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Hydrology Within Tropical Natural Forests: 
Implications for Large-Scale Ecosystem Modeling

The discipline of hydrology when focused on 
issues pertinent to tropical natural forests 
(sometimes described as “tropical forest 

hydrology”; Bonell 1999) may be divided into the 
study of (1) canopy hydrology and (2) hydrologic or 
“runoff ” pathways (Bonell 2004; Wohl et al. 2012).

Canopy Hydrology: Water Interactions 
Among the Atmosphere, Forest 
Canopy, and Land
Two central concerns for studying canopy hydrol-
ogy within forests are (1) the effect of the vegetation 
canopy on the magnitude and distribution of rainfall 
reaching the ground surface and (2) the flux of water 
to the atmosphere by evapotranspiration mecha-
nisms, also described as “latent heat flux” or simply 
“evaporation” (Penman and Schofield 1951).

Rainfall received by the canopy of a tropical natural 
forest is a fundamental component of the regional 
(and global) water cycle and is the key driver for:

•	 The rate of wet-canopy evaporation (a component 
of evapotranspiration).

•	 Rates and location of water flows on and below 
the ground surface.

•	 Rates of nutrient and carbon mobilization and 
transport within watersheds.

•	 River behavior (including nutrient and carbon 
losses).

When compared to temperate biomes, the higher 
rainfall intensities characteristic of tropical forests 
can have a disproportionate effect (due to nonlin-
earities in the hydrological system) on the dynam-
ics of wet-canopy evaporation (Calder 1996) and 
the preferential pathways of water, nutrients, and 
particles (mineral or organic) toward tropical rivers 
(Chappell 2010; Walsh et al. 2011; Zimmermann, 
Francke, and Elsenbeer 2012). This is particularly the 
case in natural forest areas beneath tropical cyclone 

tracks—including the Caribbean, Queensland (Aus-
tralia), Madagascar, and the Philippines—given their 
even greater rainfall intensities (Bonell, Callaghan, 
and Connor 2004; Howard et al. 2010; Chappell et 
al. 2012). Because of the impact of these regional 
differences in rainfall characteristics, large-scale eco-
system models must be able to capture how nonlin-
earities affect the hydrologic pathways and associated 
subsurface nutrient and carbon flows within small, 
low-order watersheds that contribute most riverflow 
and hence aquatic (chemical and particulate) flux 
within tropical natural forests.

Evapotranspiration is the summation of flux by wet-
canopy evaporation (sometimes ambiguously called 
“interception loss”), transpiration, soil evaporation, 
and open-water evaporation. Recent advances in 
the direct measurement of evapotranspiration over 
subminute to interannual timescales using the eddy 
covariance (EC) method give observations over 
areas up to a few square kilometers that can assist 
parameterization and evaluation of regional or global 
ecosystem models (Mueller et al. 2011). Synchro-
nous measurement of latent heat, sensible heat, and 
carbon dioxide (CO2) fluxes with EC systems allows 
study of the interactions among key variables of the 
global water and carbon budgets. This is an essential 
aspect of intrinsically interdisciplinary ecosystem 
models, such as Community Land Model (CLM) 4.0 
(Barron-Gafford et al. 2012). Though the number of 
tower-based EC systems is increasing within tropi-
cal natural forests, (Fisher et al. 2009), it is only a 
fraction of the number of published studies on basin 
water balance across this biome (Bruijnzeel 1990).

A key uncertainty arising from the extensive 
basin studies within forested and adjacent land 
uses—whether in the Humid Tropics or across all 
global biomes—is the large variability in change to 
evapotranspiration with forest cutting or establish-
ment. With the same proportion of forest being 
cut, observed evapotranspiration changes lie 
within a huge range of values, whether expressed 
as a depth of evaporation (mm) or a proportion 
of rainfall (Andréssian 2004; Brown et al. 2005). 
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This variability makes it difficult to generalize how 
regional evapotranspiration is affected by vari-
ous intensities of tropical natural forest cutting. 
The Zhang et al. (2001) generalization (so-called 
“Zhang curves”) is based on 250 global studies, 
including 35 basin studies from tropical latitudes. It 
indicates that forests have significantly higher evap-
oration rates compared to grasslands where annual 
precipitation is high (>2000 mm per year), but the 
rates are comparable in low rainfall areas (<500 mm 
per year). Important to note is that some of the vari-
ability in the evapotranspiration difference between 
forests and herbaceous vegetation arises from errors 
in basin water-balance studies. Many studies use 
basins that are too small (<0.5 km²) to discount the 
effects of deep seepage (so called “basin leakage”), 
resulting in overestimation of evapotranspiration 
totals from annual rainfall minus river discharge 
balances (Bruijnzeel 1996). In addition, many refor-
estation studies are not monitored long enough to 
show peak (or average) water-use effects (Vertessy, 
Zhang, and Dawes 2003), and studies monitoring 
the effects of forest cutting for only a few years 
emphasize maximum rather than longer-term dif-
ferences between forests and herbaceous vegetation 
(Kuczera 1987; Andréssian 2004).

Earlier general circulation model (GCM) studies 
indicated that severe droughts within the Amazon 
produced by anthropogenically forced climate 
change could so deplete the subsurface moisture 
available to tropical natural forests that extensive 
tree mortality could occur (Cox et al. 2004). More 
recent studies, however, have demonstrated that 
Amazonian rainforests can maintain high transpira-
tion rates during severe droughts, a finding that 
suggests tree roots are much deeper than specified 
in earlier GCM simulations (Canadell et al. 1996; 
Fisher et al. 2007). This in turn indicates that the 
subsurface moisture stores (accessible to deep tap 
roots) are often much deeper than the few meters 
specified in many GCM simulations. Consequently, 
an understanding of the subsurface hydrology and 
associated hydrologic pathways is fundamental for 
accurately simulating moisture availability in the 
dry season to support transpiration and associated 
tree hydraulic functions.

Hydrologic Pathways: Regulating 
Moisture Availability and  
Nutrient-Carbon Migration
The hydrologic (or water) pathways within water-
sheds of tropical natural forests can be defined the 
most unambiguously as the lateral flow routes toward 
a stream or river. These routes comprise:

•	 Lateral flow on slopes by infiltration- or saturation-
excess overland flow mechanisms, both including 
lateral flow within the litter layer (Hewlett 1982).

•	 Lateral flow within the solum (i.e., A and B soil 
horizons).

•	 Lateral flow within deep saprolite (sometimes 
called the C soil horizon including, for example, 
deep granite saprolite).

•	 Lateral flow within rock aquifers (or localized 
rock fractures).

All of these terms have precise definitions within the 
discipline of scientific hydrology (Kirkby 1978), and 
much ambiguity and misinterpretation arise when 
used incorrectly.

The magnitude of water flow within these paths and 
the moisture states along them (e.g., soil moisture 
content, soil-water potential, and water-table depth) 
govern (1) the availability of moisture for consump-
tive use by trees within the rooting zone (including 
deep tap roots), (2) rates of soil organic matter 
decomposition, (3) rates of nutrient release and 
transformation, (4) weathering rates, and (5) trans-
port of nutrients and carbon from the land system 
to rivers and oceans (Anderson and Spencer 1991; 
Proctor 2004; Buss et al. 2010; Shanley, McDowell, 
and Stallard 2011; Eaton et al. 2012). All these 
hydrologically mediated processes will need to be 
simulated within the next generation of regional (or 
global) ecosystem models.

Observations of the difference between mean annual 
rates of rainfall and evapotranspiration are insufficient 
to judge the accuracy and role of hydrologic (and 
hence associated nutrient) pathways represented 
within regional ecosystem models. Observations of 
the flows in each of the four lateral pathways (where 
present locally) through sequences of storm-events 
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are needed for robust validation. While infiltration- 
and saturation-excess overland flows can be directly 
measured relatively easily (at least at very small, 
subhectare scales), quantifying the proportion of 
infiltrated water that travels laterally within the solum, 
saprolite, and rock aquifer is extremely difficult to 
do without introducing artificial and very unrealistic 
boundary conditions (Knapp 1970; McDonnell 
2003).

Particulate, carbon, nitrogen, and phosphorus fluxes 
within both overland or subsurface flows and then 
small, low-order streams of tropical natural forests 
are equally dynamic through individual storm 
events, though they are imperfectly correlated with 
water flow (Wilcke et al. 2009; Walsh et al. 2011). 
This is partly because of the highly dynamic nature 
of water flows within shallow hydrologic pathways 
(over subhourly time intervals). Flux associated with 
particulate transport is particularly episodic, being 
dominated by extreme (rare) storm events (Douglas 
et al. 1999). Thus, ecosystem model simulations of 
observed time series of nutrients and aquatic carbon 
must be based on very high frequency sampling 
(often subhourly) of concentration and flow within 
the low-order tropical watersheds where most of the 
load is sourced. Although there are significantly fewer 
river gauging stations within tropical forests com-
pared to temperate biomes, those with frequently 
sampled water-quality data are extremely sparse. 
Hence, observed evidence of linkages between locally 
dominant hydrologic pathways and resultant physico-
chemical flux (even integrated at the small watershed 
scale via stream-based observations) is very limited 
within tropical forest systems (Wohl et al. 2012).

In terms of observational knowledge of the hydrologic 
pathways across tropical natural forests, detailed 
hillslope and microbasin studies have been conducted 
throughout the region and summarized within several 
publications, notably Bonell et al. (2004). However, 
there is no real consensus on how the presence of 
particular pathways can be identified at large scales 
relevant to global climate models or on their volumet-
ric significance when present. This is partly because 
few studies have been conducted within the Tropics 
and the volumetric significance of each pathway 
at specific sites in any climatic region is debated 

(McDonnell 2003). Some conclusions, however, can 
be drawn from available experimental evidence.

Widely believed outside the tropical hydrological com-
munity is that infiltration-excess overland flow—also 
called Hortonian overland flow (HOF)—generates 
a significant proportion of flow within rivers. HOF is 
defined precisely as surface flow (including flow in the 
litter layer) generated outside channels and produced 
by rainfall intensities (in units of mm per hour) greater 
than the saturated hydraulic conductivity of the 
ground surface (also in mm per hour). Contrary to 
popular view, experimental studies show that, except 
for a few isolated examples (e.g., Zimmermann et al. 
2012), HOF per unit basin area is only a few percent 
of the riverflow per unit basin area (Norcliff, Thornes, 
and Waylen 1979; Chappell et al. 2006). The popular 
misconception partly arises from misinterpreting 
the results of inclined-line, hydrograph separation 
into “stormflow” or “quickflow” and “baseflow” (or 
“delayed flow”; Hewlett and Hibbert 1967). This 
method is very useful in deriving a single number (i.e., 
quickflow percent) that characterizes the flashiness of a 
river’s response (Hewlett 1982). However, this propor-
tion should not be used to infer the percentage of the 
total hydrograph sourced from a particular hydrologic 
pathway (e.g., overland flow), as was originally envis-
aged by Robert Horton (Beven 1991, 2012). When 
such inferences are made, the volumetric importance 
of the (infiltration- or saturation-excess) overland flow 
pathway is grossly exaggerated. For example, quickflow 
is approximately 46% of the total hydrograph in the 
Danum basins within tropical natural forests in Borneo 
(Bidin and Greer 1997), but measured overland flow is 
only 4% of the total hydrograph (Chappell et al. 2006). 
The volumetric insignificance of this pathway does not 
mean that its role in transporting particulates (ero-
sion) or nutrients from the organic surface horizons of 
tropical soils is unimportant. In fact, this small volume 
of water does much work redistributing particles (and 
organic solutes) across slopes to streams. Certain soil 
types found within the Humid Tropics typically have a 
lower ground-surface saturated hydraulic conductivity, 
Ks , (also called infiltration capacity), notably Gleysols 
and Vertisols (Chappell and Ternan 1992; Bonell et al. 
2010). Consequently, these soils should have a greater 
propensity for generating overland flow (whether by 
HOF or saturation overland flow). However, studies 
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that quantify ground-surface Ks , overland flow per 
unit area, and riverflow per unit area are largely absent 
within the Humid Tropics.

With forest disturbance, soils can be affected by local-
ized compaction from vehicles or by trampling from 
domesticated animals, causing ground-surface Ks to 
decrease locally (Bonell et al. 2010) and recover rela-
tively slowly (Hassler et al. 2011). Within landscapes 
that remain forested, however, marked Ks reductions 
are highly localized and any HOF generated often 
reinfiltrates as it moves to less disturbed soils before 
reaching a river, an often unappreciated effect called 
the runoff–runon phenomenon (Bonell and Wil-
liams 1986). Even with better data on the proportion 
of rainfall generating HOF, an open question remains 
about how that process should be represented within 
finite element meshes of ecosystem models in which 
element size is so large (i.e., several square kilometers 
or larger) that overland flow cannot be separated 
from channel flow.

Given that almost all rainfall penetrating a tropi-
cal forest canopy infiltrates the ground, research 
into hydrologic pathways should be focused on 
subsurface pathways. Most streamflow-generation 
studies conducted within tropical natural forests 
have focused on examining the subsurface A and 
B soil horizons. However, few studies have been 
conducted on the role of deeper strata, notably 
saprolite and rock aquifers (Bonell et al. 2004). 
Underlying small experimental watersheds in, for 
example, northern Thailand (Kog Ma), Peninsular 
Malaysia (Bukit Tarek), Cambodia (O Toek Loork), 
and the central Amazon (Reserva Ducke) are many 
meters of deep saprolite (C soil horizon) with 
high saturated hydraulic conductivity. As a result, 
the lateral flow deep within the saprolite becomes 
a dominant pathway, subsequently damping the 
riverflow hydrograph (i.e., hydrograph recessions 
extending several days after a storm event; Lesack 
1993). There are even fewer small experimental 
watersheds established on rock aquifers within 
tropical natural forests. Large areas of the central 
Amazon and Congo basins, however, are underlain 
by major rock aquifers (Struckmeier and Richts 
2006; www.whymap.org). Where percolation 
readily penetrates both the solum and saprolite to 
recharge deep rock aquifers (“deep groundwater”), 

then river hydrograph recessions extending over 
several months clearly demonstrate the dominance 
of lateral flow within rock aquifers (Ockenden 
and Chappell 2011). Capturing in new ecosystem 
models the subsurface strata having root-available 
moisture storage and the transport of dissolved 
nutrients or carbon (e.g., dissolved organic car-
bon and CO2) within tropical natural forests will 
require identifying the presence and role of deep 
saprolite and rock aquifers at a pantropical scale; 
where present, hydraulic properties also will need 
to be characterized. Initially, this would serve as 
a basis for classifying tropical hydrologic systems 
into those with a deep rock aquifer (Type IV), a 
deep saprolite (Type III), a solum developed on 
impermeable bedrock and limited saprolite (Type 
II), and steep mountains only supporting an A soil 
horizon (Type I). Areas observed to be dominated 
by HOF (where infiltration is severally restricted) 
might be classified as shallow Type I systems also. 
In very simplistic terms, Type I to IV systems might 
be seen to have active hydrologic depths of 0.2 m, 2 
m, 20 m, and 200 m, respectively, with correspond-
ing hydrograph time constants. Such constants are 
based on the recession characteristics associated 
with the dominant hydrologic pathways (Box, Jen-
kins, and Reinsel 2008) of minutes, hours, days, and 
months, respectively (see Fig. 11.1, p. 82; Chappell 
et al. 2007).

Although this conceptual model exists, it does 
require pantropical mapping using a combina-
tion of existing soil and hydrogeological map data 
combined with hydrograph recession analyses 
(Peña-Arancibia et al. 2010), plus further evalua-
tion against observations from experimental basins 
in the Humid Tropics (Bonell et al. 2004). Such 
work potentially would provide the necessary 
pantropical parameterization for next-generation 
ecosystem models that would simulate (1) locations 
where deep rooting in deeper subsurface hydrologic 
systems affect transpiration and resilience against 
tree mortality (Fisher et al. 2007) and (2) loca-
tions where deep hydrologic pathways regulate the 
biogeochemistry of tropical natural forests (Buss 
et al. 2010).
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Key Uncertainties and Research 
Opportunities
The preceding synthesis has highlighted several 
key research gaps and uncertainties related to both 
canopy hydrology and hydrologic pathways:

•	 How can water budgets derived from eddy 
correlation and catchment balances be inte-
grated to give a better understanding of the 
changes in forest evapotranspiration follow-
ing disturbance and reforestation at tropical 
macroscales? Understanding the evapotranspira-
tion component of the tropical water cycle is of 
fundamental importance to ecosystem modeling. 
Although increasing, the number of locations with 
eddy flux observations above tropical forests still 
is limited. Consequently, most evapotranspiration 
estimates for tropical forests, in undisturbed and 
disturbed states, are derived from catchment water 
budgets (i.e., the difference between annual rain-
fall and annual stream flow per unit area) or the 
analysis of automatic weather station data (Zhang 
et al. 2001; Roberts et al. 2005). All these meth-
ods are now known to be prone to considerable 

error (Drexler et al. 2004; Burba and Anderson 
2010). Error analysis and method intercompari-
sons thus are necessary for all new observational 
studies and as integral parts of any new data 
assimilation studies. Such analyses enable con-
fidence within the findings of new syntheses of 
long-term estimates of evapotranspiration or the 
effects of forest disturbance or reforestation on 
regional evapotranspiration.

•	 What is the depth of the dominant hydrological 
path mapped at each 100 km² location across 
the Humid Tropics? What saturated hydraulic 
conductivity distribution can be associated 
with this dominant path for each mapped 
location? The pathways of water over and below 
the land surface regulate which strata (soil horizons, 
saprolite, and solid rock) provide the water and 
chemical resources that support tropical forests and 
associated faunal communities (including microbi-
ology) and how nutrients are leached to rivers. In 
steep mountain environments, the dominant hydro-
logical path may extend only to decimeters below 
the ground surface, but, within areas underlain by 
rock aquifers, it may be hectometers deep. Although 
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Fig. 11.1. Schematic Representation 
of Hydrologic Systems in Tropical 
Natural Forests. This figure indicates where 
different pathway systems dominate, including 
near-surface hydrologic pathways (Type I), lateral 
hydrologic pathways in the solum (A and B soil 
horizon; Type II), lateral hydrologic pathways 
in the saprolite (Type III), or lateral hydrologic 
pathways in a rock aquifer (Type IV). Example 
depths and the logarithmic depth scale are given. 
[Adapted with kind permission from Springer 
Science+Business Media: Chappell, N.A., et al. 
2007. “Runoff Processes in Southeast Asia: 
Role of Soil, Regolith and Rock Type.” In Forest 
Environments in the Mekong River Basin, 3–23. 
Eds. H. Sawada, M. Araki, N. A. Chappell, J. V. 
LaFrankie, and A. Shimizu, Springer Verlag, Tokyo. 
© 2007 Springer.]
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maps of the soil types covering the Humid Tropics 
are available, the hydrological functioning of each 
soil type (e.g., whether the flow is predominantly 
vertical or horizontal) is much debated, and there 
is often much variability within each soil type (e.g., 
McDonnell 2003; Chappell and Sherlock 2005; 
Chappell et al. 2007). Maps showing the presence 
of rock aquifers across the Humid Tropics are avail-
able (www.whymap.org), but maps of the extent 
of shallow saprolite layers are incomplete. Physics-
based models of catchment hydrology that can 
predict the dominant hydrological paths normally 
are most sensitive to the model parameter of the 
saturated hydraulic conductivity. Within the Humid 
Tropics, observations of the saturated hydraulic 
conductivity typically are available only for very 
small volumes of soil or saprolite. It is now known 
that the values needed to parameterize models 
with grid elements much larger than the measured 
volumes are not easily derived from direct observa-
tions (Brooks, Boll, and McDaniel 2004). Much 
research is needed to understand how saturated 
hydraulic conductivity values appropriate for the 
parameterization of regional or global ecosystem 
models can be derived for the mapped soil, sapro-
lite, and rock types across the Humid Tropics.

•	 Can hydrograph shape be used to help deter-
mine the dominant hydrological path, (i.e., 
a lateral path via the soil, a saprolite layer, a 
fractured rock, or a rock aquifer) at gauged 
locations throughout the Humid Tropics? 
The recession of a river hydrograph is an area-
integrated expression of the dominant hydrologi-
cal path or paths within a watershed. Watersheds 
where the water movement is dominated by shal-
low water pathways through the soil have rapid 
hydrograph recessions (i.e., minutes to hours). 
In areas underlain by major rock aquifers, the 
hydrological pathways are much deeper and the 
hydrograph recessions much longer (i.e., months). 
In areas where saprolite pathways or shallow rock 
fractures dominate, then the intermediate duration 
recessions dominate (Ockenden and Chappell 
2011). Analysis of recession constants for many 
watersheds across the Humid Tropics should be 
undertaken systematically (Peña-Arancibia et al. 
2010), as these findings have the potential to help 
develop the pantropical map of the dominant 
hydrological paths.

83Research Priorities for Tropical Ecosystems Under Climate Change

Chapter 11 – Hydrology Within Tropical Natural Forests: Implications for Large-Scale Ecosystem Modeling

DOE Office of Science

Integrating Processes

http://www.whymap.org


84 Research Priorities for Tropical Ecosystems Under Climate Change

Chapter 11 – Hydrology Within Tropical Natural Forests: Implications for Large-Scale Ecosystem Modeling

DOE Office of Science



101Research Priorities for Tropical Ecosystems Under Climate ChangeDOE Office of Science

Appendix 3

Bibliography

Aide, T. M., et al. 2012. “Deforestation and Reforestation of 
Latin America and the Caribbean (2001–2010),” Biotropica. 
DOI:10.1111/j.1744–7429.2012.00908.x.

Ainsworth, E. A., and A. Rogers. 2007. “The Response of 
Photosynthesis and Stomatal Conductance to Rising [CO2]: 
Mechanisms and Environmental Interactions,” Plant Cell and 
Environment 30(3), 258–70.

Allen, C. D., et al. 2010. “A Global Overview of Drought and 
Heat-Induced Tree Mortality Reveals Emerging Climate 
Change Risks for Forests,” Forest Ecology and Management 
259, 660–84.

Allison, S. D., M. D. Wallenstein, and M. A. Bradford. 2010. “Soil 
Carbon Response to Warming Dependent upon Microbial 
Physiology,” Nature Geosciences 3, 336–40.

Alves, D. S., et al. 1997. “Biomass of Primary and Secondary 
Vegetation in Rondonia, Western Brazilian Amazon,” Global 
Change Biology 3, 451–61.

Amundson, R., and H. Jenny. 1997. “Thinking of Biology: On a 
State Factor Model of Ecosystems,” Bioscience 47, 536–43.

Anderson, B. 2011. “Near-Term Increase in Frequency of 
Seasonal Temperature Extremes Prior to the 2°C Global 
Warming Target,” Climatic Change 108(3), 581–89.

Anderson, B. A. 1981. “White-Sand Vegetation of Brazilian 
Amazonia,” Biotropica 13, 199–210.

Anderson, L. O., et al. 2010. “Remote Sensing Detection of 
Droughts in Amazonian Forest Canopies,” New Phytologist 
187(3), 733–50.

Anderson, J. M., and T. Spencer. 1991. Carbon, Nutrient and 
Water Balances of Tropical Rainforest Ecosystems Subject to 
Disturbance: Management Implications and Research Proposals. 
MAB Digest 7. UNESCO, Paris.

Andreae, M. O. 2009. “Correlation Between Cloud Condensation 
Nuclei Concentration and Aerosol Optical Thickness in 
Remote and Polluted Regions,” Atmospheric Chemistry and 
Physics 9, 543–56.

Andreae M. O., et al. 2002. “Biogeochemical Cycling of 
Carbon, Water, Energy, Trace Gases, and Aerosols 
in Amazonia: The LBA-EUSTACH Experiments,” 
Journal of Geophysical Research: Atmospheres 107, 8066. 
DOI:10.1029/2001JD000524.

Andreae, M. O., et al. 2004. “Smoking Rain Clouds Over the 
Amazon,” Science 303, 1337–42.

Andréssian, V. 2004. “Waters and Forests: From Historical 
Controversy to Scientific Debate,” Journal of Hydrology 
291(1–2), 1–27.

Araújo A. C., et al. 2002. “Comparative Measurements of 
Carbon Dioxide Fluxes from Two Nearby Towers in a 
Central Amazonian Rainforest: The Manaus LBA Site,” 
Journal of Geophysical Research: Atmospheres 107, 8090. 
DOI:10.1029/2001JD000676.

Arnaud, P., and J. Lavabre. 2002. “Coupled Rainfall Model and 
Discharge Model for Flood Frequency Estimation,” Water 
Resources Research 38, 1075.

Arneth, A., et al. 2010. “Terrestrial Biogeochemical Feedbacks in 
the Climate System,” Nature Geosciences 3, 525–32.

Arora, V. K., and J. G. Boer. 2005. “Fire as an Interactive 
Component of Dynamic Vegetation Models,” Journal 
of Geophysical Research: Biogeosciences 110, G02008, 
DOI:10.1029/2005JG000042.

Artaxo, P., et al. 2002. “Physical and Chemical Properties 
of Aerosols in the Wet and Dry Seasons in Rondônia, 
Amazonia,” Journal of Geophysical Research: Atmospheres 107, 
8081. DOI:10.1029/2001JD000666.

Asner, G. P., et al. 2004. “Drought Stress and Carbon Uptake 
in an Amazon Forest Measured with Spaceborne Imaging 
Spectroscopy,” Proceedings of the National Academy of Sciences 
of the United States of America 101, 6039–44.

Asner, G. P., et al. 2005. “Selective Logging in the Brazilian 
Amazon,” Science 310, 480–82.

Asner, G. P., et al. 2009. “A Contemporary Assessment of 
Change in Humid Tropical Forests,” Conservation Biology 23, 
1386–95.

Asner, G. P., et al. 2010. “High-Resolution Forest Carbon Stocks 
and Emissions in the Amazon,” Proceedings of the National 
Academy of Sciences of the United States of America 107(38), 
16738–42.

Atkin, O. K., and D. Macherel. 2009. “The Crucial Role of Plant 
Mitochondria in Orchestrating Drought Tolerance,” Annals of 
Botany 103(4), 581–97.

Atkin, O. K., and M. G. Tjoelker. 2003. “Thermal Acclimation 
and the Dynamic Response of Plant Respiration to 
Temperature,” Trends in Plant Science 8, 343–51.

Atkin, O. K., et al. 2008. “Using Temperature-Dependent 
Changes in Leaf Scaling Relationships to Quantitatively 
Account for Thermal Acclimation of Respiration in a Coupled 
Global Climate–Vegetation Model,” Global Change Biology 
14, 2709–26.

Attiwill, P. M., and G. W. Leeper. 1987. Forest Soils and Nutrient 
Cycles. Melbourne University Press, Melbourne, Australia.

Austin, A., O. Sala, and R. Jackson. 2006. “Inhibition of 
Nitrification Alters Carbon Turnover in the Patagonian 
Steppe,” Ecosystems 9, 1257–65.

Avissar R., and D. Werth. 2005. “Global Hydroclimatological 
Teleconnections Resulting from Tropical Deforestation,” 
Journal of Hydrometeorology 6, 134–45.

Baidya Roy, S., and R. Avissar. 2002. “Impact of Land Use/Land 
Cover Change on Regional Hydrometeorology in Amazonia,” 
Journal of Geophysical Research: Atmospheres 107, 8037. 
DOI:10.1029/2000JD000266.



102 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Appendix 3

Baker, I. T., et al. 2008. “Seasonal Drought Stress in the 
Amazon: Reconciling Models and Observations,” Journal 
of Geophysical Research: Biogeosciences 113, G00B01. 
DOI:10.1029/2007JG000644.

Baker, P. J., et al. 2005. “Disturbance History and Historical Stand 
Dynamics of a Seasonal Tropical Forest in Western Thailand,” 
Ecological Monographs 75, 317–43.

Baker, T. R., et al. 2004. “Increasing Biomass in Amazonian 
Forest Plots,” Philosophical Transactions of the Royal Society 
B–Biological Sciences 359, 353–56.

Bakwin, P. S., et al. 1990. “Emission of Nitric Oxide (NO) 
from Tropical Forest Soils and Exchange of NO between 
the Forest Canopy and Atmospheric Boundary Layers,” 
Journal of Geophysical Research: Atmospheres 95(16), 755–64. 
DOI:10.1029/JD095iD10p16755.

Bakwin, P. S., S. C. Wofsy, and S.-M. Fan. 1990. “Measurements 
of Reactive Nitrogen Oxides (NOy) Within and Above 
a Tropical Forest Canopy in the Wet Season,” Journal of 
Geophysical Research: Atmospheres 95(D10), 16765–72.

Bala, G., et al. 2007. “Combined Climate and Carbon-Cycle 
Effects of Large-Scale Deforestation,” Proceedings of the 
National Academy of Sciences of the United States of America 
104(16), 6550–55.

Balser, T. C., and D. L. Wixon. 2009. “Investigating Biological 
Control over Soil Carbon Temperature Sensitivity,” Global 
Change Biology 15, 2935–49.

Baltzer, J. L., et al. 2008. “The Role of Dessication Tolerance in 
Determining Tree Species Distributions Along the Malay–
Thai Peninsula,” Functional Ecology 22(2), 221–31.

Baltzer, J. L., et al. 2009. “Coordination of Foliar and Wood 
Anatomical Traits Contributes to Tropical Tree Distributions 
and Productivity along the Malay–Thai Peninsula,” American 
Journal of Botany 96, 2214–23.

Baraloto, C., et al. 2010. “Decoupled Leaf and Stem Economics in 
Rainforest Trees,” Ecology Letters 13, 1338–47.

Barlow, J., and C. A. Peres. 2004. “Ecological Responses to El 
Niño–Induced Surface Fires in Central Brazilian Amazonia: 
Management Implications for Flammable Tropical Forests,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 359(1443), 367–80.

Barlow, J., and C. A. Peres. 2008. “Fire–Mediated Dieback 
and Compositional Cascade in an Amazonian Forest,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 363(1498), 1787–94.

Barron-Gafford, G. A., et al. 2012. “Temperature and 
Precipitation Controls over Leaf- and Ecosystem-Level 
CO2 Flux along a Woody Plant Encroachment Gradient,” 
Global Change Biology 18(4), 1389–1400. DOI:10.111
1/j.1365–2486.2011.02599. 

Beckage, B., W. J. Platt, and L. J. Gross. 2009. “Vegetation, Fire, 
and Feedbacks: A Disturbance-Mediated Model of Savannas,” 
The American Naturalist 174, 805–18.

Beer, C., et al. 2010. “Terrestrial Gross Carbon Dioxide Uptake: 
Global Distribution and Covariation with Climate,” Science 
329, 834–38.

Belger, L., B. R. Forsberg, and J. M. Melack. 2011. “Carbon 
Dioxide and Methane Emissions from Interfluvial Wetlands 
in the Upper Negro River Basin, Brazil,” Biogeochemistry 105, 
171–83. 

Bellingham, P. J. 1991. “Landforms Influence Patterns of 
Hurricane Damage: Evidence from Jamaican Montane 
Forests,” Biotropica 23(4), 427–33.

Bellingham, P. J., E. V. J. Tanner, and J. R. Healey. 1994. “Damage 
and Responsiveness of Jamaican Montane Tree Species after 
Disturbance by a Hurricane,” Ecology 76, 2562–80.

Berry, J., and O. Bjorkman. 1980. “Photosynthetic Response and 
Adaptation to Temperature in Higher Plants,” Annual Review 
of Plant Physiology and Plant Molecular Biology 31, 491–543.

Beven, K. 1991. Hydrograph Separation? British Hydrological 
Symposium, Second National Hydrology Symposium 
Southampton. Wallingford, United Kingdom, Institute of 
Hydrology, August. 

Beven, K. J. 2012. Rainfall-Runoff Modelling: The Primer. 2nd ed., 
Wiley-Blackwell, Chichester, United Kingdom.

Bidin, K., and T. Greer. 1997. “A Spreadsheet-Based Technique 
(Lotus 1–2–3) for Separating Tropical Forest Storm 
Hydrographs Using Hewlett and Hibbert’s Slope,” Earth 
Surface Processes and Landforms 22(13), 1231–37.

Blagodatsky, S., and P. Smith. 2012. “Soil Physics Meets 
Soil Biology: Towards Better Mechanistic Prediction 
of Greenhouse Gas Emissions from Soil,” Soil Biology 
Biochemistry 47, 78–92. 

Bonan, G. B. 2008. “Forests and Climate Change: Forcings, 
Feedbacks, and the Climate Benefits of Forests,” Science 
320(5882), 1444–49.

Bonan, G. B., and S. Levis. 2006. “Evaluating Aspects of the 
Community Land and Atmosphere Models (CLM3 and 
CAM3) using a Dynamic Global Vegetation Model,” Journal 
of Climate 19(11), 2290–301.

Bonan, G. B., and S. Levis. 2010. “Quantifying Carbon-Nitrogen 
Feedbacks in the Community Land Model (CLM4),” 
Geophysical Research Letters 37, L07401.

Bond, W. J., and G. F. Midgley. 2012. “Carbon Dioxide and 
the Uneasy Interactions of Trees and Savannah Grasses,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 367(1588), 601–12.

Bonell, M. 1999. “Tropical Forest Hydrology and the Role of the 
UNESCO International Hydrological Programme,” Hydrology 
and Earth System Sciences 3, 451–61.

Bonell, M., J. Callaghan, and G. Connor. 2004. “Synoptic and 
Mesoscale Rain Producing Systems in the Humid Tropics.” 
In: Forests, Water and People in the Humid Tropics, 194–266. 
Cambridge University Press, Cambridge. 

Bonell, M., and J. Williams. 1986. “The Generation and 
Redistribution of Overland Flow on a Massive Oxic Soil in a 
Eucalypt Woodland within the Semi-Arid Tropics of North 
Australia,” Hydrological Processes 1, 31–46. DOI:10.1002/
hyp.3360010105.



103Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Appendix 3

Bonell, M., et al. 2010 “The Impact of Forest Use and 
Reforestation on Soil Hydraulic Conductivity in the Western 
Ghats of India: Implications for Surface and Sub-Surface 
Hydrology,” Journal of Hydrology 391, 47–62. 

Boose, E. R., D. R. Foster, and M. Fluet. 1994. “Hurricane 
Impacts to Tropical and Temperate Forest Landscapes,” 
Ecological Monographs 64, 369–400.

Boose, E. R., M. I. Serrano, and D. R. Foster. 2004. “Landscape 
and Regional Impacts of Hurricanes in Puerto Rico,” 
Ecological Monographs 74, 335–52.

Booth, B. B. B., et al. 2012. “High Sensitivity of Future Global 
Warming to Land Carbon Cycle Processes,” Environmental 
Research Letters 7(2), 024002.

Boucher, D. H., et al. 1994. “Resistance and Resilience in a 
Directly Regenerating RainForest: Nicaraguan Trees of 
the Vochysiaceae after Hurricane Joan,” Forest Ecology and 
Management 68, 127–36.

Boucher, D. H., et al. 2001. “Post-Agriculture Versus Post-
Hurricane Succession in Southeastern Nicaraguan 
Rainforest,” Plant Ecology 156, 131–37. 

Bouwman, A. F., et al. 1993. “Global Analysis of the Potential 
for N2O Production in Natural Soils,” Global Biogeochemical 
Cycles 7(3), 557–97.

Box, G. E. P., G. M. Jenkins, and G. C. Reinsel. 2008. Time Series 
Analysis: Forecasting and Control, 746. Fourth ed., Wiley, 
Hoboken. 

Bradford, M. A., B. W. Watts, and C. A. Davies. 2010. “Thermal 
Adaptation of Heterotrophic Soil Respiration in Laboratory 
Microcosms,” Global Change Biology 16, 1576–88.

Bradford, M. A., et al. 2008. “Thermal Adaptation of Soil 
Microbial Respiration to Elevated Temperature,” Ecology 
Letters 11, 1316–27.

Bradshaw, C. J. A., et al. 2007. “Global Evidence that 
Deforestation Amplifies Flood Risk and Severity in the 
Developing World,” Global Change Biology 13(11), 2379–95.

Brando, P. M., et al. 2008. “Drought Effects on Litterfall, Wood 
Production, and Belowground Carbon Cycling in an Amazon 
Forest: Results of a Throughfall Reduction Experiment,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 363(1498), 1839–48.

Brokaw, N. V. L. 1998. “Cecropia Schreberiana in the Luquillo 
Mountains of Puerto Rico,” The Botanical Review 64(2), 
91–120.

Brooks, E. S., J. Boll, and P. A. McDaniel. 2004. “A Hillslope-
Scale Experiment to Measure Lateral Saturated Hydraulic 
Conductivity,” Water Resources Research 40, W04208. 
DOI:10.1029/2003WR002858.

Brown, A. E., et al. 2005. “A Review of Paired Catchment Studies 
for Determining Changes in Water Yield Resulting from 
Alterations in Vegetation,” Journal of Hydrology 310, 28–61.

Brown, I. F., et al. 1995. “Uncertainty in the Biomass of 
Amazonian Forests: An Example from Rondônia, Brazil,” 
Forest Ecology and Management 75, 175–89.

Bruijnzeel, L. A. 1990. Hydrology of Tropical Moist Forests and 
Effects of Conversion: A State of Knowledge Review. UNESCO, 
Paris, and Vrije Universiteit, Amsterdam. 

Bruijnzeel, L. A. 1996. “Predicting the Hydrological Impacts 
of Land Covers Transformation in the Humid Tropics: The 
Need for Integrated Research.” In Amazonian Deforestation 
and Climate, 15–55. Eds. J. H. C. Gash, et al. John Wiley and 
Sons, Chichester.

Bruijnzeel, L. A. 2004. “Hydrological Functions of Tropical 
Forests: Not Seeing the Soil for the Trees?” Agriculture, 
Ecosystems and Environment 104, 185–228.

Bryan, D. D., et al. 2009. “Distribution of Nitrogen-15 Tracers 
Applied to the Canopy of a Mature Spruce-Hemlock Stand, 
Howland, Maine, USA,” Oecologia 160(3), 589–99.

Burba, G. G., and D. J. Anderson. 2010. A Brief Practical Guide to 
Eddy Covariance Flux Measurements: Principles and Workflow 
Examples for Scientific and Industrial Applications. LI-COR 
Biosciences, Lincoln, Nebraska. 

Buss, H. L., et al. 2010. “Phosphorus and Iron Cycling in Deep 
Saprolite, Luquillo Mountains, Puerto Rico,” Chemical 
Geology 269, 52–61. DOI:10.1016/j.chemgeo.2009.08.001.

Calder, I. R. 1996. “Rainfall Interception and Drop Size: 
Development and Calibration of the Two-Layer Stochastic 
Interception Model,” Tree Physiology 16, 727–32. 

Calfapietra, C., et al. 2010. “Challenges in Elevated CO2 
Experiments on Forests,” Trends in Plant Science 15(1), 5–10.

Cameron, D., K. Beven, and P. Naden. 2000. “Flood Frequency 
Estimation by Continuous Simulation Under Climate Change 
(with Uncertainty),” Hydrology and Earth System Sciences 4, 
393–405.

Canadell, J. G., et al. 1996. “Maximum Rooting Depth of 
Vegetation Types at the Global Scale,” Oecologia 108, 583–95. 

Canadell, J. G., et al. 2007. “Contributions to Accelerating 
Atmospheric CO2 Growth from Economic Activity, Carbon 
Intensity, and Efficiency of Natural Sinks,” Proceedings of the 
National Academy of Sciences of the United States of America 
104, 18866–70.

Canham, C. D., et al. 2010. “Variation in Susceptibility to 
Hurricane Damage as a Function of Storm Intensity in Puerto 
Rican Tree Species,” Biotropica 42(1), 87–94.

Carmo, J. B., et al. 2006. “A Source of Methane from Upland 
Forests in the Brazilian Amazon,” Geophysical Research Letters 
33, L04809. DOI:10.1029/2005GL025436.

Cattânio, J., et al. 2002. “Unexpected Results of a Pilot 
Throughfall Exclusion Experiment on Soil Emissions of 
CO2, CH4, N2O, and NO in Eastern Amazonia,” Biology and 
Fertility of Soils 36, 102–08.

Cavaleri, M. A., S. F. Oberbauer, and M. G. Ryan. 2008. “Foliar 
and Ecosystem Respiration in an Old-Growth Tropical 
Rainforest,” Plant, Cell and Environment 31, 473–83.

Cernusak, L. A., et al. 2011. “Responses of Legume Versus 
Nonlegume Tropical Tree Seedlings to Elevated CO2 
Concentration,” Plant Physiology 157(1), 372–85.



104 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Appendix 3

Cernusak, L. A., et al. In review. “Tropical Forests and Elevated 
[CO2]: Challenges and Opportunities for Future Research.”  

Cerri, C. E. P., et al. 2007. “Simulating SOC Changes in 11 Land 
Use Change Chronosequences from the Brazilian Amazon 
with RothC and Century Models,” Agriculture Ecosystems and 
Environment 122(1), 46–57.

Chacon, N., et al. 2006. “Iron Reduction and Soil Phosphorus 
Solubilization in Humid Tropical Forests Soils: The Roles of 
Labile Carbon Pools and an Electron Shuttle Compound,” 
Biogeochemistry 78(1), 67–84.

Chadwick, O. A., et al. 1999. “Changing Sources of Nutrients 
During Four Million Years of Ecosystem Development,” 
Nature 397, 491–97.

Chambers, J. Q., N. Higuchi, and J. P. Schimel. 1998. “Ancient 
Trees in Amazonia,” Nature 391,135–36.

Chambers, J. Q., and W. L. Silver. 2004. “Some Aspects of 
Ecophysiological and Biogeochemical Responses of Tropical 
Forests to Atmospheric Change,” Philosophical Transactions 
of the Royal Society Series B: Biological Sciences 359(1443), 
463–76.

Chambers, J. Q., et al. 2000. “Decomposition and Carbon 
Cycling of Dead Trees in Tropical Forests of the Central 
Amazon,” Oecologia 122, 380–88.

Chambers, J. Q., et al. 2004a. “Response of Tree Biomass and 
Wood Litter to Disturbance in a Central Amazon Forest,” 
Oecologia 141(4), 596–611.

Chambers, J. Q., et al. 2004b. “Respiration from a Tropical Forest 
Ecosystem: Partitioning of Sources and Low Carbon Use 
Efficiency,” Ecological Applications 14, S72–88.

Chambers, J. Q., et al. 2007a. “Hurricane Katrina’s Carbon 
Footprint on U. S. Gulf Coast Forests,” Science 318, 1107.

Chambers, J. Q., et al. 2007b. “Regional Ecosystem Structure 
and Function: Ecological Insights from Remote Sensing of 
Tropical Forests,” Trends in Ecology and Evolution 22, 414–23.

Chambers, J. Q., et al. 2009. “Lack of Intermediate-Scale 
Disturbance Data Prevents Robust Extrapolation of Plot-
Level Tree Mortality Rates for Old-Growth Tropical Forests,” 
Ecology Letters 12, E22–25.

Chao, K. J., et al. 2009. “How Do Trees Die? Mode of Death in 
Northern Amazonia,” Journal of Vegetation Science 20, 260–68.

Chapin, F. S. I. 1980. “The Mineral Nutrition of Wild Plants,” 
Annual Review of Ecology and Systematics 21, 423–47.

Chappell, N. A. 2010. “Soil Pipe Distribution and Hydrological 
Functioning within the Humid Tropics: A Synthesis,” 
Hydrological Processes 24, 1567–81.

Chappell, N. A., and M. D. Sherlock. 2005. “Contrasting Flow 
Pathways Within Tropical Forest Slopes of Ultisol Soil,” Earth 
Surface Processes and Landforms 30(6), 735–53.

Chappell, N. A., and J. L. Ternan. 1992. “Flow-Path 
Dimensionality and Hydrological Modelling,” Hydrological 
Processes 6, 327–45.

Chappell, N. A., et al. 2006. “BARUMODEL: Combined Data 
Based Mechanistic Models of Runoff Response in a Managed 
Rainforest Catchment,” Forest Ecology and Management 
224(1–2), 58–80. 

Chappell, N. A., et al. 2007. “Runoff Processes in Southeast Asia: 
Role of Soil, Regolith and Rock Type.” In Forest Environments 
in the Mekong River Basin, 3–23. Eds. H. Sawada, et al.  
Springer Verlag, Tokyo. 

Chappell, N. A., et al. 2012. “Tropical Cyclone Effects on Rapid 
Runoff Responses: Quantifying with New Continuous-
Time Transfer Function Models.” In Revisiting Experimental 
Catchment Studies in Forest Hydrology, 82–93. Eds. A. A. 
Webb, et al. IAHS Publication 353, Wallingford, IAHS Press. 

Chave, J., et al. 2008. “Assessing Evidence for a Pervasive 
Alteration in Tropical Tree Communities,” PloS Biology 6(3), 
e45. DOI:10.1371/journal.pbio.0060045. 

Chazdon, R. L. 2003. “Tropical Forest Recovery: Legacies of 
Human Impact and Natural Disturbance,” Perspectives in Plant 
Ecology, Evolution and Systematics 6, 51–71.

Chazdon, R. L. 2012. “Tropical Forest Regeneration.” In 
Encylopedia of Biodiversity, Second ed., Elsevier Science.

Chazdon, R. L., and J. P. Arroyo-Mora. In press. “Tropical Forests 
as Complex Adaptive Systems.” In Managing World Forests 
as Complex Adaptive Systems in the Face of Global Change. 
Earthscan Press.

Chazdon, R. L., A. R. Brenes, and B. V. Alvarado. 2005. “Effects 
of Climate and Stand Age on Annual Tree Dynamics in 
Tropical Second-Growth Rainforests,” Ecology 86, 1808–15.

Chazdon, R. L., et al. 2007. “Rates of Change in Tree 
Communities of Secondary Neotropical Forests Following 
Major Disturbances,” Philosophical Transactions of the Royal 
Society Series B: Biological Sciences 362(1478), 273–89.

Chazdon, R. L., et al. 2009. “The Potential for Species 
Conservation in Tropical Secondary Forests,” Conservation 
Biology 23, 1406–17.

Chazdon, R. L., et al. 2010. “Composition and Dynamics 
of Functional Groups of Trees During Tropical Forest 
Succession in Northeastern Costa Rica,” Biotropica 42, 31–40.

Chen, Q., et al. 2009. “Mass Spectral Characterization of 
Submicron Biogenic Organic Particles in the Amazon 
Basin,” Geophysical Research Letters 36, L20806. 
DOI:10.1029/2009GL039880.

Christensen, J. H., et al. 2007. “Regional Climate Projections.” 
In Climate Change: The Physical Science Basis. Contribution 
of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge 
University Press, New York.

Clark, D. A. 2004. “Sources or Sinks? The Responses of Tropical 
Forests to Current and Future Climate and Atmospheric 
Composition,” Philosophical Transactions of the Royal Society 
Series B: Biological Sciences 359, 477–91.

Clark, D. A., and D. B. Clark. 1992. “Life History Diversity of 
Canopy and Emergent Trees in a Neotropical Rainforest,” 
Ecological Monographs 62, 315–44.

Clark, D. B., D. A. Clark, and S. F. Oberbauer. 2010. “Annual 
Wood Production in a Tropical Rainforest in NE Costa Rica 
Linked to Climatic Variation but not to Increasing CO2,” 
Global Change Biology 16(2), 747–59.



105Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Appendix 3

Clark, D. B., M. W. Palmer, and D. A. Clark. 1999. “Edaphic 
Factors and the Landscape-Scale Distributions of Tropical 
Rainforest Trees,” Ecology 80, 2662–75.

Clark, D. A., et al. 2003. “Tropical Rainforest Tree Growth 
and Atmospheric Carbon Dynamics Linked to Interannual 
Temperature Variation During 1984–2000,” Proceedings of the 
National Academy of Sciences of the United States of America 
100, 5852–57.

Cleveland, C. C., and A. R. Townsend. 2006. “Nutrient Additions 
to a Tropical Rainforest Drive Substantial Soil Carbon 
Dioxide Losses to the Atmosphere,” Proceedings of the 
National Academy of Sciences of the United States of America 
103, 10316–21.

Cleveland, C. C., et al. 2010. “Experimental Drought in a 
Tropical Rainforest Increases Soil Carbon Dioxide Losses to 
the Atmosphere,” Ecology 91, 2313–23.

Cochrane, M. A. 2002. “Spreading Like Wild Fire–Tropical 
Forest Fires in Latin America and the Caribbean: Prevention, 
Assessment and Early Warning.” United Nations Environmental 
Programme, Mexico City.

Cochrane, M. A. 2003. “Fire Science for Rainforests,” Nature 421, 
913–19.

Cochrane, M. A., and W. F. Laurance. 2008. “Synergisms Among 
Fire, Land Use, and Climate Change in the Amazon,” Ambio 
37(7–8), 522–27.

Cochrane, M. A., and M. D. Schulze. 1999. “Fire as a Recurrent 
Event in Tropical Forests of the Eastern Amazon: Effects 
on Forest Structure, Biomass, and Species Composition,” 
Biotropica 31(1), 2–16.

Cochrane, M. A., et al. 1999. “Positive Feedback in the Fire 
Dynamic of Closed Canopy Tropical Forests,” Science 284, 
1832–35.

Collatz, G. J., et al. 1991. “Physiological and Environmental 
Regulation of Stomatal Conductance, Photosynthesis and 
Transpiration: A Model that Includes a Laminar Boundary 
Layer,” Agricultural and Forest Meteorology 54(2–4), 107–36.

Comins, H. N., and R. E. McMurtrie. 1993. “Long-Term 
Response of Nutrient-Limited Forests to CO2 Enrichment—
Equilibrium Behavior of Plant-Soil Models,” Ecological 
Applications 3(4), 666–81.

Conant, R. T., et al. 2008. “Sensitivity of Organic Matter 
Decomposition to Warming Varies with Its Quality,” Global 
Change Biology 14, 868–77.

Conant, R. T., et al. 2011. “Temperature and Soil Organic Matter 
Decomposition Rates—Synthesis of Current Knowledge and 
a Way Forward,” Global Change Biology 17(11), 3392–404. 
DOI:10.1111/j.1365–2486.2011.02496.x.

Condit, R. 1995. “Research in Large, Long-Term Tropical Forest 
Plots,” Trends in Ecology and Evolution 10, 18–22.

Condit, R., et al. 2004. “Tropical Forest Dynamics Across a 
Rainfall Gradient and the Impact of an El Niño Dry Season,” 
Journal of Tropical Ecology 20, 51–72.

Conrad, R. 1996. “Soil Microorganisms as Controllers of 
Atmospheric Trace Gases (H2, CO, CH4, OCS, N2O, and 
NO),” Microbiology Review 60, 609–40.

Cook, B., N. Zeng, and J.-H. Yoon. 2012. “Will Amazonia 
Dry Out? Magnitude and Causes of Change from IPCC 
Climate Model Projections,” Earth Interactions 16(3), 1–27. 
DOI:10.1175/2011EI398.1.

Cooper-Ellis, S., et al. 1999. “Forest Response to Catastrophic 
Wind: Results from an Experimental Hurricane,” Ecology 80, 
2683–96.

Corlett, R. T. 2011. “Impacts of Warming on Tropical Lowland 
Rainforests,” Trends in Ecology and Evolution 26, 606–13.

Covey, K. R., et al. 2012. “Elevated Methane Concentrations in 
Trees of an Upland Forest,” Geophysical Research Letters 39, 
L15705. DOI:10.1029/2012GL052361.

Cox, P. M., et al. 2000. “Acceleration of Global Warming due 
to Carbon-Cycle Feedbacks in a Coupled Climate Model,” 
Nature 408, 184–87.

Cox, P. M., et al. 2004. “Amazonian Forest Dieback Under 
Climate–Carbon Cycle Projections for the 21st Century,” 
Theoretical and Applied Climatology 78(1–3), 137–56. 
DOI:10.1007/s00704–004–0049–4. 

Cox, P. M., et al. 2008. “Increasing Risk of Amazonian Drought 
due to Decreasing Aerosol Pollution,” Nature 453, 212–15.

Cramer, W., et al. 2001. “Global Response of Terrestrial 
Ecosystem Structure and Function to CO2 and Climate 
Change: Results from Six Dynamic Global Vegetation 
Models,” Global Change Biology 7, 357–73.

Crk, T., et al. 2009. “Forest Recovery in a Tropical Landscape: What 
is the Relative Importance of Biophysical, Socioeconomic, and 
Landscape Variables?” Landscape Ecology 24, 629–42.

Cunderlik, J. M., and D. H. Burn. 2002. “Analysis of the Linkage 
Between Rain and Flood Regime and its Application to 
Regional Flood Frequency Estimation,” Journal of Hydrology 
261, 115–31.

Cunningham, S. C. 2005. “Photosynthetic Responses to Vapour 
Pressure Deficit in Temperate and Tropical Evergreen 
Rainforest Trees of Australia,” Oecologia 142, 521–28.

Cunningham, S. C., and J. Read. 2000. “Do Temperate Rainforest 
Trees Have a Greater Ability to Acclimate to Changing 
Temperatures than Tropical Rainforest Trees?” New Phytologist 
157, 55–64.

Cunningham, S. C., and J. Read. 2002. “Comparison of Temperate 
and Tropical Rainforest Tree Species: Photosynthetic 
Responses to Growth Temperature,” Oecologia 133, 112–19.

Cunningham, S., and J. Read. 2003a. “Comparison of Temperate 
and Tropical Rainforest Tree Species: Growth Responses to 
Temperature,” Journal of Biogeography 30, 143–53.

Cunningham, S., and J. Read. 2003b. “Do Temperate Rainforest 
Trees Have a Greater Ability to Acclimate to Changing 
Temperatures than Tropical Rainforest Trees?” New Phytologist 
157, 55–64.

Curtis, P. S., and X. Z. Wang. 1998. “A Meta-Analysis of Elevated 
CO2 Effects on Woody Plant Mass, Form, and Physiology,” 
Oecologia 113(3), 299–313.



106 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Cusack, D. F., et al. 2010. “The Response of Heterotrophic 
Activity and Carbon Cycling to Nitrogen Additions and 
Warming in Two Tropical Soils,” Global Change Biology 
16(9), 2555–72.

Da Costa, A. C. L., et al. 2010. “Effect of 7 Yr of Experimental 
Drought on Vegetation Dynamics and Biomass Storage of 
an Eastern Amazonian Rainforest,” New Phytologist 187(3), 
579–91.

Da Silva, R. P., et al. 2002. “Diameter Increment and Growth 
Patterns for Individual Tree Growing in Central Amazon, 
Brazil,” Forest Ecology and Management 166(1–3), 295–301.

Dale, V. H., et al. 2001. “Climate Change and Forest 
Disturbances,” Bioscience 51(9), 723–34.

Dambrine, E., et al. 2007. “Present Forest Biodiversity Patterns 
in France Related to Former Roman Agriculture,” Ecology 88, 
1430–39.

Davidson, E. A. 1993. “Soil Water Content and the Ratio 
of Nitrous Oxide to Nitric Oxide Emitted from Soil.” In 
Biogeochemistry of Global Change: Radiatively Active Trace 
Gases, 369–87. Ed. R. S. Oremland. Chapman and Hall, New 
York.

Davidson, E. A. 2009. “The Contribution of Manure and 
Fertilizer Nitrogen to Atmospheric Nitrous Oxide since 
1860,” Nature Geoscience 2, 659–62.

Davidson, E. A., F. Y. Ishida, and D. C. Nepstad. 2004. “Effects 
of an Experimental Drought on Soil Emissions of Carbon 
Dioxide, Methane, Nitrous Oxide, and Nitric Oxide in a 
Moist Tropical Forest,” Global Change Biology 10(5), 718–30.

Davidson, E. A., and I. A. Janssens. 2006. “Temperature 
Sensitivity of Soil Carbon Decomposition and Feedbacks to 
Climate Change,” Nature 440, 165–73.

Davidson, E. A., and S. E. Trumbore. 1995. “Gas Diffusivity and 
Production of CO2 in Deep Soils of the Eastern Amazon,” 
Tellus 47B, 550–65.

Davidson, E. A., et al. 2000a. “Effects of Soil Water Content on 
Soil Respiration in Forests and Cattle Pastures of Eastern 
Amazonia,” Biogeochemistry 48, 53–69.

Davidson, E. A., et al. 2000b. “Testing a Conceptual Model of 
Soil Emissions of Nitrous and Nitric Oxides,” Bioscience 
50(8), 667–80. 

Davidson, E. A., et al. 2007. “Recuperation of Nitrogen Cycling 
in Amazonian Forests Following Agricultural Abandonment,” 
Nature 447, 995–98.

Davidson, E. A., et al. 2008. “Effects of an Experimental Drought 
and Recovery on Soil Emissions of Carbon Dioxide, 
Methane, Nitrous Oxide, and Nitric Oxide in a Moist 
Tropical Forest,” Global Change Biology 14(11), 2582–90.

Davidson, E. A., et al. 2012. “The Amazon Basin in Transition,” 
Nature 481, 321–28.

DeFries, R. S. 2000. “Global Continuous Fields of Vegetation 
Characteristics: A Linear Mixture Model Applied to Multi-
Year 8 km AVHRR Data,” International Journal of Remote 
Sensing 21(6–7), 1389–1414.

DeFries, R. S., et al. 2002. “Carbon Emissions from Tropical 
Deforestation and Regrowth Based on Satellite Observations 
for the 1980s and 1990s,” Proceedings of the National Academy 
of Sciences of the United States of America 99, 14256–61.

Delbart, N., et al. 2010. “Mortality as a Key Driver of the Spatial 
Distribution of Aboveground Biomass in Amazonian Forest: 
Results from a Dynamic Vegetation Model,” Biogeosciences 
7(2), 3027–39.

DeLucia, E. H., D. J. Moore, and R. J. Norby. 2005. “Contrasting 
Responses of Forest Ecosystems to Rising Atmospheric CO2: 
Implications for the Global C Cycle,” Global Biogeochemical 
Cycles 19, GB3006.

Denslow, J. S. 1987. “Tropical Rainforest Gaps and Tree Species 
Diversity,” Annual Review of Ecology and Systematics 18, 431–51.

Devers, D., J. P. Vande weghe, et al. 2006. The Forests of the Congo 
Basin: State of the Forest 2006. The Congo Basin Forest 
Partnership.

Diels, J., et al. 2004. “Long-Term Soil Organic Carbon Dynamics 
in a Sub Humid Tropical Climate: 13C Data in Mixed C3/
C4 Cropping and Modeling With ROTHC,” Soil Biology and 
Biochemistry 36(11), 1739–50.

Diffenbaugh, N., and M. Scherer. 2011. “Observational and 
Model Evidence of Global Emergence of Permanent, 
Unprecedented Heat in the 20th and 21st Centuries,” Climatic 
Change 107, 615–24.

Doff Sota, E., et al. 2007. “Effects of an Induced Drought in Soil 
Carbon Dioxide (CO2) Efflux and Soil CO2 Production in an 
Eastern Amazonian Rainforest, Brazil,” Global Change Biology 
13(10), 2218–29.

Domingues, T. F., et al. 2010. “Co-limitation of Photosynthetic 
Capacity by Nitrogen and Phosphorus in West Africa 
Woodlands,” Plant Cell and Environment 33, 959–80.

Doughty, C. E. 2011. “An In Situ Leaf and Branch Warming 
Experiment in the Amazon,” Biotropica 43(6), 658–65. 
DOI:10.1111/j.1744–7429.2010.00746.x.

Doughty, C. E., and M. L. Goulden. 2008a. “Are Tropical Forests 
near a High Temperature Threshold?” Journal of Geophysical 
Research: Biogeosciences 113, G00B07.

Doughty, C. E., and M. L. Goulden. 2008b. “Seasonal Patterns of 
Tropical Forest Leaf Area Index and CO2 Exchange,” Journal 
of Geophysical Research 113, G00B06.

Douglas, I., et al. 1999. “The Role of Extreme Events in the 
Impacts of Selective Tropical Forestry on Erosion During 
Harvesting and Recovery Phases at Danum Valley, Sabah,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 354, 1749–61. 

Drake, B. G., M. A. Gonzalez-Meler, and S. P. Long. 1997. “More 
Efficient Plants: A Consequence of Rising Atmospheric 
CO2?” Annual Review of Plant Physiology and Plant Molecular 
Biology 48, 609–39.

Drexler, J. Z., et al. 2004. “A Review of Models and Micrometeo-
rological Methods Used to Estimate Wetland Evapotranspira-
tion,” Hydrological Processes 18, 2071–101.

Drury, W. H., and I. C. T. Nisbet. 1973. “Succession,” Journal of 
the Arnold Arboretum 54, 331–68. 

Appendix 3



107Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Dubinsky, E. A., W. L. Silver, and M. K. Firestone. 2010. 
“Tropical Forest Soil Microbial Communities Couple Iron 
and Carbon Biogeochemistry,” Ecology 91(9), 2604–12.

Dupouey, J. L., et al. 2002. “Irreversible Impact of Past Land Use 
on Forest Soils and Biodiversity,” Ecology 83, 2978–84.

Duxbury, J. M., et al. 1989. “Soil Organic Matter as a Source and 
a Sink of Plant Nutrients.” In Dynamics of Soil Organic Matter 
in Tropical Ecosystems, 33–68. Eds. D. C. Coleman, J. M. 
Oades, and G. Uehara. Nif TAL Project, College of Tropical 
Agriculture and Human Resources, the University of Hawaii. 

Eaton, W. D., et al. 2012. “Differences in Soil Moisture, Nutrients 
and the Microbial Community Between Forests on the Upper 
Pacific and Caribbean Slopes at Monteverde, Cordillera de 
Tilaran: Implications for Responses to Climate Change,” 
Tropical Ecology 53, 235–40. 

Elbert, W., et al. 2007. “Contribution of Fungi to Primary 
Biogenic Aerosols in the Atmosphere: Wet and Dry 
Discharged Spores, Carbohydrates, and Inorganic Ions,” 
Atmospheric Chemistry and Physics 7(17), 4569–88.

Elmendorf, S. C., et al. 2012. “Global Assessment of 
Experimental Climate Warming on Tundra Vegetation: 
Heterogeneity Over Space and Time,” Ecology Letters 15, 
164–75.

Elser, J. J., et al. 2007. “Global Analysis of Nitrogen and Phosphorus 
Limitation of Primary Producers in Freshwater, Marine and 
Terrestrial Ecosystems,” Ecology Letters 10(2), 1135–42.

Emanuel, K. A. 1987. “The Dependence of Hurricane Intensity 
on Climate,” Nature 326, 483–85.

Emanuel, K. A. 2005. “Increasing Destructiveness of Tropical 
Cyclones Over the Past 30 Years,” Nature 436, 686–88. 

Engelbrecht, B. M. J., et al. 2007. “Drought Sensitivity Shapes 
Species Distribution Patterns in Tropical Forests,” Nature 
447, 80–82.

Everham, E. M., III. 1996. “Hurricane Damage and Recovery: 
An Empirical and Simulation Study of Vegetation Dynamics 
in the Luquillo Experimental Forest, Puerto Rico,” Ph. D. 
dissertation, College of Environmental Science and Forestry, 
State University of New York at Syracuse, New York.

Everham, E. M., and N. V. L. Brokaw. 1996. “Forest Damage and 
Recovery from Catastrophic Wind,” Botanical Review 62, 
113–85.

Falloon, P., et al. 2007. “Climate Change and its Impact on Soil 
and Vegetation Carbon Storage in Kenya, Jordan, India and 
Brazil,” Agriculture Ecosystems and Environment 122(1), 
114–24.

Fang, C. M., et al. 2005. “Similar Response of Labile and 
Resistant Soil Organic Matter Pools to Changes in 
Temperature,” Nature 433, 57–59.

FAO (Food and Agricultural Organization of the United 
Nations). 2010. Global Forest Resources Assessment, Food and 
Agricultural Organization of the United Nations, Rome, Italy.

Farquhar, G. D., M. H. O’Leary, and J. A. Berry. 1982. “On the 
Relationship Between Carbon Isotope Discrimination and 
the Intercellular Carbon Dioxide Concentration in Leaves,” 
Australian Journal of Plant Physiology 9, 121–37.

Farquhar, G. D., S. V. Caemmerer, and J. A. Berry. 1980. “A 
Biochemical-Model of Photosynthetic CO2 Assimilation in 
Leaves of C-3 Species,” Planta 149, 78–90.

Feeley, K. J., et al. 2007. “Decelerating Growth in Tropical Forest 
Trees,” Ecology Letters 10, 461–69.

Feldpausch, T. R., et al. 2004. “Carbon and Nutrient 
Accumulation in Secondary Forests Regenerating on Pastures 
in Central Amazonia,” Ecological Applications 14, S164–76.

Feller, C., and M. H. Beare. 1997. “Physical Control of Soil Organic 
Matter Dynamics in the Tropics,” Geoderma 79(1–4), 69–116.

Finzi, A. C., et al. 2007. “Increases in Nitrogen Uptake Rather 
than Nitrogen-Use Efficiency Support Higher Rates of 
Temperate Forest Productivity under Elevated CO2,” 
Proceedings of the National Academy of Sciences of the United 
States of America 104(35), 14014–19.

Fisher, J. B., and F. W. Ewers. 1995. “Vessel Dimensions in Liana 
and Tree Species of Gnetum (Gnetales),” American Journal of 
Botany 82, 1350–57.

Fisher, J. B., et al. 2009. “The Land-Atmosphere Water Flux in the 
Tropics,” Global Change Biology 15, 2694–714.

Fisher, J. I., et al. 2008. “Clustered Disturbances Lead to Bias in 
Large-Scale Estimates Based on Forest Sample Plots,” Ecology 
Letters 11, 554–63.

Fisher, R. A., et al. 2006. “Evidence from Amazonian Forests is 
Consistent with Isohydric Control of Leaf Water Potential,” 
Plant, Cell and Environment 29, 151–65.

Fisher, R. A., et al. 2007. “The Response of an Eastern Amazonian 
Rainforest to Drought Stress: Results and Modeling Analyses 
from a Through-Fall Exclusion Experiment,” Global Change 
Biology 13, 2361–78.

Fisher, R. A., et al. 2008. “Evaluating Climatic and Edaphic 
Controls of Drought Stress at Two Amazonian Rainforest 
Sites,” Agricultural and Forest Meteorology 148(6–7), 850–61.

Fisher, R. A., et al. 2010. “Ecological Scale Limitations in Second 
Generation Dynamic Vegetation Models,” New Phytologist 
187(3), 666–81.

Focht, D. D. 1974. “The Effect of Temperature, pH, and Aeration 
on the Production of Nitrous Oxide and Gaseous Nitrogen-A 
Zero-Order Kinetic Model,” Soil Science 118, 173–79.

Fontes, C. G. 2012. “Revelando as Causas e a Distribuição 
Temporal da Mortalidade Arbórea em uma Floresta de 
Terra-Firme na Amazônia Central.” Dissertação de mestrado, 
63p. Instituto Nacional de Pesquisas da Amazônia — INPA, 
Manaus, AM, Brazil.

Foster, D. R., G. Motzkin, and B. Slater. 1998. “Land Use History 
as Long-Term, Broad-Scale Disturbance: Regional Forest 
Dynamics in Central New England,” Ecosystems 1, 96–119.

Foster, D., et al. 2003. “The Importance of Land-Use Legacies to 
Ecology and Conservation,” BioScience 53, 77–88.

Frankenberg, C., et al. 2005. “Assessing Methane Emissions from 
Global Space-Borne Observations,” Science 308, 1010–14.

Friedlingstein, P., et al. 2003. “How Positive is the Feedback 
Between Climate Change and the Carbon Cycle?” Tellus 
Series B: Chemical and Physical Meteorology 55(2), 692–700.

Appendix 3



108 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Friedlingstein, P., et al. 2006. “Climate–Carbon Cycle Feedback 
Analysis: Results from the C4MIP Model Intercomparison,” 
Journal of Climate 19(14), 3337–53.

Frolking, S., et al. 2009. “Forest Disturbance and Recovery: 
A General Review in the Context of Spaceborne Remote 
Sensing of Impacts on Aboveground Biomass and Canopy 
Structure,” Journal of Geophysical Research: Biogeosciences 114, 
G00E02. DOI:10.1029/2008JG000911.

Galanes, I., and J. R. Thomlinson. 2009. “Relationships Between 
Spatial Configuration of Tropical Forest Patches and Woody 
Plant Diversity in Northeastern Puerto Rico,” Plant Ecology 
201, 101–13.

Galbraith, D., et al. 2010. “Multiple Mechanisms of Amazonian 
Forest Biomass Losses in Three Dynamic Global Vegetation 
Models under Climate Change,” New Phytologist 187(3), 
647–65.

García-Montiel, D. C. 2002. “El Legado de la Actividad Humana 
en los Bosques Neotropicales Contemporáneos,” In Ecología 
y Conservación de Bosques Neotropicales. 97–116. Eds. M. 
Guariguata and G. Kattan. Libro Universitario Regional, 
Cartago, Costa Rica. 

Gatti, L. V., et al. 2010. “Vertical Profiles of CO2 Above Eastern 
Amazonia Suggest a Net Carbon Flux to the Atmosphere and 
Balanced Biosphere Between 2000 and 2009,” Tellus Series B: 
Chemical and Physical Meteorology 62(5), 581–94.

Gedney, N., P. M. Cox, and C. Huntingford. 2004. “Climate 
Feedback from Wetland Methane Emissions,” Geophysical 
Research Letters 31, L20503. DOI:10.1029/2004GL020919.

Giardina, C. P., and M. G. Ryan. 2000. “Evidence that 
Decomposition Rates of Organic Carbon in Mineral Soil Do 
not Vary with Temperature,” Nature 404, 858–61.

Gleason, S. M., et al. 2008. “Cyclone Effects on the Structure and 
Production of a Tropical Upland Rainforest: Implications for 
Life-History Tradeoffs,” Ecosystems 11, 1277–90.

Glitzenstein, J. S., and P. A. Harcombe. 1988. “Effects of the 
December 1983 Tornado on Forest Vegetation of the 
Big Thicket Southeast Texas, U.S.A.,” Forest Ecology and 
Management 25, 269–90.

Goldenberg, S. B., et al. 2001. “The Recent Increase in Atlantic 
Hurricane Activity: Causes and Implications,” Science 293, 
474–79.

Gómez-Pompa, A., and A. Kaus. 1992. “Taming the Wilderness 
Myth,” BioScience 42, 271–79.

Goulden, M. L., et al. 2004. “Diel and Seasonal Patterns of 
Tropical Forest CO2 Exchange,” Ecological Applications 14(4), 
S42–54.

Grace, J., et al. 1996. “The Use of Eddy Covariance to Infer the 
Net Carbon Dioxide Uptake of Brazilian Rainforest,” Global 
Change Biology 2, 209–17.

Grau, H. R., et al. 2003. “The Ecological Consequences of 
Socioeconomic and Land Use Changes in Postagriculture 
Puerto Rico,” BioScience 53, 1159–68.

Gray, W. M. 1975. Tropical Cyclone Genesis.  Atmospheric Science 
Paper Number 24, Department of Atmospheric Science, 
Colorado State University, Fort Collins, Colorado.

Greenberg, J. P., et al. 2004. “Biogenic VOC Emissions from 
Forested Amazonian Landscapes,” Global Change Biology 
10(5), 651–62.

Groffman, P. M., and J. M. Tiedje. 1989. “Denitrification in 
North Temperate Forest Soils: Relationships Between 
Denitrification and Environmental Factors at the Landscape 
Scale,” Soil Biology and Biochemistry 21(5), 621–26.

Grove, S. J., S. M. Turton, and D. T. Siegenthaler. 2000. “Mosaics 
of Canopy Openness Induced by Tropical Cyclones in 
Lowland Rainforests with Contrasting Management Histories 
in Northeastern Australia,” Journal of Tropical Ecology 16, 
883–94. 

Guariguata, M. R., and R. Ostertag. 2001. “Neotropical 
Secondary Forest Succession: Changes in Structural and 
Functional Characteristics,” Forest Ecology and Management 
148, 185–206.

Guenther, A., et al. 1995. “A Global Model of Natural Volatile 
Organic Compound Emissions,” Journal of Geophysical 
Research: Atmospheres 100(D5), 8873–92.

Guenther, A., et al. 2006. “Estimates of Global Terrestrial 
Isoprene Emissions Using MEGAN (Model of Emissions of 
Gases and Aerosols from Nature),” Atmospheric Chemistry and 
Physics 6, 3181–210.

Guenther, A. B., et al. 2012. “The Model of Emissions of Gases 
and Aerosols from Nature Version 2.1 (MEGAN2.1), an 
Extended and Updated Framework for Modeling Biogenic 
Emissions,” Geoscientific Model Development Discussions 5, 
1–58.

Guzmán-Grajales, S., and L. R. Walker. 1991. “Differential 
Seedling Responses to Litter after Hurricane Hugo in the 
Luquillo Experimental Forest in Puerto Rico,” Biotropica 23, 
407–13.

Haines, B., and R. B. Foster. 1977. “Energy Flow Through Litter 
in a Panamanian Forest,” Journal of Ecology 65, 147–55.

Hammond, D. S., et al. 2007. “Upland Soil Charcoal in the 
Wet Tropical Forests of Central Guyana,” Biotropica 39(2), 
153–60.

Hansen, M. C., et al. 2003. “Global Percent Tree Cover at a 
Spatial Resolution of 500 Meters: First Results of the MODIS 
Vegetation Continuous Fields Algorithm,” Earth Interactions 
7, 1–15.

Hanson, P. J., et al. 2008. Ecosystem Experiments: Understanding 
Climate Change Impacts on Ecosystems and Feedbacks to 
the Physical Climate—Report of the Workshop on Exploring 
Science Needs for the Next Generation of Climate Change 
and Elevated-CO2 Experiments in Terrestrial Ecosystems. 
Environmental Sciences Division, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

Harley, P., et al. 2004. “Variation in Potential for Isoprene 
Emissions Among Neotropical Forest Sites,” Global Change 
Biology 10, 630–50.

Harris, N. L., et al. 2012. “Baseline Map of Carbon Emissions 
from Deforestation in Tropical Regions,” Science 336(6088), 
1573–76.

Appendix 3



109Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Harriss, R. C., and D. I. Sebacher. 1981. “Methane Flux in 
Forested Fresh-Water Swamps of the Southeastern United 
States,” Geophysical Research Letters 8, 1002–04.

Hashimoto, H., et al. 2010. “Evaluating the Impacts of Climate 
and Elevated Carbon Dioxide on Tropical Rainforests of the 
Western Amazon Basin Using Ecosystem Models and Satellite 
Data,” Global Change Biology 16(1), 255–71.

Hassler, S. K., et al. 2011. “Recovery of Saturated Hydraulic 
Conductivity Under Secondary Succession on 
Former Pasture in the Humid Tropics,” Forest Ecology 
and Management 261, 1634–42. DOI:10.1016/j.
foreco.2010.06.031.

Hawthorne, W. D. 1995. Ecological Profiles of Ghanaian Forest 
Trees. Tropical Forestry Paper 29, Oxford Forestry Institute, 
Oxford, United Kingdom.

Hedin, L. O., et al. 2009. “The Nitrogen Paradox in Tropical 
Forest Ecosystems,” Annual Review of Ecology, Evolution, and 
Systematics 40, 613–35.

Held, I. M., and B. J. Soden. 2006. “Robust Responses of the 
Hydrological Cycle to Global Warming,” Journal of Climate 
19, 5686–99.

Henkel, T. W. 2003. “Monodominance in the Ectomycorrhizal 
Dicymbe corymbosa (Caesalpiniaceae) from Guyana,” Journal 
of Tropical Ecology 19, 417–37.

Herbohn, J. L., and R. A. Congdon. 1993. “Ecosystem Dynamics 
at Disturbed and Undisturbed Sites in North Queensland 
Wet Tropical Rain Forest. Part II: Litterfall,” Journal of 
Tropical Ecology 9(3), 365–80.

Hess, L. L., et al. 2003. “Dual-Season Mapping of Wetland 
Inundation and Vegetation for the Central Amazon Basin,” 
Remote Sensing of Environment 87(4), 404–28.

Hewlett, J. D. 1982. Principles of Forest Hydrology. University of 
Georgia Press, Athens, Georgia. 

Hewlett, J. D., and A. R. Hibbert. 1967. “Factors Affecting the 
Response of Small Watersheds to Precipitation in Humid 
Areas.” In Forest Hydrology, 275–90. Eds. W. E. Sopper and H. 
W. Lull.  Pergamon Press, Oxford.

Hickler, T., et al. 2008. “CO2 Fertilization in Temperate FACE 
Experiments not Representative of Boreal and Tropical 
Forests,” Global Change Biology 14(7), 1531–42.

Hietz, P., et al. 2011. “Long-Term Change in the Nitrogen Cycle 
of Tropical Forests,” Science 334, 664–66. 

Higgins, S. I., and S. Scheiter. 2012. “Atmospheric CO2 Forces 
Abrupt Vegetation Shifts Locally, but not Globally,” Nature 
488(7410), 209–12.

Hoffmann, W. A., W. Schroeder, and R. B. Jackson. 2002. 
“Positive Feedbacks of Fire, Climate, and Vegetation and the 
Conversion of Tropical Savanna,” Geophysical Research Letters 
29(22), 2052. DOI:10.1029/2002GL015424.

Hoffmann, W. A., et al. 2000. “Elevated CO2 Enhances 
Resprouting of a Tropical Savanna Tree,” Oecologia 123, 
312–17.

Hoffmann, W. A., et al. 2003. “Comparative Fire Ecology of 
Tropical Savannah and Forest Trees,” Functional Ecology 17, 
720–26.

Hoffmann, W. A., et al. 2012. “Ecological Thresholds at the 
Savanna-Forest Boundary: How Plant Traits, Resources and 
Fire Govern the Distribution of Tropical Biomes,” Ecology 
Letters 15(7), 759–68.

Hogan, K. P., A. P. Smith, and L. H. Ziska. 1991. “Potential 
Effects of Elevated CO2 and Changes in Temperature on 
Tropical Plants,” Plant Cell and Environment 14, 763–78.

Högberg, P., et al. 2008. “High Temporal Resolution Tracing Of 
Photosynthate Carbon from the Tree Canopy to Forest Soil 
Microorganisms,” New Phytologist 177, 220–28.

Holdsworth, A.R., and C. Uhl. 1997. “Fire in Eastern Amazonian 
Logged Rain Forest and the Potential for Fire Reduction,” 
Ecological Applications 7, 713–25.

Holland, E. A., et al. 2000. “Uncertainties in the Temperature 
Sensitivity of Decomposition in Tropical and Subtropical 
Ecosystems: Implications for Models,” Global Biogeochemical 
Cycles 14, 1137–51.

Holtgrieve, G., P. Jewett, and P. Matson. 2006. “Variations in Soil 
N Cycling and Trace Gas Emissions in Wet Tropical Forests,” 
Oecologia 146, 584–94.

Hooijer, A., et al. 2010. “Current and Future CO2 Emissions 
from Drained Peatlands in Southeast Asia,” Biogeosciences 7, 
1505–14.

Hopkins, B. 1966. “Vegetation of the Olokemeji Forest Reserve, 
Nigeria. Part IV: The Litter and Soil with Special Reference to 
their Seasonal Changes,” Journal of Ecology 54, 687–703.

Houghton, R. A. 2003. “Revised Estimates of the Annual Net 
Flux of Carbon to the Atmosphere from Changes in Land Use 
and Land Management 1850–2000,” Tellus Series B: Chemical 
and Physical Meteorology 55, 378–90.

Howard, A. J., et al. 2010. “Is Rainfall Intensity Significant in 
the Rainfall-Runoff Process Within Tropical Rainforests of 
Northeast Queensland? The Hewlett Regression Analyses 
Revisited,” Hydrological Processes 24, 2520–37. DOI:10.1002/
hyp.7694.

Hoyos, C. D., et al. 2006. “Deconvolution of the Factors 
Contributing to the Increase in Global Hurricane Intensity,” 
Science 312, 94–97.

Huete, A. R., et al. 2006. “Amazon Rainforests Green-Up with 
Sunlight in the Dry Season,” Geophysical Research Letters 33, 
L06405 (1–6).

Hungate, B. A., et al. 1997. “The Fate of Carbon in Grasslands 
Under Carbon Dioxide Enrichment,” Nature 388, 576–79.

Hurtt, G. C., et al. 2006. “The Underpinnings of Land-Use 
History: Three Centuries of Global Gridded Land-Use 
Transitions, Wood-Harvest Activity, and Resulting Secondary 
Lands,” Global Change Biology 12(7), 1208–29.

Hutyra, L. R., et al. 2007. “Seasonal Controls on the Exchange 
of Carbon and Water in an Amazonian Rainforest,” Journal of 
Geophysical Research 112, G03008.

Appendix 3



110 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Intergovernmental Panel on Climate Change (IPCC). 2007. 
Climate Change 2007: The Physical Science Basis. Contribution 
of Working Group I to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change.  Eds. S. D. Solomon, et 
al. Cambridge University Press, Cambridge, United Kingdom 
and New York, NY.

International Tropical Timber Organization (ITTO). 2002. ITTO 
Guidelines for the Restoration, Management and Rehabilitation 
of Degraded and Secondary Tropical Forests. ITTO Policy 
Development Series No. 13, International Tropical Timber 
Organization, Nishi-ku, Yokohama, Japan.

Ishida, A., T. Toma, and Marjenah. 1999. “Limitation of Leaf 
Carbon Gain by Stomatal and Photochemical Processes in 
the Top Canopy of Macaranga conifera, a Tropical Pioneer 
Tree,” Tree Physiology 19, 467–73.

Iversen, C. M. 2010. “Digging Deeper: Fine Root Responses to 
Rising Atmospheric [CO2] in Forested Ecosystems,” New 
Phytologist 186(2), 346–57.

Iversen, C. M., and R. J. Norby. 2008. “Nitrogen Limitation in a 
Sweetgum Plantation: Implications for Carbon Allocation and 
Storage,” Canadian Journal of Forest Research 38(5), 1021–32.

Iversen, C. M., et al. 2012. “Soil Carbon and Nitrogen Cycling 
and Storage Throughout the Soil Profile in a Sweetgum 
Plantation after 11 Years of CO2-Enrichment,” Global Change 
Biology 18(5), 1684–97.

Jacob, D. J., and S. C. Wofsy. 1988. “Photochemistry of Biogenic 
Emissions over the Amazon Forest,” Journal of Geophysical 
Research: Atmospheres 93(D2), 1477–86.

Jamali, H., et al. 2011. “The Importance of Termites to the 
CH4 Balance of a Tropical Savanna Woodland of Northern 
Australia,” Ecosystems 14(5), 698–709. 

Jobbágy, E. G., and R. B. Jackson. 2000. “The Vertical 
Distribution of Soil Organic Carbon and its Relation to 
Climate and Vegetation,” Ecological Applications 10(2), 
423–36.

Jordan, C. F. 1985. “Soils of the Amazon Rainforest.” In Key 
Environments: Amazonia, 83–105. Eds. G. T. Prance and T. E. 
Lovejoy.  Pergamon Press, Oxford.

Jupp, T. E., et al. 2010. “Development of Probability Density 
Functions for Future South American Rainfall,” New 
Phytologist 187(3), 682–93.

Kauffman, J. B., R. F. Hughes, and C. Heider. 2009. “Carbon 
Pool and Biomass Dynamics Associated with Deforestation, 
Land Use, and Agricultural Abandonment in the Neotropics,” 
Ecological Applications 19, 1211–22.

Keenan, T., et al. 2009. “Improved Understanding of Drought 
Controls on Seasonal Variation in Mediterranean Forest 
Canopy CO2 and Water Fluxes Through Combined in situ 
Measurements and Ecosystem Modelling,” Biogeosciences 6, 
1423–44.

Keller, M., W. A. Kaplan, and S. C. Wofsy. 1986. “Emissions of 
N2O, CH4, and CO2 from Tropical Forest Soils,” Journal of 
Geophysical Research: Atmospheres 91(D11), 11791–802. 

Keller, M., et al. 2004. “Ecological Research in the Large-Scale 
Biosphere Atmosphere Experiment in Amazonia (LBA): 
Early Eesults,” Ecological Applications 14(4), S3–16. 
DOI:10.1890/03-6003.

Kgope, B. S., W. J. Bond, and G. F. Midgley. 2010. “Growth 
Responses of African Savanna Trees Implicate Atmospheric 
[CO2] as a Driver of Past and Current Changes in Savanna 
Tree Cover,” Austral Ecology 35(4), 451–63.

Kirkby, M. J. 1978. Hillslope Hydrology. Wiley, Chichester, United 
Kingdom.

Kirschbaum, M. U. F. 2000. “Will Changes in Soil Organic 
Carbon Act as a Positive or Negative Feedback on Global 
Warming?” Biogeochemistry 48, 21–51.

Kleber, M. 2010. “What is Recalcitrant Soil Organic Matter?” 
Environmental Chemistry 7, 320–32.

Kleber, M., et al. 2010. “Old and Stable Soil Organic Matter 
is not Necessarily Chemically Recalcitrant: Implications 
for Modeling Concepts and Temperature Sensitivity,” 
Global Change Biology 17(2), 1097–107. DOI:10.1111/j.
l365–2486.2010.02278.x.

Kleidon, A., and M. Heimann. 2000. “Assessing the Role of 
Deep Rooted Vegetation in the Climate System with Model 
Simulations: Mechanism, Comparison to Observations and 
Implications for Amazonian Deforestation,” Climate Dynamics 
16(2–3), 183–99.

Klinge, H., and W. A. Rodrigues. 1968. “Litter Production in an 
Area of Amazonian Terra Firme Forest. Part I: Litter-Fall, 
Organic Carbon and Total Nitrogen Contents of Litter,” 
Amazoniana 1(4), 287–302.

Kloster, S., et al. 2010. “Fire Dynamics During the 20th Century 
Simulated by the Community Land Model,” Biogeosciences 7, 
1877–1902.

Kloster, S., et al. 2011. “The Impacts of Climate, Land Use, and 
Demography on Fires During the 21st Century Simulated by 
CLM-CN,” Biogeosciences 9, 509–25.

Knapp, B. J. 1970. “Patterns of Water Movement on a Steep 
Upland Hill-Side, Plynlimon, Central Wales,” Ph.D. thesis, 
University of Reading, United Kingdom. 

Knorr, W., et al. 2005. “Long-Term Sensitivity of Soil Carbon 
Turnover to Warming,” Nature 433, 298–301.

Koch, G. W., J. S. Amthor, and M. L. Goulden. 1994. “Diurnal 
Patterns of Leaf Photosynthesis, Conductance and Water 
Potential at the Top of a Lowland Rainforest Canopy in 
Cameroon: Measurements from the Radeau des Cimes,” Tree 
Physiology 14(4), 347–60.

Körner, C. 2003. “Slow In, Rapid Out—Carbon Flux Studies and 
Kyoto Targets,” Science 300, 1242–43.

Körner, C. 2009. “Responses of Humid Tropical Trees to Rising 
CO2,” Annual Review of Ecology Evolution and Systematics 40, 
61–79.

Kosugi, Y., et al. 2009. “Midday Depression of Leaf CO2 
Exchange Within the Crown of Dipterocarpus sublamellatus in 
a Lowland Dipterocarp Forest in Peninsular Malaysia,” Tree 
Physiology 29, 505–15.

Appendix 3



111Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Kruijt, B., et al. 2004. “The Robustness of Eddy Correlation 
Fluxes for Amazon Rainforest Conditions,” Ecological 
Applications 14, S101–13.

Kuczera, G. 1987. “Prediction of Water Yield Reductions 
Following a Bushfire in Ash-Mixed Species Eucalypt Forest,” 
Journal of Hydrology 94(3–4), 215–36.

Kumagai, T., et al. 2004. “Transpiration, Canopy Conductance 
and the Decoupling Coefficient of a Lowland Mixed 
Dipterocarp Forest in Sarawak, Borneo: Dry Spell Effects,” 
Journal of Hydrology 287(1–4), 237–51.

Kumagai, T., et al. 2008. “Transpiration and Canopy 
Conductance at Two Slope Positions in a Japanese Cedar 
Forest Watershed,” Agricultural and Forest Meteorology 148, 
1444–55.

Kunkel-Westphal, I., and P. Kunkel. 1979. “Litter Fall in a 
Guatemalan Primary Forest, with Details of Leaf-Shedding 
by Some Common Tree Species,” Journal of Ecology 67(2), 
665–86.

Kuzyakov, Y. 2010. “Priming Effects: Interactions Between Living 
and Dead Organic Matter,” Soil Biology and Biochemistry 42, 
1363–71.

Kuzyakov, Y., and O. Gavrichkova. 2010. “Time Lag Between 
Photosynthesis and Carbon Dioxide Efflux from Soil: A 
Review of Mechanisms and Controls,” Global Change Biology 
16(12), 3386–406.

Lahteenoja, O., et al. 2012. “The Large Amazonian Peatland 
Carbon Sink in the Subsiding Pastaza-Marañón Foreland 
Basin, Peru,” Global Change Biology 18(1), 164–78.

Laothawornkitkul, J., et al. 2009. “Biogenic Volatile Organic 
Compounds in the Earth System,” New Phytologist 183(1), 
27–51.

Lapola, D. M., M. D. Oyama, and C. A. Nobre. 2009. 
“Exploring the Range of Climate Biome Projections for 
Tropical South America: The Role of CO2 Fertilization 
and Seasonality,” Global Biogeochemical Cycles 23, GB3003. 
DOI:10.1029/2008GB003357.

Lathiere, J., et al. 2006. “Impact of Climate Variability and 
Land Use Changes on Global Biogenic Volatile Organic 
Compound Emissions,” Atmospheric Chemistry and Physics 6, 
2129–46. 

Laurance, S., et al. 2009. “Long-Term Variation in Amazon Forest 
Dynamics,” Journal of Vegetation Science 20, 323–33.

Laurance, W. F. 2004. “Forest-Climate Interactions in 
Fragmented Tropical Landscapes,” Philosophical Transactions 
of the Royal Society of London Series B: Biological Sciences 359, 
345–52.

Laurance, W. F., and G. B. Williamson. 2001. “Positive Feedbacks 
Among Forest Fragmentation, Drought, and Climate Change 
in the Amazon,” Conservation Biology 15(6), 1529–35.

Laurance, W. F., et al. 2002. “Ecosystem Decay of Amazonian 
Forest Fragments: A 22-Year Investigation,” Conservation 
Biology 16, 605–18.

Law, B. E., et al. 2001. “Carbon Storage and Fluxes in Ponderosa 
Pine Forests at Different Developmental Stages,” Global 
Change Biology 7, 755–77.

Lawrence, C. R., J. C. Neff, and J. P. Schimel. 2009. “Does Adding 
Microbial Mechanisms of Decomposition Improve Soil 
Organic Matter Models? A Comparison of Four Models 
Using Data from a Pulsed Rewetting Experiment,” Soil Biology 
and Biochemistry 41(9), 1923–34.

Lawrence, D., and D. Foster. 2002. “Changes in Forest Biomass, 
Litter Dynamics and Soils Following Shifting Cultivation in 
Southern Mexico: An overview,” Interciencia 27(8), 400–08.

Lawrence, D., et al. 2010. “Untangling a Decline in Tropical 
Forest Resilience: Constraints on the Sustainability of 
Shifting Cultivation Across the Globe,” Biotropica 42, 21–30.

Lawrence, P. J., and T. N. Chase. 2007. “Representing a New 
MODIS Consistent Land Surface in the Community Land 
Model (CLM 3.0),” Journal of Geophysical Research 112, 
G01023. DOI:10.1029/2006JG000168.

Lawrence, P. J., et al. 2012. “Simulating the Biogeochemical and 
Biogeophysical Impacts of Transient Land Cover Change 
and Wood Harvest in the Community Climate System 
Model (CCSM4) from 1850 to 2100,” Journal of Climate 25, 
3071–95. DOI:10.1175/JCLI-D-11–00256.1.

Leakey, A. D. B., K. A. Bishop, and E. A. Ainsworth. 2012. “A 
Multi-Biome Gap in Understanding of Crop and Ecosystem 
Responses to Elevated CO2,” Current Opinion in Plant Biology 
15(3), 228–36. DOI:10.1016/j.pbi.2012.01.009.

LeBauer, D. S., and K. K. Treseder. 2008. “Nitrogen Limitation 
of Net Primary Productivity in Terrestrial Ecosystems is 
Globally Distributed,” Ecology 89(2), 371–79.

Lehmann, C. E., et al. 2011. “Deciphering the Distribution of the 
Savanna Biome,” New Phytologist 191(1), 197–209.

Lehsten, V., et al. 2009. “Estimating Carbon Emissions from 
African Wildfires,” Biogeosciences 6, 349–60. DOI:10.5194/
bg-6–349–2009.

Leighton, M., and N. Wirawan. 1986. “Catastrophic Drought 
and Fire in Borneo Tropical Rainforest Associated with the 
1982–3 El Niño Southern Oscillation Event.” In Tropical 
Rainforests and the World Atmosphere. Symposium 10, 75–102. 
Ed. G. T. Prance. American Association for the Advancement 
of Science, Washington, D. C. 

Lerdau, M., and M. Keller. 1997. “Controls on Isoprene Emission 
from Trees in a Subtropical Dry Forest,” Plant Cell and 
Environment 20, 569–78.

Lesack, L. F.W. 1993. “Water Balance and Hydrologic 
Characteristics of a Rainforest Catchment in the Central 
Amazon Basin,” Water Resources Research 29, 759–73. 

Letcher, S. G., and R. L. Chazdon. 2009. “Rapid Recovery of 
Biomass, Species Richness, and Species Composition in 
a Forest Chronosequence in Northeastern Costa Rica,” 
Biotropica 41, 608–17.

Lewis, S. L., Y. Malhi, and O. L. Phillips. 2004. “Fingerprinting 
the Impacts of Global Change on Tropical Forests,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 359, 437–62.

Lewis, S. L., et al. 2009a. “Increasing Carbon Storage in Intact 
African Tropical Forests,” Nature 457, 1003–06.

Appendix 3



112 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Lewis, S. L., et al. 2009b. “Changing Ecology of Tropical Forests: 
Evidence and Drivers,” Annual Review of Ecology Evolution and 
Systematics 40, 529–49.

Lewis, S. L., et al. 2011. “The 2010 Amazon Drought,” Science 
331, 554.

Li, F., X. D. Zeng, and S. Levis. 2012. “A Process-Based Fire 
Parameterization of Intermediate Complexity in a Dynamic 
Global Vegetation Model,” Biogeosciences 9, 3233–87.

Li, Z. Q., et al. 2011. “Long-Term Impacts of Aerosols on the 
Vertical Development of Clouds and Precipitation,” Nature 
Geoscience 4, 888–94.

Lieberman, D., et al. 1996. “Tropical Forest Structure and 
Composition on a Large-Scale Altitudinal Gradient in Costa 
Rica,” Journal of Ecology 84, 137–52.

Lindroth, R. L. 2010. “Impacts of Elevated Atmospheric CO2 
and O3 on Forests: Phytochemistry, Trophic Interactions, and 
Ecosystem Dynamics,” Journal of Chemical Ecology 36(1), 
2–21.

Liptzin, D., and W. L. Silver. 2009. “Effects of Carbon Additions 
on Iron Reduction and Phosphorus Availability in a Humid 
Tropical Forest Soil,” Soil Biology and Biochemistry 41, 
1696–702.

Liptzin, D., W. L. Silver, and M. Detto. 2011. “Temporal 
Dynamics in Soil Oxygen and Greenhouse Gases in Two 
Humid Tropical Forests,” Ecosystems 14(2), 171–82.

Lloyd, J., and G. D. Farquhar. 1996. “The CO2 Dependence 
of Photosynthesis, Plant Growth Responses to Elevated 
Atmospheric CO2 Concentrations and Their Interaction 
with Soil Nutrient Status, I. General Principles and Forest 
Ecosystems,” Functional Ecology 10(1), 4–32.

Lloyd, J., and G. D. Farquhar. 2008. “Effects of Rising 
Temperatures and [CO2] on the Physiology of Tropical 
Forest Trees,” Philosophical Transactions of the Royal Society 
Series B: Biological Sciences 363(1498), 1811–17.

Lloyd, J., E. U. Gloor, and S. L. Lewis. 2009. “Are the Dynamics of 
Tropical Forests Dominated by Large and Rare Disturbance 
Events?” Ecology Letters, 12(12), E19–21.

Lloyd, J., et al. 2001. “Should Phosphorus Availability be 
Constraining Moist Tropical Forest Responses to Increasing 
CO2 Concentrations?” In Global Biogeochemical Cycles in the 
Climate System, 95–114. Eds. E. D. Schulze, et al. Academic 
Press, San Diego, California. 

Lodge, D. J., W. H. McDowell, and C. P. McSwiney. 1994. “The 
Importance of Nutrient Pulses in Tropical Forests,” Trends in 
Ecology and Evolution 9, 384–87.

Loehle, C. 2000. “Strategy Space and the Disturbance Spectrum: 
A Life-History Model for Tree Species Coexistence,” 
American Naturalist 156, 14–33.

Loescher, H. W., et al. 2003. “Environmental Controls of Net 
Ecosystem-Level Carbon Exchange and Productivity in 
a Central American Tropical Wet Forest,” Global Change 
Biology 9, 396–412.

Loivamäki, M., et al. 2007. “Circadian Rhythms of Isoprene 
Biosynthesis in Grey Poplar Leaves,” Plant Physiology 143(1), 
540–51.

Lombardozzi, D., et al. 2012. “Predicting Photosynthesis and 
Transpiration Responses to Ozone: Decoupling Modeled 
Photosynthesis and Stomatal Conductance,” Biogeosciences 
9(4), 4245–83.

Long, S. P. 1991. “Modification of the Response of 
Photosynthetic Productivity to Rising Temperature by 
Atmospheric CO2 Concentrations: Has its Importance been 
Underestimated?” Plant Cell and Environment 14(8), 729–39.

Long, S. P., and B. G. Drake. 1991. “Effect of the Long-Term 
Elevation of CO2 Concentration in the Field on the Quantum 
Yield of Photosynthesis of the C3 Sedge, Scirpus olneyi,” Plant 
Physiology 96(1), 221–26.

Long, S. P., S. Humphries, and P. G. Falkowski. 1994. 
“Photoinhibition of Photosynthesis in Nature,” Annual 
Reviews of Plant Physiology and Plant Molecular Biology 45, 
633–62.

Lovelock, C. E., et al. 1997. “Symbiotic Vesicular-Arbuscular 
Mycorrhizae Influence Maximum Rates of Photosynthesis 
in Tropical Tree Seedlings Grown Under Elevated CO2,” 
Australian Journal of Plant Physiology 24(2), 185–94.

Lugo, A. E. 2000. “Effects and Outcomes of Caribbean 
Hurricanes in a Climate Change Scenarios,” The Science of the 
Total Environment 262, 243–51.

Lugo, A. E. 2008. “Visible and Invisible Effects of Hurricanes on 
Forest Ecosystems: An International Review,” Austral Ecology 
33, 368–98.

Lugo, A. E., J. Figueroa Colon, and F. N. Scatena. 2000. “The 
Caribbean.” In North American Terrestrial Vegetation. Eds. M. 
G. Barbour and W. D. Billings. Cambridge University Press, 
Cambridge, United Kingdom.

Lugo, A. E., and E. Helmer. 2004. “Emerging Forests on 
Abandoned Land: Puerto Rico’s New Forests,” Forest Ecology 
and Management 190, 145–61.

Lugo, A. E., and F. N. Scatena. 1996. “Background and 
Catastrophic Tree Mortality in Tropical Moist, Wet and 
Rainforests,” Biotropica 28, 585–99.

Mabry, C. M., et al. 1998. “Typhoon Disturbance and Stand-
Level Damage Patterns at a Subtropical Forest in Taiwan,” 
Biotropica 30, 238–50.

Malhi, Y., et al. 1998. “Carbon Dioxide Transfer over a Central 
Amazonian Rainforest,” Journal of Geophysical Research 31, 
593–612.

Malhi, Y., et al. 2002. “An International Network to Understand 
the Biomass and Dynamics of Amazonian Forests 
(RAINFOR),” Journal of Vegetation Science 13, 439–50.

Malhi, Y., et al. 2008. “Climate Change, Deforestation, and the 
Fate of the Amazon,” Science 319(5860), 169–72.

Malhi, Y., et al. 2009a. “Comprehensive Assessment of Carbon 
Productivity, Allocation and Storage in Three Amazonian 
Forests,” Global Change Biology 15, 1255–74.

Malhi, Y., et al. 2009b. “Exploring the Likelihood and 
Mechanism of a Climate-Change-Induced Dieback of the 
Amazon Rainforest,” Proceedings of the National Academy of 
Sciences of the United States of America 106(49), 20610–15. 
DOI:10.1073/pnas.0804619106.

Appendix 3



113Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Mann, M. E., and K. A. Emanuel. 2006. “Atlantic Hurricane 
Trends Linked to Climate Change,” EOS: Transactions of the 
American Geophysical Union 87(4), 233–44.

Marengo, J. A., et al. 2008. “The Drought of Amazonia in 2005,” 
Journal of Climate 21, 495–516.

Marengo, J. A., et al. 2010. “An Intercomparison of Observed and 
Simulated Extreme Rainfall and Temperature Events During 
the Last Half of the Twentieth Century—Part 2: Historical 
Trends,” Climatic Change 98(3), 509–29.

Marengo, J. A., et al. 2011. “The Drought of 2010 in the Context 
of Historical Droughts in the Amazon Region,” Geophysical 
Research Letters 38, L12703. DOI:10.1029/2011GL047436.

Marengo, J. A., et al. 2012. “Recent Developments on the 
South American Monsoon System,” International Journal of 
Climatology 32, 1–21.

Markesteijn, L., et al. 2011. “Ecological Differentiation in Xylem 
Cavitation Resistance is Associated with Stem and Leaf 
Structural Traits,” Plant, Cell and Environment 34, 137–148.

Markewitz, D., et al. 2010. “Soil Moisture Depletion Under 
Simulated Drought in the Amazon: Impacts on Deep Root 
Uptake,” New Phytologist 187(3), 592–607.

Martin, S. T., et al. 2010. “Sources and Properties of Amazonian 
Aerosol Particles,” Reviews of Geophysics 48, RG2002. DOI: 
10.1029/2008RG000280.

Martinson, G. O., et al. 2010. “Methane Emissions from Tank 
Bromeliads in Neotropical Forests,” Nature Geoscience 3, 
766–69.

Matson, P. A., and P. M. Vitousek. 1990. “Ecosystem Approach to 
a Global Nitrous Oxide Budget,” BioScience 40, 667–72.

Matson, P. A., K. A. Lohse, and S. J. Hall. 2002. “The 
Globalization of Nitrogen Deposition: Consequences for 
Terrestrial Ecosystems,” Ambio 31(2), 113–19.

Matson, P. A., et al. 1999. “The Globalization of Nitrogen 
Deposition: Ecosystem Consequences in Tropical 
Environments,” Biogeochemistry 46, 67–83.

McDonnell, J. J. 2003. “Where Does Water Go When it 
Rains? Moving Beyond the Variable Source Area Concept 
of Rainfall-Runoff Response,” Hydrological Processes 17, 
1869–75.

McDowell, N. G., et al. 2011. “The Interdependence of 
Mechanisms Underlying Climate-Driven Vegetation 
Mortality,” Trends in Ecology and Evolution 26(10), 523–32.

McNab, W. H., C. H. Greenberg, and E. C. Berg. 2004. 
“Landscape Distribution and Characteristics of Large 
Hurricane-Related Canopy Gaps in a Southern Appalachian 
Watershed,” Forest Ecology and Management 196, 435–47.

McNulty, S. G. 2002. “Hurricane Impacts on U.S. Forest Carbon 
Sequestration,” Environmental Pollution 116, S17–S24.

Medlyn, B. E., et al. 2001. “Stomatal Conductance of Forest 
Species after Long-Term Exposure to Elevated CO2 
Concentration: A Synthesis,” New Phytologist 149(2), 
247–64.

Meinzer, F. C., et al. 1997. “Control of Transpiration from the 
Upper Canopy of a Tropical Forest: The Role of Stomatal, 
Boundary Layer and Hydraulic Architecture Components,” 
Plant Cell and Environment 20, 1242–52.

Meinzer, F. C., et al. 2008. “Coordination of Leaf and Stem Water 
Transport Properties in Tropical Forest Trees,” Oecologia 
156(1), 31–41.

Meir, P., P. Cox, and J. Grace. 2006. “The Influence of Terrestrial 
Ecosystems on Climate,” Trends in Ecology and Evolution 
21(5), 254–60.

Meir, P., J. Grace, and A. C. Miranda. 2001. “Leaf Respiration 
in Two Tropical Rainforests: Constraints on Physiology by 
Phosphorus, Nitrogen and Temperature,” Functional Ecology 
15, 378–87.

Meir, P., and F. I. Woodward. 2010. “Amazonian Rainforests 
and Drought: Response and Vulnerability,” New Phytologist 
187(3), 553–57.

Meir P., et al. 2008. “The Fate of Assimilated Carbon During 
Drought: Impacts on Respiration in Amazon Rainforests,” 
Philosophical Transactions of the Royal Society Series B: 
Biological Sciences 363(1498), 1849–55. DOI:10.1098/
rstb.2007.0021 1471-2970.

Melack, J. M., et al. 2004. “Regionalization of Methane Emissions 
in the Amazon Basin with Microwave Remote Sensing,” 
Global Change Biology 10, 530–44.

Mercado, L. M., et al. 2011. “Variations in Amazon Forest 
Productivity Correlated with Foliar Nutrients and Modelled 
Rates of Photosynthetic Carbon Supply,” Philosophical 
Transactions of the Royal Society Series B: Biological Sciences 
366, 3316–29.

Metcalfe, D. B., et al. 2007. “Factors Controlling Spatio-Temporal 
Variation in Carbon Dioxide Efflux from Surface Litter, 
Roots, and Soil Organic Matter at Four Rainforest Sites in 
the Eastern Amazon,” Journal of Geophysical Research 112, 
G04001.

Metcalfe, D. B., et al. 2010. “Impacts of Experimentally Imposed 
Drought on Leaf Respiration and Morphology in an Amazon 
Rain Forest,” Functional Ecology 24(3), 524–33.

Miller, S. D., et al. 2004. “Biometric and Micrometeorological 
Measurements of Tropical Forest Carbon Balance,” Ecological 
Applications 14, S114–26.

Monson, R. K., et al. 2007. “Isoprene Emission from Terrestrial 
Ecosystems in Response to Global Change: Minding the 
Gap Between Models and Observations,” Philosophical 
Transactions of the Royal Society Series A: Mathematical, 
Physical, and Engineering Sciences 365(1856), 1677–95.

Moorcroft, P. R., G. C. Hurtt, and S. W. Pacala. 2001. “A 
Method for Scaling Vegetation Dynamics: The Ecosystem 
Demography Model (ED),” Ecological Monographs 71(4), 
557–85.

Morison, J. I. L. 1985. “Sensitivity of Stomata and Water-Use 
Efficiency to High CO2,” Plant Cell and Environment 8(6), 
467–74.

Appendix 3



114 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Mueller, B., et al. 2011. “Evaluation of Global Observations-
Based Evapotranspiration Datasets and IPCC AR4 
Simulations,” Geophysical Research Letters 38, L06402. 
DOI:10.1029/2010GL046230.

Mueller-Dombois, D. 1981. “Fire in Tropical Ecosystems. In Fire 
Regimes and Ecosystem Properties, 137–76 . H.A. Mooney, 
T. M. Bonnicksen, N.L. Christensen, J. E. Lotan, and W. A. 
Reiners (technical coordinators). General Technical Report 
WO-26, U.S. Department of Agriculture, Forest Service, 
Washington, D.C.

Myer, W. B., and B. L. Turner, II, comp. 1994. Changes in Land 
Use and Land Cover: A Global Perspective. Cambridge 
University Press, Cambridge.

Myneni, R. B., et al. 2007. “Large Seasonal Swings in Leaf Area of 
Amazon Rainforests,” Proceedings of the National Academy of 
Sciences of the United States of America 104, 4820–23.

Negrón-Juárez, R. I., et al. 2010. “Widespread Amazon Forest 
Tree Mortality from a Single Cross-Basin Squall Line Event,” 
Geophysical Research Letters 37, L16701.

Negrón-Juárez, R. I., et al. 2011. “Detection of Subpixel Treefall 
Gaps with Landsat Imagery in Central Amazon Forests,” 
Remote Sensing of Environment 115, 3322–28.

Nelson, B. W., et al. 1994. “Forest Disturbance by Large 
Blowdowns in the Brazilian Amazon,” Ecology 75, 853–58.

Nelson, B. W., et al. 1999. “Allometric Regressions for Improved 
Estimate of Secondary Forest Biomass in the Central 
Amazon,” Forest Ecology and Management 117(1–3), 149–67.

Nepstad, D., et al. 1994. “The Role of Deep Roots in the 
Hydrological and Carbon Cycles of Amazonian Forests and 
Pastures,” Nature 372, 666–69.

Nepstad, D. C., et al. 1999. “Large-Scale Impoverishment 
of Amazonian Forests by Logging and Fire,” Nature 398, 
505–08.

Nepstad, D. C., et al. 2001. “Road Paving, Fire Regime 
Feedbacks, and the Future of Amazon Forests,” Forest Ecology 
and Management 154(3), 395–407.

Nepstad, D. C., et al. 2004. “Amazon Drought and its 
Implications for Forest Flammability and Tree Growth: A 
Basin-Wide Analysis,” Global Change Biology 10(5), 704–17.

Nepstad, D. C., et al. 2007. “Mortality of Large Trees and Lianas 
Following Experimental Drought in an Amazon Forest,” 
Ecology 88(9), 2259–69.

Nepstad, D. C., et al. 2008. “Interactions Among Amazon Land 
Use, Forests and Climate: Prospects for a Near-Term Forest 
Tipping Point,” Philosophical Transactions of the Royal Society 
Series B: Biological Sciences 363, 1737–46.

Neue, H. U., et al. 1997. “Carbon in Tropical Wetlands,” 
Geoderma 79(1–4), 163–85. 

Niinemets, Ü., et al. 2009. “Role of Mesophyll Diffusion 
Conductance in Constraining Potential Photosynthetic 
Productivity in the Field,” Journal of Experimental Botany 
60(8), 2249–70.

Niinemets, Ü., et al. 2010a. “The Leaf-Level Emission Factor of 
Volatile Isoprenoids: Caveats, Model Algorithms, Response 
Shapes and Scaling,” Biogeosciences 7(6), 1809–32.

Niinemets, Ü., et al. 2010b. “The Emission Factor of Volatile 
Isoprenoids: Stress, Acclimation, and Developmental 
Responses,” Biogeosciences 7(7), 2203–23.

Norby, R. J., E. G. O’Neill, and R. J. Luxmoore. 1986. “Effects of 
Atmospheric CO2 Enrichment on the Growth and Mineral 
Nutrition of Quercus alba Seedlings in Nutrient-Poor Soil,” 
Plant Physiology 82, 83–89.

Norby, R. J., and D. R. Zak. 2011. “Ecological Lessons from Free-
Air CO2 Enrichment (FACE) Experiments,” Annual Review of 
Ecology, Evolution, and Systematics 42, 181–203.

Norby, R. J., et al. 1999. “Tree Responses to Rising CO2 in Field 
Experiments: Implications for the Future Forest,” Plant, Cell 
and Environment 22, 683–714.

Norby, R. J., et al. 2003. “Leaf Dynamics of a Deciduous Forest 
Canopy: No Response to Elevated CO2,” Oecologia 136, 
574–84.

Norby, R. J., et al. 2005. “Forest Response to Elevated CO2 is 
Conserved Across a Broad Range of Productivity,” Proceedings 
of the National Academy of Sciences of the United States of 
America 102(50), 18052–56.

Norby, R. J., et al. 2010. “CO2 Enhancement of Forest 
Productivity Constrained by Limited Nitrogen Availability,” 
Proceedings of the National Academy of Sciences of the United 
States of America 107, 19368–73. 

Norcliff, S., J. B. Thornes, and M. J. Waylen, 1979. “Tropical 
Forests Systems: A Hydrological Approach,” Amazonia VI 4, 
557–568.

O’Brien, J. J., S. F. Oberbauer, and D. B. Clark. 2004. “Whole 
Tree Xylem Sap Flow Responses to Multiple Environmental 
Variables in a Wet Tropical Forest,” Plant Cell and Environment 
27, 551–67.

Oades, J. M., et al. 1989. “Interactions of Soil Organic Matter and 
Variable-Charge Clays,” In Dynamics of Soil Organic Matter in 
Tropical Ecosystems, 69–96. Eds. D.C. Coleman, J. M. Oades, 
and G. Uehara, University of Hawaii Press.

Ockenden, M. C., and N. A. Chappell. 2011. “Identification 
of the Dominant Runoff Pathways from the Data-Based 
Mechanistic Modelling of Nested Catchments in Temperate 
UK,” Journal of Hydrology 402, 71–79. DOI:10.1016/j.
jhydrol.2011.03.001.

Oleson, K. W., et al. 2010. Technical Description of Version 4.0 of 
the Community Land Model (CLM). NCAR Technical Note 
NCAR/TN-478+STR. National Center for Atmospheric 
Research, Boulder, CO.

Oliveira, R. S., et al. 2005. “Hydraulic Redistribution in Three 
Amazonian Trees,” Oecologia 145, 354–63.

Ostertag, R., W. L. Silver, and A. E. Lugo. 2005. “Factors 
Affecting Mortality and Resistance to Damage Following 
Hurricanes in a Rehabilitated Subtropical Moist Forest,” 
Biotropica 37, 16–24.

Oyama, M. D., and C. A. Nobre. 2003. “A New Climate-
Vegetation Equilibrium State for Tropical South 
America,” Geophysical Research Letters 30(23), 2199. 
DOI:10.1029/2003GL018600.

Appendix 3



115Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Page, S. E., J. O. Rieley, and C. J. Banks. 2011. “Global and 
Regional Importance of the Tropical Peatland Carbon Pool,” 
Global Change Biology 17(2), 798–818.

Paine, R. T., M. J. Tagener, and E. A. Johnson. 1998. 
“Compounded Perturbations Yield Ecological Surprises,” 
Ecosystems 1, 535–45.

Paine, C. E. T., et al. 2011. “Functional Traits of Individual Trees 
Reveal Ecological Constraints on Community Assembly in 
Tropical Rainforests,” Oikos 120, 720–27.

Pan, Y., et al. 2011. “A Large and Persistent Carbon Sink in the 
World’s Forests,” Science 333, 988–93.

Parton, W. J., et al. 1989. “Modeling Soil Organic Matter 
Dynamics in Tropical Soils.” In Dynamics of Soil Organic 
Matter in Tropical Ecosystems, 153–72. Eds. D.C. Coleman, J. 
M. Oades, and G. Uehara, University of Hawaii Press.

Parton, W., et al. 2007. “Global-Scale Similarities in Nitrogen 
Release Patterns During Long-Term Decomposition,” Science 
315(5810), 361–64.

Paul, M., et al. 2010. “Recovery of Soil Properties and Functions 
in Different Rainforest Restoration Pathways,” Forest Ecology 
and Management 259, 2083–92.

Pegoraro, E., et al. 2005. “The Effect of Elevated Atmospheric 
CO2 and Drought on Sources and Sinks of Isoprene in a 
Temperate and Tropical Rainforest Mesocosm,” Global 
Change Biology 11, 1234–46.

Peña-Arancibia, J. L., et al. 2010. “The Role of Climatic and 
Terrain Attributes in Estimating Baseflow Recession in 
Tropical Catchments,” Hydrology and Earth System Sciences 
14, 2193–205. DOI:10.5194/hess-14–2193–2010. 

Penman, H. L., and R. K. Schofield. 1951. “Some Physical 
Aspects of Assimilation and Transpiration,” Symposia of the 
Society for Experimental Biology 5, 115–29. 

Peterson, C. J., and S. T.A. Pickett. 1991. “Stem Damage and 
Re-Sprouting Following Catastrophic Windthrow in an Old-
Growth Hemlock-Hardwoods Forest,” Forest Ecology and 
Management 42, 205–17.

Peterson, C. J., and A. J. Rebertus. 1997. “Tornado Damage and 
Initial Recovery in Three Adjacent, Lowland Temperate 
Forests in Missouri,” Journal of Vegetation Science 8(4), 
559–64.

Phillips, O. L., and A. H. Gentry. 1994. “Increasing Turnover 
Through Time in Tropical Forests,” Science 263, 954–58.

Phillips, O. L., et al. 1998. “Changes in the Carbon Balance of 
Tropical Forests: Evidence from Long-Term Plots,” Science 
282, 439–42.

Phillips, O. L., et al. 2002. “Increasing Dominance of Large 
Lianas in Amazonian Forests,” Nature 418(6899), 770–74.

Phillips, O. L., et al. 2004. “Pattern and Process in Amazon Tree 
Turnover: 1976–2001,” Philosophical Transactions of the Royal 
Society Series B: Biological Sciences 359, 381–408.

Phillips, O. L., et al. 2005. “Large Lianas as Hyperdynamic 
Elements of the Tropical Forest Canopy,” Ecology 86, 
1250–58.

Phillips, O. L., et al. 2009. “Drought Sensitivity of the Amazon 
Rainforest,” Science 323, 1344–47.

Phillips, O. L., et al. 2010. “Drought-Mortality Relationships for 
Tropical Forests,” New Phytologist 187(3), 666–81.

Pickett, S. T. A., and P. S. White. 1985. “Natural Disturbance 
and Patch Dynamics: an Introduction.” In The Ecology of 
Natural Disturbance and Patch Dynamics. Academic Press, 
Waltham, Mass.

Platt, W. J., et al. 2002. “Interactions of Large-Scale Disturbances: 
Prior Fire Regimes and Hurricane Mortality of Savanna 
Pines,” Ecology 83, 1566–72.

Plaut, J. A., et al. 2012. “Hydraulic Limits Preceding Mortality in 
a Pinon-Juniper Woodland Under Experimental Drought,” 
Plant Cell and Environment 35(9), 1601–17.

Poorter, L., and K. Kitajima. 2007. “Carbohydrate Storage and 
Light Requirements of Tropical Moist and Dry Forest Tree 
Species,” Ecology 88(4), 1000–11.

Poorter, H., and M. L. Navas. 2003. “Plant Growth and 
Competition at Elevated CO2: On Winners, Losers and 
Functional Groups,” New Phytologist 157, 175–98.

Pöschl, U., et al. 2010. “Rainforest Aerosols as Biogenic Nuclei of 
Clouds and Precipitation in the Amazon,” Science 329(5998), 
1513–16.

Potts, M. D. 2003. “Drought in a Bornean Everwet Rainforest,” 
Journal of Ecology 91, 467–74.

Prenni, A. J., et al. 2009. “Relative Roles of Biogenic Emissions 
and Saharan Dust as Ice Nuclei in the Amazon Basin,” Nature 
Geoscience 2, 402–05.

Proctor, J. 2004. “Rainforest Mineral Nutrition: The ‘Black Box’ 
and a Glimpse Inside It.” In Forests, Water and People in the 
Humid Tropics, 422–446. Eds. M. Bonell and L. A. Bruijnzeel. 
Cambridge University Press, Cambridge.

Prudhomme, C., N. Reynard, and S. Crooks. 2002. “Downscaling 
of Global Climate Models for Flood Frequency Analysis: 
Where Are We Now?” Hydrological Processes 16, 1137–50.

Pyle, E. H., et al. 2008. “Dynamics of Carbon, Biomass, and 
Structure in Two Amazonian Forests,” Journal of Geophysical 
Research 113, G00B08. DOI:10.1029/2007JG000592.

Quesada, C. A., et al. 2011. “Soils of Amazonia with Particular 
Reference to the RAINFOR Sites,” Biogeosciences 8, 1415–40.

Raich, J. W., and W. H. Schlesinger. 1992. “The Global Carbon 
Dioxide Flux in Soil Respiration and its Relationship to 
Vegetation and Climate,” Tellus Series B: Chemical and Physical 
Meteorology 44, 81–99.

Raich, J. W., et al. 2006. “Temperature Influences Carbon 
Accumulation in Moist Tropical Forests,” Ecology 87, 76–87.

Ramankutty, N., et al. 2007. “Challenges to Estimating Carbon 
Emissions from Tropical Deforestation,” Global Change 
Biology 13, 51–66.

Randerson, J. T., et al. 2009. “Systematic Assessment of 
Terrestrial Biogeochemistry in Coupled Climate–Carbon 
Models,” Global Change Biology 15, 2462–84.

Appendix 3



116 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Reed, S. C., T. E. Wood, and M. A. Cavaleri. 2012. “Tropical 
Forests in a Warming World,” New Phytologist 193(1), 27–29. 
DOI:10.1111/j.1469–8137.2011.03985.x.

Reich, P., J. Oleksyn, and I. Wright. 2009. “Leaf Phosphorus 
Influences the Photosynthesis-Nitrogen Relation: A Cross-
Biome Analysis of 314 Species,” Oecologia 160, 207–12.

Reiners, W. A., et al. 2002. “Historical and Future Land Use 
Effects on N2O and NO Emissions Using an Ensemble 
Modeling Approach: Costa Rica’s Caribbean Lowlands 
as an Example,” Global Biogeochemical Cycles 16(4), 1068. 
DOI:10.1029/2001GB001437.

Rinne, H. J. I., et al. 2002. “Isoprene and Monoterpene 
Fluxes Measured Above Amazonian Rainforest and Their 
Dependence on Light and Temperature,” Atmospheric 
Environment 36(14), 2421–26.

Rizzo, L. V., et al. 2010. “Aerosol Properties, In-Canopy 
Gradients, Turbulent Fluxes and VOC Concentrations at a 
Pristine Forest Site in Amazonia,” Atmospheric Environment 
44, 503–11.

Roberts, J. M., et al. 2005. “Controls on Evaporation in Lowland 
Tropical Rainforest.” In Forests, Water and People in the Humid 
Tropics, 287–313. Eds. M. Bonell and L. A. Bruijnzeel, Cam-
bridge University Press.

Rochette, P., and N. S. Eriksen-Hamel. 2008. “Chamber 
Measurements of Soil Nitrous Oxide Flux: Are Absolute 
Values Reliable?” Soil Science Society of America Journal 72(2), 
331–42.

Rosenfeld, D., et al. 2008. “Flood or Drought: How do Aerosols 
Affect Precipitation?” Science 321(5894), 1309–13.

Rothermel, R. C. 1972. A Mathematical Model for Predicting 
Fire Spread in Wildland Fuels. USDA Forest Service General 
Technical Report INT–115. Intermountain Forest and Range 
Experiment Station, Forest Service, U. S. Department of 
Agriculture, Ogden, Utah.

Ryan, M. G. 2010. “Temperature and Tree Growth,” Tree 
Physiology 30, 667–68.

Ryan, M. G., et al. 1994. “Woody Tissue Respiration for 
Simarouba amara and Minquartia guianensis, Two Tropical 
Wet Forest Trees with Different Growth Habits,” Oecologia 
100, 213–20.

Saatchi, S. S., et al. 2011. “Benchmark Map of Forest Carbon 
Stocks in Tropical Regions Across Three Continents,” 
Proceedings of the National Academy of Sciences of the United 
States of America 108(24), 9899–904.

Sage, R. F., and D. S. Kubien. 2007. “The Temperature Response 
of C-3 and C-4 Photosynthesis,” Plant Cell and Environment 
30, 1086–106.

Saleska, S. R., et al. 2003. “Carbon in Amazon Forests: 
Unexpected Seasonal Fluxes and Disturbance-Induced 
Losses,” Science 302(5650), 1554–57.

Saleska, S. R., et al. 2007. “Amazon Forests Green-Up During 
2005 Drought,” Science 318(5850), 612. 

Samanta, A., S. Ganguly, and R. B. Myneni. 2011. “MODIS 
Enhanced Vegetation Index Data Do Not Show Greening Of 
Amazon Forests During the 2005 Drought,” New Phytologist 
189, 11–15. DOI:10.1111/j.1469–8137.2010.03516.x.

Samanta, A., et al. 2010. “Amazon Forests Did Not Green-Up 
During The 2005 Drought,” Geophysical Research Letters 37, 
L05401.

Samanta, A., et al. 2012. “Why Is Remote Sensing of Amazon 
Forest Greenness So Challenging?” Earth Interactions 16, 
1–14. DOI:10.1175/2012EI440.1.

Sanford, R. L., et al. 1985. “Amazon Rain-Forest Fires,” Science 
227, 53–55.

Sanford, R., et al. 1991. “Hurricane Effects on Soil Organic 
Matter Dynamics and Forest Production in the Luquillo 
Experimental Forest, Puerto Rico: Results of Simulation 
Modeling,” Biotropica 23, 364–72.

Sato, H., A. Itoh, and T. Kohyama. 2007. “SEIB–DGVM: A 
New Dynamic Global Vegetation Model Using a Spatially 
Explicit Individual-Based Approach,” Ecological Modeling 200, 
279–307.

Sayer, E. J., J. S. Powers, and E. V. J. Tanner. 2007. “Increased 
Litterfall in Tropical Forests Boosts the Transfer of Soil CO2 
to the Atmosphere,” PLoS One 2(12), e1299. DOI:10.1371/
journal.pone.0001299.

Sayer, E. J., and E. V. J. Tanner. 2010. “A New Approach to 
Trenching Experiments for Measuring Root-Rhizosphere 
Respiration in a Lowland Tropical Forest,” Soil Biology and 
Biochemistry 42, 347–52.

Scheiter, S., and S. Higgins. 2009. “Impacts of Climate Change on 
the Vegetation of Africa: An Adaptive Dynamic Vegetation 
Modelling Approach,” Global Change Biology 15(9), 
2224–46.

Scheiter, S., et al. 2012. “Fire and Fire-Adapted Vegetation 
Promoted C4 Expansion in the Late Miocene,” New 
Phytologist 195(3), 653–66.

Schlesinger, W. H. 1997. Biogeochemistry: An Analysis of Global 
Change. Academic Press, San Diego.

Schmidt, M. W. I., et al. 2011. “Persistence of Soil Organic Matter 
as an Ecosystem Property,” Nature 478(7367), 49–56.

Schnitzer, S. A., and F. Bongers. 2011. “Increasing Liana 
Abundance and Biomass in Tropical Forests: Emerging 
Patterns and Putative Mechanisms,” Ecology Letters 14(4), 
397–406.

Schnitzer, S. A., and W. P. Carson. 2010. “Lianas Suppress Tree 
Regeneration and Diversity in Treefall Gaps,” Ecology Letters 
13(7), 849–57.

Schuldt, B., et al. 2011. “Change in Hydraulic Properties and 
Leaf Traits in a Tall Rainforest Tree Species Subjected to 
Long-Term Throughfall Exclusion in the Perhumid Tropics,” 
Biogeosciences 8(8), 2179–94.

Schuur, E., and P. Matson. 2001. “Net Primary Productivity 
and Nutrient Cycling Across a Mesic to Wet Precipitation 
Gradient in Hawaiian Montane Forest,” Oecologia 128, 
431–42.

Appendix 3



117Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Setzer, A. W., and M. C. Pereira. 1991. “Amazonia Biomass 
Burnings in 1987 and an Estimate of Their Tropospheric 
Emissions,” Ambio 20(1), 19–22.

Shanley, J. B., W. H. McDowell, and R. F. Stallard. 2011. 
“Long-Term Patterns and Short-Term Dynamics of Stream 
Solutes and Suspended Sediment in a Rapidly Weathering 
Tropical Watershed,” Water Resources Research 47, W07515. 
DOI:10.1029/2010WR009788. 

Sharkey, T. D., A. E. Wiberley, and A. R. Donohue. 2008. 
“Isoprene Emission from Plants: Why and How,” Annals of 
Botany 101, 5–18.

Sheffield, J., and E. F. Wood. 2008. “Projected Changes in 
Drought Occurrence Under Future Global Warming from 
Multi-Model, Multi-Scenario, IPCC AR4 Simulations,” 
Climate Dynamics 31(1), 79–105.

Shepherd, J. M., and T. Knutson. 2007. “The Current Debate 
on the Linkage Between Global Warming and Hurricanes,” 
Geography Compass 1, 1–24.

Shevliakova, E., et al. 2009. “Carbon Cycling Under 300 
Years of Land Use Change: Importance of the Secondary 
Vegetation Sink,” Global Biogeochemical Cycles 23, GB2022. 
DOI:10.1029/2007GB003176.

Shukla, J., C. Nobre, and P. Sellers. 1990. “Amazon Deforestation 
and Climate Change,” Science 247, 1322–25.

Silver, W. L. 1998. “The Potential Effects of Elevated CO2 and 
Climate Change on Tropical Forest Soils and Biogeochemical 
Cycling,” Climatic Change 39, 337–61.

Silver, W. L., D. J. Herman, and M. K. Firestone. 2001. 
“Dissimilatory Nitrate Reduction to Ammonium in Tropical 
Forest Soils,” Ecology 82, 2410–16. 

Silver, W. L., D. Liptzin, and M. Almaraz. “Soil Redox Dynamics 
and Biogeochemistry along a Tropical Elevation Gradient,” 
In Elevation Gradients in the Tropics. Eds. G. G. Gonzalez, M. 
Willig, and R. B. Waide. In press.

Silver, W. L., A. Lugo, and M. Keller. 1999. “Soil Oxygen 
Availability and Biogeochemistry Along Rainfall and 
Topographic Gradients in Upland Wet Tropical Forest Soils,” 
Biogeochemistry 44(3), 301–28.

Silver, W. L., and K. A. Vogt. 1993. “Fine Root Dynamics 
Following Single and Multiple Disturbances in a Subtropical 
Wet Forest Ecosystem,” Journal of Ecology 81(4), 729–38.

Silver, W. L., et al. 1994. “Nutrient Availability in a Montane 
Wet Tropical Forest: Spatial Patterns and Methodological 
Considerations,” Plant and Soil 164(1), 129–45.

Silver, W. L., et al. 2005a. “Fine Root Dynamics and Trace Gas 
Fluxes in Two Lowland Tropical Forest Soils,” Global Change 
Biology 11, 290–306.

Silver, W. L., et al. 2005b. “Nitrogen Retention and Loss in 
Tropical Plantations and Old Growth Forests,” Ecological 
Applications 15, 1604–14.

Sinsabaugh, R. L., R. K. Antibus, and A. E. Linkins. 1991. “An 
Enzymatic Approach to the Analysis of Microbial Activity 
During Plant Litter Decomposition,” Agriculture, Ecosystems, 
and Environment 34(1–4), 43–54.

Sitch, S., et al. 2008. “Evaluation of the Terrestrial Carbon 
Cycle, Future Plant Geography and Climate-Carbon Cycle 
Feedbacks Using Five Dynamic Global Vegetation Models 
(DGVMs),” Global Change Biology 14(9), 2015–39.

Skole, D., and C. Tucker. 1993. “Tropical Deforestation and 
Habitat Fragmentation in the Amazon: Satellite Data from 
1978 to 1988,” Science 260, 1905–10.

Smith, B., I. C. Prentice, and M. T. Sykes. 2001. “Representation 
of Vegetation Dynamics in Modelling of Terrestrial 
Ecosystems: Comparing Two Contrasting Approaches 
Within European Climate Space,” Global Ecology and 
Biogeography 10, 621–37.

Soares, B., et al. 2012. “Forest Fragmentation, Climate Change 
and Understory Fire Regimes on the Amazonian Landscapes 
of the Xingu Headwaters,” Landscape Ecology 27, 585–98.

Soares-Filho, B. S., et al. 2006. “Modelling Conservation in the 
Amazon Basin,” Nature 440, 520–23.

Soden, B. J., et al. 2005. “The Radiative Signature of Upper 
Tropospheric Moistening,” Science 310(5749), 841–44.

Sollins, P., and R. Radulovich. 1988. “Effects of Soil Physical 
Structure on Solute Transport in a Weathered Tropical Soil,” 
Soil Science Society of America Journal 52, 1168–73.

Sollins, P., et al. 2009. “Sequential Density Fractionation 
Across Soils of Contrasting Mineralogy: Evidence for Both 
Microbial- and Mineral-Controlled Soil Organic Matter 
Stabilization,” Biogeochemistry 96(1–3), 209–31.

Solomon, D., J. Lehmann, and W. Zech. 2000. “Land Use Effects 
of Soil Organic Matter Properties of Chromic Luvisols in 
Semi-Arid Northern Tanzania: Carbon, Nitrogen, Lignin, 
and Carbohydrates,” Agriculture, Ecosystems, and Environment 
78(3), 203–13.

Sombroek, W. 2001. “Spatial and Temporal Patterns of Amazon 
Rainfall: Consequences for the Planning of Agricultural 
Occupation and the Protection of Primary Forests,” Ambio 
30(7), 388–96.

Sotta, E. D., et al. 2006. “Landscape and Climatic Controls on 
Spatial and Temporal Variation in Soil CO2 Efflux in an 
Eastern Amazonian Rainforest, Caxiuanã, Brazil,” Forest 
Ecology and Management 237, 57–64.

Sotta, E. D., et al. 2007. “Effects of an Induced Drought on 
Soil CO2 Efflux and Soil CO2 Production in an Eastern 
Amazonian Rainforest, Brazil,” Global Change Biology 13, 
2218–29. DOI:10.1111/j.1365-2486.2007.01416.x.

Sousa, W. P. 1984. “The Role of Disturbance in Natural 
Communities,” Annual Review of Ecology and Systematics 15, 
353–91.

Souza, L., et al. 2010. “CO2 Enrichment Accelerates Successional 
Development of an Understory Community,” Journal of Plant 
Ecology 3(1), 33–39.

Sperry, J. S., et al. 2002. “Water Deficits and Hydraulic Limits 
to Leaf Water Supply,” Plant Cell and Environment 25(2), 
251–63.

Staver, A. C., S. Archibald, and S. Levin. 2011. “Tree Cover in 
Sub-Saharan Africa: Rainfall and Fire Constrain Forest and 
Savanna as Alternative Stable States,” Ecology 92, 1063–72.

Appendix 3



118 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Stork, N. E., et al. 2007. “Tropical Rainforest Canopies and 
Climate Change,” Austral Ecology 32, 105–12.

Struckmeier, W. F., et al. 2006. WHYMAP and the World Map of 
Transboundary Aquifer Systems at the scale of 1:50 000 000, 
(special edition for the 4th World Water Forum, Mexico City, 
March 2006). German Federal Institute for Geosciences 
and Natural Resources (BGR), Hannover, Germany, and 
UNESCO, Paris.

Sun, Y., L. Gu, and R. E. Dickinson. In review. “The Effect of 
Mesophyll Conductance on Gross Primary Production: 
Global Simulations with a Land Surface Model,” Journal of 
Geophysical Research. 

Swaine, M. D., and T. C. Whitmore. 1988. “On the Definition of 
Ecological Species Groups in Tropical Rainforests,” Vegetatio 
75, 81–86.

Swamy, R. H., and J. Proctor. 1994. “Litterfall and Nutrient 
Cycling in Four Rain Forests in the Sringeri Area of the 
Indian Western Ghats,” Global Ecology and Biogeography 
Letters  4(5), 155–65.

Tanner, E. V. J., P. M. Vitousek, and E. Cuevas. 1998. 
“Experimental Investigation of Nutrient Limitation of Forest 
Growth on Wet Tropical Mountains,” Ecology 79, 10–22.

Taub, D., J. Seemann, and J. Coleman. 2000. “Growth in Elevated 
CO2 Protects Photosynthesis Against High-Temperature 
Damage,” Plant, Cell and Environment 23, 649–56.

Teh, Y. A., W. L. Silver, and M. E. Conrad. 2005. “Oxygen Effects 
on Methane Production and Oxidation in Humid Tropical 
Forest Soils,” Global Change Biology 11, 1283–97.

Telles, E. C. C., et al. 2003. “Influence of Soil Texture on Carbon 
Dynamics and Storage Potential in Tropical Forest Soils of 
Amazonia,” Global Biogeochemical Cycles 17, 1040.

Templer, P. M., et al. 2008. “Plant and Microbial Controls on 
Nitrogen Retention and Loss in Tropical Forest Soils,” 
Ecology 89, 3030–40.

ter Steege, H., et al. 2006. “Continental-Scale Patterns of Canopy 
Tree Composition and Function Across Amazonia,” Nature 
443, 444–47.

Thomas, R. B., et al. 1991. “Nitrogen Dynamics and Growth 
of Seedlings of an N-Fixing Tree (Gliricidia sepium ( Jacq.) 
Walp.) Exposed to Elevated Atmospheric Carbon Dioxide,” 
Oecologia 88(3), 415–21.

Thompson, J., et al. 2002. “Land Use History, Environment, 
and Tree Composition in a Tropical Forest,” Ecological 
Applications 12, 1344–63.

Thonicke, K., et al. 2010. “The Influence of Vegetation, Fire 
Spread and Fire Behaviour on Biomass Burning and 
Trace Gas Emissions: Results from a Process-Based 
Model,” Biogeosciences 7, 1991–2011. DOI:10.5194/
bg-7–1991–2010.

Thornton, P. E., and N. Rosenbloom. 2005. “Ecosystem Model 
Spin-Up: Estimating Steady State Conditions in a Coupled 
Terrestrial Carbon and Nitrogen Cycle Model,” Ecological 
Modeling 189(1–2), 25–48.

Thornton, P. E., et al. 2002. “Modeling and Measuring the Effects 
of Disturbance History and Climate on Carbon and Water 
Budgets in Evergreen Needleleaf Forests,” Agricultural and 
Forest Meteorology 113, 185–222. 

Thornton, P. E., et al. 2007. “Influence of Carbon-Nitrogen Cycle 
Coupling on Land Model Response to CO2 Fertilization 
And Climate Variability,” Global Biogeochemical Cycles 21(4), 
GB4018.

Thornton, P. E., et al. 2009. “Carbon-Nitrogen Interactions 
Regulate Climate-Carbon Cycle Feedbacks: Results 
from an Atmosphere-Ocean General Circulation Model,” 
Biogeosciences 6, 2099–120.

Tietema, A., et al. 1992. “Abiotic Factors Regulating Nitrogen 
Transformations in the Organic Layer of Acid Forest Soils: 
Moisture and pH,” Plant and Soil 147, 69–78.

Tissue, D. T., J. P. Megonigal, and R. B. Thomas. 1997. 
“Nitrogenase Activity and N2 Fixation Are Stimulated by 
Elevated CO2 in a Tropical N2–Fixing Tree,” Oecologia 
109(1), 28–33.

Tjoelker, M. G., J. Oleksyn, and P. B. Reich. 2001. “Modelling 
Respiration of Vegetation: Evidence for a General 
Temperature-Dependent Q10,” Global Change Biology 7(2), 
223–30.

Toledo, L. C. 2002. “Efeito da Umidade na Respiração de Liteira 
Grossa e Fina em uma Floresta Tropical de Terra-Firme da 
Amazônia Central,” Masters. INPA, Manaus, Brazil.

Tosca, M. G., et al. 2011. “Dynamics of Fire Plumes and Smoke 
Clouds Associated with Peat and Deforestation Fires in 
Indonesia,” Journal of Geophysical Research: Atmospheres 116, 
D08207. DOI:10.1029/2010JD015148.

Townsend, A. R., et al. 2011. “Multi-Element Regulation of the 
Tropical Forest Carbon Cycle,” Frontiers in Ecology and the 
Environment 9, 9–17.

Trenberth, K. E. 1995. “Atmospheric Circulation Climate 
Changes,” Climatic Change 31, 427–53. 

Tribuzy, E. S. 2005. “Variaçoes da Temperatura Foliar do Dossel 
e o seu Efeito na Taxa Assimilatória de CO2 na Amazonia 
Central.” Ph.D. thesis, Piracicaba, Universidade de São Paulo/
ESALQ.

Trumbore, S., et al. 2006. “Dynamics of Fine Root Carbon in 
Amazonian Tropical Ecosystems and the Contribution of 
Roots to Soil Respiration,” Global Change Biology 12(2), 
217–29.

Turner, B. L., et al., comp. 1990. The Earth as Transformed by 
Human Action. Cambridge University Press, Cambridge.

Uhl, C., and J. B. Kauffman. 1990. “Deforestation, Fire 
Susceptibility, and Potential Tree Responses to Fire in the 
Eastern Amazon,” Ecology 7, 437–49.

Uriarte, M., and M. Papaik. 2007. “Hurricane Impacts on 
Dynamics, Structure, and Carbon Sequestration of Forest 
Ecosystems in Southern New England,” Tellus 59A, 519–28.

Uriarte, M., et al. 2009. “Understanding Natural Disturbance 
and Human Land Use as Determinants of Tree Community 
Dynamics in a Subtropical Wet Forest: Results from a Forest 
Simulator,” Ecological Monographs 79, 423–43. 

Appendix 3



119Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Uriarte, M., et al. 2012. “Multidimensional Trade-Offs in Species 
Responses to Disturbance: Implications for Diversity in a 
Subtropical Forest,” Ecology 93, 191–205.

van der Werf, G. R., et al. 2008. “Climate Regulation of Fire 
Emission and Deforestation in Equatorial Asia,” Proceedings of 
the National Academy of Sciences of the United States of America 
105(51), 20350–55.

van der Werf, G. R., et al. 2009. “CO2 Emissions from Forest 
Loss,” Nature Geoscience 2(11), 737–38.

van Mantgem, P. J., et al. 2009. “Widespread Increase of Tree 
Mortality Rates in the Western United States,” Science 23, 
521–24.

Van Nieuwstadt, M. and D. Sheil. 2005. “Drought, Fire and Tree 
Survival in a Borneo Rainforest, East Kalimantan, Indonesia,” 
Journal of Ecology 93, 191–201.

van Straaten, O., E. Veldkamp, and M. D. Corre. 2011. “Simulated 
Drought Reduces Soil CO2 Efflux and Production in a 
Tropical Forest in Sulawesi, Indonesia,” Ecosphere 2(10), 119. 

van Wagner, C. E., and T. L. Pickett. 1985. Equations and 
FORTRAN Program for the Canadian Forest Fire Weather Index 
System. Forest Technical Report 33, Minister of Supply and 
Services Canada, Ottawa.

Vande weghe, J. P. 2004. Forests of Central Africa: Nature and Man. 
Ecofac, Lamono Publishers, Tielt, Belgium.

Vandermeer, J., D. et al. 1996. “A Theory of Disturbance and 
Species Diversity: Evidence from Nicaragua after Hurricane 
Joan,” Biotropica 28, 600–13.

Vasconcelos, S. S., et al. 2004. “Moisture and Substrate 
Availability Constrain Soil Trace Gas Fluxes in an Eastern 
Amazonian Regrowth Forest,” Global Biogeochemical Cycles 
18, GB2009.

Verbeeck, H., et al. 2011. “Seasonal Patterns of CO2 Fluxes 
in Amazon Forests: Fusion of Eddy Covariance Data and 
the Orchidee model,” Journal of Geophysical Research 116, 
G02018. DOI:10.1029/2010jg001544, 2011.

Verissimo, A., et al. 1995. “Extraction of a High-Value Natural 
Resource in Amazonia: The Case of Mahogany,” Forest 
Ecology and Management 72, 39–60.

Vertessy, R. A., L. Zhang, and W. R. Dawes. 2003. “Plantations, 
River Flows and River Salinity,” Australian Forestry 66, 55–61.

Vitousek, P. M. 1984. “Litterfall, Nutrient Cycling, and Nutrient 
Limitation in Tropical Forests,” Ecology 65(1), 285–98.

Vitousek, P. M., and H. Farrington. 1997. “Nutrient Limitation 
and Soil Development: Experimental Test of a Biogeochemical 
Theory,” Biogeochemistry 37, 63–75.

Vitousek, P. M., and R. L. Sanford. 1986. “Nutrient Cycling 
in Moist Tropical Forest,” Annual Review of Ecology and 
Systematics 17, 137–67.

Vitousek, P. M., et al. 1997. “Human Domination of Earth’s 
Ecosystems,” Science 277, 494–99.

Vourlitis, G. L., et al. 2001. “Seasonal Variations in the Net 
Ecosystem CO2 Exchange of a Mature Amazonian 
Transitional Tropical Forest (Cerradao),” Functional Ecology 
15(3), 388–95.

Vourlitis, G. L., et al. 2005. “The Sensitivity of Diel CO2 and H2O 
Vapor Exchange of a Tropical Transitional Forest to Seasonal 
Variation in Meteorology and Water Availability,” Earth 
Interactions 9(27), 1–23.

Walker, L. R. 1991. “Tree Damage and Recovery from Hurricane 
Hugo in Luquillo Experimental Forest, Puerto Rico,” 
Biotropica 23, 379–85.

Walker, T. W., and J. K. Syers. 1976. “The Fate of Phosphorus 
During Pedogenesis,” Geoderma 15, 1–19.

Wallenstein, M., et al. 2011. “Controls on the Temperature 
Sensitivity of Soil Enzymes: A Key Driver of in situ Enzyme 
Activity Rates.” In Soil Enzymology, 245–58. Eds. G. Shukla 
and A. Varma, Springer.

Walsh, R. P. D., et al. 2011. “Longer-Term Responses of 
Rainforest Erosional Systems at Different Spatial Scales 
to Selective Logging and Climatic Change,” Philosophical 
Transactions of the Royal Society Series B: Biological Sciences 
366, 3340–53. DOI:10.1098/rstb.2011.0054.

Walter, B., and M. Heimann. 2000. “A Process-Based, Climate-
Sensitive Model to Derive Methane Emissions from Natural 
Wetlands: Application to Five Wetlands Sites, Sensitivity to 
Model Parameters, and Climate,” Global Biogeochemical Cycles 
14(3), 745–65.

Wang, J. F., et al. 2009. “Impact of Deforestation in the Amazon 
Basin on Cloud Climatology,” Proceedings of the National 
Academy of Sciences of the United States of America 106, 
3670–74.

Wang, Y.-P., and B. Z. Houlton. 2009. “Nitrogen Constraints 
on Terrestrial Carbon Uptake: Implications for the Global 
Carbon-Climate Feedback,” Geophysical Research Letters 36, 
L24403.

Warren, J. M., et al. 2011. “Ecohydrological Impact of Reduced 
Stomatal Conductance in Forests Exposed to Elevated CO2,” 
Ecohydrology 4, 196–210.

Wasaki, J., et al. 2005. “Root Exudation, Phosphorus Acquisition, 
and Microbial Diversity in the Rhizosphere of White Lupine 
as Affected by Phosphorus Supply and Atmospheric Carbon 
Dioxide Concentration,” Journal of Environmental Quality 34, 
2157–66.

Watson, R. T., et al. comp. 2001. Land Use, Land Use Change, and 
Forestry. Cambridge University Press, Cambridge.

Way, D. A., and R. Oren. 2010. “Differential Responses to 
Changes in Growth Temperature Between Trees from 
Different Functional Groups and Biomes: A Review and 
Synthesis of Data,” Tree Physiology 30, 669–88.

Webster, P. J., et al. 2005. “Changes in Tropical Cyclone Number, 
Duration, and Intensity in a Warming Environment,” Science 
309, 1844–46.

Weir, J. M. H. 1996. “The Fire Frequency and Age Mosaic of a 
Mixed Wood Boreal Forest,” Master’s thesis, University of 
Calgary, Canada.

Werth, D., and R. Avissar. 2002. “The Local and Global Effects 
of Amazon Deforestation,” Journal of Geophysical Research 
107(D20), 8087. DOI:10.1029/2001JD000717.

Appendix 3



120 Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Werth, D., and R. Avissar. 2004. “The Regional Evapotranspiration 
of the Amazon,” Journal of Hydrometeorology 5(1), 100–09.

White, A., M. G. R. Cannell, and A. D. Friend. 1999. “Climate 
Change Impacts on Ecosystems and the Terrestrial Carbon 
Sink: A New Assessment,” Global Environmental Change—
Human and Policy Dimensions 9(Supplement 1), S21–30.

White, A., M. G. R. Cannell, and A. D. Friend. 2000. “CO2 
Stabilization, Climate Change, and the Terrestrial Carbon 
Sink,” Global Change Biology 6, 817–33.

Williams, M., et al. 1996. “Modelling the Soil-Plant-Atmosphere 
Continuum in a Quercus–Acer Stand at Harvard Forest : The 
Regulation of Stomatal Conductance by Light, Nitrogen 
and Soil/Plant Hydraulic Properties,” Plant, Cell and 
Environment  19, 911–27.

Whitmore, T. C. 1978. “Gaps in the Forest Canopy,” In Tropical 
Trees as Living Systems, 639–55. Eds. P. B. Tomlinson and M. 
H. Zimmerman. Cambridge University Press, London.

Wieder, R. K., and S. J. Wright. 1995. “Tropical Forest Litter 
Dynamics and Dry Season Irrigation on Barro-Colorado 
Island, Panama,” Ecology 76, 1971–79.

Wieder, W. R., C. C. Cleveland, and A. R. Townsend. 2011. 
“Throughfall Exclusion and Leaf Litter Addition Drive Higher 
Rates of Soil Nitrous Oxide Emissions from a Lowland Wet 
Tropical Forest,” Global Change Biology 17, 3195–207.

Wilcke, W., et al. 2009. “Response of Water and Nutrient Fluxes 
to Improvement Fellings in a Tropical Montane Forest in 
Ecuador,” Forest Ecology and Management 257, 1292–304. 
DOI:10.1016/j.foreco.2008.11.036.

Wilkinson, M. J., et al. 2009. “Circadian Control of Isoprene 
Emissions from Oil Palm (Elaeis guineensis),” The Plant 
Journal 47(6), 960–68.

Williams, E., et al. 2002. “Contrasting Convective Regimes 
over the Amazon: Implications for Cloud Electrification,” 
Journal of Geophysical Research: Atmospheres 107, 8082. 
DOI:10.1029/2001JD000380.

Williams, J. W., S. T., Jackson, and J. E. Kutzbacht. 2007. 
“Projected Distributions of Novel and Disappearing Climates 
by 2100 AD,” Proceedings of the National Academy of Sciences of 
the United States of America 104, 5738–42.

Williams, M., et al. 1998. “Seasonal Variation in Net Carbon 
Exchange and Evapotranspiration in a Brazilian Rainforest: A 
Modelling Analysis,” Plant, Cell and Environment 21, 953–68.

Winter, K., and C. E. Lovelock. 1999. “Growth Responses of 
Seedlings of Early and Late Successional Tropical Forest 
Trees to Elevated Atmospheric CO2,” Flora 194(2), 221–27.

Wohl, E., et al. 2012. “The Hydrology of the Humid Tropics,” 
Nature Climate Change 2, 655–62. 

Wood, T. E., M. A. Cavaleri, and S. C. Reed. 2012. “Tropical 
Forest Carbon Balance in a Warmer World: A Critical Review 
Spanning Microbial- to Ecosystem-Scale Processes,” Biological 
Reviews. DOI:10.1111/j.1469-185X.2012.00232.x.

Wood, T. E., and D. Lawrence. 2008. “No Short-Term Change 
in Soil Properties Following Four-Fold Litter Addition in a 
Costa Rican Rainforest,” Plant and Soil 307, 113–22.

Wood, T. E., and W. L. Silver. 2012. “Strong Spatial Variability 
in Trace Gas Dynamics Following Experimental Drought in 
a Humid Tropical Forest,” Global Biogeochemical Cycles 26, 
GB3005. DOI:10.1029/2010GB004014. 

Wood, T. E., et al. 2009. “Rainforest Nutrient Cycling and 
Productivity in Response to Large-Scale Litter Manipulation,” 
Ecology 90, 109–21.

Woods, P. 1989. “Effects of Logging, Drought and Fire on 
Structure and Composition of Tropical Forests in Sabah, 
Malaysia,” Biotropica 21(4), 290–98.

Wright, S. J. 2005. “Tropical Forests in a Changing Environment,” 
Trends in Ecology and Evolution 20, 553–60.

Wright, S. J., A. Hernandez, and R. Condit. 2007. “The Bushmeat 
Harvest Alters Seedling Banks by Favoring Lianas, Large 
Seeds, and Seeds Dispersed by Bats, Birds, and Wind,” 
Biotropica 39(3), 363–71.

Wright, S. J., H. C. Muller-Landau, and J. Schipper. 2009. “The 
Future of Tropical Species on a Warmer Planet,” Conservation 
Biology 23, 1418–26.

Wright, S. J., et al. 2004. “Are Lianas Increasing in Importance in 
Tropical Forests? A 17-Year Record from Panama,” Ecology 
85(2), 484–89.

Wright, S. J., et al. 2011. “Potassium, Phosphorus, or Nitrogen 
Limit Root Allocation, Tree Growth, or Litter Production in 
A Lowland Tropical Forest,” Ecology 92, 1616–25.

Wu, S., et al. 2011. “Impacts of Changes in Land Use and Land 
Cover on Atmospheric Chemistry and Air Quality over 
the 21st Century,” Atmospheric Chemistry and Physics 11, 
15469–95.

Wuebbles, D. J., et al. 1989. “The Role of Atmospheric Chemistry 
in Climate Change,” JAPCA: The Journal of the Air and Waste 
Management Association 39(1), 22–28.

Würth, M. K. R., K. Winter, and C. Korner. 1998. “In situ 
Responses to Elevated CO2 in Tropical Forest Understorey 
Plants,” Functional Ecology 12(6), 886–95. 

Wythers, K. R., et al. 2005. “Foliar Respiration Acclimation to 
Temperature and Temperature Variable Q10 Alter Ecosystem 
Carbon Balance,” Global Change Biology 11, 435–49.

Yamakura, T., et al. 1986. “Aboveground Biomass of Tropical 
Rain Forest Stands in Indonesian Borneo,” Vegetatio 68(2), 
71–82.

Yang, X., and W. Post. 2011. “Phosphorus Transformations as 
a Function of Pedogenesis: A Synthesis of Soil Phosphorus 
Data Using Hedley Fractionation Method,” Biogeosciences 
8(10), 2907–16.

Yang, X., T. Richardson, and A. Jain. 2010. “Contributions of 
Secondary Forest and Nitrogen Dynamics to Terrestrial 
Carbon Uptake,” Biogeosciences 7, 3041–50.

Yih, K., et al. 1991. “Recovery of Rainforest of Southeastern 
Nicaragua After Destruction by Hurricane Joan,” Biotropica 
23, 106–13.

You, C., and W. H. Petty. 1991. “Effects of Hurricane Hugo on 
Manilkara bidentata, a Primary Tree Species in the Luquillo 
Experimental Forest in Puerto Rico,” Biotropica 23, 106–13. 

Appendix 3



121Research Priorities for Tropical Ecosystems Under Climate Change

Bibliography

DOE Office of Science

Zaehle, S., et al. 2010. “Terrestrial Nitrogen Feedbacks May 
Accelerate Future Climate Change,” Geophysical Research 
Letters 37, L01401. DOI:10.1029/2009GL041345.

Zarin, D. J., et al. 2005. “Legacy of Fire Slows Carbon 
Accumulation in Amazonian Forest Regrowth,” Frontiers in 
Ecology and the Environment 3, 365–69.

Zhang, L., W. R. Dawes, and G. R. Walker. 2001. “Response of 
Mean Annual Evapotranspiration to Vegetation Changes at 
Catchment Scale,” Water Resources Research 37, 701–08.

Zhang, Z. D., R. G. Zang, and Y. D. Qi. 2008. Spatiotemporal 
Patterns and Dynamics of Species Richness and Abundance 
of Woody Plant Functional Groups in a Tropical Forest 
Landscape of Hainan Island, South China,” Journal of 
Integrative Plant Biology 50(5), 547–58.

Zhuang, Q., Y. Lu, and M. Chen. 2012. “An Inventory of 
Global N2O Emissions from the Soils of Natural Terrestrial 
Ecosystems,” Atmospheric Environment 47, 66–75.

Zimmermann, A., T. Francke, and H. Elsenbeer. 2012. 
“Forests and Erosion: Insights from a Study of Suspended-
Sediment Dynamics in an Overland Flow-Prone Rainforest 
Catchment,” Journal of Hydrology 428, 170–81. DOI: 
10.1016/j.jhydrol.2012.01.039.

Zimmerman, J. K., et al. 1994. “Responses of Tree Species to 
Hurricane Winds in Subtropical Wet Forest in Puerto Rico: 
Implications for Tropical Tree Life Histories,” Journal of 
Ecology 82, 911–22.

Zimmerman, J. K., et al. 1995. “Effects of Land Management and 
a Recent Hurricane on Forest Structure and Composition 
in the Luquillo-Experimental-Forest, Puerto-Rico,” Forest 
Ecology and Management 77, 65–76. 

Appendix 3






	Blank Page

