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Background

Å Palm oil is a vegetable oil that is 

sourced from the fruit of oil palm 

trees Elaeis guineensis.

Å This crop yields two different types of 

oil: crude palm oil  from the fruit and 

palm kernel oil  from the crushed 

kernel.

Å Oil palm trees thrive in tropical 

climates with high sunshine, high 

rainfall and temperatures 30-32°C.



Oil palm in SE Asia

A taste of the environment in SE 

Asia:

Boundary between Logged Forest and

Oil Palm Plantation in Sabah, Malaysia



NC-International

I will be showing results from my part of the 

NC-International project.

This project is part of the UK Centre for Ecology 

& Hydrology (UKCEH)'s extensive National 

Capability programme 2022-26.

https://www.ceh.ac.uk/our-science/projects/international-science-net-zero-

plus

WP1B: Informing land management options for 

Net Zero+ in Southeast Asia

Within WP1B, I am task leader for Task 2, 

which focuses on oil palm .

Marthews TR, Cowan N & Drewer  J (2025). Options for Net Zero+ in SE Asia: commercial and 

smallholder oil palm plantation productivity. Poster, ICOPE Meeting, February 2025.

https://www.ceh.ac.uk/our-science/our-national-role
https://www.ceh.ac.uk/our-science/our-national-role
https://www.ceh.ac.uk/our-science/projects/international-science-net-zero-plus
https://www.ceh.ac.uk/our-science/projects/international-science-net-zero-plus
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NC-International

The project objectives include:

Å Formulating a robust Plant Functional Type (PFT) for oil palm 

within the JULES model.

Å Using this to quantify management options for oil palm 

plantations in Malaysia and Indonesia.

Å Contributing to carbon budget calculations across both 

smallholder and commercial-scale oil palm plantations in SE 

Asia.

Fig. 2 : Co-design and co -delivery are at the heart of our programme, and we will work closely 
with partners to achieve five expected outcomes over the four -year period.



Simulation work

I am using three domains in Malaysia and Indonesia: Perak, Sabah and Riau. By comparing management regimes, 

I will be able to predict the consequences for oil palm productivity under future climate scenarios from ISIMIP.

Perak

Riau

Sabah



Simulation work

We are working with partners in SE Asia to make better predictions of oil palm environments in Indonesia and 

Malaysia. These partners include 40 smallholder oil palm plantations in two states of Malaysia (Perak and Sabah).

Perak

Riau

Sabah



Simulation work

The Perak block covers the 25 smallholder plantations south of Ipoh City (data from Dafydd Elias).



Simulation work

The Sabah block covers the 15 smallholder plantations south of Sandakan (data from Sam Robinson).



Simulation work

The Perak, Sabah and Riau blocks cover a wide variety of oil palm plantations including both smallholder and 

industrial plantations.

Map shows Tang et al. (2024)'s 

CropGrids global distribution of 

oil palm (data from 2020) 

combined with data from 

Descals et al. (2021) to divide 

gridcells into predominantly 

smallholder (black) and 

industrial (red) plantations.

Descals et al. 2021, Earth Syst Sci Data 

13:1211ï1231

Tang et al. 2024, Nature Sci Data 11:413
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Simulation work

We are using the JULES land surface model to 

predict the consequences of different 

scenarios of palm oil growth in terms of hydro-

resources and carbon stock management.

https://jules.jchmr.org/

Marthews TR, Cowan N & Drewer  J (2025). Options for Net Zero+ in SE Asia: commercial and 

smallholder oil palm plantation productivity. Poster, ICOPE Meeting, February 2025.

JULES (the Joint UK Land Environment Simulator) is a 

community land surface model that is used both as a 

standalone model and as the land surface component in the 

Met Office Unified Model (Momentum Framework).

          JULES is a core component of both the UK Met Office's 

modelling infrastructure and UKRI/NERC's Earth System 

Modelling Strategy.

https://jules.jchmr.org/
https://jules.jchmr.org/
http://www.metoffice.gov.uk/research/modelling-systems/unified-model
http://www.metoffice.gov.uk/research/modelling-systems/unified-model
http://www.metoffice.gov.uk/
https://nerc.ukri.org/
https://nerc.ukri.org/research/funded/programmes/esm/
https://nerc.ukri.org/research/funded/programmes/esm/


Simulation work

Å JULES is a widely-used model jointly developed 

between UKCEH and the UK Met Office.

Å I am using JULESvn7.7 in a configuration with 15 plant 

functional types (PFTs). This is a standard(-ish) 13 PFT 

setup + 2 PFTs for oil palm plantations, developed with 

input from Dr Emma Littleton (Univ. Exeter), Dr Nara 

Brasika (Univ. Exeter) and Dr Becky Oliver (UKCEH).

Å I have created two oil palm PFTs to account (at least 

partially) for differences between smallholder and 

commercial plantations in SE Asia.

Å Meteorological driving data comes from ISIMIP (Mathison et al. 2023), regridded to 1km resolution for period 

2000-2050 (historical data to 2014, scenario SSP585 from UKESM1-0-LL thereafter) and cropped to the domain. 

No downscaling (for now).

Å Ancillaries generated from many sources, including SoilGrids for soils.



Regridded driving data

The last piece of the puzzle is ISIMIP, which is my source of meteorological 

data. I am using regridded climate data, which is statistically more parsimonious 

than downscaled data.

Regrid

Regrid  means (here) to take GCM climate data and 

simply copy the numbers to a finer resolution grid, 

producing approximate values for a fine-scale run.

Downscale  means additionally to apply an 

algorithm that uses ancillary information (e.g. 

topography) and locally-optimised rule sets to 

deduce a most likely fine-resolution version of the 

GCM data.

Å Downscaling is better than regridding, of 

course, but deducing those rule sets can involve 

a large investment of time.

Å If we know that our simulation results will most 

likely be more sensitive to ancillary data than to 

driving data (e.g. in the aseasonal tropics), then 

we can opt for regridding the climate data and 

devote more effort to improving the ancillary 

data (e.g. land use maps). This approach can 

provide good, provisional results.

Insist on fine-
resolution ancillary 

files



Simulation work

JULES describes each Plant Functional Type (PFT) with a 

list of 128 parameters, including 10 or so that describe the 

photosynthetic response curves (Collatz/Farquhar model 

of photosynthesis).

I have been working with Nara Brasika (Nara is part-time lecturer 

and researcher at Udayana University, Indonesia, and part-time 

postdoc at Univ. Exeter working with Pierre Friedlingstein and 

Steve Sitch) and Becky Oliver (researcher in vegetation modelling 

at UKCEH). Together, we have put together reasonable values for 

all the parameters JULES needs to define a PFT.

We have the two PFTs: one for commercial plantations (OPPc) 

and one for smallholder plantations (OPPs), encoded in a JULES 

Rose suite u-dg127. As far as possible these values have been 

harmonised with Fabrizio Albanito's APSIM parameterisation.



Comparison and validation

I will also be working with Dr Albanito at UKCEH Bangor doing a comparison 

simulation.

Fabrizio will be running APSIM and I will be running JULES and we will both be 

trying to characterise oil palm dynamics as closely as possible across all 40 oil 

palm farms in Malaysia, with validation data provided by Prof. McNamara's 

group at UKCEH Lancaster.



Simulation work

Special attention has been paid to the photosynthesis 

parameters (Collatz and Farquhar models), using 

measurement data from Cheah & Teh (2020).
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Impact

Ultimately, we propose to deliver:

Å Improvement to UKCEH's prediction capability by including oil palm in a 

process-based way within the JULES model for the first time.

Å New information product(s) relevant to oil palm in SE Asian (and other) 

environments.

Net 
Zero 
Plus

č Carbon 
uptake & Ď 
GHGs from 

land

Adapting 
and building 
resilience to 

changing 
climate

Maintaining 
healthy & 
productive 

environment

This is a fantastic time to be working on this: many 

actors across the region want to make sustainable 

palm oil work, but they need data and information 

(including model predictions) to be able to improve their 

policies. NC-International can deliver a lot of this.


