour says that the
new funding won'’t help unless
simultaneous efforts are made to
cut off the agricultural subsidies
that drive much logging.

‘We need to know that measures
will be used to stop forest loss,
says Constance McDermott at
the University of Oxford. “It is not
possible to comment on these
very bold and flashy promises
without seeing, in full view
and detail, how they will be
operationalised,” she says. It is
key that efforts benefit local
and Indigenous communiti
as well as biodiversity, rath
than consolidating money and
power in the hands of a few states
and corporations, she says. i




REDD+ finance buffer against fires

e Countries are paid to retain forest carbon, with payments approuching
$1billion.

e A “buffer” is set aside should fire damage carbon stocks.

1.I1f carbon is lost to a fire event, is it meteorological or direct human
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Tools/data

e Observations of above ground
carbon for specific points in time

e Observations of annual burnt area,
and semi-observations of fire carbon
emissions

e Modelled above and soil carbon, fire
and fire carbon emissions

10 20 50 100 50 200 250 300
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Simple bias correction.

Per grid cell:

1.Bias correct:

a.JULES fire emissions to GFAS observations and apply change to

modelled AGC
b.JULES above ground carbon pools to CCI observations in 2010, 2018,
2019

2.Apply a spline interpolation to years in between observations.

UK Centre for 4
Ecology & Hydrology
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Fire emissions (% forest carbon)
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Problems still

1.How much fire was meteorological or human?

2.1f not fire, how much is active deforestation, mismanagement or
meteorological?

3.What is the unbalanced

4. What is the long term change in storage after these events?

5.Assumes observations are truth

6.How do we go beyond last ABC observation?

7.How confident are we in our results?

UK Centre for
Ecology & Hydrology




Fire under “same” bioclimatic conditions (0.4 <
fuel < 0.6; 0.8 < flammability)

P(B|BA) o< P(f) - P(BA|p)
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Attributing causes of
fires

Uncertainty in modelling fire/human fires
makes traditional attribution hard
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Varying meteorology only

Example: 2019 Amazon burnt area
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[t is unlikely (6-7%) that weather conditions
caused 2019 Amazonia fires.

What next for REDD+ buffer

e (de-)Attribute fire emissions and carbon loss as well as burnt area
e Run for all participating countries

e Use to explatolate medium term carbon risk (i.e buffer size)

® Determine long term carbon risk (i.e climate change vulnerability)

UK Centre for
Ecology & Hydrology
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Douglas Kelley, Chantelle Burton.
Rob Parker, Dong Ning, Joshua Chew,
Camilla, Mathison, Tiina Kurvits,
Andrew Sullivan, Gabriel Labbate,
Elaine Baker, Chris Huntingford,
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3) Future carbon
risk


http://drive.google.com/file/d/1O_Gq-YZ5QoRUkCumC_56dQ3-rqR1yivj/view

Evidence-based uncertainty
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What I'd like to doing

UK Centre for
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ThisIsEngineering
Interpret

Artem Podrez

Variable

Precipitation Heat Evaporation CO, CH, Momentum
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® Tests expert opinion with evidence reducing confirmation bias

e Uncertainty preserved through analysis, and different models
complement each others output rather than disagree.

e Outputs flow directly from evidence.



Bayesian representation under “same”
bioclimatic conditions (fuel ~0.5; 0.8 < flammability)
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Bayesian representation under “same”
bioclimatic conditions
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Bayesian representation under “same”
bioclimatic conditions
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ConFire
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Extreme wildfires are set to become more frequent, increasing by around
50% by the end of this century, according to a new UN report.

The report finds there's an elevated risk in the Arctic and other regions
previously unaffected by fires
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Evidence-based ucertainty
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Reducing emissions with the aim to limits global warming to 2°C by 2100 will
@@ still see some, but much less carbon loss
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http://drive.google.com/file/d/1O_Gq-YZ5QoRUkCumC_56dQ3-rqR1yivj/view

Wildfires are extreme (1-in-100) burnt areas

High Fire
Activity

Wildfire
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Likely changes in wildfire by 2100
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How we've used it

UK Centre for
Ecology & Hydrology



Bayesian representation under “same”
bioclimatic conditions
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What I do AND like doing :)

e Wildfire as an example using uncertainty quantification to do
some super policy-relavent analysis.
O Future projections
o Event attibution
o Historic fire regime drivers.
e Other stuftf:
o Satellite product validation
o Water body detection
o Ecosystem demography
o Last Glacial Maximum veg distribution

: UK Centre for
Ecology & Hydrology
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Data Assimilation+uncertainty

East Africa Forest carbon content at 1) Optimize
25°C, 1500mm
2) Spread

— /Uncertainty in what's in the model
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Impact of anthropagenic climate change on
burnt area.

Burnt area Flammability
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Varying meteorology only

Example: 2019 Amazon burnt area

Average Jun - Aug 2002-2019  Difference in 2019 No. years exceeded

® ‘ Most burning
-% since MODIS
- started
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Forest carbon (Pg)

10

15 20 25

10

0.4

0.3

0.2

0.1

0.0

|

Bolivia

L

A

e

1

=
TR

2012 2014 2016 2018
DR Congo
| %
7111117
v 4
ANE
2012 2014 2016 2018
il AParagua
7
\ | | G
\
A\ L
g
NS
2012 2014 2016 2018

- UK Centre for
Ecology & Hydrology

0.7 0.8
80

04 05

40

0.2

024 0.27

15 20 25 30 35

0.21

0.16

0.13
0

1.3 1.5

1

06 0.8

100

60

10

5

Brazil

Y
RO

Grass/Shrub carbon

DPM

Forest carbon loss

fire emissions

2012 2014 2016 2018
Indonesia
7
7 7
21117
s A4
- //"_\
2012 2014 2016 2018
Tree carbon

0.23

0.16

0.12

1.5 1.9

Fire emissions (% forest carbon)

1.1

0.4 0.8

0.1




{
. _ — |
: | _ | BRondénia & Northern Mato Grosso = =~~~ . |
: c1: : + & 8 Rk 0 : 01 LA R ¢ . |
| i R SN S A R - U U SR N DU NN RN e |
; k S ' : srdun L J :
] T T | o’ _ - : — - : - - : - : — - : I_ | | | — _I A-
> O i i | =10 1e-07 1e-04 1e-01
' —

{ CTocantns [ ] < |

| e -

<

- - - d -
: '_'- r—'—_ | | | |
[ | T T \| l l I ' I ' ' I l I l ' ' 1e-08 1e-06 1e-04 1e-02 1e+(

08 108 Te04  Te02  Tes00ie 2002 2004 2006 2008 2010 2012 2014 2016 2018
Full postirior Parameter uncertainty Observations

A _____ e . !A ...... - ’ ....... . .. A ..... - A A R
o . I\. - it A i " ! Nl @ —----4- S\ Lo
8 ...J - \.-- - --J \. ; P .) \.---}‘s--J \.-.j‘\---.l ' .h..-.J \.-J \.--j D i JL--JI'\.
' I
o

Kelley et al (2021) Technical note: Low meteorological influence found in

UK Centre for 2019 Amazonia fires, doi:O.5194/bg-18-787-2021,4_3
Ecology & Hydrology




Bolivia L 28 Brazil i
- o —17_ - e 7 | §

- ) |- |
2) HlStorlC Carbon . DR Congo " 5% - Indonesia L. 3
g : W 7 L 5
losses 87
Combining satellite observations §. 2* :

Fire emissions (% forest carbon)

and JULES-ES simulations to

estimate forest carbon (green) q_ S m
and the % lost to fire each year y 77N%
(red) N BZ7Z8 | i

0.0

2012 2014 2016 2018

UK Centre for 4.4
Ecology & Hydrology
Sullivan et al (in press) Spreading like Wildfire: The Rising Threat of Extraordinary Landscape Fires, UNEP RRA




INTENZ+ - global model

e Test the effectiveness of land-based climate mitigation strategies
e Monitor/verity ongoing carbon sequestration efforts.

e Trade-offs and co-benetfits with food security and wildlife

e Resilience to future environmental impacts

e Using JULES-ES ran with ISIMIP

e Developing optimization system to improve model/capture
uncertainty.

UK Centre for
Ecology & Hydrology
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JULES-ES-ISIMIP

e 50km, daily carbon, water flux & storage

e Split between “plant types” (tree, shrub, grass, board/needle,
evergreen/deciduous, c3/c4 photosynthesis, natural vs agricultural)

e Driven by observed climate to (almost) present day

e 4(5) Climate model projections 1860-2100, bias corrected to present
day

e 2(4) future emissions scenario.

UK Centre for 46
Ecology & Hydrology
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JULES model(s)

|
® Thereisn'ta JULES [TTTTI

HydroJULES JULES-ES GLx
e Don't assume we don't | | |
simulate something based SRR | [TTTTT | [TTTTI | RRARE
on a JULES configuration
UKESM TRENDY [SIMIP

you ve used before ‘ ‘ ‘

FE P Y N s A
o [f your unsure what JULES vl v1.1 fast dev +fire +fire 2b/3a
config to use, ask

UK Centre for
Ecology & Hydrology



What JULES-ES does

e Runs globally (though mostly showing tropics today)
e Historic & future veg composition/carbon/hydrological

fluxes, stores:

o interactive through UKESM
o Using multiple climate models with ISIMIP

e Combining JULES with observations for impact
assessment.
e Note: plots are a mix of JULES-ES-TRENDY, ISIMIP and
@® ldK:Et.oM. But most can be done in ISIMIP
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CCILCv21

GFOL-ESM2M

Competing plants types (JULES-ISIMIP)

UK Centre for
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Historic gridded /temporal carbon stores
(TRENDY)

Vegetation carbon - JULES-ES

Vegetation carbon - CCI carbon
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Historic gridded /temporal burnt area
(TRENDY, ConFire)

_Burnt area - GFED4s.1 Obs.
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Land use impacts
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Historic gridded /temporal environment

Runoff - JULES-ES

DmSurface temp -

16C 18C 20C 22C 24C 26C 28C 30C 0 100 200 400 600 800 1000 1500kg/m2/yi

' UK Centre for
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3) Future carbon
risk from fire



http://drive.google.com/file/d/1O_Gq-YZ5QoRUkCumC_56dQ3-rqR1yivj/view

JULES-ES “gaps” (that we're working on)

® There are biases in the model

e Uncertainty in Land Surface Science

e Uncertainty in future emissions and climate response.
e Using this uncertainty for impacts projections.

UK Centre for
Ecology & Hydrology
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Problem 1: models biases

UK Centre for
Ecology & Hydrology
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Forest carbon (Pg)
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Assimilating soil moisture observations
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Problem 2: Obs. & land surface science is
uncertain

UK Centre for
Ecology & Hydrology
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Likelihood

Prob.

4 Artic fires 2019 at 3.92% likihood
htinle@simore likely by 2100 under RCP2.6
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2
Burnt area (%)

Proxy for impact
(veg mortality impact in dev.)

Likelihood of future impact

e Instead of projecting one future,
calculate the likelihood of all
possible futures

e Useful for very any impacts with
high uncertainty? (not just fire)



Problem 3: Uncertain future emissions and
climate response

UK Centre for
Ecology & Hydrology
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Burnt Area Fraction
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ecoatmflux: East_Asia ecoatmflux: North_America
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JULES carbon(ish) capability for
NC I stuff

UKESM, TRENDY, ISIMIP and ConFire teams...
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Varying meteorology only

Average Jun - Aug 2002-2019

Simulated - 50 % Observations
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REDD+ finance buffer against fires

e Countries are paid to reduce forest carbon emissions.
e If a disturbance causes a loss which is not the fault of the country,
RED++ holds some of the finance in a “Buffer” - a bit like insurance

e Fire is tricky cos it could be meteorological or direct human
management

‘20‘194fires In the'Amazon rainforest by
ESAs Luca Parmitano on the ISS
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What REDD+ needs to know

1.How much carbon is likely to be lost to fire (how much money should
be held in the “buffer”)

2.1f a fire does result in carbon loss, were they caused by people of
weather?

3.Can we determine where forest are vulnerable to future changes in
fire?

UK Centre for 74
Ecology & Hydrology



REDD+ finance buffer against fires

REDD+ COP framework includes results-based payments (RBPs) to
reward countries for reducing forest carbon emissions based on tonnes

of CO2e emissions avoided.

“Buffer” system whereby a % of financing is held back for “insurance”
against carbon loss from disturbances from fire.

Fire is tricky cos it could be from natural, climate change or direct
human management

UK Centre for 75
Ecology & Hydrology



