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Feeding the rising world population
Almost a billion of chronically hungry people

Climate change, extreme events, increased vulnerability and

volatility QO
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More farming than ever in our plane



What Is going on?

New calories from closing yield gaps for staple crops
(x10% kcal per hectare)
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Foley, J.A. et al. 2011. Solutions for the cultivated planet. Nature 478: 337-342
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Yield gap is the difference
between potential and
attained yields

Regional differences in
yield gaps are high: in
Europe eastern regions
exhibit high yield gaps
16 most important staple
crops

58% increase in food
production available by
closing yield gaps
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Yield gap is the difference
between potential and
attained yields

Regional differences in
yield gaps are high: in
Europe eastern regions
exhibit high yield gaps
16 most important staple
crops

58% increase in food
production available by
closing yield gaps

Needs to be carried out in
a sustainable manner

Lukge)
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Economically Environmentally Socially

sustainable sustainable acceptable

Decrease environmental footprint while increase
agricultural production and food security in a
socially acceptable way Q
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Sustainable intensification
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Opposite for intensive...
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ustainable intensification

Opposite for intensive...

...1s Iinefficient
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Static yields and quality issues: Is the agri- o The FinniSh Agl’i-EnVirOnmental

environment program the primary driver? i
program (AEP) has been in
operation for >20 years with >90%

Pirjo Peltonen-Sainio, Tapio Salo, Lauri farmer commitment

Jauhiainen, Heikki Lehtonen & Elina

Sieviliinen - AEP has been successful
| , especially by reducing e.g. N
— AMBIO © balance

AMBIO A JOURNAL OF THE HUMAN ENVIRONMENT
DOI 10.1007/513280-015-0637-9

* From 90 to 50 kg/ha already in the
early phase of the AEP

& Sprnger O
Luke
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Static yields and quality issues: Is the agri- o Many contem porary ChangeS in

environment program the primary driver? . ) .
agricultural practices, driven by
changes in prices and farm

Pirjo Peltonen-Sainio, Tapio Salo, Lauri subsidies. also including the AEP
Jauhiainen, Heikki Lehtonen & Elina . ! . !
Sievilinen were likely reasons, together with

reduced N use, for yield stagnation
or decline and adverse changes in
quallty
Lack of basic investments — ? %

* No-tillage — in total <5 %

» Monoculture — e.g. in wheat 5-10 %

+  Soil degradation — ? %

*  Organic farming — in total ~1.4 %

& Sprnger O
Luke
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Static yields and quality issues: Is the agri-
environment program the primary driver?

Pirjo Peltonen-Sainio, Tapio Salo, Lauri
Jauhiainen, Heikki Lehtonen & Elina
Sievildinen

AMBIO
A Journal of the Human Environment

. AMBIO &

AMBIO A JOURNAL OF THE HUMAN ENVIRONMENT
DOI 10.1007/513280-015-0637-9

@ Springer
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RESEARCH ARTICLE

Land Use, Yield and Quality Changes of Minor
Field Crops: Is There Superseded Potential to
Be Reinvented in Northern Europe?

Pirjo Peftonen-Sainio” -, Lauri Jauhisinen’, Helkk Lehtonen®

This agrees with both major and minor
crops

We do not need to be content with
such trade-offs

Instead we need to further develop the
future policies to ensure that the
changes are environmentally,
economically and socially sustainable
and acceptable o

Luke
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s

a~ - To consider the existing

PAL E3 CC

PPALLIe policies, most notably the CAP
- To gain better understanding

POLICY REVIEW REPORT:

on potential policy related
obstacles and benefits and
possible synergies with

OPTIMISING LAND USE TO MITIGATE
CLIMATE CHANGE IN FINLAND

w1 corooazss respect to the targets of
Delverable C1.1a-31.12 2015 OPAL_LIfe prOJeCt:
* Increase agricultural
productivity

* reduce greenhouse gas
emissions from agriculture

 Increase biodiversity

Luke
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...hungers for

non-averaging activities
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Finland — a pilot region? OPALLife

High yield gaps, stagnant yield trends
«  AEP with many follow up programs
Changing climate

« Longer growing season, potential for higher
yields

« Potential for novel crops and more diverse
crop rotations

* Need for autumn sown and cover crops

High variation among field parcels
* In their productivity
* In their physical characteristics
* Need and potential for large-scale land use
planning and optimization
Valuable ecosystem services but also
natural handicaps and vulnerable

- Pirros: Jaana Nissi/Luke enVIron ment Q
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Finland — a pilot region? OPALLife

High yield gaps, stagnant yield trends
«  AEP with many follow up programs

Changing climate

« Longer growing season, potential for higher
yields

» Potential for novel crops and more diverse
crop rotations

* Need for autumn sown and cover crops

High variation among field parcels
* In their productivity
* In their physical characteristics
* Need and potential for large-scale land use
planning and optimization
Valuable ecosystem services but also
natural handicaps and vulnerable

e ;:% Ié’i.rros: Jaana Nissi/Luke enVIronment Q
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Temperature Change by 2070-2099

Climate change
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The Arctic is projected to
warm at the fastest rate

—— RCP 8.5
12‘ 1 RCP8.5 T Emissions of greenhouse gases continue to grow at current rate
'I‘ - .- i CHANGE IN AVERAGE TEMPERATURE PREDICTED BY MODELS:
-1 2081-2100
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Based on IPCC Assessment Report 5, Working Group 1. Values for Finland by Finnish Meteorological Institute.
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2070 - 2099

AVERAGE SURFACE TEMPERATURE
INCREASE FINLAND

ANOMALIES CALCULATED WITHRESPECT TO 1986-2005.
FINLAND, ANAMOLIES CALCULATED WITH RESPECT TO 1971.2000
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1970-2000 1985-2015
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E;zssons from the past in weather
variability: sowing to ripening dynamics *E 40 o
and yield penalties for northern agriculture 2
from 1970 to 2012 e 20 ° e 5
2 o® °
Pirjo Peltonen-Sainio & Lauri w - ° ° o
Jauhiainen 'S ¢ o R e
3 ®
vy
£ -20 X
o
Reglonal Environmental Change q':
i = 40
::; - o  -20 -10 0 10 20

Sowing date (days)

O Years in 1970s
O vYears in 1980s
@ vears in 1990s
® Years 22000

Lukge)
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Biological Conservation 217 (2018) 166-172

Contents lists available at ScienceDirect

Biological Conservation

El SF\I ER journal www.elsevier.

Climate change

Stronger response of farmland birds than farmers to climate change leads to @ s
the emergence of an ecological trap

Andrea 1i**, Aleksi Lehikoinen”, Anna Bock™““, Pirjo Peltonen-Sainio®,
Lauri Jauhiainen', Marco Girardello?, Jari Valkama"

Curlew Lapwing

. et
B OPAL-Life

Birds

160+

1501

Day of the year
3

130+

120+
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19 Pirjo Peltonen-Sainio 17.4.2018 © Natural Resources Institute Finland NATURAL RESDURCES
INSTITUTE FINLAND



‘06T—T.T :8T 99UaI9S P00 pue [einynNduby "puejuiq ul uononpoid
douo pjaiy 1oy renualod euoibal ul sabueyd ;uoseas Buimolb jo uonebuojoid pue
abueyd arewlD ‘600z ‘'H ‘usuelp Y ‘eredeH ‘' ‘usurelyner ‘4 ‘olures-usauoyad

OPAL:-Life

Climate change

(sreak gTF) anisu| [ea160j0J0818N YSIuulq ‘S[gpow direwi|d 6T

MNATURAL RESOURCES
INSTITUTE FINLAND

2025

© Natural Resources Institute Finland

17.4.2018

L0
00
(0))
—i

Pirjo Peltonen-Sainio

20




‘06T—T.T :8T 99UaI9S P00 pue [einynNduby "puejuiq ul uononpoid
douo pjaiy 1oy renualod euoibal ul sabueyd ;uoseas Buimolb jo uonebuojoid pue
abueyd arewlD ‘600z ‘'H ‘usuelp Y ‘eredeH ‘' ‘usurelyner ‘4 ‘olures-usauoyad

OPAL:Life

Climate change

(sreaA gTF) a1nmsu| 2160010818\ YSIuulH ‘S[apow direwi|d 6T

Lo
o
o
9\

MNATURAL RESOURCES
INSTITUTE FINLAND

© Natural Resources Institute Finland

17.4.2018

Pirjo Peltonen-Sainio

21



douo pjaiy 1oy renualod euoibal ul sabueyd ;uoseas Buimolb jo uonebuojoid pue
abueyd arewlD ‘600z ‘'H ‘usuelp Y ‘eredeH ‘' ‘usurelyner ‘4 ‘olures-usauoyad

"06T—T/T :8T 92Ual0S Poo pue [einnauby ‘puejui4 ul uononpoid

OPAL:Life

Climate change

(sreaA gTF) a1mnsu| [e2160]010318\ YSiuulH ‘Sjopow dewl|d 6T

MNATURAL RESOURCES
INSTITUTE FINLAND

00

200

2025

02

Ny

Winter
wheat

- M,

1985
I\Winter rye

© Natural Resources Institute Finland

17.4.2018

Pirjo Peltonen-Sainio

22



‘06T—T.T :8T 99UaI9S P00 pue [einynNduby "puejuiq ul uononpoid
douo pjaiy 1oy renualod euoibal ul sabueyd ;uoseas Buimolb jo uonebuojoid pue
abueyd arewlD ‘600z ‘'H ‘usuelp Y ‘eredeH ‘' ‘usurelyner ‘4 ‘olures-usauoyad

(sreaA gTF) a1mnsu| [e2160]010318\ YSiuulH ‘Sjopow dewl|d 6T

MNATURAL RESOURCES
INSTITUTE FINLAND

OPAL:-Life

2085

*50-=200

200,

Climate change

2055

E

© Natural Resources Institute Finland

17.4.2018

Pirjo Peltonen-Sainio

23



<A
OPAL-Life

Climate change

Observed

Baseline

Food Additives & Contaminants: Part A

Publication details, including instructions for authors and subscription information:

http://www.tandfonline.com/loi/tfac20
Shifts in comparative advantages for maize, oat and

wheat cropping under climate change in Europe
L. Elsgaard ®, C.D. Bergesen ®, J.E. Olesen 2, S. Siebert ®, F. Ewert ® , P. Peltonen-Sainio ©

, R.P. Rotter © & A.O. Skjelvag

Lukge')
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Finland — a pilot region? OPALLife

High yield gaps, stagnant yield trends
«  AEP with many follow up programs
Changing climate

« Longer growing season, potential for higher
yields

« Potential for novel crops and more diverse
crop rotations

* Need for autumn sown and cover crops

High variation among field parcels
* In their productivity
* In their physical characteristics
* Need and potential for large-scale land use
planning and optimization
Valuable ecosystem services but also
natural handicaps and vulnerable

s ) I5irros: Jaana Nissi/Luke enVII’Oﬂment Q
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Precipitation Change by 2070-2099

6017

50_ T

26

Future estimates include a calculated best estimate and a confidence interval.
Based on IPCC Assessment Report 5, Working Group 1. Values for Finland by Finnish Meteorological Institute.
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RCP 8.5
Emissions of greenhouse gases continue to grow at current rate

CHANGE IN PRECIPITATION: BETWEEN 2081-2100

‘ _t9%

AVERAGE INCREASE IN PRECIPITATION: BETWEEN 2070-2099

ANOMALIES CALCULATED WITHRESPECT TO 1986-2005.
FINLAND, ANAMOLIES CALCULATED WITH RESPECT TO 1971.2000.
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Baseline

1981-2010

CanESM2 —

GFDL-CM3

HadGEM2-ES

CMMR-CM5

2041-2070, RCP4.5

CanESM2

GFDL-CM3 -

HadGEM2-ES

CMMR-CM5

Day of year

In the future, spring wheat
matures earlier in spite of later

maturing cultivars...

(degree days)

TSUM after harrest

Regional Environmental Change
https://doi.org/10.1007/510113-017-1275-5

'ORIGINAL ARTICLE

Warming autumns at high latitudes of Europe: an opportunity to lose
or gain in cereal production?

Pirjo Peltonen-Sainio® (% - Taru Palosuo - Kimmo Ruosteenoja? + Lauri Jauhiainen® . Hannu Ojanen®

3000
1981-2010 2011-2040 2041-2070 2070-2099
_
1
1
2500 | !
:
—_ :
1 L
2000 | ! o
a : T
=} o _:_ : :
1
1500 —— — i ! :
T A =
H | 1
| 1 . . 1
1000 ! ! ! |
1 1 1 1
T 1 1 1 !
: | i ! L
500 |=| ! ! — —
o - ——
I:I —]
I I I I I I I
Baseline RCP45 RCP85 RCP45 RCP35 RCP45  RCP25

... Which improves opportunities, but also
increases need for double cropping to provide
resilience against increasing environmental
challenged caused by autumn precipitation

7
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Finland — a pilot region? OPALLife

High yield gaps, stagnant yield trends
«  AEP with many follow up programs

Changing climate

« Longer growing season, potential for higher
yields

« Potential for novel crops and more diverse
crop rotations

* Need for autumn sown and cover crops

High variation among field parcels
* In their productivity
 In their physical characteristics
* Need and potential for large-scale land use
planning and optimization
Valuable ecosystem services but also
natural handicaps and vulnerable

e ‘i’:% Ié’i.rros: Jaana Nissi/Luke enVIronment Q

Luke
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Agricubural Systems 154 (2017) 25-33

Contants lists available at ScienceDirect
Agricultural Systems L ./

journal homepage: www.elsevier.com/locate/agsy

Land use optimization

Diversity of high-latitude agricultural landscapes and crop rotations: O"“’“‘““
Increased, decreased or back and forth?
Pirjo Peltonen-Sainio *, Lauri Jauhiainen, Jaana Sorvali

Natural Luke), ion of Renewable 9h inen, Fintand

Land Use Policy 71 (2018) 49-50

Contents lists available at ScienceDirect U-.Nw
AN
3 Land Use Policy 3
£:80 ,
ELSEVIER journal www.elsevier.

Field characteristics driving farm-scale decision-making on land allocation M)
to primary crops in high latitude conditions L

Pirjo Pel Sainio™", Lauri Jauhiainen”, Jaana Sorvali®, Heikki Laurila”, Ari Rajala”

e

o

-g "g Very rarely

00 0o Rarely

= = @ Less frequently

' Very frequently

‘ More frequently
Slightly more frequently

Non-significant difference

Lukge)
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Agricultural Systers 154 (2017) 25-33

Contants lists available at ScienceDirect

Agricultural Systems

journal homepage: www.elsevier.com/locate/agsy

Diversity of high-latitude agricultural landscapes and crop rotations: Wi
Increased, decreased or back and forth?

Land use optimization =

E Pirjo Peltonen-Sainio *, Lauri Jauhiainen, Jaana Sorvali
~ § 5 B - m R
U 8 E 8 :'g Contents lists available at ScienceDirect
= 8 5 B IS Land Use Policy
.@ -I-C—' ;_ l‘g ; ELSEVIER journal
S S © = ©
2 Q 2 5 - =
w E g OJ % “l‘E Field.characteristi.cs d.riving.farm-scale.Qecision-making on land allocation M)
E E g g E 5 :rjopm'nary irops‘*m::ih ]a‘t'l t'u de".CJ::: ::::li’, Heikki Laurila®, Ari Rajala®
83838 G6 5
. <30 ha
Farm size : 8 : 8 8 9 30-60 ha
(100ha) A S S @ ) ) 60-100ha
Q00O D® «sn:
Parcel size . . . . . . 0,5-0,9 ha
(>sha) © 1,0-2,9 ha
. 3,0-4,9 ha
Q00000 Very rarely . Very frequently
Parcel distance D O O O @ @ 25-49km Rarely ‘ More frequently
tofarm center () @D O O @ @ 1.224km @ Less frequently Slightly more frequently
(<300 m) O O O O . . 0,6-1,1 km L .
. on-significant aifrerence
OO @O ozostm Hon-signifieant i
) . . . . . . Very non-uniform
Fleld_sfhape Q . . O O Quite non-uniform o
(uniform) OO OO Quite uniform

Luke
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Agricultural Systers 154 (2017) 2533

Contants lists available at ScienceDirect

Agricultural Systems

SEVIER journal homepage: www.alsevier.com/locate/agsy

Land use optimization :

Diversity of high-latitude agricultural landscapes and crop rotations: @mﬂ
Increased, decreased or back and forth?

Pirjo Peltonen-Sainio *, Lauri Jauhiainen, Jaana Sorvali

Natural Luke), ion of Renewable a.h inen. Finland

Land Use Policy 71 (2018) 49-59

Contents lists available at ScienceDirect

Land Use Policy

&)
ELSEVIER journal www.slsevier.

Field characteristics driving farm-scale decision-making on land allocation )
to primary crops in high latitude conditions

Pirjo Pel Sainio™", Lauri Jauhiainen”, Jaana Sorvali®, Heikki Laurila”, Ari Rajala”

Even
Quite even

5
—
3
| -
2
o
K
o
v
)
@,
@
. Very slope (>7%)
)
i
@,

Field slope
(quite slope)

Next to waterway

Proximity to <50m
waterway <100 m Very rarely . Very frequently
(>300 m) <300m Rarely ‘ More frequently
) ‘ Less frequently Slightly more frequently
. Coarse mineral I :
Soil type Non-significant difference
. . Clay 1
(organic)

... “O. O.. Diverse crop rotation
.OO ..O. Q.. Grassland rotation

... OOO. ... Cereal species MC
O.. OOOO OOO Cereal MC
OO. @OO .OO Rotation with break crop

. Clay 2

hi
O“(lg\?vr:ecl;; O . O . . O Leased land Lul(%
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General physical characteristics of field parcels
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L et
Land use optimization OPALLife

0.8

o
(o)

2nd scoring

o
(N

0.0 , . |
0.0 0.2 0.4 0.6 0.8 1.0 o

1st scoring Luke

© Natural Resources Institute Finland ~ naTURAL RESOURCES
||||||||||||||||




General physical characteristics of field parcels
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Land allocation action plan
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Land use optimization

Agricultural Systerre 154(2017) 25-33

Contents lists available at ScienceDirect

Agricultural Systems

ELSEVIER journal homepage: www elsevier.com/locate/agsy

Diversity of high-latitude agricultural landscapes and crop rotations:
Increased, decreased or back and forth?

Pirjo Peltonen-Sainio *, Lauri Jauhiainen, Jaana Sorvali

Natural inute Finland (Luke), Managemere {00 inere Finkand
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Cereal Cereal Rotation with  Diverse
species  monoculture break crop rotation
monoculture
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Grassland Green fallow

rotation rotation
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RESEARCH ARTICLE

Land Use, Yield and Quality Changes of Minor

n n n n n
Field Crops: Is There Superseded Potential to
Be Reinvented in Northern Europe?

Pirjo Petonen-Sainio™~, Lauri Jauhlainen’, Helkkl Lehtonen™
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The closer the crops are, more similarly they respond to
constraints that cause variation in yield
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SoilUse B
and Management
Sl Use and Maiagement, Juse 2001, 27, 226-237 doi: 10.11115.1475.2743 20110033 1.x

L] L] Identifying difficulties in rapeseed root penetration in
farmers’ fields in northern European conditions
I I P. Prirones-Samio’, Lo Javmiamas', Po Larmves', 1. Savoreito®, M. Saastamomes” & A, Hassoxeana'

Agcaltu Spasms 154 (2017) 533

Contencs ists avalabie ot ScunceDirect
Agricultural Systems
FI SEVIFR journal homepage: www.elzevior.com/lacate/agsy
Diversity of high-latitude agricultural landscapes and crop rotations: O"“"‘

Increased, decreased or back and forth?
Pirjo Peltonen-Sainio *, Lauri Jauhiainen, Jaana Sorvali
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Land use optimization
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OPAL-Life

O 10x10km study regions

O Primary study regions with 20 pilot farms

QCrop production region
- N

< : :
- _} Dairy region

We have assessed so far ~500.000 parcels
and their land use from 1995 till today

Implementation to whole Finland
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Develop land use optimization tool
Assess yield gaps at field, farm and regional scale

Characterize primary reasons for underperforming
fields

Envisage changes needed for input allocation

Assess biomass enhancement capacity for prime crop
and greening areas

Assess land use change impacts on GHG emissions,
biodiversity, resource use efficiency and resilience

Safeguard socio-economical feasibility of land use
optimization
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