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The aims of our models

* To build a universal response function (URF) by intergrating environmental and
genetic effects to predict response of Norway spruce populations to the future
climate change.

* To predict populations and species ranges for the future climate and to guide
assisted migration of seed for reforestation.
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History of several large provenance tests in Norway spruce

1) 1938 and 1939, 36 seed sources, 26 field tests in Europe and Northeast USA.

 2) 1964 to 1968, 1100 seed sources, 20 field trials, 13 countries, including Canada.

* 3) 1972, 20 polish provenances and single-tree progenies, some local seed sources,
43 field trials, 10 countries, again including Canada.




Best  Background of project 64/68 IUFRO provenance series

The first large attempt of investigation was the IUFRO international trial with Norway Spruce in 1938.
Sweden participated very actively: All 36 provenances were planted in three well designed field
experiments in South, Central, and North Sweden (LANGLET, 1953, 1960, 1963, 1964 a, 1964 b).

In 1959, on the initiative of professor Olof Lanclet, Royal College of Forestry, Stockholm, Sweden, an
inventory provenance test was started as a second step in provenance research on a promising species.

The test was meant to be inventory, as the purpose was to test as many provenances as possible,
regardless whether the seed sources were autochtonous or not, and regardless whether the seed stands
were within or outside the borders of the natural distribution of Norway spruce.

In 1962: Reach to the number of 1012 provenances
In 1964: Reach to the number of 1615 provenances
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Best Seed lots classes

Table A.15  Seed classes: codes by P. Krutzsch (1967, pers. comm.),
for classifying the circumstances of collecting seed samples for the trial

Seed class (SC) — Classification on the type of collection

1 —A single tree harvest

2 — Collection from at least 10 trees within one stand

3 — Sample from collection in a single stand

4 — Sample from seed harvested in several neighboring stands, or area greater than a “stand”
(ranger district)

5 — Sample from seed harvested in stands defined as ‘Anerkannt’ (phenotypically selected by
local forest authority)

6 — Sample from seed harvested 1n a greater area (Forstamt — management district)

7 — Mixture of 2-3 \'.‘;112]!:' tree collections
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Natural distribution of 1100 provenances

Figure 2. Natural distribution of Norvay spruce (source: EUFORGEN, 2013) and location of
provenances included in the trial (the star indicates the Nvirjes trial location)




B4ESt Number and delineation of regions Number and delineation of zones
defined by Krutzsch (1974) refined by Fottland and Skroppa (1989)

Figure A.14 Numbering and delineation of zones, refined by Skroppa
(after Dietrichson 1979, Fottland — Skrappa 1989, A. Persson — B. Persson 1992)
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20 trials, 13 countries

Table 1. List of trial sites and persons in charge in 1968 (Krutzsch 1973)
No Country Location of site Responsible
01 Canada Bronson, New Brunswick D. P. Fowler
0 Treland Castlemorris, SW of Dublin I. O’ Driscol
Gj Ell‘g}dlld f)‘d};‘)blu;\‘. I':)“T“'!‘,}' Uf LUlldUll ]-_.. PMG]LL
04 Norway Tlsvag, near Hauges.unt;i1 H. Robak
05 Norway Near Kongsvinger and '1"&511-’-,berg2 T. Dietrichson
06 Sweden Abild, near the West coast P. Krutzsch
07 Sweden Lisjé, Central Sweden P. Krutzsch
08 Sweden Lappkojberget, N. Sweden. Lat. 63% 257 P. Krutzsch
a0 Eilard b2 + Heleinli L Kk
o LTI Jl.ﬂ(ll}ﬂ)lhllj:{l.-]l.\. ICal TICTSTINT I OTRT
10 France Amance. near Nancy P. Bouvarel
11 Belgium blocks 2, 4 and 6%2 A. Nanson
12 Belgium Gendron-Celle (blocks 1. 3 and 5)! A, Jamblinne
13 Germany Near Kaiserslautern’ W. Langner
14 Germany Near Hildesh:eji_m-Kasse]2 W. Langner
15 Germany NW Germany” W. Langner
16 Scotland blocks 8. 9. 10 and 11%7 R. Lines
17 Czech Rep. SE of Praha’ B. Ving
T8 Avstria blockwisethroughout-the n.\.rnu.u.‘u}2 L-Giinzl
19 Poland Krakéw (Krynica) S. Balut
20 Hungary Nyirjes, NE of Budapest L. Szényi

! incomplete trial; *trial spread over numerous sites; *non experimental
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Table 4.1 IUFRO IPTNS 1964/68 provenance trial locations

Eﬂ?' Locality Cz::} Lat Long. Altm Blocks
) 1 2 3 4 5 6 7 8 9 1011
01 Bronson CA 70 X X X X X X X X X X X
2 Castlemormis IE 70 ¥ X X X X X X X X X X
03 Salishury GB 170 ¥ X X X X X X X X X X
04 Dsvig KO 150 x x x x x x x X ° ° °
AR ocations of trials, blocks, and fie
05  Overnd NO 00 x x x x x Y 4 )
05 Bijerkev NO 10 X X X X X x
SE §0 X X X X X X X X X X X °
TG'T SE 65 ¥ X X X X X X X X X X
SE 120 X ¥ X X X X X X X X X e S I g n
T 1530 ¥ ¥ X ¥ X X ¥ X X X X
FR. 240 ¥ ¥X X XXX X X X X X
BE 410 x
BE 560 x
EE 600 x £
EBE 250 x x x
DE &40 X x 70 e
DE 620 x -y
Brendscheid DE 620 x x x x \‘\\\ oot
Fuppertswailer DE 305 x
Kindsbach DE 240 % \‘\\\
Mister DE 380 x
Bellethof DE 0 x 27
Holzerode DE 250 x X ¥ X o
Eidershausen DE 235 X X x
Schoningen DE 305 x x
Dellishersen DE 305 x "5 jeden T8
Horden DE 135 x e
Heltorf DE 400 X
Brigem e - — Q s Filand
Gedem DE 340 x 8 ) EN .
Linz DE 340 x x 2w " -\.,\.T7
Sassmannshausen DE 400 x x § . .
Hermstein DE 200 x L “alic 54 Estonia
Schleiden DE 625 x \\ )
Regzadorf DE 2 bt > i
‘Minard Forest GB fgg % x per North Sea .T6 - Mocres,
Drummond Hill** GB 160 X x United Denmark Lithuania Ld
Zahradka czZ 30 x x x X X X ~— Kingdom
Dolni Eralovice [ 380 X %X x . T
Borovzko CZ 300 X X lrela“d\\” ]N ds pl Poland Belarus
Elein-Mariazell AT 450 x x . Ln'-.‘ o Berlin 3
Stollberg. AT 500 x x e TN Thany 5
Otenstein AT 550 x x 50- &”’g“e
Landses AT 600 x x e Vf;m’““ o Ukraine
Elaus Pyhmbahn AT 600 x VA.AJ.Q i -
Eberstein AT 1150 x L b "“""""’TZQ 5
Kelchsm AT 1050 x it
Eryzica L 750 x x x Crosia pomania
Erymira Bl 750 x X x x x x ¢ Serbia
Gybngyossolymos HU 600 X X X X X X X X X X X | Italv P ™ > : Map data £2020 Google
(Myigjes) 10 20 30 40
Longitude

* non experimental; **six-plant plots desizn was used
sources: Krutzsch (1992); Lines (1973); Districhson et al (1976)
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Field design and layout of the trial, Nyirjes,
Hungary

NOVENYTERKEP 2002

IUFRD 1964768
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The all available data in those trials

Table 1. Measurements and data available from participating countries of the
JUERO 1964/68 experiment. The traits are symbolized by one to three capital
Letters and the year of measurement.

MOR: mortality; H: height; D: diameter; FL: flushing;

PHI: annual height increment; EGS: end of growth season;

€1: circonference; PIL: pilodyn; FDW: frost damage (winter); FDA: frost
damage {autumn); SQ: stem quality;

BQ: branch quality; SC: stem cracks; NT: needle traits.

Country Measurements Additional information
AUSTRIA H69, H70, H71, H72, H77 Planted at =even sites,
D82 {not on computer) one block damaged by
fire, thinned
BELGIUM FLA9, MOR73, FL73, H73 Measurements from two
bleocks, not on computer
CANADA H74 Experiment terminated
CZECHIAN REP. H72, W77, FL74, FL75 Thinned 82
FRANCE H71, H74, H80, AHI71, AHI72 Spacing 1lm x 1lm
AHI73, RAHI74, CI87, FL72Z, Thinned 81 and 88
EGS72, PIL87
GERMANY H68, H70, H73, H76, H79 Three complete exp.
D79, D84, D92 21 experimental sites
Partly thinned
HUNGARY H72, H77, H83, D77, D83 Thinned 84-85
IRELAND MORG68, HG67, H70, H73, H76, All data is still
D76, D82, FL72, FL73, FDA70 on paper. Thinned
NORWAY H68, H74, H79, D79, FDW77, Two complete exp.
FDW83, AHI7S, AHI76, AHI77 3 sites
AHI78, ARHI79, BQ79, SC84 2 blocks destroyed
by fire
POLAND H69, H72, H75, H78, HS89 Thinnings planned 93

FL75, FL76, FL77, FD277,
BO??, NT?7?

SCOTLAND H73, H78, H83, D73, D76, Exp. planted at 4 sites
De3, D88, FL71, NT77 Measured in different
years
SWEDEN H69 H70, H72, H74, H77, H79 Three complste exp.
H83, H85, H86, D83, D85, 4 blocks written off
AHIB3, AHIBS, AHI86, S084, in one exp.
BQ79, BQE85, BQ8B6, SCB4 One exp. thinned 84

Table 1 presents a list of the measurements that have been made in the different
experiments.

Finally, | selected H74, tree age 11,
counting the 4 years in Nursery



Byest How to deal with such heterogeneous data

Step 1 : adjust tree age effects
Step 2: adjust block effects
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Step 1: Adjusting age effects for tree height

y =0.015x? - 0.1343x + 0.4878 .®
6 R2=0.9971

. Polish trial
Tree height (m) 4 *

3

2 H74,age 11 -

1 = L

@.... o
0
0 5 10 15 20 25 30
age
NO No provenance No Block| H69 H72 H75 H78 H83 H88

1 0 1 0.30 043 0.80 1.57 3.54 5.67
2 1 1 0.37 0.54 1.07 2.07 4.59 7.06
3 2 1 0.31 0.48 1.09 2.00 4.56 6.81
4 3 1 0.39 0.56 1.08 2.08 4.66 6.81
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Step 2: How to deal block effects

Block 1 2

Variance component (%) ™ /\/ /\J /\/ /\—/

Percentage
w
(=]

M
w

Block 11 All Blocks




Best adjusting block effects in T15, Germany

Before adjustment After adjustment

Individual response function
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Best Percentage of source of variation

Source of variation Variance component SE Z ratio Percentage (%)
Zone_p 591.6 177.3 3.1 17.7
Site_s 2087.8 596.0 4.0 62.5
Site_s:Zone_p 99.9 9.0 12.4 3.0
Provenance_p 112.4 5.8 17.4 3.4
Residual 447.1 5.3 80.5 13.4

Yy = u + site + prov + site: zone + zone + e

21 zones refined by Tore Skroppa
33 Locations based on Blocks or sites
1189 Provenances
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Modeling of tree height
atage 11, 1974

Site effects : 62.5% of phenotypic variance

perature

MAT _s : mean annual tem
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21 zone groups effects

20
o | _— I I I I I . Number and delineation of zones
O - -
0 1 I T s 6758 90umn Ia 14 15 i 20 refined by Skroppa
-20
-30 =
40 .
50 £ 21
-60 N o
-70
Source of variation Percentage (%)
Site_s 62.5
Site_s:Zone_p 3.0
Provenance_p 3.4
Residual 13.4

Figure A.14 Numbering and delineation of zones, refined by Skroppa
(after Dietrichson 1979, Fottland — Skroppa 1989, A. Persson — B. Persson 1992)
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Modeling of GXE interaction for Zone group levels

Factor analytic model

s,
D';'”'—%"‘F'OV'E?(?E Site * Zone
sasomaEe y = u + site + prov + site: zone + zone + e
Letm;litIHSB
HereteniE
R “Shz“e”;gaeaa Heterogeneous variances for site-by-zone
Delliehausen
RuppensH%J(erBE .
KRRRE Fa(site):zone
PSSO
Gendrc;nI %@I eBE
He eumo QBE
Aman
Lappkojb riget .. 0
Higebelose Source of variation Percentage (%)
et i Zone_p 17.7
casa"r%ﬁ?ﬁé% l===E L] IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 « .
oo S Site_s 62.5
£ &2 cedgkattss g s batRar Provenance_p 3.4
A Lol Residual 13.4




B/{gétinteraction: 3% of phenotypic variance
Heatmap: Type-B zone group correlations (above the diagonal)

SWTden
|
Trial T1 T2 T4 T5 T6 T7 T8 T10
Canada T1 1 0921 0924 0924 0.721 0.746 -0.360 0.914
ireland T2 0.086) 1.000 0.996 0.996 0.776 0.804 -0.388 0.985
Norway T4 0.099 0.63 15 1.000 0.780 0.807 -0.390 0.989
Norway T5 0.066 0.499 0.539f 1.000 0.780 0.807 -0.390 0.989
Abild T6 0356 0.179 0.068 -0.069/ 1.000 0.629 -0.304 0.771
Lisjo T7 0108 0.53 0.205 0.144 0.337! 1.000 -0.314 0.798
Lappkojberg T8 0.067 -0.039 -0.053 0.132 0.124 0.244 1.000 -0.385
France T10 0.301 0.512 0.299 0.195 0.249 0.274 -0.078/ 1.000
Belgium T11 -0.027 0667 -035 0.799 0.183 0.461 0.045 0.571
Belgium T12  0.295 NA 0.707 0.664 0.3 0.131 -0.188 0.785
Germany T13 0291 0757 0.54 0424 0.241 0.357 0.029 0.627
Germany T14 0305 0666 0517 0.427 0.274 0.358 0.061 0.577
Germany T15 0273 073 0496 0.401 0.235 0.361 0.064 0.586
Scotsland  T16 0.357 0.784 0.607 0.623 0.29 0.393 0.083 0.635
Czech T17 0436 0464 0507 0.207 0.631 0.304 0.021 0.491
Poland T19 0148 0353 0251 0.279 0.286 0.056 0.051 0.371
Hungry T20 0351 0658 0.624 0.575 0.139 0.093 0.033 0.303

Ti1
0.924
0.996
1.000
1.000
0.780
0.807

-0.390
0.989
1.000

NA
0.365
0.342
0.315

NA

-0.051
0.726
-0.06

T12
0.924
0.996
1.000
1.000
0.780
0.807

-0.390
0.989
1.000
1.000
0.681
0.826

0.61

NA
0.762
0.381
0.704

T13
0.924
0.996
1.000
1.000
0.780
0.807

-0.390
0.989
1.000
1.000
1.000
0.743
0.684
0.676

0.57
0.454
0.625

T14
0.921
0.992
0.996
0.99
0.776
0.804

-0.388
0.985
0.996
0.996
0.996
1.000
0.693
0.652
0.566
0.441
0.623

T15
0.924
0.99
1.000
1.000
0.780
0.807

-0.390
0.989
1.000
1.000
1.000
0.99
1.000
0.661
0.508
0.386
0.547

T16
0.919
0.990
0.994
0.99%4
0.775
0.802
-0.387
0.983
0.994
0.994
0.994
0.990
0.99%4
1.000
0.707
0.353
0.713

T17
0.921
0.993
0.997
0.997
0.777
0.804

-0.388
0.985
0.997
0.997
0.997
0.993
0.997
0.991
1.000
0.379
0.488

T19
0.916
0.987
0.991
0.991
0.773
0.800

-0.386
0.980
0.991
0.991
0.991
0.987
0.991
0.986
0.988
1.000
0.362

Canada ireland Norway Norway Abild Lisjo Lappkojberg France Belgium Belgium Germany Gemany Germany Scotsland Czech Poland Hungry

T20
0.920
0.991
0.995
0.995
0.776
0.803

-0.388
0.984
0.995
0.995
0.995
0.991
0.995
0.990
0.992
0.987
1.000
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Universal response function(URF)

Universal response function

A universal response function can be viewed as a
combination of individual response functions and
individual transfer functions. A typical quadratic
response function can be written as

Y; :bn—}—le],:—}—f)zXlz';—F{’i (1)

where Y; is the observation of a population at the test
site 7; b’s are the intercept and regression coefficients; X;
1s one or more climate variables for the test site i; and ¢;
1s the residual.

An mdividual transfer function can be written as

Y; = bo + b1 Xaj + X5, + ¢ (2)

where X5; 1s one or more climate vanables for the
provenance j.

Transfer functions and population response function
can be combined into a universal response functior
(URF), written as

Yij = bo + biXui + baX3; + b3Xoj + baX3; + bsX1iXy) + €
(3

where Y;;is the observation of the population j at the sit
i: b’s are the intercept and regression coefficients; X; anc
X,; are as defined following Eq. 1. X;X5 is the
interaction(s) between X; and X»;; and ¢;;1s the residual
Quadratic functions were used in this study fo
consistency with previous studies (Rehfeldt et al. 1999
2001, Wang et al. 2006b).
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URF model based on single site variable
y=ag+ b CS+¢

Trait_p1 R2 P-value Intercept Xs Xs"2 AIC
GDD5_s 0.499 0 -779.77768 1.16787734 -0.0003491 102191.529
GDDO_s 0.437 0 -707.14948 0.56818245 -9.02E-05 103777.357
tmx09_s 0.405 0 -1255.0668 162.128763 -4.5463218 104541.848
tmn05_s 0.39 0 -10.254772 44.8525605 -2.5791951 104869.054
tmn04_s 0.383 0 145.952496 19.7404419 -2.9304957 105027.958
RMT _s 0.372 0 -51.244731 1.53795873 -0.0025433 105278.521
tmn09_s 0.368 0 -386.4748 140.339137 -8.6128315 105362.471
prc06_s 0.368 0 -46.610086 5.38855298 -0.0307346 105368.767
tmx03_s 0.367 0 44.0582788 33.0969881 -1.9379006 105387.591
biol s 0.364 0 -53.205417 51.2302117 -2.8016998 105437.786
tmn03_s 0.362 0 178.068419 -0.9416019 -1.5652503 105481.558
bFFP_s 0.362 0 -194.70314 7.63528299 -0.0388716 105497.469
tmx10_s 0.358 0 -172.93721 51.7523819 -1.872043 105572.012
tmx04_s 0.357 0 -115.37493 44.3912563 -1.631694 105591.414
NFFD_s 0.332 0 -591.90978 5.63634732 -0.0102866 106117.858
EPQ_s 0.325 0 176.008006 0.02550005 -0.0002527 106254.092
tmn02_s 0.321 0 182.194416 2.3998563 -0.4468282 106333.517
MSP_s 0.317 0 -367.07342 2.67686972 -0.0031514 106421.848

YRR )

]

B (VNN 7SN\ VTR VRN )

Degree-days above 5°C, growing degree-days °C * days

Y W YUY
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URF model based on two site climatic variables

much more than 62.5% estimated from variance components

Why?

Trait_s1 Traits2 R2  P-value Intercept Xs1 ~ Xs2  Xs1A2  Xs22 XsliXs2 AIC
tmx10_s  spei05_s 0.657 0 -328.437 47.11  -775.983 -0.151 70.003 71.712 97064.5621
prc06_s  tmx12_s 0.653 0 -152.413 8.082 28.161 -0.042 0.95 -0.559 97213.2543
prc06_s  bio7_s 0.647 0 792.363 2298 -41.784 -0.036 0.415 0.294 97444.8235

0.645 0 -557.603 0.86  151.711 0 -120.641 -0.07 97510.3396
prc06_s  biod_s 0.645 0 598.887 -1.751 -1.194 -0.034 0 0.011 97508.0368
prc06_s  TD_s 0.642 0 570.786 1416 -40.612 -0.036 0.466 0.371 97646.7211
tmx11l_s  spei05_s 0.642 0 -82.911 39.586  -477.347 0.335 40.694 76.346 97640.1134
prc06_s  tmnl2_s 0.641 0 -3.842 5.711 32.508 -0.044 0.86 -0.465 97670.0874
NFFD_s  tmx12_s 0.637 0 -4989.179 44373  -515.821 -0.094 -6.965 2.029 97831.8332
prc06_s  tmx01_s 0.633 0 -115.766 7.981 25.438 -0.049 0.387 -0.471 97980.1951
prc06_s  EMT_s 0.629 0 298.676 2.25 19.177 -0.048 0.133 -0.21 98100.0902
tmn05_s  tmnll_s 0.628 0 825.426  -251.029  222.546 22.946 13.753  -38.065 98164.9721
GDDO_s  spei03_s 0.627 0 -1097.152 0.797  -62.917 0  177.666 0.068 98206.1921
prc06_s  tmnl0_s 0.627 0 -225.5 10.357 31.394 -0.054 0.794 -0.661 98203.2215
tmn03_s  MCMT_s 0.627 0 165.785 -21.4 10.411 2.447 17.338  -25.029 98184.141
tmn04_s  tmnl2_s 0.624 0 -238.045  278.912  -91.339 -45.19 -1.44 31.101 98297.8056
prc06_s  eFFP_s 0.623 0 -1264.549 29.832 3.666 -0.05 0.001 -0.077 98326.9387
prc06_s  biol3_s 0.623 0 -423.486 7.525 4.452 0.012 0.005 -0.07 98325.7404

R NN N N\
L i‘ Y B \
Monthly Standardised Potential Evapotransplratlon Index index SPEI

S —



B4est

Finally, |selected GDD5 s and MSP_s

GDD5_S: Degree-days above 5°C, growing degree-days °C * days

MSP_S: Mean Summer (May-Sep) Precipitation Millimeters (mm)

GDD5_s  SHM_s 0.582 0 -4037.989 1.467  1682.784 0 -207.432 -0.121 99748.5321
GDD5_s  GDD18_s 0.571 0 -1009.195 1508  -22.651 0 0.004 0.012 100099.119
GDD5_s  MSP_s 0.552 0 -685.083 0.897 0.331 0 -0.001 0.001 100692.275
GDD5_s  AHM_s 0.532 0 -957.036 0292  578.823 0 -195.569 0.403 101274.95
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Individual response function
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Individual response function

r2:36.4% for MAT _s “1  r2:50.0% for GDD5_s
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B st
4 URF model

based on one provenance variable

Yy =ag+ b,CP + ¢

Lat_p 0.041 1.82E-123 -1127.6358 49.8623287 -0.4795767 111041.012
DL215_p 0.037 5.23E-112 -3737.9132 500.551661 -16.04205 111093.789
DeltaDL_p 0.034 3.86E-103 31.7802658 28.8343521 -1.5603413 111134.639
tmx10_p 0.033 9.82E-101 -4.138107 28.1915145 -1.1751428 111145.717
tmx04_p 0.031 1.28E-95 9.90182185 26.3210904 -1.1096607 111169.271
tmx09_p 0.03 1.13E-91 -326.36824 55.9692179 -1.5914931 111187.45
tmn05_p 0.027 1.35E-81 101.515555 18.0679791 -1.2545998 111233.871
bFFP_p 0.027 3.81E-81 -110.0493 5.06171494 -0.0231834 111235.949
tmn04_p 0.025 5.94E-76 158.535368 6.03092908 -1.298466 111259.865
tmx05_p 0.024 1.74€-73 -100.74954 29.6505624 -0.8242815 111271.231
biol_p 0.023 2.20E-69 87.6363779 21.8052552 -1.5490913 111290.12
Eref_p 0.023 1.88E-70 -100.95237 0.80917457 -0.0006151 111285.203
bio8_p 0.021 1.46E-62 123.074991 1.94476732 0.07577942 111321.55
RMT_p 0.02 6.81E-61 91.0792464 0.66299377 -0.0015066 111329.233
NFFD_p 0.019 2.02E-56 -219.05907 3.22268716 -0.0067627 111349.833
FFP_p 0.019 1.35E-56 -73.473124 2.71479926 -0.007728 111349.02
tmn03_p 0.018 2.76E-54 162.214483 -1.0598047 -0.4185794 111359.671
tmx11_p 0.018 2.39E-55 137.603425 8.81691783 -0.7772582 111354.772

DY
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URF model
based on two provenance variables

Lat_p Long_p 0.053 2.29E-157 -1257.944 52.234 8.269 -0.483 -0.021 -0.129 110873.596
Lat_p D p 0.053 4.39E-158 -1471.679 48.689 32.487 -0.396 -0.244 -0.362

Lat_p InvLat_Long_p 0.053 1.90E-157 -1401.42 57.403 446.782 -0.529 -65.852 -7.005 110873.219
Lat_p bio4_p 0.052 1.59E-156 -1485.813 49.521 0.903 0.4 0 -0.011 110877.485
Lat_p Lat_Long_p 0.052 1.60E-156 -1114.779 47.082 0.154 -0.437 0 -0.002 110877.506
Lat_p bio7_p 0.051 6.44E-152 -1717.355 55.681 26.831 -0.449 -0.159 -0.292 110898.803
Lat_p prc0l1_p 0.05 7.03E-150 -877.528 42.604 -1.833 -0.429 -0.001 0.033 110908.234
Lat_p prc03_p 0.05 5.13E-150 -738.232 37.691 -2.095 -0.386 -0.001 0.036 110907.6
Lat_p bio19_p 0.049 5.45E-147 -815.824 40.454 -0.643 -0.41 0 0.011 110921.602
bio4_p DL215_p 0.049 6.43E-147 -3918.992 1.364 455.216 0 -13.133 -0.062 110921.934
TD_p DL215_p 0.049 2.39E-147 -3820.371 46.046 445377 -0.303 -13.004 -1.922 110919.943
Lat_p prc02_p 0.048 4.11E-143 -823.454 40.671 -2.098 -0.411 0 0.035 110939.544
Lat_p prcl2_p 0.048 5.84E-143 -843.108 41.411 -1.618 -0.417 0.001 0.025 110940.248
Lat_p bio14_p 0.048 5.33E-144 -869.738 42.73 -5.519 -0.434 -0.004 0.097 110935.439
Lat_p biol7 p 0.048 7.88E-145 -827.496 4131 -1.102 -0.421 0 0.019 110931.596
Long_p DL215_p 0.048 4.19E-142 -3777.43 11.634 493.881 -0.031 -15.531 -0.629 110944.206
prcol_p DL215_p 0.048 1.42E-142 -3065.172 -4.01 430.561 0 -14.278 0.244 110942.041

prc03_p DL215_p 0.048 9.21E-144 -2418.736 -4.777 349.944 -0.003 -11.795 0.31 110936.537
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Tree height at age 11 (cm)
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The URF model explained 60.85%
two site climatic variables
and two provenance geoclimatic variables
| Estimate | SE_ | tvalue | Pr(>[t) | Significance

(Intercept) -2332.8420 48.79288 -46.907 <2.00E-16
0.8833 0.02020  53.637 <2.00E-16 ok
SHM _s 7.8570 0.43260 7.254 4.28E-13 £
Lat_p 51.0940 1.40764  33.039 <2.00E-16 £
TD p 26.9627 1.80448 18.531 <2.00E-16 3
GDD5_s”2 -0.0002 0.00000  -76.749 <2.00E-16 3
SHM s”2 -0.1156 0.00294  -32.267 <2.00E-16 L
Lat_p"2 -0.4124 0.01440  -23.686 <2.00E-16 Hkk
TD p"2 -0.2357 0.02165 -9.147 <2.00E-16 £
GDD5 s x Lat_p -0.0034 0.00026 16.675 <2.00E-16 3
SHM s x Lat_p 0.0469 0.00625 -5.538 <3.11E-08 3
Lat px TD p -0.2733 0.03433 -9.565 <2.00E-16 3

N W

Celsius degrees (°C) TD MWMT-MCMT
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Growth response surface showing 11-year-old Norway
spruce tree height
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Optimal planting site for a range of provenances

and optimal provenances for a range of planting sites
deriving from a URF for Norway spruce (GDD5_s and Lat_p)
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Transfer function using latitude for four sites
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Conclusions

1) Site, zone, zone-by-site interaction, and provenance effects account for 62.5%, 17.7%,
3.0%, and 3.4% of phenotypic variation, respectively, indicating that Norway spruce has
high plasticity and moderate local adaptation.

2) The moderate local adaptation is not well represented by the current provenance
climate for Norway spruce.

3) Our universal model could explain more than 60.85% of phenotypic varlatlon but not
well explained local adaptation effect and GXxE interaction. . '

.......




Hest several suggestions

e We don’t need so many provenances for URF :
model.

* We really need more trials located outside of P
the limits of the distribution range of a species. i iy -

* We also need to establish trials evenly : s
distributed in the latitude and longitude.
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