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Fig. S1. Regional distribution of the effects of environmental changes on tree growth of various planted forest types in Japan. The effects of environmental
changes on tree growth were described as growth enhancement per area (Rgepa) OF the ratio of total growth enhancement to net biomass increase (Rge). (A)
Japanese cedar, (B) Japanese cypress, (C) Japanese red pine, (D) Japanese larch plantations, and (E) map of Japan showing regional divisions used in this study.
Following Japanese inventories, the country was divided into eight regions: Hokkaido (HKD), Tohoku (THK), Kanto (KTO), Chubu (CHB), Kinki (KNK), Chugoku
(CGK), Shikoku (SHK), and Kyushu-Okinawa (KYS-OKA).
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Table S1. Parameters used for estimation of biomass expansion
factor

Forest type n a, Mg-m~3 b, Mg-ha™ r
Cryptomeria japonica 212 0.4878 19.4830 0.98
Chamaecyparis obtusa 149 0.5580 33.9560 0.96
Pinus densiflora 106 0.5687 15.3300 0.92
Larix leptolepis 36 0.5968 16.7000 0.95

Parameters obtained from Fang et al. (1). Biomass expansion factor (BEF)
is expressed as a function of stand stem volume per hectare (x), BEF = a +
b/x, where a and b are constants for each forest type, respectively.

1. Fang JY, Oikawa T, Kato T, Mo WH, Wang ZH (2005) Biomass carbon accumulation by Japan'’s forests from 1947-1995. Global Biogeochem Cycles 19:GB2004, 10.1029/2004GB002253.
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Area, 10% ha

Biomass carbon density, Mg C/ha

Biomass carbon stock, Tg C

Table S2. Forest area, biomass density, and stock over age sequence in Japan'’s C. japonica plantation during the period 1980-2005

L T

1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Total 426.5 4437 450.7 448.6 4429 4373 420 514 590 670 803 895 179.1 2283 265.7 300.5 3555 3915
Age, y
5 3.7 213 144 9.6 3.7 2.1 9.8 9.8 9.8 9.8 9.8 9.8 3.1 2.1 1.4 0.9 0.4 0.2
10 47.0 333 254 143 7.2 50 109 11.0 11.1 1.4 112 11.0 5.1 3.7 2.8 1.6 0.8 0.6
15 711 465 350 255 113 72 215 218 218 226 224 232 153 102 7.6 5.8 2.5 1.7
" 20 81.0 70.1 506 351 213 114 342 340 339 341 341 342 277 238 17.1 120 7.3 3.9
a 25 757 787 723 502 33.0 216 474 483 470 471 469 471 359 380 340 236 155 102
30 505 748 788 721 438 330 602 615 613 611 602 602 304 460 484 441 263 1938
35 199 497 693 779 661 436 745 73.0 740 735 732 725 148 363 513 572 484 316
40 139 195 419 681 763 650 838 848 848 830 851 846 116 165 356 56.6 649 55.0
45 121 136 160 398 720 751 909 943 957 921 958 955 11.0 128 153 36,6 69.0 717
50 99 111 126 155 492 715 964 100.1 102.1 101.0 103.5 105.6 9.6 11.1 128 15,6 509 755
55 7.8 9.0 99 11.8 202 483 103.0 1043 107.0 107.0 110.2 114.0 8.0 94 106 127 223 55.1
60 6.1 6.9 7.8 9.2 120 20.0 1088 109.8 1116 1119 117.4 118.0 6.6 7.6 87 102 140 236
65 5.5 5.9 6.8 94 118 114.0 1174 1157 120.7 1238 6.3 7.0 79 113 146
70 3.8 4.6 5.6 7.3 9.2 120.0 120.7 120.0 123.8 127.6 4.6 5.5 6.7 9.1 117
75 3.7 4.1 5.6 7.2 1253 1228 126.6 129.7 4.7 5.0 7.1 9.3
80 2.4 3.2 4.4 5.2 1244 1256 1299 1319 3.0 4.0 5.7 6.9

Table S3. Forest area, biomass density, and stock over age sequence in Japan’s C. obtusa plantation during the period 1980-2005

Area, 10* ha Biomass carbon density, Mg C/ha Biomass carbon stock, Tg C
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Total 203.8 2287 2422 2495 2509 251.0 401 464 520 590 695 77.2 817 106.1 1259 147.1 1743 193.8
Age, y
5 269 205 163 115 4.4 20 170 170 17.0 170 17.0 17.0 46 3.5 2.8 2.0 0.7 0.3
10 334 280 239 154 9.3 64 182 183 183 183 182 18.0 6.1 5.1 4.4 2.8 1.7 1.2
15 356 347 294 233 139 94 274 285 283 296 288 29.1 9.8 9.9 8.3 6.9 4.0 2.7
20 317 369 368 286 206 139 368 382 388 399 394 391 117 141 143 114 8.1 5.4
25 280 319 353 360 287 206 472 493 500 518 516 509 13.2 157 176 186 148 105
30 168 287 316 357 336 285 568 593 614 626 635 633 95 170 194 224 213 18.1
35 6.2 166 257 320 380 330 689 682 713 735 749 751 4.2 113 183 235 284 248
40 5.3 59 135 26.2 321 375 787 794 800 789 837 855 4.1 47 108 207 269 321
45 5.8 5.1 50 13.6 28.1 316 849 878 906 8.2 9.5 924 49 4.5 45 11.7 254 291
50 5.4 5.2 4.9 52 171 287 905 928 959 919 951 975 49 4.8 4.7 48 163 280
55 43 43 4.6 49 6.5 173 963 965 994 975 999 1014 46 4.7 4.6 43 6.5 175
60 a1 4.0 4.0 4.5 4.4 6.7 100.2 100.8 102.8 100.0 105.8 1045 4.1 4.1 4.2 4.5 4.6 7.0
65 3.6 3.6 3.9 4.2 4.3 104.2 106.6 101.6 107.3 109.1 3.7 3.8 4.0 4.5 4.7
70 2.9 3.1 3.5 3.9 4.2 105.8 108.3 104.0 1085 110.7 3.1 3.3 3.7 4.2 4.7
75 2.6 2.8 33 3.8 111.0 1055 109.8 111.1 2.9 3.0 3.6 4.2
80 1.8 2.3 2.9 3.2 106.7 105.8 1113 111.3 1.9 2.4 3.2 3.6
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Table S4. Forest area, biomass density, and stock over age sequence in Japan'’s P. densiflora plantation during the period 1980-2005
Area, 10* ha Biomass carbon density, Mg C/ha Biomass carbon stock, Tg C
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Total 117.6 107.5 1019 97.1 889 86.2 29.2 37.2 440 504 620 67.6 344 40.0 448 489 55.1 58.3
Age, y

‘ 5 5.5 1.6 0.7 0.3 0.1 0.1 7.7 7.7 7.7 7.9 7.7 8.6 0.4 0.1 0.1 0.0 0.0 0.0
" 10 12.9 5.4 2.5 0.9 0.2 0.1 9.2 9.7 10.0 10.0 8.7 85 1.2 0.5 0.2 0.1 0.0 0.0
15 24.2 11.9 6.0 2.9 0.5 0.2 18.4 19.3 193 203 19.1 15.7 4.5 2.3 1.2 0.6 0.1 0.0
" 20 29.1 21.6 12.6 6.7 1.6 05 273 287 290 297 299 278 8.0 6.2 3.7 2.0 0.5 0.1
a 25 19.9 26.2 21.8 13.0 4.4 1.7 358 380 38.1 39.2 422 410 71 9.9 8.3 5.1 1.9 0.7
30 10.9 17.8 248 213 8.9 46 439 459 484 472 51.1 51.3 4.8 8.2 12.0 10.0 45 2.4
35 49 9.6 149 226 17.4 9.2 486 499 53.9 56.2 58.4 59.2 2.4 4.8 8.0 12.7 10.2 5.5
40 2.9 4.2 76 136 220 17.4 545 533 56.3 59.3 64.1 65.1 1.6 2.2 4.3 8.0 141 11.3
45 2.4 2.6 3.1 6.5 16.8 21.3 57.9 58.8 59.4 62.2 70.1 70.4 1.4 1.5 1.8 4.0 11.8 15.0
50 2.1 2.0 2.1 2.6 8.0 15.5 59.8 60.1 62.5 642 716 756 1.3 1.2 1.3 1.7 5.7 11.8
55 1.6 1.8 1.6 1.9 3.2 75 646 61.1 658 672 71.0 759 1.0 1.1 1.1 1.3 2.3 5.7
60 1.2 1.2 1.4 1.5 1.7 3.1 67.9 65.6 66.2 644 713 729 0.8 0.8 0.9 1.0 1.2 2.2
65 0.9 0.9 1.3 1.4 1.7 69.6 71.7 673 704 728 0.6 0.6 0.9 1.0 1.2
70 0.8 0.7 0.9 1.3 1.3 66.7 736 709 679 704 0.5 0.5 0.6 0.9 0.9
75 0.8 0.7 0.8 1.3 699 689 706 685 0.5 0.5 0.6 0.9
80 0.4 0.6 0.7 0.8 73.6 663 70.2 68.7 0.3 0.4 0.5 0.6

Table S5. Forest area, biomass density, and stock over age sequence in Japan’s L. leptolepis plantation during the period 1980-2005

Area, 10% ha Biomass carbon density (Mg C/ha) Biomass carbon stock, Tg C
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Total 110.2 108.5 107.9 106.7 1040 101.0 342 439 500 564 649 699 377 477 540 602 675 706
Age, y

5 53 33 2.5 1.8 1.2 1.4 8.4 8.4 8.4 84 8.4 8.4 0.4 0.3 0.2 0.1 0.1 0.1
10 13.3 5.4 3.7 2.5 1.5 1.2 8.6 8.8 9.0 9.4 101 9.5 1.1 0.5 0.3 0.2 0.1 0.1
15 21.3 12.1 6.1 3.7 2.2 14 262 290 264 255 299 36.3 5.6 3.5 1.6 1.0 0.7 0.5
20 25.2 19.9 13.9 6.1 3.1 22 351 389 420 402 39.2 489 8.9 7.7 5.8 2.5 1.2 1.1
25 24.2 23.2 20.3 13.9 5.1 3.2 423 452 487 545 49.7 522 10.2 10.5 9.9 7.6 2.5 1.7
30 13.8 23.9 23.7 19.9 9.6 51 497 509 525 583 624 604 69 121 124 116 6.0 3.1
35 3.0 13.9 21.1 23.7 17.8 95 576 584 583 598 68.7 71.2 1.7 8.1 12.3 14.2 12.2 6.8
40 1.7 2.8 10.9 20.3 204 17.7 66.0 66.1 645 624 66.6 749 1.1 1.8 7.0 127 136 132
45 0.9 1.5 1.9 9.8 22.4 20.2 694 729 725 672 682 713 0.6 1.1 14 6.6 153 14.4
50 0.6 0.8 1.3 1.7 13.7 214 696 749 76.0 75.4 735 72.5 0.4 0.6 1.0 1.3 10.1 15.5
55 0.6 0.5 0.6 1.2 3.7 122 749 765 796 76.1 788 775 0.4 0.4 0.5 0.9 2.9 9.4
60 0.5 0.5 0.5 0.6 1.3 29 705 768 780 751 839 830 0.4 0.4 0.4 0.5 1.1 2.4
65 0.5 0.4 0.5 0.8 1.1 740 812 749 828 90.8 0.3 0.4 0.4 0.7 1.0
70 0.4 0.4 0.4 0.5 0.7 77.3  73.1 780 80.7 877 0.3 0.3 0.3 0.4 0.6
75 0.3 0.4 0.4 0.4 773 754 814 826 0.2 0.3 0.3 0.4
80 0.2 0.3 0.4 0.4 782 750 784 81.2 0.2 0.2 0.3 0.3
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Table S6. Contribution of growth enhancement to biomass carbon accumulation for four major plantations by

region during 1980-2005

Forest type Region NBIPA, Mg Cha™"  GEPA, Mg Cha™'  Rgepas % NBI, TgC  TGE, TgC  Rge, %
Japanese cedar Hokkaido 35.9 5.9 16.6 1.2 0.1 7.2
(C. japonica)
Tohoku 39.8 71 17.8 53.0 0.7 1.2
Kanto 48.2 33 6.9 15.9 0.8 5.0
Chubu 44.5 1.2 2.6 36.7 2.2 6.0
Kinki 46.5 0.8 1.7 18.9 1.2 6.4
Chugoku 64.5 17.5 27.0 20.9 5.6 26.7
Shikoku 49.2 -0.5 -1.1 18.5 0.2 1.1
Kyushu-Okinawa 56.5 43 7.6 47.3 3.0 6.4
Country total 47.5 4.0 8.4 212.3 8.7 41
Japanese cypress Hokkaido — — — — — —
(C. obtusa)
Tohoku 17.5 3.4 19.6 1.3 0.0 2.2
Kanto 29.1 1.4 4.7 5.9 0.1 1.0
Chubu 29.7 2.1 7.1 22.7 2.0 8.7
Kinki 38.5 4.2 10.9 16.8 1.0 6.2
Chugoku 40.4 6.7 16.5 21.9 3.0 13.9
Shikoku 347 -0.3 -0.9 15.8 -0.6 -4.0
Kyushu-Okinawa 49.3 43 8.7 27.5 2.7 9.8
Country total 37.1 4.1 11.0 112.0 11.6 104
Red pine Hokkaido 18.9 4.4 23.3 -0.5 0.1 -13.0
(P. densiflora) Tohoku 42.2 6.8 16.1 14.5 3.5 24.0
Kanto 37.4 7.4 19.9 -1.0 0.8 -75.4
Chubu 30.9 4.9 15.7 3.8 1.9 49.7
Kinki 37.6 39 10.3 1.1 0.4 33.6
Chugoku 43.5 -4.8 -11.0 5.5 0.7 134
Shikoku 36.2 -15.0 -41.3 0.5 -0.1 -11.8
Kyushu-Okinawa 40.6 -33 -8.0 -0.1 0.2 —290.8
Country total 38.3 4.8 12.6 239 8.5 355
Japanese larch Hokkaido 38.1 20.8 54.5 13.8 9.9 71.4
(L. leptolepis)
Tohoku 29.8 0.2 0.7 6.3 0.1 1.9
Kanto 37.9 8.1 21.3 2.0 -0.2 -8.9
Chubu 36.1 3.7 10.4 10.8 0.5 4.8
Kinki — — — — — —
Chugoku — — — — — —
Shikoku — — — — — —
Kyushu-Okinawa — — — — — —
Country total 35.7 7.7 21.6 329 1.4 34.7

For location of regions, see Fig. 3E. GEPA, growth enhancement per area; NBI, net biomass increase; NBIPA, net biomass increase per

area; Ry, ratio of TGE to NBI; Ryep,, ratio of GEPA to NBIPA;TGE, total growth enhancement.

Table S7. Overall mean biomass density of young-age (e.g., 5-y-
old) stands in Japan for different inventory periods

Biomass density, Mg C-ha™'

Species 1980 1985 1990 1995 2000 2005
C. japonica 9.82 9.83 9.83 9.80 9.83 9.83
C. obtusa 16.99 16.99 16.98 16.99 16.99 16.99

P. densiflora 7.69 7.67 7.67 7.89 7.67 8.61
L. leptolepis 8.35 8.35 8.35 8.35 8.35 8.35

The similar initial standing biomass over time suggests similar silvicultural
treatments at early stages of plantations over the study periods. Data are
from Forest Inventory of Japan (1-6).

. Japan Agency of Forestry (1982) Forest Resources of Japan 1980 (Japan Agency of Forestry, Tokyo).
. Japan Agency of Forestry (1987) Forest Resources of Japan 1985 (Japan Agency of Forestry, Tokyo).
. Japan Agency of Forestry (1992) Forest Resources of Japan 1990 (Japan Agency of Forestry, Tokyo).
. Japan Agency of Forestry (2000) Forest Resources of Japan 1995 (Japan Agency of Forestry, Tokyo).
. Japan Agency of Forestry (2003) Forest Resources of Japan 2000 (Japan Agency of Forestry, Tokyo).
. Japan Agency of Forestry (2008) Forest Resources of Japan 2005 (Japan Agency of Forestry, Tokyo).
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