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Global land use in 2010

Land use category

Forests (a)

Sub-divided categori

Ar

20

Commant

= | FAD {2010, annex 3, table 2)

Primary forests (non-use) (b) 1,102 | FAQ {2010, p 55)
Secandary forests (non-use) (c) 1,799 | Calculated as {a)-(b)-{d}-{e). Includes
non-productive planted forests
Extensive forests (in use) (d) 931 | Production forests (FAQ 2010, p 89)
minus intensive forests (e)
Intensive forests (in use) (e) 201 | FAQ (2010, p 90-91), 76% of planted
farests are productive
Other wooded land (f) 1,145 1,145 | FAD (2010, annex 3, table 2)
Agricultural land (g) 4,884 - | FADSTAT (2010) data for 2008
Arable incl. permanent crops (h) 1,527 | FADSTAT (2010) data for 2008
Permanent meadows and pastures (i) 3,357 | FADSTAT (2010) data for 2008
Build-up land (j) 325 325 | Hamakutti et al. {2006, p 25): 2-3%
[assumed 2.5%) of global land area {I)
Other land {other nan-woaded land, barren, ice 2,624 2,624 | Calculated as {1)-{a)-(f}-{g)-(i)
caps etc.) (k)
Total {1} 13,011 FAQ (2010, annex 3, table 2)
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Inventory of iLUC

* Not very different from inventory in normal LCAs
* Just need to identify which processes to be

inventoried

e Ecoinvent compliant
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Land tenure as an LCA activity

e LCA activity with four principal inputs
e Mass balance of land tenure activity

Wheat (1 ha yr)
Qutput Flow Unit
Wheat 7200 kg [ wheat
Inputs from technoesphere
Market for land tenure Diesel for traction 4921 MJ
Output Flow Unit N-Fertiliser, as N 161 kg
Market for arable land T(ay:a) kg [~P]Marketfor arable land tenure, 7000 kg | «
tenure, NPPy as kg C NPPg as kg C
Inputs from technosphere Emissions .-'e— :
3land already in use a; kg CO, fossil (diesel combustion) 365 kg o ?:" S A
> Expansion a; kg N,O 43 kg ’ 1,
> Intensification ER kg Resources =
> Crop displacement ay kg CO, from air 10300 kg

Haberl H., Erb, K.H., Krausmann, F., Gaube, V., Bondeau, A., Plutzar, C.,
Gingrich, S., Lucht, W., Fischer-Kowalski, M. (2007). Quantifying and
mapping the global human appropriation of net primary production in Earth's
terrestrial ecosystem. Proceedings of the National Academy of Sciences of

the USA. 104: 12942-12947. http://www.uni-klu.ac.at/socec/inhalt/1191.htm
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The inputs to the land tenure LCA activity

Land already in use
Output Flow Unit
Land already in use, NPPyaskg € a; kg

Inputs

Naone

Emissions Market for land tenure

Naone - QOutput Flow Unit
Market for arable land I(agzas) ke >
tenure, NPP; as kg C

Land use changes Inputs from technosphere

Output Flow Unit Land already in use a kg

Transformation, NPPyas kg C ay kg Expansion a kg

Ressource inputs from nature Intensification a, kg

Transformation from... by ha —>| Crop displacement, ER kg

Transformation to... bz ha

Emissions.

CO; bs, kg

Intensification

Output Flow Unit

Intensification, NPPy as kg C a kg

Inputs from technosphere

NPK-Fertiliser =3 ke

Emissions.

N0, €O, - . ks

Social effects

Output Flow Unit

Crop displacement, NPPyas kg € as kg p— Input |S presumed to be :O

s . — Because of full elasticity assumption in LCA

Emissions.

None
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Overview of the inventory: the processes

Arable land Intensive forest land Extensive forest land Grassland

al | A1: Cropland already if1 | IF1: Intensive forest efl | EF1: Extensive forest g1 | G1: Pasture already in

—| in use - already in use e already in use — use
No emissions No emissions No emissions No emissions
IF2: Transformation
if2 .
from: primary forest

a2 A2: Transformation to: intensive forest ef2 | EF2: Transformation g2 G2: Transformation

l¢—| from: secondary forest -« from: primary forest |t—| from: grassland
to: arable land IF3: Transfermation to: extensive forest to: pasture
from: secondary forest
if3 to: intensive forest

ald A3: Intensification g3 G3: Intensification

l«—| Change in NPK-fertiliser lt—] Lt—] l«—| Change in NPK-fertiliser
application application
A: Land tenure market: IF: Land tenure market: EF: Land tenure G: Land tenure market:
arable land intensive forest land market: grassland
extensive forest land
T T T T
Z(al;a3) x(if1;if3) Z(ef1ef2) Z(g1,93)
| | | |
divided by land productivity, NPPg (kg C ha yr-1)
| | | |
ha yr arable ha yr intensive forest ha yr extensive forest h
a yr grassland
land land land

¥
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Inputs to Market for Land tenure activities (1 of 8)

e 4 activities, each with inputs from
— Land already in use (a,, if,, ef, and g,)
next 7 slides

— Transformation (a,, if,g3, ef, and g,)
— Intensification (a; and g5)

Aratle land [aten eandard
a1\ AL: Croptand simady | [ #1 | ¥ imenaive toewar | [ #0) | EF1: Exmanaive ferant | [ 5] 01: Pasture aireadyin |
in use L+ siraagy o use siready In use o e
W s e mansic o e Fo prrvenson,

a2 [[ 72 Transtemasan
“H trom: prmary
Inputs to 4 activities ——————> Bl Em | W il [l | Bl
e arable land ET 16 esterrie borest s paste
L srcrreary fotest
d eC intersive Rovest
a3 [ A3 insanasicaticn .—{ | Of 0 imessification
Change in NPY feriner Change o NP lertiser
A aton | Apphcaton
P A: Land tenure market IF Land tanure market EF- Land serure 0: Land tenure markat:
: — rable land mtensse forest land "
4 activities: A, IF, EFand G o
it a¥) ey Lief w02) gt g
i byl gty NPPs g € byt 1) )
* | Y[ A | DET DANSKE CENTER 'l bl el b crpiiad i ontarn ot e p— 5
5 v VCEA ] 1 L,

Inputs to Market for Land tenure activities (2 of 8)
* Inputs from Land already in use (a,, if;, ef, and g;)

Table 2: Area and productivity of existing land in use and creation of new land. The productivity is
based on Haberl er al. (2007a). Land not in use and build-up land (estimated) are also included to have
a total area that adds up to the world’s total land area.

Land use class Existing Existing land | Land tenure New land New land
land NPPFy (kg C market Area per year NPP; (kg C
Area (million ha-1) {(million ha yr- ha-1)
lia) 1)
Cropland 1,527 6,110 Arable land 13.0 6.940
Intensive forest 201 7.200 Intensive 3.75 7.200
forestland
Extensive forest 931 7.200 Extensive 3.86 7.200
forestland
Pasture 3.357 4.860 Grassland 4.59 4.860
L ]
Table 5: Inventory data for the four land tenure activities and their upstream inputs.
; Intensive Extensive .
Flows l Arable land forest land forest land l Grassland

Output, NPP, as million t C
Land already in use | a1=9330 | ifi=1447 | efi=6703 [ g1=16315

% 1rEA DET DANSKE CENTER Life Cycle
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Inputs to Market for Land tenure activities (3 of 8)
* Inputs from Transformation (a,, if,45, ef, and g,)
FAO (2010): 13 Mha yr! deforestation 2000-2010
of which 4.19 Mha yris primary forest
of which 8.81 Mha yr is secondary forest
> Total deforestation (secondary to arable) => on arable land
> Step from primary to secondary => caused by forestry
¢ 3.85 Mha yrt is extensive forest land
¢ 0.38 Mha yrtis intensive forest land
> Transfokmation from secondary to intensive forest
e Total anqual planted productive forest: 3.75 Mha yr?!
©3.75-0.38 = 3.37 Mha yr'! from secondary to intensive
> Transformation from grassland to pasture
e FAOSTAT (2013), country level, all increase in pasture: 4.59 Mha
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Inputs to Market for Land tenure activities (4 of 8)
. .
* Inputs from Transformation (a,, if,.;, ef, and g,)
Table 2: Area and productivity of existing land in use and creation of new land. The productivity is
based on Haberl et al. (2007a). Land not in use and build-up land (estimated) are also included to have
a total area that adds up to the world’s total land area.
Land use class Existing Existing land | Land tenure New land New land
land NPPFy (kg C market Area per year NPP; (kg C
Area (million ha-1) {(million ha yr- ha-1)
lia) 1)
Cropland 1,527 6,110 Arable land 13.0 6.940
Intensive forest 201 7.200 Intensive 3.75 7.200
forestland
Extensive forest 931 7.200 Extensive 3.86 7.200
forestland
Pasture 3.357 4.860 Grassland 4.59 4.860
! J
Table 5: Inventory data for the four land renure activities and their upstream inputs.
- i Intensive Extensive _—
Flows ‘ Arable land [ forest land forest land Grassland
Output, NPP; as million t C
Transformation a2=90.2 if2=2.74 ef2=27.8 g2=223
if3=24.2
3 [ DET DANSKE CENTER 'lr(“ o
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Inputs to Market for Land tenure activities (5 of 8)

* Inputs from Intensification (a; and g;)

e Arable: Proportion between expansion & intensification

1997 2,801 1,188 252 1996 to 1997 428 40 46.9
1998 3,015 1,181 255 1997 to 1998 396 -15.9 237
1999 3,057 1,182 259 1998 to 1999 401 20 421
2000 3,054 1,183 258 1999 to 2000 -59 32 -27
2001 3,116 1,186 2.63 2000 to 2001 55.8 6.2 62.1
2002 3,093 1,179 262 2001 to 2002 -5.4 -17.8 -23.2
2003 3,186 1,208 2.64 2002 to 2003 18.3 757 240
2004 3,401 1,229 277 2003 to 2004 157.6 60.2 2178
2005 3,419 1,251 273 2004 to 2005 -425 59.5 17.1
2006 3,445 1,243 277 2005 to 2006 457 -23.0 26.8
2007 3,614 1,262 2.86 2006 to 2007 115.3 538 169.1
2008 3,836 1,289 298 2007 to 2008 1442 817 2259
2000 3,802 1,278 298 2008 to 2009 01 -343 -342
2010 3,851 1,290 298 2009 to 2010 10.2 38.3 484
2011 4,038 1,304 3.10 2010 to 2011 146.5 429 189.3
1961 to 2009 1956 650 2606

FAOSTAT (2013) | x| = 100%
DM% all crops: various ref 200010 2010 508 300 804
.1. | B63% 37% 100%
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Inputs to Market for Land tenure activities (6 of 8)

* Inputs from Intensification (a; and g;)

» Pasture: Proportion between expansion & intensification

— pasture area increase:

FAOSTAT country level
=>annual % increase area = 1.4%

— pasture yield change:

FAOSTAT stock (head) density
=> increase in no of heads from int.
=>annual % increase yield = 11.5%

=> Proportion: area 11% and yield 89%
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Inputs to Market for Land tenure activities (7 of 8)
* Inputs from Intensification (a; and g;)

* Proportion between expansion & intensification

> expansion [NPP,] x (Proportionyielcl / proportionexp)
=in sification [N PPO] 2 previous slides

Table 5: Inventory data for the four lapd renure activities and their upstream inputs.
Intensive Extensive .
Flows Arable land ) Grassland
forest land

forest land
Output, NPP, as mﬂnny&

Transformation a2=90.2 if2=2.74 ef2=27.8 22=223
if3=24.2

v

Table 5: Inventory data for the four land tenure activities and their upstream inpuis.

Flows l Arvable land Intensive Extensive

forest land forest land Grassland
Output, NPP; as million t C
Intensification | =151 ] | | g3-188
% | UTERT T oy Aaisons univensiver
Inputs to Market for Land tenure activities (8 of 8)
e 4 activities, each with inputs from
— Land already in use (a,, if,, ef, and g,)
— Transformation (a,, if,g5, ef, and g,)
— Intensification (a; and g5)
11| EFY: Extansive forant | [ 31| G1: Pasture siready in |
e
A
OO“ b cnﬂmulem:r'o'im
[ L
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Inventory of transformation activities (1 of 6)

* 5 activities
— Transformation (A,, IF,g3, EF, and Gz)} next 5 slides

p— P— [o—— pre—
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e ee . a2 ax b [ ez | o
5 activities: A2, IF2&3, EF2 and G2 ——> L | e sovy e | 1| = | s i
recatietnd | | | e Trem ey 18 erterrae ke e paste
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L] eC intersive Rovest
a3 | AY intenashcstion @ 03 Intmmzification
a—] Change in NPY.feriiner - La—| Change n NPK lertimer
A aton AP aton
YT rr—— IF- Land tenure micket EF-Landmnure | [0: Land tenure macker
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st rest e
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Inventory of transformation activities (2 of 6)
* Where does deforestation take place? (1000 ha)

Net Share of
deforestat world, FAO (2010), G|Oba| ForeSt
ion 2000- | Share of |accumulat
Country 210 | word | ed Ressource Assessment 2010
Brazil 26,421 26% 26% 0 . .
e >80% takes place in tropical
Ausiralia -3,820 5.5% 3%
Ingonesia 4877 49% %% regions
Nigeria 4,096 4.0% 40% [
_ . . * emissions are modelled as all
United Republic of Tanzania -4034 3.9% 44%
Zimbabure omo]  aom]  aTw deforestation was tropical
Democratic Republic of the Congo -3,114 3.0% 50%
Myanmar -3,095 3.0% 53%
Bolivia (Plurinational State of) -2,895 2.8% 56%
Venezuela (Bolivarian Republic of) -2,878 2.8% 59%
|Argentina -2,4581 2.48% 81%
Cameroon -2,.200 21% 83%
Mozambique -2,185 21% B56%
Ecuador -1978 1.9% 528%
Mexico -1,54% 1.5% 85%
Paraguay -1,785 1.7% T1%
Zambia -1666 1.6% T3%
Cambodia -1,452 1.4% T4% ILeA
Ethiopia 1,409 1.4% 76%|, ‘ International
emationat Life Cycle
S | [) Papua New Guinea -1,407 1.4% T7% 3 Oyl @ cacemy |
2 o ealote Dol af o PN PP i Y. —
Inventory of transformation activities (3 of 6)
. .
* Where does deforestation of primary forests take
? Deforestat
place? (1000 ha) on, Share of
primary world,
{188 Share of |accumulat
Country 2000-2010 world ed
Brazi 55% 55%
Papua New Guinea -3,324 7.2% 52%
Gabon -3,300 7.1% 69%
Indonesia -2,024 4.4% 7%
Peru -2,010 4.3% 8%
Bolivia (Plurinational State of) -1,882 41% 82%
Russian Federation -1,548 3.6% 85"
Republic of Korea -1,320 2.8% 8%
Mexico -1,159 2.5% 91%
Central African Republic -785 1.7% 92%
Nigeria -736 1.6% 94%
Guat -472 1.0% 95%
Malawi -386 0.85% 95%
Mongolia -387 0.84% 7%
Madagascar -178 0.38% 97%
Democratic People’s Republic of Ki -174 0.38% 97%
Colombia -142 0.31% 98%
Suriname -138 0.29% 98%
+ | =T DANSKE,CENTER Cambodia 134 0.25% 98% 20
UNIVERSITET

9/4/2013
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Inventory of transformation activities (4 of 6)

* CO, emissions from deforestation based on carbon
stocks

« 1kgCx (44/12) kg CO,/kg C = 3.67 kg CO,

Table 3: Carbon stocks in land use categories used in the iLUC model. Carbon stocks are based on
IPCC (2006. chapter 4. 5 and 6): forests represent tropical regions, extensive and secondary forests are
represented by an average of primary forest and intensive forests, and grassland represents average of

tropical and sub-tropical scrubland/steppe. Unit: t C/ha.

Land use type | Above ground carbon | Below ground carbon
Land in use
Cropland 6.3 64.7 (61% of initial land =
secondary forest)
Intensive forest 70.5 26.1
Extensive forest 106 39.1
Pasture 4.09 11.8 (100% of initial land
= grassland)
Land not in use
Primary forest 141 52.2
Secondary forest 106 39.1
Grassland 25.2 1.8
International
+ | ‘ DET DANSKE CENTER ‘lL'hA‘ ﬂ:&-ﬁ‘f AALBORG univeriy 21
Inventory of transformation activities (5 of 6)
e CO, emissions from deforestation
Table 5: Inventory data for the four land tenure activities and their upstream inputs.
Flows ‘ Arable land ftl)rll':slt‘;.-:‘:d fED :;:‘f::-:j ‘ Grassland
Output, NPPg as million t C
Land already in use al=9330 1f1=1447 ef1=6703 g1=16315
Transformation a2=90.2 1f2=2 74 ef2=2738 g2=223
1f3=242
Intensification a3=151 23=188
Land use change, million ha
From primary forest 038 3.86
From secondary forest 13.0 337
From grassland 459
To cropland 13.0
To intensive forest 375
To extensive forest 3.86
To pasture 4.59
Emissions related to transformation
1m;
CO; (accelerated) 3.534 733 681 355
CO;,-eq. (time dependent GWP100) 26.9 559 519 271
e
+ | ‘ DET DANSKE CENTER EEE;’%;:“‘ 22
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Inventory of transformation activities (6 of 6)

* 5 activities
— Transformation (A,, IF,¢3, EF, and G,)

\
00$% : s s i po

o1 A% Cropasdsirmsdy | 01 [ W0 bteraive forwnt | o1 [EFY: Exmanaive forent | 91 [ O1: Pasturs alrasdyin |
-— in use - siraagy o use a{  sirwady inuse | - e

W ermensacnn o i o prrvesions.

o esons

5 activities: A2, IF2&3, EF2 and G2 ——> _"_’w:.’i_.m.,...... L
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antetand | [ | Tpavram e : externve torest ¢ pastuer:
¥ | Lf trom: seconcery torewt . i g
i forest
L —nop

01 Intamsification

a3 [ AN ienaiication @
L] Couange in NPK.fortiner - {a—| Crange n NPKteriser
appacabon ansbcaton
A: Land tenure market 1F Land tenure markat EF Landtenure | [G: Land teire markat
arabie land rterre oeest la markat s
erensive forest et
: - gt
vy b oty PP (85 P -1} i
b o st iy b et et orest )
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Inventory of intensification activities (1 of 8)

e 2 activities

— Intensification (A; and Gj) } next 6 slides
* Includes:

— emissions

Arathe land Vs boreat Lt st St L3t Geavssara
. re a1 [ A% Cropland sirmady | #1 [ 1 lsenaive foewar | of [ EF1: Exnaive foraat | 97 [G1: Pasturs airesdyin |
-— inuse - sirassy in use | seeadyinuse | use
inpu ili o ey e .
o [ ¥ Transtemmasian
“ | trom: primary forest
a2 [ AZ: Transtvemasien T R o o2 [ EFz: Tramstormation | |52 [ G2 Transtormation
la—] trom: secerstary foress | 1o 1 trom; riemary forwst rom: granadaral
Yo aratie laret [ 75 Tramtormasin | [ e pastioe
o = from: secorcary ot t .
6] " toc nnsive ovest

B3 Intansificaticn Y

2 activities: A3 and G3 %ﬁm ._i | el b

Change i NP ertier

Lo

A Land tanure mathat 1F- Land terure markan | EF Landtenure | [G: Land teire markat
rterre oeest la markat rtind
erensive forest et
Tiat sy zieen i o) -
v by L prociy, PP 45 C b .1}
| . 'l (== M eatees P e o e .

‘X‘- ' 1 L.

Inventory of intensification activities (2 of 8)
* |ntensification of arable land: Which crops and

h ’p Table 4: Calculated average annual increase in crop production from intensification for the world
W e re . (million tonne DM) based on 2000-2010. For each crop the relative contribution to yield increase by
the most significant country is specified

Crop Production Share Most significant
(million t dm) country
130 25% USA (36%,
Rice, paddy 749 14% India (20%)
Theat 6.59 13% China (27%)
Sugar cane EX1) Ex) Brazil (62%)
Oil palm fruit 2.04 1% Malaysia (87%)
Cassava 1.82 3% Thailand (18%)
Seed cotton 154 3% India (51%)
Sugar beet 1.53 3% Russia (25%)
Rapeseed 141 3% Canada (22%)
Barley 131 2% Russia (23%)
Other crops 168 21% -
Total 53.0 100%

* Intensification of pasture: Where?
— Brazil accounts for 32% of pasture intensification 2000-2010

ILcA
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How to measure kg dm crops in terms of NPP0O? (3 of 8)

In order to convert the reference flow of the intensification activities to NPP; measured in kg
C, a carbon content of biomass at ~50% (IPCC 2006, table 4.3), and a ratio of NPP; relative
to harvested C (NPP, minus residues not removed, i.e. 30% of NPP,) at 2.95 is used (Harberl
et al. 2007, table 2). The field emissions related to N-application are modelled based on IPCC

Intensification at 151 million t C (NPP,)
=151 x1/0.5x 1/2.95 = 102 million t dm crops

A ILca
* | DET DANSKE CENTER ' ::ft:rg:::ll:na‘
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Inventory of intensification activities (4 of 8)

* Intensification: How?
— Pest management (pesticides, "natural" pest control, GMO)
— Water management (irrigation, draining, GMO for drought
resistance)
— Plant material improvement
— Cultivation practise (timing, soil preparation)

Assumed that
- fertiliser = endogenous (demand driven)
- other = exogenous (not demand driven — driven by technological development)

IeA
‘1‘ | DET DANSKE CENTER 'll(“ Ure Cocla ™ ﬂ- 28
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Inventory of intensification activities (5 of 8)

* How much yield from additional fertiliser?
— Fertiliser-yield dose-response relationships
(Units: yield as kg dm and N-fertiliser as kg N)

Yield to N-fertiliser, maize Yield to N-fertiliser, rice Yield to N-fertiliser, wheat Yield to N-fertiliser, pasture

am = m 120

—

Py -,

- - . } o | gy

R — o . P - .

fom |- iw = oo = 3 100 e vomin

2 TR ;150 o D _yearomts 001 09822 1“ frvy

jov g e — R o v, o ot

po R, ™ fra ey S o
®m

Fow e o »

i e

ot om0 om o0

,W s = = = = ) T = m m =

- gt P vt vt

s i

-0.000060N*+0.0259N+4.87
-0.000020N*+0.0211N+1.31
-0.0000020N*+0.0100N+0.962
-0.000010N*+0.0120N+7.88

,rrimi:e(ﬁ;) =
}.”_“[J,\r) =

J' -"_m””(‘.\.') =
}:;m.umw{‘\r) =

— Fertiliser level in relevant countries: IFA (2013) +
manure fertiliser (inventory in creea.eu)
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Inventory of intensification activities (6 of 8)
e Emissions from fertiliser? IPCC (2006, chapter 11)

Ingut parameters  Description Unit Maize, USA  Rice, India Wheat, China  Pasture, GLO
area Cultivated area in country with crop ha 1 1 1 1
yield_act Yield (kg sctual weight/ha yr) kg hayr 1 1 1 1
oM Diry matter conteat of Lusighifo:} 2005 1005 100% 100%
AFert N-fertiliser: Synthetic fertiliser, as ky Mfha yr kg N/ hayr 0.197 0.059 0.108 0,085
F_ON RrrTETaTEet e-shotga-anad bl kg 1Ly
F_sOM Anrsal amaount of N in mirersl soils that is mineralised, in associath kg N/ hayr 0 [ o 0
F_Oos Share of area of managed,drained organic sois % 0% 00k 0% o
E_PHR Annizal amount of uring and dung N deposited by grazing animals c1kg N/ ha yr (] 0 o o
slope Crop specific constant to caboulate AG_DM, Data are obtained from 1 dimensionless o3 035 11 03
intercept Crop specific constant to caleulate AG_OM. Data are obtained fram 1 dimensionloss (110 248 s L)
N_aG N cantent of above ground residues for crop, kg N (kg dm)-1. Data ol kg N kg dm oo oot noos aoms
Frac_Hemave Fraction of abave ground residues of crop removed annually for pur kg N/ kg crop-N L o o a
Frac_GASF Fraction of synthetic fartiliser M that volatilises 35 NH3 and NOx, kg kg N volatilised [ kg of N applied o1 0.1 (51 [ 5}
Frac_GasM Fraction of applied arganic N fartiliser materials (FON) and of urine kg N volatilized { kg of N applied or deposit (%] 0.2 %3 0.2
Frac_LEACH Fraction of all N added to/mineralised in managed soils in regions w kg N / kg of N additions 03 0.3 0.3 03
R_BGRIO Ratio of below-ground residues to harvested yield for crog, kg dm {1 kg dm / kg ém 022 018 [+1) o8
N_BG N content of belew ground residues for crop, kg N (kg &m)-1. Data o kg M/ kg dm o007 3 0.009 0oz
Fl kg N20-N (kg M input)-1, emission factor for N20 emissions from N kg N2O-N / kg N ingut 0.0 oo oo 0.01
2 kg N2O- ha-1 yr-1, emission factor for N20 emissions from drainet kg N20-N / ha yr ] 1% B B
oy kg N2O-N (kg M input]-1, emission factor for N3O ermissions from ur kg N20-N / kg N input 0.02 0.02 0.02 0.0z
rd emission factor for N20 emissions from atmospheric deposition of kg N-N20/ (kg NH3-N + NOx-N) 0.0 o0 o001 0.01
s emission factor for NZO ernissions from N leaching and runotl, kg N: kg N20-N/ kg N lesched and runoff 0.0075 0.0075 0.0075 0.0075
EF Annal emission factors (EF) for cultivated evganic soils (IPCC 2006, 1 kg Cfha yr 5000 20000 S000 5000
Protein_content  {not 1T - {raw protein) of b kg protein / kg OM crop 008 08T 0115 02
N_content_prot [not ICC parameter), N-content in raw protein (European Commiss kg N/ kg protein 016 0.18 o1s 018
ILCA
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Inventory of intensification activities (7 of 8)

¢ Emissions from fertiliser? N-balances

N-BALANCE Maize, USA Rice, India Viheat, China | Pasture, GLO
Inputs

Synthetic fertiiser F_SN kg N ha-1yr-1 0.19685039¢| 0.058616647] 0.107851596] 0.085224232)
Organic fertiiser and manure F_ON kg N ha-1yr-1 [] o o o
Urine and dung N deposited by grazing animals __[F_PRP kg N ha-1yr-1 0 9 o 9
Crop residues retured to soils FCR kg N ha-1yr-1 0.004737382) 0.016259) 0.006407232] 9
N in mineral sois that is mineralised F_SOM kg N ha-1yr-1 0 9 o 9
Total inputs kg N ha-1yr-1 0.201587776| 0.074975647| 0.114256826 0085324232
Outputs

Harvested crop crop * N_content kgNha-1yr-1 0.0144] 0.01552] 0.0184} 0.032]
Crop residues removed from sois calculated from F_CR kg N ha-1yr-1 0 [ 0 [
N20N_direct described under calculation of emissions kgNha-1yr-1 0.002015878] 0.000749756] 0.001142583] 0.000853242]
N20N_indirect described under calculation of emissions kgNha-1yr-1 0.000650423] 0.000227212] 0.000354334] 0.000277304]
NOX-N described under calculation of emissions kgNha-1yr-1 0.000318158] 0.000118331 0.00013033) 0.000134654]
NH3-N described under calculation of emissions kgNha-1yr-1 0.01%: 1 0.005 0.010604829] 0.008397759)|
NO3-N described under calculation of emissions kgNha-1yr-1 0 0. 0.034277643] 0.02559727]
N2-N N2-N = inputs minus calculated outputs kgNha-lyrl 0.104360103] 0.03012423] 0.049282458] 0.018063993]
Tatal outputs kg N ha-1yr-1 0.201587776 0.074975647] 0.114253523] 0085324232
Inputs

Inputs minus outputs 0| o] 9| o]
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Inventory of intensification activities (8 of 8)
e 2 activities

— Intensification (A3 and G3) } next 6 slides
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Inventory:
Summary
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Table 5: Inventory data for the four land tenure activities and their upstream inputs

Intensive

Extensive

Flows Arable land forest land forest land ‘ Grassland

Output, NPP; as million t C

Land already in use al=9330 1f1=1447 ef1=6703 g1=16315

Transformation a2=90.2 1f2=2 74 ef2=27.8 g2=223
1f3=24.2

Intensification a3=151 g3=188

Land use change, million ha

From primary forest 0.38 3.86

From secondary forest 13.0 337

From grassland 4.59

To cropland 13.0

To mtensive forest 375

To extensive forest 3.86

To pasture 4.59

Flows related to intensification,

million t

Fertiliser: Ammonia, as N 2.55 3.84

Fertiliser: Urea, as N 105 241

Fertiliser: Ammonium nitrate, as N 190 5.00

zlfﬂl\;hser: Calcium ammonium nitrate, 0.00619 0115

Fertiliser: Ammonium sulphate, as N 0.0605 0.210

Emission to air: Ammonia 1.79 1.38

Emission to air: Dinitrogen monoxide 0329 0.241

Emission to air: Nitrogen oxides 0.0824 0.0600

Emission to water: Nitrate 211 154

Emissions related to transformation,

million t

CO, (accelerated) 3,534 733 681 355

COs-eq. (time dependent GWP100) 26.9 5.59 519 271
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Inventory: How to build in LCA software

e Land tenure market activites
* Transformation activities
* |ntensification activities

User friendly country database

B LCA Explorer

. y

7 Developer

—

Wizards

3 LUC v4
Countries and regions
Intensification

Land tenure markets
Transformation of land

ica
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Name
Arable land [NPPO as C]
Extensive forest land [MPPO as C]

Grassland [NPPO as C]
Intensive forest land [NPPO as C]
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Contribution analysis
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Market for land tenure: 1 ha yr arable land
10000 m2a o
Arable, World s
average
4592.22 kg CO2 eq
Arable land [NPPO
asC]
4592.22 kg CO2 eq
2282.69 kg 3827.31 kg
Transformation Intensification,
From secondary arable land [NPPO
forest To cropland asC]
6681.115 kg CO2 eq 3911.11 kg €O2 eq
—
96.5173 kg 265.008 kg 48.0725 kg
Ammonia, liquid, at Urea, as N, at Ammonium nitrate,
regional regional as N, at regional
storehouse/RER U storehouse/RER U storehouse/RER U
‘1. 202.291 kg CO2 eq |l 875.467 kg CO2 eq 410.983 kg CO2 eq .
f f # e - AALBORG UNIVERSITEY

Market for land tenure: 1 ha yr intensive forest land
world average —
( ge) =

S

: 1217.25 kg CO2 eq r &
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Market for land tenure: 1 ha yr extensive forest land

(world average)

10000 m2a
Extensive forestland,
World average

1343.46 kg CO2 eq

7200 kg
Extensive forest land
[NPPO as C]

1343.46 kg CO2 eq

7200 kg
Transformation From|
primary forest To
extensive forest
[NPPO as C]

ILcA
International

1343.46 kg CO2 I
‘1‘ kg il ENTER ‘l 'A‘ Life Cycle
| | _‘- Academy

e

@r"_-- -

~

—————
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Market for land tenure: 1 ha yr grass land

(world average)

10000 m2a
Grassland, World
‘average

[3115.62 kg CO2 e

4860 kg
Grassland [NPPD
as C]

3115.62 kg CO2 e

4344.82 kg
Intensification,
pasture [NPPO as
c]

515.176 kg
Transformation
From grassland T
pasture [NPPO as
62.5012 kg CO2 e

3053.12 kg CO2 e

@r"_-- -
B <=

~

—————

]
T
166.894 kg 55.6929 kg 115.623 kg
Ammonia, liquid, Urea, as N, at Ammonium
at regional regional nitrate, as N, at
storehouse/RER U storehouse/RER U regional
¥ [0.794 kg coz e 183.984 kg CO2 e 1088.488 kg CO2 et 40
| [ AALBORG UNIVERSITET
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Different sources of land: 1 ha yr (world average)

GHG-emissions from different sources of productive
land (world aver 1 ha yr)

7000 arable land Forestland grass land

.
1
1
N

To cropland [NPPO as C
extensive forest [NPPO as C]
intensive forest [NPP0 as C]

Transformation From grassland To
pasture [NPPO as C]
Intensification, pasture [NPPO as C]

To intensive forest [NPPO as C)

Transformation From secondary forest
Intensification, arable land [NPP0 as C|
Transformation From primary forest To
Transfermation From primary forest To

! Transformation From secondary ferest
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If you want to know more...

Choose among our courses at:
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