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Swedish forestry & commercial tree species

Gross harvested volume ~ 90
million m3/year.

Final felling ~ 200 000
hectares/year

85-90% of the regenerations are
by planting.

Norway spruce and Scots pine are
by far the two biggest species
used.

2021, 450 million seedlings were
planted.

Milj. plantor
Million seedlings

500

450

400

350

300

250

200

150

100

50

Skogsplantor fér anvandning 1998 - 2021
Seedlings for use 1998 - 2021

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

B

—Summa Total

—Gran
Norway spruce

—Tall
Scots pine

——Contortatall
Lodgepole pine
Ovriga barrrad
Other conifers
Bjork
Birch

Lavtrad
Broad-leaved

Lark
Larch

Sitkagran
Stika spruce

[ B B —

Kalla/Source:
Skogsstyrelsen

W
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Use of improved FRM in Sweden

Of all planted seedlings most
originate from seed orchards.

Almost all Scots pine seedlings
and > 70% of the Norway spruce
seedlings are from SO.

SP has a reliable seed production
— not the case for NS.

Poor or damaged NS seed crops
from 2007-2016. Much better
crops the last 5 years!

100%

80%

2]
2
>

Procent
Percent

40%

20%

0%

Procent Svenskt plantagefro 2001 - 2021
Percent Swedish seed ochard seed 2001 - 2021

—Tall
Scots pine

—Gran
Norway spruce

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

B

Source
Skogsstyrelsen

W




B4;e st

A wide variety of seed orchards available

* Seed/seedlings from approximately 40 Norway spruce
and over 70 Scots pine Swedish seed orchards are
commercially available in Sweden.

* Each with a different adaptation profile (there are

over 10 different seed zones for each species formally
defined).

» Several different genetic gain levels exist. A span from
1g (10%) to 1.5g (25%).

* Decision support is needed -> Planter’s guide.




Best

The Planter’s guide platform

Common garden data

* i Ll CMIPS models, RCP scenarios
j A 4 \:\ S+ — Historical (42)
| ALFR 5 T
i e . | - W 0] ooew
| e | . Climate data
| % o . Universal Transfer Models g %Tailored climate indices |
P Growth & Survival Scenario data
e f ‘ \ -Ww
T i i ' 1900 1950 2000 2050 210
e e s U L —— (KnuttiygrSedIacek, 2012)
(Berlin et al, 2016)
Seed orchard database . .
s Rules and legislation
Definitions Deployment /
recommendations
Qnter’s guide Planter’s guide - optimization

N

\
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Planter’s guide

Select regeneration site

T T v ) 5 -

L. Map  Satellite ,  Buredborg . Odsbynie| L 1
A web-based decision support tool o
hosted by Skogforsk. =1y g
* Openly available. £ orsian .
e Platform independent (works on A - K R N
computers, Ipads, smartphones) = : 4 ol ™ i
* Simple interface using Google maps. Al TN A ®
- A
* Select a regeneration site by clicking in ~
the map or entering the coordinates. b, ()
H Google %"’ Keyboard shortcuts ~ Map data ©2022 Google 2kmi——— 1 TermsofUse Report a map error
(Norway spruce beta version as an Fp— e
example)
Latitude Longitude
® | 63409 N ® | 788 °E

)

AV 'r
\
\

Show seed sources

il N\ O\
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Planter’s guide

Conditions for ranking

Seed orchards are ranked according to
their predicted performance at the
selected regeneration site

Local stand seed is given as a reference
(100). 120 means 20% better than local.

Climate scenario can be changed (all four
RCP-scenarios available). Ranking will
change dynamically.

Key climatic drivers at the regeneration
Site are given.

Altitude (m.a.sl) @

204 m

Temperature sum ®

Precipitation ®

Establishment phase: 946, Growth phase: 1265 degree days

Establishment phase: 421, Growth phase: 450 mm

Climate scenario

® RCP4.5 2050

Adjustment for local conditions ® Average

Seed orchard origin All countries

Seed orchards
No @ Name @ Country @ Ind @ ~ pc@® Lat @ @

Local origin 100 63.4

Ni221 Kaupanger FH Norway 124 40 611 O
Nizzib Kaupanger FH-EPI Norway 124 40 611 O
FP-601 TreO G4 E Sweden 124 49 60.6 O
Sv428 Taavett Finland 124 49 60.7 O
Sva47 Mikkolanniemi Finland 123 49 61.3 O
Svaiz Puula Finland 123 49 61.6 O
FP-604 TreO G5 Gardskar Sweden 123 49 58.4 O
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Planter’s guide - optimization

@) I VAR KUNSKAP PRODUKTER OCH EVENEMANG TJANSTER KONTAKT .

skogforsk

Produkter och evenemang - Plantval Optimal - Tall

The Planter’s guide tool is not well suited for actors
with large forest holdings (and often nurseries) as Openly available web tool
they have: N e S
* Many regeneration sites every year.

e Access to many different seed orchard crops —

en av tillgangliga frokallor sver de

Csv-files with®"
..~ » Site information

each with a limited amount of seed available. . v ere
_ _ oo . S€€d crop availability
e New interface that could handle many sites and ? ¢
Seed O rc h a rd S Si m u Ita n eo u S Iv ze:(;:w:“ezp(j ;T;Zli:rtgter. plantager/besténd samt dess materialtillging/atgang kan optimeringen

e Optimize the use of the seed available by
maximizing (total) mean annual growth.
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Planter’s guide - optimization

Seed orchard crop ...
; oyt
deployment. . ,’-‘;,f.;,
. ) ) l’s'— ,‘-c;o" e
Resultat fran optimering ..e.\:'\ }-'s,' o
peperansi /@AM iN volume production Ao L5 '-_‘"f".':':'-.k’:
* o) et o
Produktionsvinst - Volym 6271 mskfar o §-' r. '%& ®, %
Produktionsvinst - Procent 19.90 % e . {% g
Seed orchard crop utilization o . Lo
i e FP-125A Vage 40,3
Hitandegred oo FP-412B Domsjdanget 0,0
Ladda ner trakter med optimerad rekommendation FP-604A Lilla Istad T19 99,8 » & 4
FP-612 Orberga 27,0 X '4" — N .‘&- y
Planiager/bestind FP-606B Gotthardsberg T19 0,0 ¢ TR b
Antal Bavy FP-620A Gnarp T12 0,0 % : g:dy '-"Q"‘-
itendeared FP-616 Sollerén 0,0 3
Ladda ner nytjandegrad for plantager/besténd FP-621 Visterhus T10 99,8
FP-622 Palberget T5 49 -
FP-623 Palberget T6 0,0 ' ) g
FP-625 Dal T8 100,0 3 B e
FP-631 TreO SOnnersta 66,0 ®Treo Sonnersia
FP-633 TreO T13 Njuparna 99,5 s . ;':TT:.“:;T”
A\ \u ' w BT i

\ ‘ ' s > - Orberga '
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Operational status and beta version

Operational tools Beta version tools
- Planter’s guide [ = Planter’s guide o e == S=
cots
pine , . imization NN
Planter’s guide - optimization = == -l—
) . H + —I—
Norway #& Planter’s guide e Planter’s gwde - —
=1
spruce o . . mmm
Planter’s guide - optimization gy gem
1 scenario SRES-A1B 4 scenarios RCP2.6-8.5
National climate data European scale climate data

”uncertainty maps”

e
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Challenges ahead for beta versions to become operational

Seed orchard definitions

» Several characteristics (genetic gain, calculated “origin”, pollen contamination, ...)
have to be homogenized for all countries on a common scale.

 Alot of work done in B4EST towards a common system for SO definitions!
National rules and regulations

* Each country has its own set of rules/regulations for transfer of FRM. These can be
quite different.

* Positive contacts with formal authorities in Sweden/Finland for common use of Scots
pine FRM!

Handling the effects of climate change is major challenge ...
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Climate change variability

CMIP5 models, RCP scenarios

59 — Historical (42)

Four RCP-scenarios are available representing
different amount of GHG emissions. They result W] TRGasey
in different levels of global warming.

1 — RCP85(0)

For each RCP-scenario there are several
GCM/RCM parameterized to correspond to the
scenario (we have 5 GCMs per scenario).

Global surface warming (°C)
[\
I

LI S S S B B B R B

There is a variability in the level of predicted N .
. . . 1900 1950 2000 2050 2100
global warming also within an RCP. Year (knutti & Sediacek, 2012)

This in turn creates a variability in the predicted
FRM performance and optimal deployment
areas.

Methods to address this variability are under
development.
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Automated tool to generate uncertainty maps

¥ Plantval Generator 1.5 - O X

A tool has been developed On the OBS: Endast for INTERN anvandning pa Skogforsk Qlibela etiiringer Svens grejer..

) . Tianst: PlantvalTal3UK -] Server. [senvicetest skogforsk se | ?;:d fmﬁ(;ﬂo;:e(wet:an:;
. - = Ror pa automati
Planter’s guide platform to generate = s« Rtz 2 Dot o &
1 o H ” Delscenario: Medelvarde v pa Skogforsks natverk Cacha KimatData
different types of “uncertainty maps” .~ .~ d B
i nan au tO m ate d wa y Sokvag utdata: C\Temp'\PlantvaiGenerator | | vaiiananmapp | | Oppna mapp

Begransa till foljande PlantagelDn (kommaseparerat) Lamnas tomt => inget filter dvs alla plantager.
‘200.201.202‘203.2011.205.206‘20?.203.209.210‘21 1.212.213.214.215.216.217.218,219.220.221,222,223,224 225,226 227.22

8.229.230.231.232.233.234,235 236.237.238,239.240

Exportera data  Exportera kartor Osakerhetskartor  Optimering  Optimeringskartor

aste tidigare vara exporterat for att kartgenerining ska. Kartoma generas fér samtliga delscenarios som finns for scenariot exkluderat Medelvarde
Majoritetsantal: 3 = (Satt O for att ignorera)
Minsta tempsumma (BML):  Etableringsfas: |10000 (Satt 10000 for att ignorera)

(Satt 10000 for att ignorera)

LIRS

Tillvaxifas: 1650
Minsta overdevnad: 50 = (Satt Ofor att ignorera)

Majoritetsantal ~ Antal delscenarion Koefficientvariation

Ange fargkodsintervall (Index-varden kommaseparerade) |130,120,110,100

Skapa osakerhetskartor

¢ ’,\.

\
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Ensemble average

- Taking the average climate of the 5 GCMs to
represent the RCP-scenario and calculate Seed orchard A — RCP 4.5
performance based on that. o g

- The current default predictions and maps in
the operational Planter’s guide.

- No possibility to analyze/value the
variability in predicted performance (risk
management).

Sankt

Map on a continuous color scale where:

Helsingfors
)

Light green = low performance i
i 1 Satsreion Estland

Dark green = high performance |

[Grey is a restriction color] , Ao Lettland

"'/l" Y N\ \\. \ " ) Danmark Litauen

Vilnius
®

Petersburg
CaHkT-Tetepbypr
o

ansk

70

IHCK 6

68

67

66

65

64

63

62

61

60

59

58

57
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Majority vote

- The predicted performance is calculated for
each GCM ~  Seedorchard A-RCP 4.5

- A number of threshold performance classes g i
are given (here >20%, 10-20%, 0-10%). 7 .

- If a majority (user decides between 3-5) of
GCMs predict a performance above the
class threshold it is assigned that class

Map on a color scale where: i e o
Light green = low performance (0-10%) . iy oo et

Oslo ® CaHKT-TeTep6ypr 60
@ o

Green = average performance (10-20%) b - o :
Estland

Dark green = high performance (>20%) 7 ,. :
[Blue and grey are restriction colors] =y A attiand s

Danmark ¢ Litauen

VIS
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Coefficient of variation

- The predicted performance is calculated for
each GCM Seed orchard A-RCP45 = °

- The performance coefficient of variation ,f
between the GCMs is calculated.

Map on a color scale where:

Light green = high coefficient of variation
Green = average coefficient of variation
Dark green = low coefficient of variation
[Blue and grey are restriction colors]

Estland |

Rigae Lettland

Danmark Litauen

anmus
Mmsk

BN /ANTn Cu—
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Path forward — uncertainty maps

The methods/maps shown represent alternative ways of illustrating performance
variability due to climate change uncertainty.

This allows for decision makers to manage (perceived) risk in various ways.

Stakeholder and end-user interaction and feedback is necessary to decide which
method(s) to make operational.

A first meeting with all big forest companies and forest owner associations in
Sweden as well as the Forestry Board (formal authority) has been held. More
meetings are planned as methods/results are becoming available.
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Contact: mats.berlin@skogforsk.se

References:
Knutti R, Sedlacek J (2012) Robustness and uncertainties in the new CMIP5 climate model projections Nature Climate Change 3:369-373 doi:10.1038/nclimate1716

Berlin M, Persson T, Jansson G, Haapanen M, Ruotsalainen S, Barring L, Andersson Gull B (2016) Scots pine transfer effect models for growth and survival in Sweden and Finland Silva Fennica 50

doi:10.14214/sf.1562
This project has received funding from (
the European Union’s Horizon 2020

research and innovation programme
skogforsk

under grant agreement No 773383
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Supplemental slides
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Number of predictions where GCMs agree

70

- The predicted performance is calculated for
each GCM

- A performance threshold is given by the Seed orchard A—RCP 4.5 .
user (20% better than local here).

-  The number of GCMs predicting
performance above the threshold is
calculated

65

Finland

Map on a color scale where:
Light green = few GCMs above threshold

Sankt
Helsingfors Petersburg
O%Io ® Canxr-l‘lgrep6ypr

Dark green = many GCMs above threshold
[Blue and grey are restriction colors]

Estland |

Rigae Lettland &

Danmark Litauen

V|ln|us
Mmsk

BN /ANTn Cu—
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Number of changed optimal SO’s

70

A similar system exists for the Planter’s guide ‘

optimization model/tool. e

- The optimal seed orchard deployment is { p
calculated for each GCM. &)

-  The number of deployment
recommendations that agree is calculated
for each regeneration site.

- Example using the upcoming regeneration

67

66

65

64

63

sites for a major Swedish forest company. Norge —f Finland :
Map on a color scale where: f : ;
i 1 Estland
Light green = few recommendations agree ‘ "
Dark green = many recommendations agree foee Letland "

56
Danmark Litauen
Vilnius
®

Minsk
Minck 54
)

Hamburg

y /.. = 4 \\\v
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Automated tool to generate uncertainty maps

A tool has been developed on the
Planter’s guide platform to generate

different types of “uncertainty maps”

- Generates performance data for
all selected seed orchards for all
GCMs within a scenario.

- Combines the performances into
maps depending on uncertainty
method selected.

- Handles various different
deployment restrictions (e.g.
beyond model limits)

¥ Plantval Generator 1.5 - O X

0OBS: Endast for INTERN anvandning pa Skogforsk

Ovemid antal rutor per webbanrop:

Tianst: PlantvalTal3UK / Select scenario oo Rl
= = Kor pa automati

Scenario: RCP4.5 2070 &< Direktanroo for beraknlngar ] Cacha GrdData

Delscenario: Medelvarde <—.— Select GCM Cacha KimatData

Lokalklimatisk justering:  |Medel v [ LokalDB {C:\CMT)

Sokvag utdata: C:\Temp"\PlantvalGenerator | Valj annan mapp Oppna mapp

Begransa till foljande Plantage!Dn (kommaseparerat) Lamnas tomt => inget filter dvs alla plantager. I

200.201.202.203,204.205.206.207.208.209.210.211.212.213,214,215.21 6,217.218‘219.220.221 \222.223.224,225.226 227 20 e Se eCt Seed

8.229.230.231.232.233,234,235,236,237.238.239.240 L OrCha rds

Exportera data Exportera kator Osakerhetskartor QOptimering  Optimeringskartor

Majoritetsartal 3 (Satt O for att ignorera)

( g h;n;a ;m;s:m;a-LBGL; -Et-abgm-gsf-as- TOI;DD- T ‘\| (Satt 10000 for att ignorera) S C h a nge d e p I oym e nt
! Thatias 1650 |3, qlosroesomoraoes) restrictions

: Minsta Gverdevnad 50 : (Satt Dfor att ignorera)

_____________________

Majoritetsantal ~ Antal delscenarion  Koefficientvariation
<=

Select uncertainty map/method

Ange fargkodsintervall (Index-varden kommaseparerade) .1 30.120,110.100

Skapa osakerhetskartor

‘\-‘"n \'\
\ s




