Representing forestry and forest
management in land models

Session: Technical challenges for adding people to models and coupling

Jennifer Holm; Lawrence Berkeley National Laboratory
Wednesday, 9/14/2022
15t Land Surface Modeling Summit
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Cly management:
1 source vs. becoming sink?
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Observed Shifts in Forest Management — Carbon sink vs. source?!

— Forest management in Europe over 250 years has been a carbon source (3.1 PgC), and
switch from broadleaf to conifers leading to albedo induced warming (Naudts et al. 2016). |

— Land management has just as high impact as LUC on surface temperature (Luyssaert et

al. 2014)

— Wild-west of carbon offsets, nature-based climate solutions, afforestation, Trillion Trees as

a “silver bullet, cure-all fix”.
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We need land management to switch
from being a carbon source to a sink!

Total land Ag, forestry, other land-use (AFOLU)

Shukla et al. 2019 IPCC Technical Summary
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Estimates of Land-based mitigation potential

GE—
Climate mitigation potential in 2030 (PgCO,e yr)
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Mitigation potential (GtCOz-eq yr')

Griscom et al. 2017. PNAS - “Natural climate solutions can provide
- 37% of cost-effective CO, mitigation needed through 2030

_\I \';}I Shukla et al. 2019 IPCC
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Observed Shifts in Forest Management — Harvested Wood Products

— Global harvests have risen from: 2.1 to 3.78 billion m3 (1961 - 2015).

— Kyoto Protocol - adding HWPs as a mandatory pool to be reported within land use, land use change, and forestry
(LULUCF) activities.

* And now part of Nationally Determined Contributions under the Paris Agreement.
— Harvested wood products (HWPSs) = pool was a net sink of 335 Mt of CO, equivalent (CO,€)-y % in 2015
— BUT, what is the best method to account for carbon in HWPs (production vs. end use)?

A Feedstock production B End product production C Global sequestration
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F\| i Johnson and Radeloff, 2019, PNAS
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History of land/forest management in LSMs

3 GloballChange Biology

“Individual modeling studies confirm
that land management practices such

as irrigation, ....... or forestry practices
RESEARCH REVIEW =~ (3 OpenAccess @ ® ,  can notably alter biogeophysical
Models meet data: Challenges and opportunities in properties and biogeochemical cycles
implementing land management in Earth system models in large regions of the world.”

Julia Pongratz & Han Dolman, Axel Don, Karl-Heinz Erb, Richard Fuchs, Martin Herold, Chris Jones,
Tobias Kuemmerle, Sebastiaan Luyssaert, Patrick Meyfroidt, Kim Naudts

First published: 13 December 2017 | https://doi.org/10.1111/gcb.13988 | Citations: 60
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Tree age and forest structure is needed for when to apply
harvesting,

but also to capture both biogeophysical effects (surface temperature,
albe)do, cooling) and biogeochemical effects (GPP, biomass, litterfall
C:N).



Status of forest management in land models
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General processes

IAMs

Forestry

20% of ESMs do not include wood
harvest and corresponding product
pools.

Disagreement on if fires occur on
managed land or not.

Lack of explicit interaction of natural and
anthropogenic land-cover modifications (e.g.,
pasture occurs on natural grasslands).

Need to have tree age or size class for
wood harvest.

Pongratz et al. GCB, 2018



Large Range in biogeophysical and biogeochemical effects

“deforest-glob” experiment: 20 M/km?2 of (idealized) Change in surface temperature varies across
deforestation by fraction of initial forest models

(@ _MPI-ESM-1.2.0 (b) IPSL CM6A-LR (a) MPI-ESM- 1 2.0 (b) IPSL CM6A-LR

(g)

— ANear-Surface Temperature [ ° C]
-2.00  -1.00  -0.05 0.50 1.50 2.50

Not shown here, but also large differences in GPP predictions and many
other outputs!

= . . Biases in ET with deforestation = Cai et al. 2019, JAMES, Wang et al. 2021 ERL
ceeeer ) Boysen et al., 2020. Biogeosciences
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Current wood harvesting, selective logging in FATES

Patch (area)
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FATES = Functionally Assembled Terrestrial Ecosystem Simulator

Vegetation Demography Model (VDM) coupled to LSMs (CLM and ELM) —

Time since disturbance patches, PFT cohorts T

Dynamic competition, species co-existence and exclusion

Plant distribution emerges from trait filtering (€) = e THEL () . PahD ., PahZ,
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Current wood harvesting, selective logging in FATES

Selective Logging module allows for:

Direct
felling

Collateral
damage

Mechanical
damage

BERKELEY LAB

Min. and max. DBH logging is applied
Collateral damage

Mechanical mortality

Understory mortality fraction

—>» Off-site
Logged trunk products
J Coarse
- o ol > 30
All branches er .
trunks debris
A J —> Litter
4
All roots All leaves

Huang et al., 2020 Biogeosciences

Patch (area)

(a) - (b)

-

Patch 1 - - f'atchz .

(c) ’—|“

Patch (area)

Canopy

Ca

Understong

| .ﬂj!

Fatch 2

i RI;I

D Direct-felling mortality Dmechanical miortality
.l.lndrrs-tclr'r death fraction

Patch 1 Patch 1

Lindarsiony

[Dcotiatera mortaiity



Current wood harvesting, LULCC in ELM-FATES (Shijie Shu)

ELM-FATES
interface
ELM FATES
Transfer C from the ﬁrea based
Read Harvest Rate 3| corresponding land arvest
P in area fraction area to new secondary
forest patch
LUH 2 Calculate total forest (" ]
C available for logging |— If available C < harvest rate,
then record as unharvestable
+ (e.g., harvest debt)
.
Assume the biomass eqaully ) .
Read Harvest Rate distributed in each cohort, Biomass
in C biomass calculate the fraction of area based
based on the fraction of harvest harvest
rate to the total available forest C
| 7 |
- Litter, CWD Y
Soil BGC model
Wood harvest from cohorts,
aggregate to site
C emission from
harvest C flux to 10 year, 100
year product pool
FATES secondary forest fraction is less
than the harvested area fraction by
LUH2, likely due to higher biomass in
— Figures from: Shijie Shu (LBNL)

,;:}I .;";-l ard Alan Di Vittorio model compared to data by LUH2
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Model validation check at Brazil site:

129 Validate reading harvested C from Data

250 4 = FATES "
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Consistency check between LUH2 harvested
carbon and FATES harvested C

Validate reading LUC fraction

— FATES ]
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Increment of Secondary Forest Fraction (per year, %)



Current wood harvesting, LULCC in ELM-FATES

Primary forest harvested C (2009, in kgC) Secondary forest area
(2009, fraction of grid area)

Global harvested C
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Regrowth!! Need to have demography

Need to have regrowth, successional dynamics after a clearing, or land use.

Climate mitigation potential in 2030 (PgCO,e yr)

S
Forests 7 ! £ g i . 1
Reforestation [ : ; } *
Avoided Forest Conv. |l ]
Natural Forest Mgmt. | E !
Improved Plantations | i —
Avoided Woodfuel 11l I+ Short Rotation Cycle Forestry
— Fire Mgmt. |l [FT4+—
Ag. & Grasslands 7
Biochar| [T ——F—— s
Trees in Croplands ||| | [ ) climate mitigation
Nutrient Mgmt. I“ __3—
Grazing - Feed B (] maximum with safeguards
Conservation Ag. “ i [ <2°C ambition

Improved Rice | 15 yrs

[l low cost portion Years of growth

Grazing - Animal Mgmt. of <2°C ambition
Grazing - Optimal Int. “I

Grazing - Legumes | | ] other benefits Seedlings
Avoided Grassland Conv. JI] [— PIHEER 5 yrs 10 yrs
3 air © Cengage Leaming
Wetlands . . w= biodiversity
Coastal Restoration |J|| [T —— Waler
Peat Restoration "l SOl

Avoided Peat Impacts ||/
Avoided Coastal Impacts ||
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Improving forest management in LSMs — Secondary Forest Sink

GIobaI

— Accounting for forest age, or Ty sy
successional status. o ]
— Representing secondary forests and = A R AL =

Clearing

degraded forests.

Abandonmen t

Harvest (seco

ndary)|

Land area

Haverd et al. 2018 - “Traditional LSMs are

1900 1950 2000

1900 1950 2000

1900 1950 2000

1900 1950

also unable to simulate realistic dynamics

I Prim-woody NI Sec-woody

Natu ral grass & rangeland

resulting from the accumulation of carbon in
forests following harvest and agricultural
abandonment —

1900 1950 2000

1900 1950 2000

1900 1950 2000

Pasture _Cropland

1900 1950

the so-called secondary forest sink — that is l-

(sec w)

(open) - (prim-w)

Veg
(sec-w)

e
(open)

Product
pool

an important contributor to the extant global

........ Cum.Closs (CC) = == cum.C loss (LUC)

Ccum. C loss (net) |

terrestrial carbon sink (Shevliakova et al.,
2009) second only to CO, fertilization.”

Land C flux to atm
[gCmZyr]

L N LS
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CABLE-POP example:

Grazing &
crop harvest

Wood Clearing Clearing E E
I R Luc,o

(single PFT canopies)

Regrowth

(post-clear, excl s-c)

Regrowth Regrowth F
B (post-clear, s-c) L (post-harvest) L[
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mproving forest management in LSMs — Demography and nove

— Need VDMs, I.e., disturbances, competition for light, mechanistic mortality,
etc. in forestry management modules.
« Forest management = young forests have sparse tree canopies, more light to forest
floor, higher surface area (more reflective), higher albedo.
— Solutions in removing bioclimatic envelopes, and emergent biogeography
(yet, a challenging endeavor).

600
A 50 o l " gliTatjc Land use
R R e Older forests ata = “data
A e \ /
x | — = - o
S 30 200 . L
= <140 y; LUC+WH i e ]| [— Suitability
E >140 y; LUC+WH 2 data SDM 7 11w maps
o 20 F = = <140y LUC c
o = = >140y: LUC Younger forests o0
g 10f g /' \
L e ——— e 200 Presence/Absence Climate change
1900 1920 1940 1960 1980 2000 data projections
Year
-400 -
McDowell et al. 2020. Science PN i
s O’Neill et al. 2016 TN
2000 2020 2040 2060 2080 2100 Pecchi et al. 2019

. A
|
rrrrrrr

BERKELEY LAB




Improving forest management in LSMs — Reforestation

Bioenergy based (SSP2) vs. Re/afforestation based (SSP1) sceanrio
« Dave Lawrence, Yanyan Cheng; Under Review; Poster 24

S8P1-1.9
SEP1-26

88P245

'8 Million ha

-400 -

-mo T T T T
2000 2020 2040 2060 2080 2100

O’Neill et al. 2016
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Improving forest management in LSMs — Soll Tiling

Blyth et al., 2021

LSM Process: Pre 2000 Recent Advances Future Direction
Vegetation competition and the  Dynamic vegetation model informs More tiles used to describe age- Age classes inform forestry and
agriculture affect the land- tile fractions. classes. land-use tiles.
cover. Agriculture fraction fixed. Agriculture tiles dynamic with land-

use and climate.
Better description of heterogeneity

to interpret land-use decisions.
Long- Term Goal: Multiscale heterogeneity P

— Vegetation heterogeneity linked across soll
tiling.

— Multiple solil columns existing on the same
gridcell.

— Important for developments like:
* Irrigated forests

* Fertilized plantation forests and water quality

« Different CNP cycling of disturbed, secondary
forests and soils.

-~

ceeee i Figure: Charlie Koven
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Improving forest management in LSMs — Data Translation

— Propagating errors from forest harvesting data interpretation into model (i.e. mapping of gridded
LUC data into annual plant function types)

— Initial forest cover distribution substantially affects global carbon and local temperature
projections in the integrated Earth system model.

New ELM land surface files from updated land use translator (L
481 LUT
(g =l
e Fully coupled eroplang
ﬁ 431 |IAM and ESM , Normalize changes
c . Land use data: to percent of
o prognostic CO, LUH2 in LUH1 veg land unit
= 42 ’ format Pasture
S — Default an d BG C (this is complete change
o [ AN for all CMIPG
39- ax Fores scenarios) Apply changes to PFTs:
-+++ Min Forest ; conversion assumptions are
Normalize harvest - Reference land
y ' a) Atmospheric CO, concentration differences T~ fraction to * d.s'? parar::ly CUStOTOI?abt::fhfor N cover data (2000)
50 2075 veg land unit addition and remova crops
_ LA and pasture
- - Default - Max Forest Lo BN /
-~ Default - Min Forest - l‘“_’ “\.':
N 2 2 ,"\ x \ ’ Yo \ ," VT A\‘ :,' v % 4 .
E Annual LUT mksurfda_ta Tran5|en1 and
z outout files (currently suffering from single-year land
ﬁ & P ELM name change bug) surface files
5 .
’ .i"i‘ V V . . .
ety 2025 2050 2075 Di Vittorio et al., 2018, 2020
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Improving forest management in LSMs — Agroforestry

Method Process-based modeling  Species distribution modeling  Climate analogue analysis
Need to include
agroforestry (!)
o i Preparatory
to help mitigate etopa.
CI IMm ate C h an g e Detailed characterizationand . e oo dentification of
quantification of all relevant data ovar entine Gistribution Tange analogue locations
and nature —
contribute to
people.
Analysis . o
Generalization of processes Characterkzati?‘n icz:a environmental Trials or mtzp:naets target and
Run model for future climate Projection of niche onto future  Infer climate change impacts from
scenarios climates observations or trial results
Outout System performance in future  Habitat suitability for agroforestry Example of plausible future land
P climate system use
= 5 Current Opinion in Environmental Sustainability

st  Luedeling et al. 2014
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Challenges for Forestry Modeling

fwided'c towban| -Avoided conversion
Coastal marsh restoration{ - i Pe"":z"'"
— Forest management not just 10ggiNng v == = me
1 1 Meadow restoration{ o ==
anymore, need to be thinking about s S
reforestation, and restoration in s upon], 7 =
| e Restoration =
models. " -
« GHGs and CO, equivalent impacts of 1 e 23 -
woodland restoration, urban forests e 'l
expansion, private afforestation. : p —
— Carbon lifecycle of wood products e o Y : =
* Role in carbon credits? Leakage, -_—
permanence issues? -
Private clearcut to partial cut{ :2:: _. \
Private clearcut o reserve] -~ —= Less intensive forestry
Private partial cut to reserve _zz — = /

F\”' Alan Di Vittorio CALAND

-60

-30 0 30
Annual per area impact (Mg COeq ha™'yr™")



Forests as Nature-Based Climate Solutions

« Forests may help climate mitigation if they can store carbon for centuries.
« Climate-driven disturbances may greatly undermine these aims.
« Multi-disciplinary and open research is urgently needed to inform policy.

Carbon

Non-additional Leakage
» Crediting actions that would * Emissions/carbon loss moves
have occurred anyway elsewhere
» Errors in carbon baselines » Errors in carbon accounting

Net warming "
* Biophysical feedbacks (e.g. P<?5|t|ve
| > albedo) exceed carbon storage | Climate
cooling effects leading to a net feedbacks
warming of the climate

Non-permanent

* Loss of ecosystem carbon due
to climate change

* Loss of ecosystem carbon due

to direct human actions

Anderegg 2021 AGU Advances
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How to improve benchmarking land management?

— Paired FLUXNET sites over forest/grassland, FAOSTAT, NASA
products?

— Update model-data benchmarking packages (like ILAMB) to
Include metrics for forest management?

— Other land use datasets? (See Chini et al. 2021)
 LUH2-GCB, HILDA+
e Land use transition rules from LUH-HYDE 3.2 data?
» “Bookkeeping” models
« Other data sources for wood harvest?

« Updating management to include things like restoration, prescribed
burns, tiling
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