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Effect of Yearly Changes in Growing Degree Days on the Potential
Distribution and Growth of Quercus mongolica in Korea
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ABSTRACT

This study was conducted to analyze the effect of yearly changes in growing degree days (GDD) on
the potential distribution and growth of Quercus mongolica in Korea. Annual tree-ring growth data of
Quercus mongolica collected by the 5™ National Forest Inventory were first organized to identify the
range of current distribution for the species. Yearly GDD was calculated based on daily mean
temperature data from 1951 to 2010 for counties with current distribution of Q. monglica. When
tree-ring growth data were analyzed through cluster analysis based on similarity of climatic
conditions, seven clusters were identified. Yearly GDD based on daily mean temperature data of each
county were calculated for each of the cluster to predict the change of potential distribution.
Temperature effect indices were estimated to predict the effect of GDD on the growth patterns. In
addition, RCP 4.5 and RCP 8.5 of climate change scenarios were adopted to estimate yearly GDD
and temperature effect indices from 2011 to 2100. The results indicate that the areas with low latitude
and elevation exceed the upper threshold of GDD for the species due to the increase of mean
temperature with climate change. It was also predicted that the steep increase of temperature will
have negative influences on tree-ring growth, and will move the potential distribution of the species
to areas with higher latitude or higher elevation, especially after the year of 2050. The results of this
study are expected to provide valuable information necessary for estimating local growth
characteristics and for predicting changes in the potential distribution of Q. mongolica caused by
climate change.

Key words: Tree-ring growth, Growing degree days, Temperature effect index, Climate change
scenario, Cluster analysis
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Fig. 1. Spatial distribution of Quercus mongolica
based on climate cluster analysis.
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Fig. 2. Changes of yearly growing degree days by cluster of Quercus mongolica.
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Fig. 3. Changes of yearly temperature effect index by cluster of Quercus mongolica.
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Table 2. Comparison of periodic growing degree days by cluster of Quercus mongolica based on climate change

scenarios

Years from 2011 to 2040

Years from 2041 to 2070

Years from 2071 to 2100

Cluster RCP

Min Max  Mean SD Min Max  Mean SD Min  Max Mean SD

45 2495 3074 2787 145 2836 3340 3069 154 2900 3570 3221 137

! 85 2414 3197 2862 211 2843 3793 3328 221 3603 4394 3954 201
45 2196 2631 2404 99 2434 2840 2658 120 2553 3149 2789 122

2 85 2170 2765 2484 172 2485 3239 2876 192 3130 3743 3414 155
45 2841 3199 3029 106 3020 3523 3292 122 3210 3787 3443 117

: 85 2736 3377 3107 181 3125 3943 3535 213 3824 4459 4129 176
4 45 2994 3551 3293 137 3336 3962 3590 154 3554 4098 3764 116
85 2957 3670 3364 191 3389 4291 3841 230 4133 4924 4507 205

45 2668 3200 2927 121 2974 3473 3196 132 3083 3667 3351 123

> 85 2667 3352 3025 182 3039 3826 3446 192 3778 4472 4050 181
4.5 3022 3557 3286 133 3331 3907 3563 144 3472 4059 3728 123

6 8.5 3016 3742 3390 191 3409 4210 3833 201 4163 4954 4479 197
4.5 3256 3836 3529 149 3565 4152 3826 144 3729 4271 4007 123

7 8.5 3220 3986 3632 200 3709 4538 4124 202 4498 5241 4787 200
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Fig. 4. Distribution of yearly growing degree days by cluster of Quercus mongolica based on climate change
scenarios.
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Table 3. Comparison of periodic temperature effect index by cluster of Quercus mongolica based on climate change

scenarios

Years from 2011 to 2040

Years form 2041 to 2070

Years from 2071 to 2100

Cluster RCP

Min Max Mean SD Min Max Mean SD Min Max Mean SD

4.5 043 088 0.68 0.11 0.11 065 042 016 000 060 026 0.15

! 8.5 029 0091 0.61 0.17 000 065 017 020 000 000 000 0.00
4.5 0.80 098 0091 004 065 090 078 008 035 085 068 0.10

2 8.5 0.71 098 087 008 024 088 060 017 000 037 0.09 0.11
4.5 029 065 047 0.11 0.00 048 0.18 014 000 027 005 0.08

3 8.5 006 073 038 019 000 037 006 010 000 000 000 0.00
4 4.5 0.00 0.1 0.18 0.15 0.00 0.12 0.01 0.03 000 000 000 0.00
8.5 0.00 054 0.14 0.17 000 0.05 0.01 0.01 0.00 000 0.00 0.00

4.5 029 078 0.56  0.11 0.00 053 029 0.15 0.00 042 0.11 0.13

> 8.5 0.10 078 046 0.18 000 046 009 014 000 000 000 0.00
4.5 0.00 048 0.19 0.14 0.00 0.12 0.01 0.03 000 000 000 0.00

6 8.5 0.00 049 012 016 0.00 0.02 0.01 0.01 0.00 000 0.00 0.00
; 4.5 0.00 022 003 006 000 000 000 000 000 000 000 0.00

8.5 0.00 026 0.03 0.07 0.00

0.00 000 000 000 000 000 0.00
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Fig. 5. Distribution of yearly temperature effect index by cluster of Quercus mongolica based on climate
change scenarios.
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