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1) To analyze  the annual variation in radial growth of temperate tree species in Korea

2) To figure out species-specific climatic factors that limit radial growth

Objectives

01. Introduction

▪ Climatic factors affect the environment of the forest, which also affects the physiological factors of trees (Fritts, 

1976). → Especially,  growth by species and tree stem growth is sensitive to environmental changes

▪ To understand and predict changes in forests, it is necessary to understand the characteristics of each species.

▪ Studies on the correlation analysis of annual diameter growth and environmental factors are being actively 

conducted in many countries.

▪ Due to the environmental difference in each region, there are different times when the environmental factors 

affect the radial growth.

⇒ To find out about the species-specific effects of envirotnments to temperate species in South Korea

Background



⚫ Study site: Mt. Taehwa, Mt. Gwangneung

⚫ Install hand-made dendrometer band

⚫ Tree species

Pinus koraiensis, Abies holophylla, Quercus aliena, 

Q. variabilis, Q. serrata, Carpinus laxiflora, C. cordata

⚫ Initial Time : P. koraiensis : 2011 November

Etc : 2012 November

⚫ Periods:  2013 to 2019 (Mar to Dec)

⚫ Envrionmeantal variables: Air temperature, Relative Humidity,  

PAR, Precipitation

⚫ Correlation analyzed between environmental variables and 

annual diameter growth by species monthly.

02. Materials and Methods

Mt.

Mt. Taehwa



C. Laxiflora to P_Apr-JUN

✓ Even in the same environment, different

annual stem growth patterns are shown

depending on the species.

✓ Negative correlation with winter

precipitation(A. holophylla).

⇒ Winter Rainfall affect badly to needle fir’s radial

growth (lower soil temperature and radiation)

✓ Positive correlation with precipitation in the

spring or summer of the current year that

growth occurs.

⇒ Growth increases with more summer 

precipitation (Rolland et al. 1999, Macias et al. 

2006, Marco et al. 2010, Latreille et al. 2017, 

Gazol et al. 2015)

A.holophylla to P_JAN

03. Results

C.laxifloraA.holophylla

3.1. Correlation between environment factor and radial growth



MAT (℃)

P.koraiensis to MAT_p5-

p7

Precipitation (mm)

P.koraiensis to P_p4-p7

3.1. Correlation between environment factor and radial growth

03. Results

P. koraiensis

✓ Negative correlation with MAT and

Precipitation in previous summer(P.

koraiensis).

✓ Positively correlated to precipitation in

previous autumn(Oak trees)

⇒ Affect carbohydrates storage

⇒ Substantial carry-over effect on radial

growth, especially for fixed growth species.

Q.serrata to P_sepQ.variabilis to P_sep Q.aliena to P_sep-

oct

Oaks



❖ The major envrionmeantal limiting factor for the most of the species is Precipitation.

❖ Different species have different environmental factors and time of year that affect annual 

radial growth, and the environment in the previous year affect the tree radial growth of the 

following year.

❖ Tree species with fixed growth type have been mainly affected by the environment of the 

previous year, while of free growth species usually affected by the current year 

environment on their radial growth.

04. Conclusion



MAT (℃)
p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12 t1 t2 t3 t4 t5 t6 t7 t8 t9

p1 0.8642 0.8 0.8052 0.7915 0.7701 0.7207 0.6673 0.4092 0.3441 0.3316 0.4584 0.3874 0.3177 0.2751 0.2922 0.3074 0.319 0.3587 0.4053 0.5046 0.5128

p2 0.6875 0.664 0.6766 0.6579 0.5689 0.4171 0.0932 0.0821 0.0565 0.2589 0.2295 0.1721 0.1382 0.1568 0.1881 0.2044 0.2428 0.2837 0.3844 0.3924

p3 0.4127 0.521 0.5008 0.3271 0.0631 -0.211 -0.173 -0.226 0.0555 0.0809 0.0383 0.0136 0.035 0.0829 0.104 0.1408 0.177 0.2817 0.2895

p4 0.5184 0.4563 0.1633 -0.216 -0.441 -0.365 -0.445 -0.07 -6E-04 -0.038 -0.058 -0.034 0.026 0.051 0.0874 0.1223 0.234 0.2434

p5 0.0685 -0.601 -0.81 -0.716 -0.61 -0.677 -0.282 -0.14 -0.156 -0.162 -0.135 -0.066 -0.038 -0.008 0.0164 0.1186 0.1304

p6 -0.823 -0.771 -0.703 -0.603 -0.674 -0.285 -0.145 -0.159 -0.164 -0.137 -0.068 -0.041 -0.012 0.0125 0.1128 0.1242

p7 -0.535 -0.597 -0.49 -0.576 -0.149 -0.049 -0.079 -0.092 -0.066 -0.004 0.0213 0.0548 0.0859 0.191 0.1994

p8 -0.602 -0.413 -0.494 0.0342 0.0724 0.02 -0.004 0.02 0.0731 0.0958 0.1336 0.1739 0.2886 0.2957

p9 0.0234 -0.076 0.4166 0.2924 0.1949 0.1457 0.1649 0.1972 0.2156 0.2582 0.3122 0.4341 0.4394

p10 -0.153 0.5507 0.3455 0.2252 0.1656 0.1858 0.2178 0.2366 0.2825 0.3449 0.4747 0.4757

p11 0.6355 0.395 0.2619 0.1978 0.2184 0.2481 0.2654 0.3157 0.3843 0.5157 0.5102

p12 0.1198 0.0059 -0.015 0.0214 0.0959 0.1262 0.1807 0.2455 0.4067 0.407

t1 -0.165 -0.123 -0.057 0.0696 0.1139 0.1887 0.2891 0.4986 0.4812

t2 -0.074 0.0351 0.1686 0.2205 0.3198 0.4331 0.5587 0.5308

t3 0.1568 0.265 0.3342 0.45 0.506 0.5568 0.5359

t4 0.297 0.3806 0.5276 0.6105 0.6226 0.5921

t5 0.5006 0.5633 0.4864 0.4879 0.4619

t6 0.3504 0.2999 0.3959 0.387

t7 0.1717 0.3475 0.3375

t8 0.4502 0.3895

t9 0.1607

t10

t11

t12

Precipitation (mm)

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

p1 0.305 0.027 -0.531 -0.471 -0.495 -0.529 -0.914 -0.764 -0.823 -0.814 -0.757 -0.778 -0.791 -0.770 -0.734 -0.676 -0.561 -0.564 -0.604 -0.658 -0.653 -0.617 -0.591 -0.581

p2 -0.148 -0.566 -0.475 -0.503 -0.539 -0.923 -0.774 -0.830 -0.819 -0.765 -0.786 -0.799 -0.778 -0.743 -0.687 -0.572 -0.573 -0.606 -0.657 -0.652 -0.617 -0.591 -0.582

p3 -0.581 -0.427 -0.504 -0.530 -0.913 -0.759 -0.813 -0.803 -0.749 -0.770 -0.782 -0.760 -0.724 -0.664 -0.548 -0.549 -0.579 -0.635 -0.632 -0.597 -0.569 -0.559

p4 -0.320 -0.470 -0.502 -0.890 -0.726 -0.793 -0.790 -0.730 -0.752 -0.765 -0.742 -0.701 -0.629 -0.506 -0.508 -0.551 -0.608 -0.612 -0.574 -0.545 -0.534

p5 -0.404 -0.495 -0.849 -0.671 -0.763 -0.772 -0.716 -0.741 -0.754 -0.732 -0.687 -0.596 -0.465 -0.469 -0.545 -0.593 -0.606 -0.561 -0.529 -0.517

p6 -0.326 -0.716 -0.563 -0.678 -0.705 -0.638 -0.661 -0.673 -0.645 -0.591 -0.473 -0.342 -0.349 -0.407 -0.466 -0.501 -0.456 -0.420 -0.405

p7 -0.695 -0.542 -0.684 -0.717 -0.657 -0.679 -0.693 -0.665 -0.601 -0.464 -0.320 -0.329 -0.384 -0.438 -0.481 -0.435 -0.397 -0.381

p8 0.207 -0.340 -0.237 -0.084 -0.109 -0.137 -0.074 -0.004 0.216 0.257 0.192 0.040 -0.106 -0.208 -0.146 -0.074 -0.044

p9 -0.733 -0.603 -0.350 -0.395 -0.416 -0.320 -0.241 0.107 0.197 0.120 -0.039 -0.167 -0.263 -0.211 -0.142 -0.112

p10 0.245 0.436 0.412 0.401 0.444 0.527 0.797 0.618 0.546 0.199 0.050 -0.074 -0.008 0.069 0.102

p11 0.374 0.336 0.300 0.363 0.428 0.626 0.476 0.409 0.149 0.008 -0.109 -0.046 0.027 0.059

p12 -0.128 -0.257 0.120 0.352 0.552 0.400 0.309 0.078 -0.056 -0.165 -0.107 -0.037 -0.007

t1 -0.262 0.306 0.428 0.577 0.414 0.319 0.087 -0.051 -0.163 -0.103 -0.032 -0.001

t2 0.543 0.455 0.602 0.428 0.336 0.099 -0.042 -0.155 -0.094 -0.022 0.009

t3 0.333 0.547 0.396 0.301 0.073 -0.066 -0.177 -0.117 -0.045 -0.015

t4 0.590 0.399 0.285 0.042 -0.095 -0.208 -0.148 -0.075 -0.043

t5 0.235 0.100 -0.080 -0.207 -0.311 -0.259 -0.185 -0.153

t6 -0.219 -0.170 -0.294 -0.400 -0.361 -0.276 -0.244

t7 -0.137 -0.277 -0.396 -0.355 -0.269 -0.232

t8 -0.379 -0.615 -0.427 -0.249 -0.196

t9 -0.481 -0.201 0.059 0.172

t10 0.426 0.590 0.728

t11 0.420 0.598

t12 0.622

00. Supplementary 

P. koraiensis



Q. serrataQ. variabilis
p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12 t1 t2 t3 t4 t5 t6 t7 t8 t9

p1 0.235 -0.264 -0.136 -0.007 -0.095 0.114 0.399 0.348 0.525 0.461 0.449 0.434 0.463 0.458 0.431 0.448 0.408 0.445 0.360 0.275 0.281

p2 -0.469 -0.198 -0.041 -0.112 0.093 0.386 0.336 0.514 0.449 0.439 0.422 0.452 0.446 0.420 0.437 0.399 0.435 0.347 0.264 0.271

p3 0.083 0.073 -0.046 0.156 0.424 0.369 0.537 0.475 0.464 0.449 0.478 0.472 0.445 0.460 0.417 0.450 0.362 0.281 0.286

p4 0.063 -0.081 0.168 0.436 0.375 0.551 0.491 0.479 0.463 0.494 0.488 0.457 0.468 0.417 0.451 0.367 0.282 0.288

p5 -0.157 0.193 0.440 0.369 0.560 0.507 0.499 0.484 0.517 0.512 0.478 0.481 0.421 0.456 0.389 0.288 0.297

p6 0.701 0.498 0.429 0.614 0.583 0.572 0.557 0.590 0.582 0.536 0.518 0.434 0.463 0.384 0.293 0.306

p7 0.387 0.329 0.557 0.519 0.515 0.495 0.532 0.525 0.475 0.449 0.366 0.400 0.315 0.223 0.246

p8 -0.053 0.562 0.351 0.311 0.283 0.361 0.330 0.259 0.225 0.163 0.235 0.115 0.029 0.086

p9 0.884 0.600 0.510 0.458 0.538 0.490 0.440 0.453 0.263 0.351 0.125 0.045 0.099

p10 -0.515 -0.417 -0.518 -0.437 -0.412 -0.474 -0.459 -0.289 -0.167 -0.160 -0.219 -0.140

p11 -0.098 -0.231 -0.084 -0.103 -0.181 -0.167 -0.101 0.003 -0.063 -0.126 -0.057

p12 -0.485 0.054 -0.058 -0.256 -0.149 -0.078 0.037 -0.044 -0.105 -0.040

t1 0.731 0.458 -0.014 -0.049 -0.028 0.081 -0.018 -0.084 -0.019

t2 -0.160 -0.256 -0.158 -0.084 0.030 -0.050 -0.113 -0.044

t3 -0.264 -0.141 -0.073 0.044 -0.042 -0.106 -0.038

t4 -0.063 -0.031 0.099 -0.017 -0.086 -0.018

t5 -0.007 0.176 -0.005 -0.080 -0.008

t6 0.451 -0.003 -0.085 -0.007

t7 -0.086 -0.161 -0.072

t8 -0.207 -0.011

t9 0.249

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12 t1 t2 t3 t4 t5 t6 t7 t8 t9

p1 0.4922 -0.122 -0.16 0.0251 -0.39 -0.475 0.1903 0.4432 0.6107 0.4921 0.5264 0.4837 0.501 0.5138 0.4971 0.4971 0.5283 0.5515 0.5776 0.4014 0.4083

p2 -0.383 -0.307 -0.052 -0.416 -0.493 0.1641 0.4158 0.5885 0.4673 0.5026 0.4595 0.477 0.4893 0.4722 0.4699 0.5054 0.5313 0.558 0.3841 0.3924

p3 -0.105 0.0711 -0.382 -0.451 0.2247 0.4435 0.6034 0.4844 0.516 0.4775 0.494 0.5051 0.4868 0.4823 0.5116 0.5383 0.566 0.4013 0.4068

p4 0.1499 -0.422 -0.486 0.256 0.4699 0.6294 0.5133 0.5472 0.5095 0.526 0.5385 0.5184 0.511 0.5287 0.5514 0.5874 0.4188 0.4241

p5 -0.558 -0.597 0.2114 0.4678 0.6407 0.5311 0.5796 0.5396 0.5567 0.5755 0.5555 0.5423 0.5509 0.5634 0.621 0.4299 0.439

p6 -0.338 0.6115 0.657 0.7762 0.7156 0.7575 0.7332 0.7422 0.7549 0.7288 0.6859 0.6342 0.642 0.6756 0.5283 0.5402

p7 0.5563 0.6769 0.7997 0.764 0.8101 0.7755 0.7853 0.7995 0.779 0.7392 0.672 0.6694 0.6998 0.545 0.5606

p8 0.3429 0.5612 0.4007 0.4268 0.4021 0.4205 0.4203 0.3845 0.3491 0.3714 0.4195 0.4542 0.3313 0.3511

p9 0.8007 0.3362 0.361 0.2936 0.336 0.3256 0.2783 0.2453 0.3412 0.4556 0.4046 0.2206 0.2711

p10 -0.611 -0.294 -0.437 -0.36 -0.315 -0.343 -0.379 -0.083 0.0082 0.163 -0.023 0.0449

p11 0.2507 -0.003 0.1725 0.1439 0.0297 -0.049 0.1397 0.2148 0.3176 0.1087 0.1782

p12 -0.348 -0.145 -0.136 -0.29 -0.229 0.0743 0.1515 0.2849 0.0659 0.136

t1 0.6356 0.3716 0.0567 -0.052 0.1442 0.2125 0.3428 0.1149 0.1905

t2 0.0377 -0.139 -0.154 0.0999 0.1713 0.3176 0.0895 0.1657

t3 -0.248 -0.185 0.1002 0.1703 0.3283 0.0873 0.1634

t4 -0.123 0.1537 0.2186 0.365 0.1089 0.186

t5 0.2492 0.296 0.4284 0.1377 0.2147

t6 0.2494 0.3084 0.0295 0.1062

t7 0.1808 -0.029 0.0421

t8 -0.318 -0.18

t9 0.2568

00. Supplementary 

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12 t1 t2 t3 t4 t5 t6 t7 t8 t9

p1 0.1162 -0.293 0.0087 0.189 0.1731 0.3432 -0.064 0.025 0.1803 0.2119 0.2227 0.1878 0.2069 0.2117 0.1796 0.1574 0.0638 0.0944 -0.036 -0.212 -0.136

p2 -0.436 -0.032 0.1553 0.1567 0.3255 -0.069 0.0198 0.1754 0.206 0.2173 0.1824 0.2014 0.2062 0.1744 0.1522 0.0594 0.0899 -0.039 -0.212 -0.137

p3 0.2603 0.2561 0.2296 0.3887 -0.034 0.0517 0.1996 0.2313 0.2426 0.2087 0.2274 0.2319 0.1998 0.1784 0.0845 0.1129 -0.015 -0.186 -0.116

p4 0.2371 0.2151 0.4062 -0.068 0.0248 0.1839 0.2186 0.2295 0.1938 0.2135 0.2181 0.1837 0.1586 0.0624 0.0924 -0.036 -0.21 -0.136

p5 0.1182 0.4142 -0.131 -0.028 0.1468 0.1843 0.1976 0.1588 0.1799 0.1855 0.1486 0.1171 0.0206 0.0536 -0.08 -0.258 -0.176

p6 0.6735 -0.174 -0.066 0.1202 0.162 0.1742 0.1324 0.1539 0.1588 0.119 0.082 -0.009 0.0236 -0.097 -0.259 -0.185

p7 -0.321 -0.195 0.0272 0.0622 0.0753 0.0257 0.0498 0.0553 0.0149 -0.024 -0.103 -0.063 -0.183 -0.334 -0.253

p8 0.2187 0.5693 0.6101 0.6293 0.5985 0.6588 0.6442 0.5352 0.4442 0.1914 0.228 0.0112 -0.237 -0.138

p9 0.5846 0.6832 0.6744 0.5812 0.6254 0.6096 0.5379 0.4818 0.0987 0.1598 -0.069 -0.292 -0.199

p10 0.154 0.1375 -0.02 0.0582 0.0666 -0.047 -0.146 -0.26 -0.182 -0.261 -0.471 -0.369

p11 0.0467 -0.169 -0.073 -0.041 -0.16 -0.218 -0.278 -0.205 -0.281 -0.475 -0.381

p12 -0.78 -0.327 -0.272 -0.467 -0.323 -0.333 -0.234 -0.294 -0.468 -0.377

t1 0.4832 0.4937 -0.08 -0.162 -0.252 -0.16 -0.258 -0.444 -0.35

t2 0.0914 -0.23 -0.231 -0.286 -0.193 -0.282 -0.466 -0.369

t3 -0.359 -0.267 -0.307 -0.206 -0.291 -0.471 -0.374

t4 -0.189 -0.288 -0.172 -0.264 -0.452 -0.356

t5 -0.325 -0.147 -0.239 -0.444 -0.337

t6 0.2794 -0.148 -0.387 -0.279

t7 -0.206 -0.454 -0.338

t8 -0.66 -0.378

t9 0.2539

Q. aliena


