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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. 

. 
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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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Seed lots classes
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1 2 3 4 5 6

70 96 135 415 293 91



Natural distribution of 1100 provenances
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Number and delineation of zones

refined by Fottland and Skroppa (1989)

Number and delineation of regions

defined by Krutzsch (1974)
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20 trials, 13 countries



Locations of trials, blocks, and field 
design
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T8

T7

T6

T6-T8

T15

T20

T15



Field design and layout of the trial, Nyirjes, 
Hungary
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The all available data in those trials

Finally, I selected H74, tree age 11, 

counting the 4 years in Nursery 



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
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y = 0.015x2 - 0.1343x + 0.4878
R² = 0.9971
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0 5 10 15 20 25 30
age

Polish trial

NO No provenance No Block H69 H72 H75 H78 H83 H88

1 0 1 0.30 0.43 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

H74, age 11

Tree height (m)



Step 2: How to deal block effects
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Variance component (%)
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mean annual temperature of site

adjusting block effects in T15, Germany

Individual response function

Block 1 Block 2

Height

Block 1Block 1 Block 1 Block 2

Block 2 Block 2 Block 2 Block 2 Block 2 Block 2

After adjustmentBefore adjustment



Percentage of source of variation
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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

21 zones refined by Tore Skroppa

33 Locations based on Blocks or sites

1189 Provenances  



Site effect
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GDD5_sMAT_s

Source of variation Percentage (%)

Zone_p 17.7

Site_s 62.5

Site_s:Zone_p 3.0

Provenance_p 3.4

Residual 13.4



Modeling of tree height 
at age 11, 1974
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Site effects : 62.5% of phenotypic variance

MAT_s : mean annual temperature 

Overud, Norway



Number and delineation of zones
refined by Skroppa
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21

21 zone groups effects

Source of variation Percentage (%)

Zone_p 17.7

Site_s 62.5

Site_s:Zone_p 3.0

Provenance_p 3.4

Residual 13.4



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

Heterogeneous variances for site-by-zone

Fa(site):zone
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Modeling of GxE interaction for Zone group levels

Site * Zone

Source of variation Percentage (%)

Zone_p 17.7

Site_s 62.5

Site_s:Zone_p 3.0

Provenance_p 3.4

Residual 13.4

Factor analytic model 
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Canada ireland Norway Norway Abild Lisjö Lappkojberg France Belgium Belgium Germany Gemany Germany Scotsland Czech Poland Hungry

Trial T1 T2 T4 T5 T6 T7 T8 T10 T11 T12 T13 T14 T15 T16 T17 T19 T20

Canada T1 1 0.921 0.924 0.924 0.721 0.746 -0.360 0.914 0.924 0.924 0.924 0.921 0.924 0.919 0.921 0.916 0.920

ireland T2 0.086 1.000 0.996 0.996 0.776 0.804 -0.388 0.985 0.996 0.996 0.996 0.992 0.996 0.990 0.993 0.987 0.991

Norway T4 0.099 0.63 1 1.000 0.780 0.807 -0.390 0.989 1.000 1.000 1.000 0.996 1.000 0.994 0.997 0.991 0.995

Norway T5 0.066 0.499 0.539 1.000 0.780 0.807 -0.390 0.989 1.000 1.000 1.000 0.996 1.000 0.994 0.997 0.991 0.995

Abild T6 0.356 0.179 0.068 -0.069 1.000 0.629 -0.304 0.771 0.780 0.780 0.780 0.776 0.780 0.775 0.777 0.773 0.776

Lisjö T7 0.108 0.53 0.205 0.144 0.337 1.000 -0.314 0.798 0.807 0.807 0.807 0.804 0.807 0.802 0.804 0.800 0.803

Lappkojberg T8 0.067 -0.039 -0.053 0.132 0.124 0.244 1.000 -0.385 -0.390 -0.390 -0.390 -0.388 -0.390 -0.387 -0.388 -0.386 -0.388

France T10 0.301 0.512 0.299 0.195 0.249 0.274 -0.078 1.000 0.989 0.989 0.989 0.985 0.989 0.983 0.985 0.980 0.984

Belgium T11 -0.027 0.667 -0.35 0.799 0.188 0.461 0.045 0.571 1.000 1.000 1.000 0.996 1.000 0.994 0.997 0.991 0.995

Belgium T12 0.295 NA 0.707 0.664 0.3 0.131 -0.188 0.785 NA 1.000 1.000 0.996 1.000 0.994 0.997 0.991 0.995

Germany T13 0.291 0.757 0.54 0.424 0.241 0.357 0.029 0.627 0.365 0.681 1.000 0.996 1.000 0.994 0.997 0.991 0.995

Germany T14 0.305 0.666 0.517 0.427 0.274 0.358 0.061 0.577 0.342 0.826 0.743 1.000 0.996 0.990 0.993 0.987 0.991

Germany T15 0.273 0.73 0.496 0.401 0.235 0.361 0.064 0.586 0.315 0.61 0.684 0.693 1.000 0.994 0.997 0.991 0.995

Scotsland T16 0.357 0.784 0.607 0.623 0.29 0.393 0.083 0.635 NA NA 0.676 0.652 0.661 1.000 0.991 0.986 0.990

Czech T17 0.436 0.464 0.507 0.207 0.631 0.304 0.021 0.491 -0.051 0.762 0.57 0.566 0.508 0.707 1.000 0.988 0.992

Poland T19 0.148 0.353 0.251 0.279 0.286 0.056 0.051 0.371 0.726 0.381 0.454 0.441 0.386 0.353 0.379 1.000 0.987

Hungry T20 0.351 0.658 0.624 0.575 0.139 0.093 0.033 0.303 -0.06 0.704 0.625 0.623 0.547 0.713 0.488 0.362 1.000

Sweden

GxE interaction: 3% of phenotypic variance

Heatmap: Type-B zone group correlations (above the diagonal) 



Universal response function(URF)
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URF model based on single site variable
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Trait_p1 R2 P-value Intercept Xs Xs^2 AIC
GDD5_s 0.499 0 -779.77768 1.16787734 -0.0003491 102191.529

GDD0_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

bio1_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

Degree-days above 5°C, growing degree-days °C * daysGDD5_s:

𝑦 = 𝛼0 + 𝑏1𝐶𝑆 + 𝜀



URF model based on two site climatic variables
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Trait_s1 Trait_s2 R2 P-value Intercept Xs1 Xs2 Xs1^2 Xs2^2 Xs1:Xs2 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 -2.298 -41.784 -0.036 0.415 0.294 97444.8235

GDD5_s spei01_s 0.645 0 -557.603 0.86 151.711 0 -120.641 -0.07 97510.3396

prc06_s bio4_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 -1.416 -40.612 -0.036 0.466 0.371 97646.7211

tmx11_s spei05_s 0.642 0 -82.911 39.586 -477.347 0.335 40.694 76.346 97640.1134

prc06_s tmn12_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 44.373 -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 tmn11_s 0.628 0 825.426 -251.029 222.546 22.946 13.753 -38.065 98164.9721

GDD0_s spei03_s 0.627 0 -1097.152 0.797 -62.917 0 177.666 0.068 98206.1921

prc06_s tmn10_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 tmn12_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 bio13_s 0.623 0 -423.486 7.525 4.452 0.012 0.005 -0.07 98325.7404

much more than 62.5% estimated from variance components
Why?

Monthly Standardised Potential Evapotranspiration Index index SPEI



Finally， I selected GDD5_s and MSP_s
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Trait_s1 Trait_s2 R2 Pvalue Intercept Xs1 Xs2 Xs12 Xs22 Xs1:Xs2 AIC

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 1.508 -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 0.292 578.823 0 -195.569 0.403 101274.95

Degree-days above 5°C, growing degree-days °C * daysGDD5_S:

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



Individual response function
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Individual response function
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𝑟2: 36.4% for MAT_s 𝑟2: 50.0% for GDD5_s



URF model
based on one provenance variable
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Trait_p1 R2 Pvalue Intercept Xp1 Xp1^2 AIC

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 1.74E-73 -100.74954 29.6505624 -0.8242815 111271.231

bio1_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

𝑦 = 𝛼0 + 𝑏2𝐶𝑃 + 𝜀



URF model
based on two provenance variables
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Trait_p1 Trait_p2 R2 P-value Intercept Xp1 Xp2 Xp1^2 Xp2^2 Xp1:Xp2 AIC

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 TD_p 0.053 4.39E-158 -1471.679 48.689 32.487 -0.396 -0.244 -0.362 110870.28

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 prc01_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 46.046 445.377 -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 prc12_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 bio17_p 0.048 7.88E-145 -827.496 41.31 -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

prc01_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

TD: continentality (MWMT-MCMT)
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Individual transfer function

Northern Sweden 



The URF model explained 60.85%
two site climatic variables

and two provenance geoclimatic variables
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Estimate SE t value Pr(>|t|) Significance

(Intercept) -2332.8420 48.79288 -46.907 <2.00E-16 ***

GDD5_s 0.8833 0.02020 53.637 <2.00E-16 ***

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 ***

GDD5_s^2 -0.0002 0.00000 -76.749 <2.00E-16 ***

SHM_s^2 -0.1156 0.00294 -32.267 <2.00E-16 ***

Lat_p^2 -0.4124 0.01440 -23.686 <2.00E-16 ***

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 ***

SHM_s x Lat_p 0.0469 0.00625 -5.538 <3.11E-08 ***

Lat_p x TD_p -0.2733 0.03433 -9.565 <2.00E-16 ***

Temperature difference Celsius degrees (°C) TD MWMT-MCMT



Growth response surface showing 11-year-old Norway 
spruce tree height
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Total:        61.3%

GDD5_S:  50.0%

Lat_p:       10.0%

GDD5:  Degree-days above 5°C, growing degree-days



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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𝑦 = 𝛼0 + 𝑏1𝑋𝑠1 + 𝑏2𝑋𝑠1
2 + 𝑏3𝑋𝑝1 + 𝑏4𝑋𝑝1

2 + 𝑏5𝑋𝑠1 × 𝑋𝑝1 + 𝜀



Transfer function using latitude for four sites

Did we really get the correct 
transfer distances based on 
the current model? 
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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 variation, but not 
well explained local adaptation effect and GxE interaction. 
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several suggestions

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

• We really need more trials located outside of 
the limits of the distribution range of a species.

• We also need to establish trials evenly 
distributed in the latitude and longitude. 
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