8

Space

D
NTZ{\G Intelligence THE UNIVERSITY

of EDINBURGH

)

== g MUSEU GOELDI




Transnirat_ion (mmyr)

= % o AR -
e

1500

1000

500

0 200 400 600 800 1000 1200 1400 1600

RCP 6.0

Miralles et al (2011) Hydrol. Earth Syst. Sci.
Beer etal (2010] Science

Vicente Serrano 2019, Earth Sci Rev



Why is the Amazon important?
Climate, carhon, diversity, economy

-\ast area: 23 x size of UK

« 29% global land biomass & land carbon Sink

- 19% glohal freshwater flux to oceans

*10-15% global hiodiversity

- Home to millions, ethnic & hiocultural diversity

 Transports 33% of water to S. America’s grain helt

« Forest loss >$230hillion
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Forest - climate interactions: Drought

1998, 2005, 2010, 2015/16, 2023/24
—> Increasing frequency; predicted further increase with warming, land use
Forest function? (reduced tree growth, increased mortality)
Carhon? Water? Species?
Land surface model prediction limited by data.



1998, 2003, 2010, 2015/16, 2023/24
—> Increasing frequency; predicted further increase with warming, land use
Forest function? (reduced tree growth, increased mortality)
Carhon? Water? Species?

Land surface model prediction limited by data. Brazil— UK, 25+ yrs
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Field experiments
Test process
Large scale Change model?




Policy + Discovery Science

Governance (Climate + Deforestation) No Governance
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IS there a combination of pressures that might lead to a so-called
‘tipping point’, with large scale forest dieback?



Amazon - S0S

INERC Large Grant, 2024-20291

Lead UK : Exeter (Sitch), Edinburgh (Meir), Lancaster (Barlow), Leeds (Gloor), WCMC (Kapos)
Lead Brazil: USP (Domingues), INPE (Aragao, Aguiar), UNICAMP (Oliveira), UNIMAT (Marimon), EMBRAPA (Ferreiral



Multiple aspects, community efiort

v Field experiments: mortality/ recovery from drought

v Forest plot networks: intact and human-modified forest

v Remote-sensing: mortality, drought and fire risk

v Modelling: climate stress & demography UK Earth system model

v Science-policy process to deliver impact, local - international.

Stakeholders integral
Brazil-UK co-leadership




v Field experiments: mortality/ recovery from drought

v Forest plot networks: intact and human-modified forest

v Remote-sensing: mortality, drought and fire risk

v Modelling: climate stress & demography UK Earth system model

v Science-policy process to deliver impact, local - international.




it )

at Fam ™

= =4

* Risk of collapse or recovery?
* Time scales of forestloss?
 What are the thresholds?

- Policy needs?




New analysis across scales — experiment + region

ESECAFLOR
Soil moisture reduction
Growth, mortality, water stress
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New data exploration
Tree to region
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or after long-term drought?
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Soil water available after competition (nm Mg G-)
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Sanchez-Martinez et al. 2025 Nature Ecology and Evolution



Biomass change (Mg C ha1year1
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Wood productivity stabilized
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Sanchez-Martinez et al. 2025 Nature Ecology and Evolution



Do trees show signs of current hydraulic stress?

42 Monitored trees (21 per piot) 2023-2024
Sapflow Transpiration

Stem and leaf water content Tissue hydration

Large scale assessment 392 trees (176 per plot] at the peak of the dry and wet seasons

Leaf water potential Hydraulic stress



Maximum daily sap flow (kg h'em)

0.20

0.15

0.10

Control Through Fall Exclusion

Whole Wet Dry
Year2023 season season

EMS to measure sap flow

Sanchez-Martinez et al. 2025 Nature Ecology and Evolution



Control Through Fall Exclusion
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Control Through Fall Exclusion
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Individual physiological stress

Eco-hydrological stability under drought

[
Soil We / Biomass Soil WC / Biomass
i 3.89+0.07mm MgC*' 3,65 + 0.07mm Mg
[
[
[
|
I o
B =
I <
[
! Undisturbed Stabilization
I forest phase
[
Mean growth
Mean growth
I n.as:mg cmyear’ S .  0M:010cmyear’
[
[
[
I ——— - -——__-———’ ~~..-—- ————— -
& > >
0 20

Time of exposure to constant drought (years under 50% throughfall exclusion)

AMJIGBIBAR 191EM SNIE]91-SSEWIoIg



2
=
i
=
=
(L]
==
=4
[==]

400

New drought-adjusted
forest has higher hiomass
than dry forests and
savannas

300

Rain forest?
— CAX Control ?

Biomass (MgC ha™

2000 3000
Climatic water deficit (mm)



. Resistance o Resistance

»
|

+
+

N
N

STRAIN ——— =
STRAIN ———» (-

Hardenmg’
' » Stress ! /—’ Time
Elastic
@, strain ¢
! Repair . | R r
: zor?e “‘ Plastic i e
strain

] Y
"/  Death ~  Death Exhaustion



How do trees subjected to long-term drought
respond to future extreme events?

Extreme Drought in the Amazon 2023/24
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Drought Resistance & Resilience
El Nifio 2023/2024

(a) Stress | Recovery

time

Resistance (Rt):

the ability of a tree to limit the reduction in physiological
performance during drought

Resilience (Rs):

[...] to reach pre-drought physiological performance levels
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Modification of the canony
Droughted trees have a smaller relative crowns
Smaller crown reduces:

» transpiration surface area

« sensitivity to evaporative demand
» plot & tree level adjustments - full recovery

Control trees
« 'shocked' by El Nifio

« waterlosses high (large crown area, biomass)
» droughtinduced leaf loss = legacy effect

Structural Adjustments at the Ecosystem & Tree Level as a Path to Future Forest Resilience?



Detecting tree mortality at scale using planet data

SRt
g}k Y 4 ¥
Py «

4

7

/

/

\ =




Detecting tree mortality at scale using new Planet data

Detect mortality using high resolution hyperspectral data from Planet

We used time series of satellite data to detect abrupt changes in “greeness”
indexes such as EVI and NDVI

Remotely sensed mortality dataset for the whole Amazon hasin

We created a first mortality dataset covering the whole Amazon Basin
for the last five years



We are currently exploring potential drivers related to the occurrence of mortality, such as
physiological vulnerability of species, canopy height and climate forcing

Taller forests show higher mortality signal

Forest canopy emerged as the most important variable explaining the incidence of mortality in
intact forests of the Amazon Basin

Within forests, larger trees are more affected
We show how trees dying are taller compared to the surrounding area
These results match with our plot-level results showing how large tres are more vulnerable to

drought, having strong impacts on carbon storage, biodiversity and microclimatic conditions,
among others
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Long-term - unigue insights, utility
High mortality, then stabilisation, but hiomass loss
Larger trees more affected hy climate extremes

Remaining trees more resilient
Structural change - resilience (tree + ecosystem)

: NEW capacity to detect mortality across region

‘ Natural
Environment

Research Council

Long-term, balanced, international collahoration




Global Grassy Group

;Scientists study“t’ng the biodiversity of grassy biomes

)

Prof Garoline Lehmann
(RBGE and Geosciences)

Prof Casey Ryan
(Geosciences)

EFLN 2026 - TBA!

SECO: RESOLVING THE CURRENT AND
FUTURE CARBON DYNAMICS OF THE DRY
TROPICS




	Slide 1
	Slide 2
	Slide 3
	Slide 4: Change
	Slide 5: Change
	Slide 6
	Slide 7
	Slide 8: Policy + Discovery Science 
	Slide 9
	Slide 10: Multiple aspects, community effort
	Slide 11: Multiple aspects, community effort
	Slide 12
	Slide 13: New analysis across scales – experiment + region
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

