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Vegetation change is a key uncertainty in
climate prediction
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Vegetation change affects watersheds

LT Q « Transpiration & evaporation
« Recharge/discharge

When needles fall, storage and

evaporation of intercepted
. precipitation are lost

Bark beetle tree mortality
can alter

« Snow accumulation
« Transmission of radiation

Transpiration ceases in
the first year after attack

After 2-3 years,
needles fall, increasing
radiative fluxes and
ground evaporation

e

(Pugh & Small 2012; Bearup et al. 2014)



Workshop goals

« To identify key uncertainties in current dynamic
vegetation models limiting the ability to adequately
represent vegetation in Earth System Models

« To identify and prioritize research directions that can
improve models, including forest structural change and
feedbacks and responses to disturbance.



Terms

» Vegetation dynamics — plant demographic processes
(growth, death & reproduction), competition for
resources, seed dispersal

* Disturbance —
discrete events that
disrupt the structure
and function of an
ecosystem A |
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Modeling approaches

« Dynamic global vegetation models — simulate “big-leaf”
vegetation distributions with climate envelopes; fire

* Individual-based models — simulate vegetation dynamics at
scale of individual trees; spatially explicit disturbance

» Vegetation demographic models — simulate dynamics at
scale of individuals or cohorts; predict demography, fire

(a) Model Types
Big leaf model Cohort model Individual-based model




Cohort VDMs — intermediate solution

(b) Cohort Model: Multiple Patches

 Emerging across
leading ESMs

« DOE is supporting

Patch 1 Patch 2 Patch3 Pach  Patchs development of
FATES (Functionally
Assembled Terrestrial
Ecosystem Simulator)

e Show promise —
require testing and
development

(c) Cohort Model: Fluxes

(d) Cohort Model: Time Since Disturbance




Growth

« eCO, increases tree growth in early-successional
forests; nutrients, tree size may be limiting later

* Models simulate growth responses, but require
evaluation across tree ages, canopy positions, PFTs
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Mortality

* Mortality is increasing in North America and the Amazon
due to water stress or elevated CO,

 VDMs better suited to capture size- and species-
dependent sensitivity; mortality modes require testing
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Cumulative recruitment

Reproduction

* Recruitment declines with warmer temperatures in
subalpine forest; population collapse over centuries

« Environmentally sensitive reproduction missing in
models; data synthesis, model improvements needed
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Fire
« Important control on the forest-savannah ecotone

« Spatially explicit processes (e.g., large fire spread,
dispersal limitation), vegetation feedbacks, land use are
not well developed in models

Landscape pattern in Yellowstone fire Fraction burned in FATES-SPITFIRE (S. Am)

Observed
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Intense wind and hurricanes

Disturbance intensity following hurricanes Irma and Maria, 2017
El Yunque National Forest
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Insects outbreaks

« Bark beetles affected more area than fire over last 30
years; rising temperatures are promoting outbreaks

« Challenging to model given species specificity,
Interaction between tree and insect; progress needed on

all fronts

Tree defenses affect survival against beetle attack
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Traits determine resistance and resilience

* Ecological strategies are adapted to disturbance regimes
2 Frequent fire = thicker bark (3:1, savanna:forest)

2 Resprouting following wind and fire speeds
regeneration

* Not captured in current models; potential in VDMs

North America South America

30— *
= * * *
E
8 20 -
[}
c
< ¢
(&)
£ 10- .
- *
@

0 -

Forest Savanna Forest Savanna
(Pellegrini et al. 2017)



—10-|BASELINE (observed) | | ENSO _ Variable dry season
£ 8 |
O 6 ‘ ]
e | | TSR e | | D (e

o4 | ]
é, 1 D T el T | Do et . | *“F‘“‘\-\-.MN
% O i I T I T i I I I T I - I I T I I
@® — 4 plant functional types:
£ 10-| No Variation Wetter annual mean
S 5. === early drought-tolerant
Q0 6- === early drought-intolerant
-8 4- === |ate drought-tolerant
>
O 2- === |ate drought-intolera
(@)] a
G) O I I I I I I I I
(>D 10 Longer dry season Drier wet season | Drier dry season
2 87 ,/""‘—" 4

6 / ] /

4+ 7\/—\ _

2 S R

0- \ — | \_/—\____\

0 100 200 300 4000 100 200 300 40p O 100 200 300 40

Functional diversity provides

resilience to hydroclimate change

Simulation year

this result??

>

O

S

—15(Q

- m)

O

-

»)

ok

3

— scenario O

— ORwasceraro =
@ observation —

T [ I l l 9 %

=

«Q

. @)

How generalis 3

N

(Powell et al. 2018)



Priority needs

« Synthesis efforts to exploit existing data and design new
observations and experiments to inform future vegetation
modeling efforts.

 New empirical data that better quantify climate-
disturbance-vegetation interactions to constrain
vegetation model projections.

 New modeling approaches that adequately represent
both process-based vegetation dynamics and
disturbances.



Observational testbeds for VDM
evaluation and development

Example: Barro Colorado Island, Panama

Number density by tree size
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Thanks!

Workshop participants

Jennifer Holm, Maria Uriarte, Monica Turner, Henry
Adams, Jeff Mitton for photos and figures
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