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Overview

* The case for including land management in Earth System Models
* Wish list of processes and impacts

* What we’ve done in JULES to represent:
* Bioenergy crops
* Managed forests

* Concluding thoughts
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Large role of land use change and managed
land in global carbon cycle

CO2 Sources (2013-2022)
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Large role of land use change and managed

land in global carbon cycle CO2 Sinks (2013-2022)
‘ CO2 Sources (2013-2022)
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Large role of land carbon sinks in global

climate m
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‘ AFOLU BECCS = Mitigation from Cther sectors ‘

25% of emissions cuts by 2050
come from the land sector

Roe et al. 2019
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Large role of land carbon sinks in global climate
mitigation pathways

* Negative emissions from land use and BECCS are assumed in majority of
CMIP scenarios.

* Median land requirement for bioenergy to remain below 2°C = f' ﬁndia
X 2)

 Afforestation + reforestation minimum land requirement = v

How would these land use changes impact ecosystems and the climate?

Would they be effective at removing the CO2 assumed in the IAM

simulations? Fuss et al. 2014, Smith et al. 2016, Wiltshire and

Davies-Barnard, 2015.
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Large role of land carbon sinks in national
climate mitigation pathways

Residual GGR emissions in 2050 with maximum
reductions to emissions in all sectors
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Earth system impacts of bioenergy crops

« High evapotranspiration and long
growing season [ reduces water
resources.

« Especially if crops are irrigated

Degrade water quality if fertilizer
applied

Fertilizer also [ NZO emissions

« Lower albedo than food crops
(warming effect, uncertain)

 Biodiversity effects depend on
previous land use

« Can lead to long-term C storage and
energy production




Earth system impacts of new forests
e

. High ET [J reduces water resources
« Improve water quality

« Lower albedo than crops (warming
effect)

« Overall cooling in Tropics

« Overall warming in mid- to
high-latitudes

« Mixed forests increase biodiversity
and resilience

« Sustainable harvesting can increase
C sink




JULE§ is the land surface in the &U KESM
UK climate model Seller et al. 2019

JAMES
Given a set of inputs, JULES:
Precipitation Heat Evaporation CO, CH; Momentum

« Simulates the processes that Redistion N\ 777/
control carbon uptake and storage N\ ,

on land.

* Predicts hydrology and energy
exchange with the atmosphere.

* Predicts what kind of vegetation
grows where.

* Represents all Earth’s plants in 9

e | ) . : ] b, :
p|an’[ functional ’[ypeS (PFTS) E/Io;(detD:V 2002; Harper et al. 2018b, Geosci
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Earth system impacts: A wisn liSt

Our models need to include: Progress in JULES:

» Carbon sequestration in ecosystems (plant and
soil C)

e Surface enel
* Bioenergy cr Zation
* Forest growt Jel)

* Managemen| E_mail| a.harper@uga.edu to be involved [eme
harvesting)

« Growing season of crops

Input requested from ESMs!

- NITIovaAdlit oo oo UlICo

 Albedo differences between land cover types ¢ ?
 Impacts of irrigation and fertilizer inputs on
water and nutrient cycles esm
- Biodiversity measures .o 2() =%

A. Harper University of Georgia


mailto:a.harper@uga.edu




JULES-BE

with post-doc Emma Littleton

Miscanthus GPP at Lincolnshire, 2008—2012
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4 8

Good fit in Europe but over-estimates yields

iNn southern USA
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Bioenergy crop impacts
2040s

MiscanFor ) - MiscanFor

Models have different assumptions about yields,

ﬁf‘% “heat tolerance, and soil carbon impacts of ??
| . . .
= Which is correct? |

Littleton et al., 2022 (GCB-Bioenergy)
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Bioenergy crop impacts

SSP2-1.9
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Harper et al. 2018 Nature Communications
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JULES-RED: cohort-based dynamic global
vegetation model

Simulates one demographic
dimension, number density (n),
across plant mass (m) using the
Von Foerster equation:
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JULES-RED

Simulates one demographic
dimension, number density (n),
across plant mass (m) using the
Von Foerster equation:

6n+6[ =
ot~ gmi9l = YR

g = plant growth and y = plant
mortality

Lit Review Paper: (Argles et al., 2022). Model description: Argles et al.

2020; DET: (Moore et al 2019 & 2020)
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b) Number Density across Tree mass
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JULES-RED
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tC ha™1
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Thinning + CO,, effects best captures
current carbon content of Harwood
forest

Range of outputs due to climate
impacts and 002 fertilization,
previously not included in estimates of
future woodland growth

Argles et al. 2023, Scientific Reports



Representing UK species
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Next steps: Calibrating
growth in JULES-RED with
automated GP emulator
(Baker et al. 2022).
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Summary

*Land-based climate mitigation has many impacts on carbon
cycle, hydrological cycle, local biophysics, and biodiversity.

« Earth system models are catching up to include these impacts.

*In JULES, we’ve added a bioenergy crop, an improved
representation of forests, and management.

* Model uncertainty is considerable [1 ESM2025 common
experiments to evaluate carbon and biophysical impacts of
idealized afforestation/reforestation and bioenergy crops.

*JULES, CLM-FATES, JSBACH, ORCHIDEE esm

A. Harper University of Georgia



Concluding thoughts

e Impacts of land use decisions is a new area for ESMs, with focus on
end-users.

e The goal of making ESMs more relevant and useable by society requires
fast models and uncertainty quantification.

one GREENHOUSE ‘ Eﬁé m ®Y UNIVERSITY OF University
earth s =z2()25 Il GEORGIA of Exeter
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Extra slides below here



Why do we need emulators?

1. Save time when you need to run the model lots of times:

 Global century-scale simulation takes around 10 hours on 64 processors (not
too bad): 7473 grid cells, ~100 km resolution

* 10 years of UK-scale simulation takes around 24 hours on 144 processors
(eek!): 77980 grid cells, 1.5 km resolution

2. Uncertainty quantification: Our models are uncertain, as is the spatial
and temporal patterns of climate change: Shouldn’t we account for
this in our climate impact projections?

3. Ease of use: If a decision-maker wants to use this model to know
Impacts of tree planting, it is nearly impossible.



Model calibration

Photosynthesis over 2002 from 100 randomly chosen

¢ HiStOry matChiﬂg rUleS OUt parameter settings per wave, for a randomly chosen
“Implausible” parameter grid cell in the UK
combinations. i
= e

» Considers observational error and o pisarga
a certain tolerance of model error. VA

e [teratively rule out some
parameter settings, rerun the

GPP (gC/mZ/d)

model, fit a new emulator.
* After 2 waves we ruled out 95.6% 7|
of parameter settings
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Baker et al. 2022



JULES-RED

Harwood: even-aged conifer stand in
northern England

Argles et al. 2023, Scientific Reports
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Model calibration

-

Set up input parameters

Select points in UK grid

—

L
L

Run JULES with
different parameters
at each point

GPP (gC/m2/d)

Initial YeS

— Wave 1
— Wave 2
—— Observations

combinations that
don’t fit observations

Could we further

Jan Feb  Mar  Apr  May Jun o A g sep  Oct Nov  Dec

Baker et al. 2022
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Check outputs

Is parameter space
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Build emulator
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loenergy crop impacts
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Summary:

Models have different assumptions
about yields, heat tolerance, and soil
carbon impacts of Miscanthus.

Which is correct?
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