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Who and what is ELUM?
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ELUM Objectives

Understanding the impact of bioenergy land-use change on soil carbon
and GHG fluxes

— Consider suitability of differing land use to energy crop changes

— Provide figures for soil carbon and GHG fluxes for major land-use
changes in the UK

The creation of an Ecosystem Modelling Tool to be made available for all
stakeholders
— Ecosystem modelling and planning framework for land-use change
mapped spatially incorporating factors including GHG flux and
hydrology
— Build model architecture to accommodate wider issues such as
ecosystem services



Context within project
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ECOSSE site modelling

wWP2 WP3

74 UK paired soil sampling sites 6 Network field sites

3 x GHG (CO,, CH,, N,0), by:
Static and IRGA chambers
* Soil C0-30 cm (CO,, CH,, N,0O)
* Soil C0-100 cm Eddy Covariance (CO,)
x5 LU (Miscanthus, SRCW, SRF, Automated chambers (CO,)
Arable, Grassland) X 5 LU (Miscanthus, SRCW, SRF,
Arable, Grassland)

Model evaluation to simulate Model evaluation to simulate
soil C after LUC to bioenergy soil GHG fluxes after LUC to
crops bioenergy crops



ELUM Sites
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Wealth of Accumulated UK Bioenergy GHG & soil C Data
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Collected 2,191 soil cores = 2.8 tonnes of soil



Model requirement

Soil depth

C content (kg C/ha)

*Bulk density (g/cm3)

opH

*% clay by weight

0% silt by weight

*0% sand by weight
Latitude

*Number of growing seasons
Land uses

*Precipitation (mm/month)
*Temperature (degC/month)

Long term Temperature & Precipitation

{C)2001 Shannon Burns
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Dondini et al., 2015. GCB-B (in press)
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Soil C change 0-30 cm

Dondini et al., 2015. GCB-B (in press)

£ £
o 0
E N
S 5
& &
2 -1p0 g ©
o C
g e
2 8 40 100
3 3
£ £
> 2,
< c
o ©
o e
S o
2 k5
5 3 60 -
> r=0.98 = r=0.98
100 I
Measured changes in soil carbon 0-30cm (t C / ha) Measured change in soil carbon 0-30cm (t C / ha)

@ Arable --> Miscanthus A Grass --> Miscanthus =—1:1 line O Arable->Willow @ Grass->Willow e=——1:1 line



Soil C change 0-100 cm

Dondini et al., 2015. GCB-B (under review)

@ Arable->Miscanthus A Grass -> Miscanthus =1 :1 line O Arable -> Willow ® Grass->Willow  e=1:1line
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CO, Fluxes

Plant + Root +
Root + Soil
Soil

E E
Ezstimator of C im Organic Soils: Sequestrn & Emissions

ECOSSE UERSIOM 6.1.al

Modular SUNDIAL-MAGEC

+ Sem layers for all soil states

Cheoze mode of model run

Site specific

Spatial simulation of cells
Limited data site simulation
Test run of USD

1
2
3
4




M £1-980
> O o
v ol = £T-NON
- (@]
5} £1-10
I d
s g1-des
o £1-bny
O Sl 2 eT-In
o x| o | e1-ung
o eT-Keln
o
N eT-1dv
o = ST-IeN
— [b)
o o e1-0od
= c eT-uer
5 8 21-98@
a 1]
© ZT-NON
o 2110
w_v Z1-das
— Z1-bny
o Z1-Ine
— €1-%3d S zt-ung
(5] T [
8 | eT-noN s ZT-AeN
= €100 5 cr-ldv
+ e1-dag w 3 % ZT-1en
1 = S 0 -
£1-bny 2l S DX 2T-094
letme 2 + 4 < gr-ueg
| et-unp W | 11-93d
lergen T TIAON
| er-1dv S 8 8 8 8 8 =©°
| [e] [Te) N o © o
eT-1en - -
1 e1-904 (z-tpuow 18y O B%) Uy
o | eT-ver
FARSELE!
ZT-AON o3
i L o
21190
Z1-dag
W & Z1-6ny
w 2 | zr-ne m N
= - o
m | e M% £s
h_ _ z1-Re
= | 21-1d =
@) s | zr-rew S
Q s | z1-0e4 5
S /ﬂla\ 1 1 1 1 1 NHICMH; m
S — o
o o o o o o o -
M S 28 8 8 2 8 5
— — — C
(z-Upuow 1-ey 9 B5) yy n




w £1-98@
o ol = £T-NON
o Wl s £1-10
2 e1-das
= 6
@ e1-fny
o0 < eT-Int
G S| = un
. x|l o er-ung
ﬁ ...\ANE
S eT-1dv
= £ eT-Ten
- 3 £1-0o4
= O
[ -ue
5 S eT-uer
c 2 Z1-%8Q
o o]
= © ZT-NON
o 2110
n__v Z1-das
— Z1-bny
@ Z1-Ine
<
£1-98@ o zZT-ung
ET-AON 2 [ AeN
£1-90 - Z1-1dy
e1-das 3 Z1T-1eN
—— e1-6Bny M ZT-0e4
eT-Ing % 2T-Uer
er-ung @ 1T-98
eT-AeN 2 TT-AON
£T-1dy o
o
eT-1eIN @
£T-0od ("yiuow Tey o BY) yy
eT-uer
Z1-9%8a ole
ZT-NON Il W
21-10
Z1-das
< | <
Z1-bny Of<
x ZT-Ine x|o
3 ZT-unp
S -
W = z1-Re =
QD ()
@) = ZT-1dy m
—_— x| 5 < ZT-Te =
o — =| Sof Z1-0°4 =
W w P ZT-uer o
I & + ¢ < 11-98Q 5
—~ ! C
(@) < _ TT-AON -
R o o o o o =
N £ § E B

(t-Upuow ey O 6) yy




=
D
>
(O]
—
—
(]
©
c
=
e
[as]
O
O
)
i
o
(@
©
-
(O]
£
©
c
o
(@)

Arable - Lincolnshire

—&— Model

IRGA

-9--EC
A

kT
-
-
-
-

1600

1200

(+-Upuow ey O Bx) yy

EC
0.50

IRGA
0.75

r = Correlation Coeff.




\WI _ €T-99d
2L K < 4
m So 9 | €1-roN
. - £T-190
S <| ™ . < | da
= ol w | e1-des
— Xl o e1-bny
o J
P eT-Inr
C -
G} eT-ung
4 = eT-Aey
S S | e1-udy
Q .
> ) -
© c ST-Ien
= (@) 1
o = £T-0o4
= T i
m 0 | eT-uer
o Z1-%8a
a O l
I | ZT-NON
= 21190
—g— Z1-dss
Z1-bny
zT-Ine
Q| €T-%eQ x 27-ung
_ ) 3 i
m m | ET-AON g | ke
> & g | €1-190 7 Z21-1dy
+ < —g— er-des = ZT-1eN
g eT-bny o | z1-904
- a -
—— eT-Inc m ¢T-uer
gr-un O 11-98Q
—<— eT-hey £ _ TT-AON
- eT-1dy o o o o o o
. o o o o o
ST-IBN & m = S ©
£T-0e4 (z-ypuow 16y O B) Yy
W | £T-uer
Z1-9%8Q
. 0]
ZT-NON Of &
i wl 5
ZT-190
Z1-das
1 o1 <
- |a Bny D) -
> ZT-ung
C g ] .
© < Z1-Aen S
! T (@]
— = | eridv O
(¥p) = ZT-1eN 5
T - s
O FARCER! <
© B : o
[ N ZT-uer =
1 1 1 1 1 O
o o o o o o o C
G 8 8 & 8 8 8 I
— — — S
(z-ypuow 16y O B) Yy



Dondini et al., 2015. GCB-B (under review)
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(b) Grassland - Aberystwyth
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ELUM Modelling Tool

- @Graphical user interface (GUI) is
the only part of the package that

users interact with “‘“”‘f._ =

- Look-up table stores core results | fumelee o oma ‘
from process-based model | e S A
(ECOSSE) é ; 1'5 ; 2'5 : 3'5 ! 315020 % 498940 %:{ . ON @®ocB

Climate V{"Z Roadius -
- Meta-model selects results and | ccsiwne w & : ;%g‘ P 2
processes them as necessary | w /j}é 4
. . | (Y] Apply existing land use mask i \
(e.g. applies masks, regression | _ .. .. . H \
eqguations) il | —
; )

- Data processing tools compare | = =~ & J%J ?
results, obtain totals and plot 2)37’ % S
maps and graphs T Sl W S

- Package is applied to UK at 1 km, | | ® i

but modular design means it
could easily be applied to any
world region and resolution



Model Inputs

- Input data:
Climate Crop yield

-

- -
L . T

A

Land cover Constraints

N.B. Data are pre-processed
to account for issues of
different coordinate systems,
grid alignment and
separate/missing NI data




Output Formats

- Results are shown in the GUI as a map, time-series and histogram
- Users can choose to export results in csv, kml or GIS format

Google Earth ArcGIS

Results are given for net change in: Units are:

- GHG - Cumulative t CO,e /ha

- COo, - Cumulative t CO,e /odt

- CH,

- N,O All results are relative to the emissions

- SoilC had no transition taken place



Output Example
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Key Messages

« The ECOSSE model is extremely accurate to predict soil C after land-use
change (LUC) from arable/grassland to Willow, Miscanthus and short-rotation
forest, to a soil depth of 1 metre.

« Soil CO, emissions from bioenergy and conventional crops have been
measured using two different techniques, all showing a good correlation with
the modelled values.

« The ECOSSE model is also capable of simulating small GHG fluxes such as
N,O and CH, fluxes under conventional and bioenergy crops. Changes in soll
C provides the largest contribution to the impact of LUC on GWP.

« ELUM Modelling Tool allows users to evaluate the impacts of a variety of land-
use transitions between crop types.

 Longer-term monitoring and further work will be required to reduce residual
uncertainty.
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