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Forests Are a Crucial Part
of the Earth System

Forests influence the Earth system
through physical, chemical, and
biological processes

Tropical, temperate, and boreal
afforestation increases carbon
sequestration

Biogeophysical feedbacks can
mediate local effects of warming

Tropical forests mitigate warming
through evaporative cooling

Forests may be the best natural
mitigation to effects of change
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A Tropical forests B Temperate forests {4 Boreal forests
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e Boreal forests have low surface
albedo, inducing warming

D Biogeography

e Many temperate forests of the
eastern United States, Europe,
and eastern China have been
cleared for agriculture
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e Crops have relatively high albedo
and evapotranspiration, inducing
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@'Y Geoengineering Increases the Global Land Carbon Sink

RUBISCO
Objective: To examine stratospheric aerosol intervention (SAl) impacts

on plant productivity and terrestrial biogeochemistry.

GEOENG-CTRL PgC

Approach: Analyze and compare simulation results from the
Stratospheric Aerosol Geoengineering Large Ensemble (GLENS) project - =
from 2010 to 2097 under RCP8.5 with and without SAI.  — o T —

Results/Impacts: In this scenario, SAl causes terrestrial ecosystems to —wo T
store an additional 79 Pg C globally as a result of lower ecosystem o -
respiration and diminished disturbance effects by the end of the 21%t ;E

century, yielding as much as a 4% reduction in atmospheric CO, mole  °

fraction that progressively reduces the SAl effort required to stabilize w0y °2

surface temperature. w0 a0 vk e w0z
Yang, C.-E., F. M. Hoffman, D. M. Ricciuto, S. Tilmes, L. Xia, D. G. MacMartin, B. Kravitz, J. H. Figure: The larger sink under SAl
Richter, M. Mills, and J. S. Fu (2020), Assessing Terrestrial Biogeochemical Feedbacks in a L’)‘;;%%S;dw'ﬁir;ﬂ Svitﬁéaffdﬁycﬁhigc
Strategically Geoengineered Climate, Environ. Res. Lett., doi:10.1088/1748-9326/abacf7. projected atmospheric CO, level,
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http://iopscience.iop.org/10.1088/1748-9326/abacf7

50 Phenoregions for year
2012 (Random Colors)

250m MODIS NDVI
Every 8 days (46 images/year)
Clustered from year 2000 to present
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50 Phenoregion Prototypes
(Random Colors)

(Hargrove et al., in prep.)




50 Phenoregions Persistence
and
50 Phenoregions Max Mode
(Similarity Colors)
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GSMNP: Spatial distribution of the 30 vege’ro e’
Clusters across the national park a, AT

Extracted canopy height and structure from
airborne LiDAR

10 km
I

Earthinsights (Kumar et al., in prep.)



GSMNP: 30 representative vertical structures
cluster centroids) identified

tall forests with low
understory vegetation

|

Height (m)

forests with slightly lower
mean height with dense
understory vegetation

low height grasslands and
heath balds that are small
in area but distinct
landscape type
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4 K.J. ANDERSON-TEIXEIRA et al.

Fig. 1 Map of the CTFS-ForestGEO network illustrating its representation of bioclimatic, edaphic, and topographic conditions globally.
Site numbers correspond to ID# in Table 2. Shading indicates how well the network of sites represents the suite of environmental fac-
tors included in the analysis; light-colored areas are well-represented by the network, while dark colored areas are poorly represented.
Stippling covers nonforest areas. The analysis is described in Appendix S1.

Table 1 Attributes of a CTFS-ForestGEO census

Attribute

Utility

Very large plot size

Includes every fre di

Resolve community and population dynamics of highly diverse forests with many
rare species with sufficient sample sizes (Losos & Leigh, 2004; Condit ef al., 2006);
quantify spatial patterns at multiple scales (Condit ef al., 2000; Wiegand et al., 2007a,b;
Detto & Muller-Landau, 2013; Lutz et al., 2013); characterize gap dynamics
(Feeley et al., 2007b); calibrate and validate remote sensing and models, particularly
those wn]\ large spatial grain (Mascaro et al., 2011; Réjou-Méchain et al., 2014)

woody stem >1 cm DBH
All individuals identified
to species

Diameter measured on

all stems

Mapping of all stems and

fine-scale topography

Census typically repeated
every 5 years

C the abundance and diversity of understory as well as canopy trees; quantify
the demography of juveniles (Condit, 2000; Muller-Landau et al., 2006a,b).
Characterize patterns of diversity, species-area, and abundance distributions
(Hubbell, 1979, 2001; He & Legendre, 2002; Condit et al., 2005; John et al., 2007;
Shen et al., 2009; He & Hubbell, 2011; Wang et al., 2011; Cheng et al., 2012); test theories
of competition and coexistence (Brown et al., 2013); describe poorly known plant species
(Gereau & Kenfack, 2000; Davies, 2001; Davies et al., 2001; Sonké et al., 2002;
Kenfack et al., 2004, 2006)
Characterize size-abundance distributions (Muller-Landau et al., 2006b; Lai et al., 2013;
Lutzet al., 2013); combine with allometries to estimate whole-ecosystem properties
such as biomass (Chave et al., 2008; Valencia et al., 2009; Lin et al., 2012; Ngoet al., 2013;
Muller-Landau et al., 2014)
Characterize the spatial pattern of populations (Condit, 2000); conduct spatially explicit
analyses of neighborhood influences (Condit et al., 1992; Hubbell et al., 2001;
Uriarte et al., 2004, 2005; Riiger et al., 2011, 2012; Lutz et al., 2014); characterize microhabitat
specificity and controls on demography, biomass, etc. (Harms ef al., 2001; Valencia et al., 2004;
Chuyong et al., 2011; align on the ground and remote sensing measurements (Asner et al., 2011;
Mascaro et al., 2011).
Characterize demographic rates and changes therein (Russo ef al., 2005; Muller-
Landau et al., 2006a,b; Feeley et nl 2007a; Lai et al., 2013; Stephenson et al., 2014);
1 ize changes in ition (Losos & Leigh, 2004; Chave et al., 2008;
Feeley et al., 2011; Swenson et al., 2012; Chlsho]m et al., 2014); characterize changes in
biomass or productivity (Chave et al., 2008; Banin et al., 2014; Muller-Landau et al., 2014)

©2014 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12712

Optimizing Sampling Networks

e The CTFS-ForestGEO global forest monitoring
network is aimed at characterizing forest
responses to global change

e The figure at left shows the global

representativeness of the CTFS-ForestGEO
sites in 2014

e Non-forested areas are masked with
hatching, and as expected, they are
consistently darker than the forested
regions, which are represented to varying
degrees by the monitoring sites

Anderson-Teixeira, K. J., et al. (2015), CTFS-ForestGEO: A Worldwide Network
Monitoring Forests in an Era of Global Change, Glob. Change Biol.,
21(2):528-549, doi:10.1111/gcb.12712.
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Summary

e Humans live a very symbiotic lifestyle with forests

e Forests
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Provide ecosystem services

Sustain a healthy atmosphere

Support other plant and animal species
Sustain health soil

Provide food, fiber, and fuel to humans
Sequester carbon from the atmosphere

e Can humans live without trees?



