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Structure

Background 

Respiration and drought

Inter-site and biome comparison

Responses in mortality

Summary: short and long term

Uncertainty in the influence of terrestrial 
ecosystems on atmospheric change is large

Meir, Cox & Grace, 2006
Friedlingstein et al. 2006

(results from ten land-climate model runs, C4MIP
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Inter-annual variability in land-
atmosphere exchange of CO2 is 
large, understanding limited

Zeng et al. 2005

Tropics: 
Large absolute effect
Large inter-annual effect

The Amazon may be vulnerable to drying -

Long term effects : possible 21st Century climatic 
warming and drying

El Niño impacts : inter-annual variability 
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1850 2000 2100

Positive feedback with climatic drying and warming
Model uncertainty
Timescale – decadal+

Cox et al. 2000, 2004

A well known example scenario:

Interannual variation in rainfall

2005 drought in Amazonia

Marengo 2006
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El Niño – strong climatic drying in northern S. America. 
Correlation with CO2 flux to the atmosphere

Roedenbeck et al. 2003
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Prentice and 
Lloyd 1998,

Tian et al. 1998

Modelling of Amazon C balance is consistent with this

Year

Foley et al. 2002

BUT based on 
limited data…….
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Biogeochemical framework

Pattern fairly consistent 

Tian et al. 1998
Zeng et al 2005 
Peylin et al. 2005

Processing and storage

1. Leaves

Photosynthesis (and stomatal+mesophyll conductance)

Respiration

Volatile organic carbon emissions, other

2. Soil and non-leaf plant tissue 

Respiration (heterotrophic and autotrophic)

3. Ecological processes at longer time-scales 

Mortality and reproduction
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Respiration

Rtotal = Rh + Ra

Rh = microbial

Ra = live plant tissue

Key drivers: Temp., H20, 
(& photosynthesis)

Warming and drying …

GPP ↓ (less photosynthesis)

Rtotal ↑ (mainly Rh ↑)

Respiration-drought measurements in the Amazon

Soil respiration = largest respiratory component

1. Component scale measurements

2. Flux data from climatically transitional forest

3. Component and flux data from non-transitional forest



8

Component scale data: drought expt. in E. Amazon, Caxiuanã

Approach:
- artificial manipulation of soil moisture
- physiological + ecological measurements, vegetation and soil
- model-data analysis

Soil respiration

Soil moisture
profiles Leaf gas exchange

Sap flow

Leaf water potential, hydraulic 
conductivity
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Reduction in soil moisture 

Sig. soil drought up to 200 mm in first 3 m of soil column

Reductions in sap flux, leaf photosynthesis, growth

Exclusion started

Soil respiration

Temperature response non-significant (r2<0.10, P>0.10, T=20-26 ºC) 

Moisture dominates response (r2=0.45, P<0.0001)
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Sotta et al. 2007
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Respiration more sensitive than GPP in transition forest (Sinop)

Respiration decreases
during dry season 
in an E. Amazon rain 
forest (Tapajos)

Respiration: ecosystem scale measurements at other sites

(Vourlitis 2005)

(Saleska 2003)

The response to drought by soil respiration, tropical forest

Differing responses, but most show strong decline >50% 

1. Parabolic model (e.g., Sotta et al. 2007, Schwendenmann et al. 2003) 

2. Linear model (Davidson et al. 2000)

3. No effect (Davidson et al. 2004)

4. Large decline, but no model fitted (Vasconcelos et al. 2004)

Substrate availability?

Interactions of temperature and moisture?

Interaction with GPP?
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Soil moisture holding capacity varies spatially.
Spatial variation in rooting depth.

e.g.  Caxiuana > Manaus  → lower ‘rainfall threshold’

→ impact on GPP and respiration

(Fisher in review)

Moisture responses affected by soil hydraulic properties

Total ecosystem respiration effects? Leaves? Woody tissue?

Patterns elsewhere? …Euroflux (23 sites across Europe):
Declines in respiration partially counterbalance declines in GPP

Index of water availability

N
EP

 (k
g 

m
-2

yr
-1

)

Reichstein et al 2007

Implications for understanding inter-annual variation in NEP
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Long and short  timescales: mortality and reproduction

Drought experiment: 1-2 year impacts (5 yr data emerging, Metcalfe)

1. Drought experiment (single site): 
Reproductive structures: reduced by >50%
Mortality: increased from 1.0% to 1.6%

Long and short  timescales: mortality and reproduction

2. Analysis of historical RAINFOR datasets (>100 sites, 30 yrs):
Mortality: increased by mean 0.3% or less
(initial analysis, PhD student, David Galbraith)

3. Impact of El Nino droughts on forests worldwide:
Mortality: median increase by ~1.5% (from 1.1%)   
(Meir and Grace 2005)
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1. Short-term.
i)  Moisture response strong, dominates temp. effect
ii) Moisture dependencies of GPP and soil respiration generally 
affect the carbon balance in opposing directions.
iii) Significant spatial variation

⇒ model development

2. Long-term.
Increased mortality from ~1% by 0 - 1.5% (→ C emissions)
Changes in reproduction/species composition?
…..Understanding of long-term thresholds is rudimentary. 

Understanding potential drought-related thresholds in 
carbon balance of Amazon rain forest ecosystems


