adsorb readily onto soil colloids and does this affect
chemical activity? If adsorbed, what are its effects on
aquatic ecosystems washed into a stream? Many of these
questions are asked about agricultural chemicals. Given
the similarities between chemicals applied to forests,
rangeland. and cropland, a comprehensive examination
of nutrients and other chemicals and their effects on
nonpoint-scurce pollution in various ecosystems should
be performed.

Increasing complexity of problems such as acid deposi-
tion and chemical buildups in watersheds point to the
value of long-term records. Thus, the value of research
locations such as Hubbard Brook Experimental Forest,
New Hampshire; Fraser Experimental Forest, Colorado;
Coweeta Hydrologic Laboratory, North Carolina (50
years old); Crossett Experimental Forest, Arkansas (60
years old); and the Wind River Experimental Forest,
Wyoming (70 years old) is better understood today.
Today, the Forest Service maintains 84 experimental
forests across the nation. However, the agency had a total
of 113 experimental forests at one time or another this
century; 16 were lost in the 1960s. If long-term records
such as those available on the 84 experimental forests
are allowed to lapse, the capability to answer difficult
and complex forest related questions nay also be lost.

The final cumulative effect needing research is defin-
ing instream flows necessary to support various instream
water uses in different situations. Each water withdrawal
affects water volume in a stream and the suitability of
that stream for fish and wildlife habitat and recreation.
Considered alone, most proposed withdrawals or diver-
sions are notﬁrge enough to cause significant impacts
on suitability of instream flows. However, when all with-
drawals and diversions are considered, the effects of one
additional permit to withdraw or divert water may be
substantial.

Land managers and owners are frequently asked to
make judgments about levels of instream flows needed
to avoid detrimental effects on instream water uses. Lit-
tle information is available to guide these decisions.
Research to develop procedures for quantifying and
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evaluating umulafive elfects of withdrawals and diver-
sions will be belptul iz the long-term. Developing initial
estimatss of suitahle Bruws needed under certain condi-
tions .could be nmast helpful in the short-term.

MAINTAINING LAND PRODUCTIVITY

Maintaining land productivity was mandated by the
National Forest Management Act of 1976. The Forest
Service’s research mission could focus on soil produc-
tivity to help fulfill agency obligations under that act.

The objective of soil productivity research is to develop
an ability to use site characteristics to predict the pro-
ductivity of a site for a variety of resources. Work is
underway to predict timber outputs from site character-
istics. A major task is to define nutritional needs of ma-
jor commercial timber species. For the most part, little
is known about this subject. The most knowledge exists
for loblolly pine, but many gaps still exist.

Relationships between soil productivity and agricul-
tural crops are much better known than those between
soil productivity and trees. Some results are available for
forage from agricultural research. Interdisciplinary
teams have been responsible for many advances in the
agricultural field, particularly in plant breeding and seed
development. A similar interdisciplinary approach may
prove useful for soil productivity research in forested
ecosystems. This team, having skills in genetics, silvi-
culture, soil science, and ecological modeling could take
advantage of the synergy among specialties. Not only
must models be constructed, but validation methods also
need to be developed.

NOTES

1. Providing technical and financial assistance to non-
ind-:strial private forest landowners has been a Forest
Service responsibility for many years. Providing
assistance to rangeland owners is an SCS responsibility.
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Table A.3.—Freshwater withdrawals (million gallons per day) for municipal ventra! supphes ir ths i ir-ied States for 1960 to 1985, by

waler resource region, with projections of demand to 2040

Water resource reglon 1960 1965 1970 1975 1980 19858 2000 &0 2020 2030 2040
Groundwater
New England 170 260 330 280 330 421 5 579 795 890 949
Mid-Atlantic 670 890 1100 1300 1100 1402 -iB&S 2263 2650 2966 3163
South Atlantic-Gult 810 990 1300 1500 1900 2422 3256 3910 4577 5124 5464
Great Lakes 363 400 700 460 440 561 754 905 1060 1187 1265
Ohio 400 510 620 700 730 930 1251 1502 1758 1969 2099
Tennessee 73 7 64 79 89 113 153 183 214 240 256
Upper Mississippi 410 570 870 1200 1100 1402 1885 2263 2650 2966 3163
Lower Mississippi 210 270 390 470 610 777 1045 1255 1469 1645 1754
Souris-Red-Rainy 15 15 20 22 27 34 46 56 65 73 78
Missouri Basin 316 340 430 490 530 675 908 1091 1277 1429 1524
Arkansas-White-Red 265 310 250 370 320 408 548 658 m 863 920
Texas-Gulf 449 510 590 670 800 1020 1371 1646 1927 2157 2301
Rio Grande 141 160 180 280 240 306 411 494 578 647 690
Upper Colorado 12 19 28 26 23 29 39 47 55 62 66
Lower Colorado 148 230 250 320 370 472 634 761 891 998 1064
Great Basin 130 110 160 190 400 510 685 823 964 1079 1150
Pacific Northwest 350 410 460 460 530 675 908 1091 1277 1429 1524
California 1300 1900 1600 1700 1900 2422 3256 3910 4577 5124 5464
Alaska 8 12 24 35 23 29 39 47 55 62 66
Hawaii 74 100 120 170 180 229 308 370 434 485 518
Caribbean 7 19 34 59 75 96 129 154 181 202 216
Total Groundwater 6321 8096 9520 10781 11717 14933 20077 24110 28225 31597 33697
Surface Water
New England 870 950 1100 1100 1200 1170 1638 1858 2071 2239 2341
Mid-Atlantic 3160 3140 4100 4000 4300 4193 5870 6659 7423 8023 8387
South Atlantic-Gulf 970 990 1400 1700 1900 1853 2594 2942 3280 3545 3706
Great Lakes 3000 3400 3700 2700 3500 3413 4778 5420 6042 6530 6827
Ohio 1100 1300 1500 1500 1500 1463 2048 2323 2589 2799 2926
Tennessee 240 180 240 250 320 312 437 496 552 597 624
Upper Mississippi 600 580 690 1800 820 800 1119 1270 1415 1530 1589
Lower Mississippi 170 230 220 280 310 302 423 480 535 578 605
?‘uri s-Red-Rainy 18 21 25 26 30 29 41 46 52 56 59
issouri Basin 510 630 590 720 850 829 1160 1316 1467 1586 1658
Arkansas-White-Red 360 420 490 570 1200 1170 1638 1858 2071 2239 2341
Texas-Gulf 490 460 550 690 2200 2145 3003 3407 3798 4105 4291
Rio Grande 100 94 130 74 74 72 101 1156 128 138 144
Upper Colorado 37 34 30 51 100 98 137 155 173 187 195
Lower Colorado 73 66 140 190 350 341 478 542 604 653 683
Great Basin 140 160 160 190 410 400 560 835 708 765 800
Pacific Northwest 840 840 830 710 730 712 996 1130 1260 1362 1424
California 1400 2100 1800 2000 2200 2145 3003 3407 3798 4105 4291
Alaska 15 20 35 46 30 29 41 46 52 56 59
Hawaii 1 8 12 11 15 15 20 23 26 28 29
Caribbean 62 120 170 230 280 273 382 434 483 522 546
Total Surface Water 14166 15743 17912 18838 22319 21765 30466 34562 38527 41643 43532
Total Withdrawals
New England 1040 1210 1430 1380 1530 1650 2265 2621 2971 3251 3466
Mid-Atlantic 3830 4030 5200 5300 5400 5822 7995 9250 10487 11473 12232
South Atlantic-Guit 1780 1980 2700 3200 3800 4097 5626 6509 7380 8074 8608
Great Lakes 3363 3800 4400 3160 3940 4248 5833 6749 7652 8371 8925
Ohio 1500 1810 2120 2200 2230 2404 3302 3820 4331 4738 5052
Tennessee 313 251 304 329 409 441 606 701 794 869 926
Upper Mississippi 1010 1150 1560 3000 1920 2070 2843 3289 3729 4079 4349
Lower Mississippi 380 500 610 750 920 992 1362 1576 1787 1955 2084
Souris-Red-Rainy 33 36 45 48 57 61 B4 98 111 121 129
Missouri Basin 826 970 1020 1210 1380 1488 2043 2364 2680 2932 3126
Arkansas-White-Red 625 730 740 940 1520 1639 2250 2604 2952 3230 3443
Texas-Gulf 935 870 1140 1360 3000 3235 4442 5139 5826 6374 6796
Rio Grande 245 254 310 354 314 339 465 538 610 667 711
Upper Colorado 41 53 58 77 123 133 182 211 239 261 279
Lower Colorado 229 296 290 510 720 776 1066 1233 1398 1530 1631
Great Basin 270 270 320 380 810 873 1199 1387 1573 1721 1835
Pacitic Northwest 1190 1250 1290 1170 1260 1359 1865 2158 2447 2677 2854
California 2700 4000 3400 3700 4100 4421 6070 7023 7962 8711 9288
Alaska 23 32 59 81 53 57 78 91 103 113 120
Hawaii 85 108 132 181 195 210 289 334 379 414 442
Caribbean 69 139 204 289 355 383 526 608 689 754 804
Total Withdrawals 20487 23839 27432 29619 34036 36699 50392 58301 66100 72316 77100

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends

in the historical data.
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Table A.4 —Freshwater withdrawals (million gallons per day) for industrial self-supplied use in the ikt o 1860 10 1985, by

water resource region, with projections of demand 10 2040

Water rssouice ragion 1960 1985 1970 1975 1980 1965 2000 2010 2p20 2030 2040
Groundwater
New England 130 140 180 200 180 a1 M 128 47 168 187
Mid-Atlantic 630 700 1000 630 580 261 438 505 s 858 737
South Atiantic-Gult 1140 1300 1500 1900 1800 809 1031 1188 73682 1542 1734
Great Lakes a1 360 300 300 830 283 244 281 322 365 410
Ohio 600 890 750 740 1300 585 553 638 73t B28 930
Tennessee 230 49 45 140 97 44 56 64 74 84 94
Upper Mississippi 480 620 630 690 650 292 390 450 516 584 857
Lower Mississippi 450 470 880 950 1000 450 581 670 767 868 77
Souris-Red-Rainy 5 7 5 2 4 4 2 3 3 3 4
Missouri Basin 183 270 360 400 380 m 226 261 299 338 380
Arkansas-White-Red 310 400 250 290 320 144 170 197 225 255 287
Texas-Gulf 352 340 390 340 240 108 192 222 254 288 323
Rio Grande 78 75 110 84 16 7 42 48 55 62 70
Upper Colorado 5 8 12 28 23 10 12 14 16 19 21
Lower Colorado 75 110 170 210 160 72 107 123 14 160 180
Great Basin 110 65 85 120 130 58 66 77 88 99 112
Pacific Northwest 400 400 620 2100 2300 1034 995 1147 1314 1489 1674
Catifornia 300 480 410 390 430 193 244 281 322 365 410
Alaska 12 7 -] 0 6 3 3 3 4 4 5
Hawaii 10 65 160 97 9 4 53 61 70 79 ag
Caribbean 29 38 40 72 85 38 39 45 52 58 86
Totat Groundwater 605C 6794 8005 9683 10340 4650 5555 6405 733% 8314 9345
Surface Water
New England 1100 1100 1100 1300 1300 898 907 987 1064 1139 1212
Mid-Aflantic 2830 3200 5600 3700 2900 2003 2990 3255 3508 788 3095
South Atlantic-Gult 1970 1600 2100 2600 4100 2832 21587 2348 2530 2708 2882
Great Lakes 7200 8700 8300 6900 5100 3523 4976 5416 5837 8249 86847
Ohio 6600 7700 5100 5200 3700 2558 3431 3735 4025 4309 4584
Tennesses 1200 1000 1300 1500 2000 1382 1176 128t 1380 1477 1872
Upper Mississippi 1200 1000 1100 1100 2600 1796 1178 1281 1380 1477 1572
Lower Mississippi 940 2100 3100 3300 3200 221 2353 2581 2780 3144
Souris-Red-Rainy 80 98 73 31 5 3 27 29 3 34 38
Missouri Basin 280 180 160 120 300 207 142 155 187 179 190
Arkansas-White-Red 681 440 370 630 530 366 378 408 440 471 501
Texas-Gulf 819 570 1000 330 280 193 395 430 483 496 527
Rio Grande 11 8 97 9 ] 0 26 28 30 aa 35
Upper Calorado 28 30 52 63 560 387 165 180 194 208 221
Lower Colorado 26 27 42 58 86 59 48 50 53 57 61
Great Basin 200 140 130 120 370 256 152 185 178 191 203
Pacific Northwest 1700 1400 1100 1300 1400 967 931 1014 1093 1170 1244
California 64 85 43 55 58 40 38 43 48 50 53
Alaska 70 95 100 90 120 83 78 83 89 95 102
Hawaii 33 51 100 94 36 25 56 61 66 n 75
Caribbean 130 140 180 98 30 21 75 82 89 95 101
Total Suface Water 27161 29664 31152 28598 28675 19810 21673 23591 25425 27218 28955
Wastewater
New England 0 o 1] 4] o] [} [} [+ [} [«] 0
Mid-Atlantic 70 130 130 150 160 120 266 N2 359 406 453
South Atlantic-GuH o] o] 0 0 0 0 0 0 o [ 0
Great Lakes o] 0 1] 0 0 0 0 o] o [ 0
Ohio [} 0 0 0 Q 0 0 0 1] [} 0
Tennessee V] 0 0 0 0 0 0 Q 0 [} 0
Upper Mississippi 0 4] [+ 0 0 0 0 0 0 0 [}
Lower Mississippi 1] 4] [+] 4] 0 0 0 0 0 )] [
Souris-Red-Rainy ) o] [+ 0 o 0 0 0 0 0 [+
Missouri Basin [} Q 1) 0 [} o [} 0 0 0 0
Arkansas-White-Red 0 2 5 4 [} 0 5 6 7 8 9
Texas-Guif o 2 1 5 0 0 4 4 5 6 6
Rio Grande 0 4 0 0 0 0 0 0 0 Q 0
Upper Colorado 0 [} 0 0 0 0 0 0 0 0 0
Lower Colorado 0 1 0 7 12 9 1" 13 15 18 20
Great Basin [} 0 0 1 1 1 1 1 2 2 4
Pacific Northwest ] 0 0 0 0 0 0 Q 0 0 o
Califarnia 1 1 4 2 9 7 9 " 12 14 15
Alaska [} 0 0 0 0 0 0 Q [} 0 0
Hawaii [+ ] 9 0 10 8 " 13 15 18 20
Caribbean [} 0 0 0 o] 0 0 Q 0 o} ]
Total Wastewater 4l 140 149 169 192 144 308 362 416 471 526
Total Withdrawals
New England 1230 1240 1280 1500 1480 928 996 1097 1199 1300 1401
Mid-Atlantic 3460 3900 6600 4330 3480 2182 3369 3712 4054 4397 4739
South Atlantic-Guif 3110 2900 3800 4500 5900 3699 3273 3608 3939 4272 4604
Great Lakes 7621 9060 8600 7200 5730 3592 5034 5548 8057 6569 7081
Ohio 7200 8590 5850 5940 5000 3135 3926 4325 4724 5123 5822
Tennessee 1430 1049 1345 1640 2097 1315 1188 1309 1430 1551 1871
Upper Mississippi 1680 1620 1730 1790 3250 2038 1583 1744 1905 2066 2227
Lower Mississippi 1390 2570 4080 4250 4200 2633 2930 227 3525 3823 4121
Souris-Red-Rainy 85 105 78 33 9 8 28 31 34 37 39
Missouri Basin 463 480 520 620 680 426 402 443 484 525 566
Arkansas-White-Red 991 840 620 920 850 533 559 816 672 729 786
Texas-Gulf 1168 910 1390 670 520 326 803 665 726 787 849
Rio Grande 106 83 207 93 16 10 74 81 a9 96 104
Upper Cotorado 29 38 64 9 583 365 173 190 208 225 243
Lower Colorado 104 137 212 268 246 154 170 187 204 222 239
Great Basin 310 205 215 240 500 313 223 246 269 291 314
Pacific Northwest 2100 1800 1720 3400 3700 2320 2062 2272 2482 26891 2901
California 364 565 458 445 488 306 25 358 3N 424 457
Alaska 82 102 108 R 126 79 76 B3 21 99 107
Hawaii 143 116 260 19t 45 28 118 128 140 1514 163
Caribbean 159 178 220 170 115 72 118 130 142 154 166
Total Withdrawals 33225 36458 39157 38281 39015 24480 27228 29996 32764 35532 38300

Source: Data for 1960 thraugh 1985 from USGS Circutars. Data for 2000 through 2040 are Forest Service estimates based upon trends

in the historical data.
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Table A.5.—Freshwater withdrawals (million gallons per day) for domestic self-supplied:sse'm e !nited States for 1960 to 1985, by

water resource region, with projections of demand to 2040

Water resource region 1960 1965 1970 1975 1980 1985 2000 2010 2020 2030 2040
Groundwater
New England 37 95 94 110 130 129 171 191 209 223 231
Mid-Atlantic 260 270 340 380 430 428 566 632 691 738 764
South Attantic-Guit 320 540 460 510 720 717 948 1058 1158 1235 1279
Great Lakes 290 260 270 280 270 269 356 397 434 463 480
Ohio 190 240 240 280 290 289 382 426 466 487 515
Tennessee 57 64 51 42 61 61 80 S0 98 105 108
Upper Mississippi 160 190 200 190 290 289 382 426 466 497 515
Lower Mississippi 50 63 110 77 94 94 124 138 151 161 167
Souris-Red-Rainy 10 13 19 24 23 23 30 34 37 39 41
Missouri Basin 98 94 110 130 210 209 277 309 338 360 373
Arkansas-White-Red 69 98 88 100 130 129 171 191 209 223 231
Texas-Guif 30 33 80 100 120 119 158 176 193 206 213
Rio Grande 9 10 20 25 33 33 43 49 83 57 59
Upper Coiorado 1 4 6 6 15 15 20 22 24 26 27
Lower Colorado 1 10 24 36 37 37 49 54 59 63 66
Great Basin 14 26 37 28 32 32 42 47 51 55 57
Pacitic Northwest 39 95 220 220 230 229 303 338 370 394 409
California 190 81 120 120 130 129 171 191 209 223 231
Alaska 5 6 4 6 1 1 14 16 18 19 20
Hawaii 6 0 ] 0 4 4 5 8 6 7 7
Caribbean 2 1 o] 2 5 5 7 7 8 9 9
Total Groundwater 1838 2193 2493 2666 3265 3251 4300 4800 5250 5600 5800
Surtace Water
New England 2 5 2 2 1 0 1 1 0 0 0
Mid-Atlantic 2 1 2 2 2 1 1 1 1 0 o}
South Atlantic-Gulf 0 0 2 2 0 0 o] 0 0 0 0
Great Lakes 10 10 7 4 3 1 2 1 1 1 1
Ohio 31 41 33 25 21 10 1t 9 6 4 4
Tennessee 1 0 1 0 0 0 o 0 0 0 0
Upper Mississippi 17 16 6 8 10 5 5 3 2 2 2
Lower Mississippi 5 1 0 1 1 4] 1 0 0 0 0
Souris-Red-Rainy 0 0 0 o 0 0 0 0 0 0 0
%issoun‘ Basin 15 12 1 14 22 10 9 7 5 4 4
rkansas-White-Red 5 6 6 7 25 12 9 7 4 3 3
Texas-Gult 0 0 o] 0 o] 0 o 0 0 0 0
Rio Grande 0 0 1 1 1 0 1 0 0 0 [o]
Upper Colorado 14 2 1 1 43 20 13 10 7 5 5
Lower Colorado 0 0 0 0 0 Q o] 0 0 0 0
Great Basin 2 1 1 1 4 2 1 1 1 1 1
Pacific Northwest 30 6 29 34 32 15 17 12 8 6 6
California 17 9 9 9 9 4 5 3 2 2 2
Alaska 1 2 2 3 o] 0 1 ] 0 0 0
Hawaii 2 0 0 ] 0 0 0 0 0 0 0
Caribbean 9 4 3 18 3 1 5 3 2 2 2
Total Surface Water 163 116 116 132 177 B3 80 60 40 30 30
Total Withdrawals
New England 39 100 96 112 131 127 167 186 202 241 222
Mid-Atlantic 262 271 342 382 432 418 550 615 665 707 732
South Atlantic-Gult 320 540 462 512 720 697 916 1025 1109 1178 1220
Great Lakes 300 270 277 284 273 264 347 389 420 447 462
Ohio 221 281 273 305 311 301 396 443 479 509 527
Tennessee 58 64 52 42 61 59 78 87 942 100 103
Upper Mississippi 177 206 206 198 300 291 382 427 462 491 508
Lower Mississippi 55 64 110 78 95 92 121 135 146 155 161
Souris-Red-Rainy 10 13 19 24 23 22 29 a3 35 38 39
Missouri Basin 113 106 121 144 232 225 295 330 357 379 393
Arkansas-White-Red 74 104 94 107 155 150 197 221 239 254 263
Texas-Gult 33 33 80 100 120 116 153 171 185 196 203
Rio Grande 10 10 21 26 34 33 43 48 52 56 58
Upper Colorado 6 6 7 7 58 56 74 83 89 95 98
Lower Colorado 10 10 24 36 37 36 47 53 57 61 63
Great Basin 16 27 38 29 36 35 46 51 55 59 61
Pacific Northwest 69 101 249 254 262 254 333 373 403 429 444
California 207 90 129 129 139 135 177 198 214 227 235
Alaska 6 8 6 9 11 11 14 16 17 18 19
Hawaii 8 0 0 0 4 4 5 6 6 7 7
Caribbean 11 5 3 20 8 8 10 1 12 13 14
Total Withdrawals 2005 2309 2609 2798 3442 3334 4380 4900 5300 5630 5830

Scurce: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends

in the historical data.
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Table A.6.—Freshwater withdrawals (million galions per day) for livestock watering use in the Unite

resource region, with projections of demand to 2040

d Sngirs fivern 1960 to 1985, by water

Water resource region 1960 1965 1970 1975 1980 1985 2000 2088 2020 2030 2040
Groundwater
New England 7 [ 7 4 4 10 6 7 7 7 8
Mid-Atlantic 38 37 46 68 79 196 83 a8 93 96 98
South Atlantic-Gulf 63 79 110 150 130 322 167 179 188 195 199
Great Lakes 64 57 62 60 64 159 80 85 90 93 95
Ohio 58 54 58 78 63 156 85 91 96 99 101
Tennessee 10 16 11 9 12 30 14 15 15 16 16
Upper Mississippi 200 260 200 200 220 546 266 284 299 310 316
Lower Mississippi 18 22 22 25 17 42 27 29 31 32 33
Souris-Red-Rainy 11 14 12 13 10 25 15 16 17 17 18
Missouri Basin 182 210 270 300 270 670 360 ass 405 420 428
Arkansas-White-Red 56 60 66 86 85 21 102 108 114 118 121
Texas-Gulf 10 53 71 85 78 193 100 107 113 117 119
Rio Grande 8 38 17 18 26 64 26 28 29 30 31
Upper Colorado 1 2 6 6 2 5 6 6 7 7 7
Lower Colorado 9 16 18 32 12 30 27 28 30 3 32
Great Basin 10 23 35 38 34 84 46 49 52 53 54
Pacific Northwest 21 24 18 28 21 52 29 31 32 33 34
Catifornia 57 34 38 42 36 89 50 53 56 58 59
Alaska 0 o] 0 0 0 0 0 0 o] 0 0
Hawaii 1 1 1 6 5 12 5 5 6 6 6
Caribbean 1 1 1 1 15 37 7 8 8 8 9
Totai Groundwater 825 1007 1069 1249 1183 2934 1501 1603 1688 1749 1783
Surface Water
New England 6 6 5 5 5 1" 7 7 8 8 8
Mid-Atlantic 26 23 33 27 32 69 41 44 46 48 49
South Atlantic-Gulf 67 68 51 96 110 239 114 122 129 134 136
Great Lakes 28 22 24 25 20 43 31 33 35 36 37
Ohio 69 80 84 110 90 195 126 135 142 148 151
Tennessee 28 21 20 28 29 63 34 36 39 40 a1
Upper Mississippi 91 56 60 63 51 ARR 77 82 87 90 92
Lower Mississippi 23 23 33 23 25 54 36 38 41 42 43
Souris-Red-Rainy 10 [ 2 3 4 9 4 4 5 5 5
Missour*Basin 137 160 170 180 120 261 208 223 235 244 249
Arkansas-White-Red 86 93 120 140 150 326 182 194 205 213 217
Texas-Gult 8 37 42 51 120 261 94 101 107 111 113
Rio Grande 6 3 20 20 [ 13 20 22 23 24 24
Upper Colorado 8 9 12 9 91 198 50 53 56 58 59
Lower Colorado 3 3 10 17 5 " 14 15 16 17 17
Great Basin 11 6 6 10 12 26 12 13 14 15 15
Pacific Northwest 38 35 34 25 34 74 41 44 47 48 49
California 25 50 54 58 50 109 72 77 81 84 86
Alaska 0 0 o] 0 0 0 0 0 0 0 0
Hawaii 2 3 6 0 0 0 3 3 3 3 3
Caribbean 3 5 8 8 15 33 14 15 16 16 16
Total Surface Water 675 737 794 898 969 2104 1179 1261 1332 1383 1411
Total Withdrawals
New England 13 12 12 9 9 21 13 14 15 15 16
Mid-Atlantic 64 60 79 95 11 260 124 132 140 145 148
South Atiantic-Gulf 130 147 161 246 240 562 282 301 317 32¢ 335
Great Lakes 92 79 86 85 84 197 11 119 125 130 132
Ohio 127 134 142 188 153 358 210 224 237 245 250
Tennessee k1) 37 31 37 41 96 47 51 53 55 57
Upper Mississippi 291 316 260 263 271 634 346 369 389 403 412
Lower Mississippi 41 45 55 48 42 98 63 67 ral 74 75
Souris-Red-Rainy 21 20 14 16 14 33 19 20 22 22 23
Missouri Basin 319 370 440 480 390 913 570 609 642 666 679
Arkansas-White-Red 142 153 186 226 235 550 282 301 37 329 335
Texas-Gulf 18 90 113 136 198 463 195 208 219 227 232
Rio Grande 14 69 37 a8 32 75 47 50 52 54 55
Upper Colorado 8 11 18 15 93 218 55 59 62 64 65
Lower Colorado 14 19 28 49 17 40 1 a4 46 48 49
Great Basin 21 29 41 48 46 108 59 63 66 69 70
Pacific Northwest 59 59 52 53 55 129 70 74 78 81 83
California 82 84 92 100 86 201 121 i29 136 141 144
Alaska 0 0 0 0 0 o} 0 0 0 0 ]
Hawaii 3 4 7 6 5 12 8 8 9 9 9
Caribbean 4 6 9 9 30 70 21 22 24 24 25
Total Withdrawals 1501 1744 1863 2147 2152 5038 2683 2864 3020 AN 3185

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends

in the historical data.
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Table A.7.—Freshwater withdrawals (million gallons per day) for thermoelectric steam cooling use in the United States for 1960 to 1885,
by Forest Service Reglon, with projections of demand to 2040

Forest Sesvice region 1960 1965 1970 1975 1880 1985 2000 2010 2020 2030 2040
Groundwater
Northern 3 1 1 2 2 1 1 1 1 1 1
Rocky Mountain 26 79 341 347 89 85 72 71 7 70 89
Southwaestern 23 23 49 52 51 43 48 47 47 48 46
Intermountain o] t 7 14 12 17 19 19 19 19 18
Pacific Southwest 303 330 383 521 1020 95 106 104 103 102 102
Pacific Northwest 0 0 0 0 0 1 1 1 1 t 1
Southern 530 818 167 172 208 201 223 220 217 215 214
Eaatern 38 62 488 300 208 208 229 228 223 221 220
Alaskan 0 1 1 2 8 4 5 5 5 5 5
Total Groundwater 920 1115 1435 1410 1598 633 703 684 686 679 676
Surface Water
Northern es5 138 413 780 1101 958 1153 1284 1414 1544 1675
Rocky Mountain 1528 984 1095 1119 2842 2873 3457 3848 4239 4830 5020
Southwestern 51 16 22 132 103 89 83 92 102 111 121
Intermountain 128 188 175 138 192 74 a9 29 109 119 129
Pacific Southwest 152 897 1254 1131 1110 418 500 557 614 870 727
Pacific Northwest 3698 5 26 29 23 439 528 588 648 707 767
Southern 22571 27311 39400 48258 58076 49796 59926 86700 73475 80249 87021
Eastern 44849 61154 75865 78019 83295 75592 90970 101254 111538 121821 132101
Alaskan 86 1 63 18 22 26 k3] 35 38 42 45
Total Surface Water 73125 90503 118319 129622 146764 130243 156738 174457 192176 209893 227606
Total Withdrawals
Northern 68 137 414 781 1103 959 0 1284 1413 1543 1673
Rocky Mountain 1552 1063 1437 1465 2931 2938 3534 3932 4329 4727 5124
Southwestern 74 39 71 184 154 112 135 150 165 180 195
Intermountain 128 199 182 150 204 91 110 122 135 147 159
Paclfic Southwaest 455 1027 1639 1651 2131 5N 614 684 753 822 891
Pacific Northwest 3698 5 26 29 23 440 529 588 648 707 767
Southern 23101 27929 39565 48432 58284 49996 60145 66910 73676 80441 87207
Eastern 44883 61217 76349 78321 83502 75798 91184 101441 111698 121955 132212
.zl‘gskln 86 2 69 20 30 30 36 41 45 49 53
Total Withdrawals 74045 91618 119754 131032 148362 130876 157441 175151 192862 210572 228282

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends
in the historical data.
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Table A 8. —Freshwater withdrawals (million

gallons per day) for irrigation use in the
Region, with projections of demand to 2040

United States for 196 to 1985, by Forest Service

Forest Service region 1960 1965 1970 1875 1980 1985 2000 2010 2020 2030 2040
Groundwater
Northern 541 626 551 929 1085 878 867 910 950 977 1001
Rocky Mountain 4077 5170 7534 12564 15037 12127 11972 12569 13118 13496 13823
Southwestern 3910 5100 5100 5500 5300 3670 3623 3804 3970 4084 4183
Intermountain 2442 3058 2469 3802 4341 3783 3735 3921 4092 4210 4312
Pacific Southwest 8880 11590 16550 17430 18460 11436 11290 11853 12371 12727 13036
Pacific Northwest 660 740 980 1150 1110 1100 1086 1140 1190 1224 1254
Southern 9819 15429 12054 15300 14759 12645 12484 13107 13679 14073 14414
Eastern 127 280 296 429 862 857 846 888 927 953 977
Alaskan 0 0 0 0 0 0 0 0 0 0 0
Total Groundwater 30403 41572 45251 57074 61153 56292 55575 58347 60894 62649 64167
Surface Water
Northern 6977 9314 10634 13771 12864 12128 12250 13143 14017 14736 15424
Rocky Mountain 11621 15999 17695 14652 17969 17310 17485 18759 20007 21033 22015
Southwestern 2620 3500 3900 4400 5400 4670 4717 5061 5398 5674 5939
Intermountain 11823 15653 16967 16231 15551 20364 20570 22069 23537 24745 25900
Pacific Southwest 9940 14580 17680 18520 19450 21070 21283 22834 24353 25602 26797
Pacific Northwest 7900 9300 9500 10400 11100 9550 9647 10349 11038 11604 12146
Southern 2706 5909 4956 5884 7034 6174 6236 6691 7136 7502 7852
Eastern 110 140 217 256 435 430 434 466 497 522 546
Alaskan 0 ] ] 0 0 0 0 o 0 o] 0
Total Surface Water 54069 74360 81686 85012 90456 85767 86635 92947 99129 104215 109080
Wastewater
Northern 0o 0 0 1 3 0 1 1 1 1 1
Rocky Mountain 39 0 86 80 2 5 23 20 18 16 14
Southwestern 0 78 22 54 3 29 23 20 18 16 14
Intermountain 48 52 59 9 13 17 10 9 8 7 ]
Pacific Southwest 430 400 177 160 150 253 149 132 116 102 90
Pacific Northwest 0 3 3 4 4 5 3 3 3 2 2
Southern 34 0 15 53 70 119 64 57 50 44 39
Easterf 10 1 0 0 30 26 15 13 1 10 9
Alaskan 0] 0 0 0 0 0 0 o} 0 0 0
Total Wastewater 562 535 366 365 279 453 290 257 225 199 176
Total Withdrawals
Northern 7518 9940 11186 14701 13952 13006 13005 13831 14624 15246 15827
Rocky Mountain 15637 21169 25316 27295 33008 29441 29439 31309 33105 34513 35827
Southwestern 6530 8678 9022 9954 10703 8369 8368 8900 9411 9811 10184
Intermountain 14313 18763 19495 20041 19905 24164 24162 25696 27171 28327 29405
Pacific Southwest 19250 26570 34407 36110 38060 32759 32757 34837 36836 38403 39865
Pacitic Northwest 8560 10043 10483 11554 12214 10655 10654 11330 11981 12480 12966
Southern 12559 21338 17025 21237 21863 18938 18936 20139 21294 22200 23045
Eastern 247 421 513 685 1327 1312 1312 1395 1475 1538 1597
Alaskan 0 0 0 0 0 0 0 0 0 0 0
Total Withdrawals 84933 116467 127303 142451 151888 142512 142500 151551 160248 167063 173423

Source: Data for 1960 through 1980 from
tional facilities (e.g. golf courses
1985 from the Soil Conservation S
Service estimates based upon tren

and s

USGS Circulars. In addi
ki slopes) and other us
ervice, modified by additiona
ds in the historical data.
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Table A.8.—Freshwater withdrawals (million galions per day) for municipal central supplies in the United States for 1960 to 1985, by
Forest Service Region, with projections of demand to 2040

Forest Service region 1960 1966 1970 1978 1080 1985 2000 2010 2020 2020 2040

Groundwater
Northern 62 ] 75 94 113 135 182 218 258 286 305
Rocky Mountain 350 353 419 4an 466 550 740 889 1040 1185 1242
Southwestern 184 261 322 443 488 583 784 841 1102 1234 1318
Intermountain 221 256 313 ‘345 593 538 723 868 1018 1137 1213
Pacific Southwest 1278 1985 1730 1884 2072 4202 5649 6784 7942 8891 9482
Pacific Northwest an 311 358 337 385 422 567 681 788 883 952
Southern 1796 2185 2626 3182 3811 4471 8011 7219 8451 8480 10080
Eastern 2053 2657 3652 3909 37868 3991 53686 6443 7543 8444 9006
Ataskan 8 12 24 35 23 41 55 68 77 87 93
Total Ground Water 8321 8096 9520 10781 11717 14933 20077 24110 28225 31507 33697

Surface Water
Northern 115 85 118 121 132 143 200 227 253 273 288
Rocky Mountain 418 532 500 837 813 911 1275 1447 1613 1743 1822
Southwestern 86 71 138 147 281 261 385 414 4682 499 522
Intermountain 183 193 200 285 533 374 523 594 862 716 748
Pacific Southwest 1410 2068 1810 2018 2218 1481 2045 2320 2586 2795 2922
Paclfic Northwest 789 775 769 662 670 948 1327 1505 1678 1814 1808
Southern 2531 2801 3630 4258 6986 8322 8850 10039 1119 12006 12845
Eastern 8640 9187 10716 10683 10658 11310 15831 17960 20020 21639 22621
Alaskan 15 20 35 48 30 35 49 56 82 67 70

Total Surface Water 14166 15743 17812 18838 22319 21785 30466 34562 38527 41843 43532

Total Withdrawals

Northern 177 180 191 215 244 278 382 442 501 548 584
Rocky Mountain 768 885 919 1108 1278 1462 2007 2322 2833 2880 3071
Southwestern 250 330 457 590 770 844 1158 1341 1520 1683 1773
Intermountain 403 447 512 609 1127 912 1252 1448 1642 1796 1915
Pacific Southwest 2684 4054 3536 3900 4290 5663 7778 8996 10200 111580 11897
Pacific Northwest 1180 1087 1128 1000 1035 1370 1881 2176 2468 2700 2878
Southern 4326 4978 6253 7439 10798 10794 14821 17147 19441 21269 22676
Eastern 10696 11867 14378 14877 14439 15301 21010 24308 27559 30151 32146
Alashgn 23 32 59 81 53 76 104 121 137 150 160
Total Withdrawals 20487 23839 27432 29619 34038 36699 50392 58301 66100 723186 77100

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends
in the historical data.
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Table A.10.—Freshwater withdrawals (million gall
Forest Service Region, with projecti

ons per day) for industrial self-supplied use in the United States for 1960 to 1985, by
ons of demand to 2040

Forest Service region 1960 1985 1970 1975 1989 1985 2000 2010 2020 2030 2040
Groundwater
Northern 57 a8 114 446 497 76 91 104 120 136 152
Rocky Mountain 230 210 342 385 332 156 186 215 246 279 313
Southwestern 79 17 222 254 147 68 82 94 108 122 137
Intermountain 175 155 373 1625 1804 187 223 257 295 334 375
Pacific Southwest 415 542 569 485 430 420 502 579 663 751 844
Pacific Northwest 211 298 260 209 230 159 190 219 251 284 320
Southern 2747 2621 3268 3716 3646 1872 2236 2578 2954 3346 3761
Eastern 2124 2743 2849 2563 3248 1704 2036 2348 2690 3048 3425
Alaskan 12 7 8 0 6 8 10 11 13 14 16
Total Groundwater 6050 6794 8005 9683 10340 4650 5555 6405 7339 8314 9345
Surface Water
Northern 193 112 149 120 108 40 44 48 51 85 58
Rocky Mountain 221 181 187 198 827 146 160 174 188 201 214
Southwestern 20 26 38 25 20 8 9 10 10 11 12
Intermountain 233 212 260 277 564 38 42 46 49 53 56
Pacific Southwest 76 102 128 136 81 121 132 144 155 166 177
Pacific Northwest 3234 1242 998 1130 1245 674 737 803 865 926 985
Southern 6473 6454 9089 9262 10524 T 8437 9183 9897 10595 11271
Eastern 16641 21241 20202 17360 15187 10965 11996 13058 14073 15066 16027
Alaskan kAl 94 100 ac 120 106 116 126 136 146 155
Total Surface Water 27161 29664 31152 28598 28675 19810 21673 23591 25425 27218 28955
Wastewater
Northern 0 0 0 0 0 0 0 o 0 0 0
Rocky Mountain 0 0 0 0 0 0 o} 0 0 0 0
Southwestern 0 o] 0 0 2 5 4 5 6 6 7
Intermountain 0 1 0 8 11 0 12 14 16 18 20
Pacitic Southwest 1 1 13 2 19 3 15 17 20 22 25
Pacific Northwest [¢] 0 0 0 0 1 0 0 9] 1 1
Southern 0 7 6 9 0 55 39 46 53 80 66
Eastern 70 131 130 150 160 81 238 280 322 364 406
Alaskagg: 0 0 0 V] 0 o] 0 0 0 0 0
Totali Wastewater 7" 140 149 169 192 144 308 362 416 471 525
Total Withdrawals
Northern 250 160 264 567 605 1186 129 142 155 168 181
Rocky Mountain 454 391 528 584 11461 302 336 370 405 439 473
Southwestern 101 197 260 280 167 76 85 94 102 1 120
Intermountain 411 366 634 1907 2366 225 251 276 302 327 353
Pacific Southwest 498 644 697 623 510 541 602 663 724 786 847
Pacific Northwest 3437 1540 1258 1339 1480 833 927 1022 1116 1210 1304
Southern 9247 9075 12358 12979 14203 9583 10667 11752 12836 13921 15005
Eastern 18745 23985 23052 19912 18488 12670 14103 15537 16971 18405 19838
Alaskan 83 101 108 20 126 114 127 140 153 166 179
Total Withdrawals 33225 36458 39157 38281 39105 24480 27228 29996 32764 35532 38300

Source: Data for 1960 through 1985 from
in the historical data.
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Table A.11.—Freshwater withdrawals (miilion gallons per day) for domestic seif-supplied use in the United States for 1980 to 1885, by
Forest Service Reglon, with projections of demand to 2040

Forest Service reglon 1960 1985 1970 1978 1880 1985 2000 2010 2020 2030 2040
Groundwater
Northern 23 27 32 44 82 48 81 68 74 79 81
Rocky Mountain Ial 80 97 110 188 105 134 148 162 172 178
Southwaestern a7 10 38 56 64 64 81 90 88 104 108
Intermountain 24 48 47 54 73 80 101 112 122 130 134
Pacific Southwest 202 79 120 120 133 131 1686 184 201 213 221
Pacitic Northwes! 18 74 203 188 189 168 213 238 258 274 283
Southern 542 888 869 928 1238 1115 1416 1568 1709 1815 1877
Eastern 915 984 1083 1160 1327 1531 1945 2153 2347 2492 2578
Alaskan 5 8 4 8 11 -] 11 13 14 15 15
Total Groundwater 1838 2193 2493 2666 3265 3251 413 4573 4985 5203 5475
Surface Water
Northern 1 0 2 1 1 0 0 0 0 4] 0
Rocky Mountain 4 9 7 7 68 3 5 5 5 5 5
Southwestern 3 2 1 1 1 1 2 2 2 2 2
Intermountain 3 2 2 4 8 2 3 3 3 3 3
Pacific Southwest 22 9 9 9 10 30 47 47 47 47 47
Pacitic Northwest 30 5 6 30 30 10 15 15 15 15 15
Southern 22 25 17 29 14 16 25 25 25 25 25
Eastern 77 83 50 47 47 20 31 31 k| 31 31
Alaskan 1 2 2 3 0 1 1 1 1 1 1
Total Surface Water 1683 116 116 132 177 83 129 129 129 129 129
Total Withdrawals
Northern 25 27 34 45 83 43 68 76 83 89 92
Rocky Mountain 76 89 104 117 235 109 152 170 187 200 207
Southwaestern 41 12 39 57 65 65 91 102 113 120 125
Intermountatn 27 48 49 58 79 82 115 128 141 150 156
Paciflc Southwest 224 87 129 129 143 1681 225 252 277 296 307
Pacific Northwest 48 78 229 219 199 178 248 278 308 328 338
Southern 567 912 887 958 1253 1131 1582 1772 1948 2077 2154
Eastern 994 1047 1133 1207 1374 1550 2169 2429 2668 2847 2953
Algkan 6 8 -] 9 " 10 14 15 17 18 18
Total Withdrawals 2005 2309 2609 2798 3442 3334 4664 5224 5737 6123 8351

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends

In the historical data.
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Table A.12.—Freshwater withdrawals (mi

liion gallons per day,
Service Region, with projection

) for livestock watering use in the United States for 1960 to 1985, by Forest
s of demand to 2040

Forest Service region 1960 1965 1970 1975 1980 1985 2000 2010 2020 2030 2040
Groundwater
Northern 17 35 36 42 k] 258 132 141 149 154 157
Rocky Mountain 136 167 208 236 225 179 92 98 103 107 109
Southwastern 19 42 32 43 20 36 18 20 1 21 22
Intermountain 16 38 45 55 43 851 438 485 490 507 517
Pacific Southwest 58 35 39 48 42 42 21 23 24 25 25
Pacific Northwest 1 13 7 7 1" 25 13 14 14 15 15
Southern 180 220 277 348 326 992 507 542 571 591 603
Eastern 388 456 426 472 479 541 277 296 3n 322 329
Alaskan 0 0 0 0 0 10 5 5 ] 6 6
Total Groundwater 825 1007 1069 1249 1183 2934 1501 1603 1688 1748 1783
Surface Water
Northern 49 40 27 28 26 45 3 a3 35 38 37
Rocky Mountain 72 91 119 99 173 126 211 225 238 247 252
Southwestern 9 37 40 44 12 75 14 15 16 17 17
Intermountain 21 17 18 18 29 30 36 38 40 42 43
Pacific Southwest 26 51 59 59 51 162 61 68 69 72 74
Pacific Northwest 26 24 21 21 21 813 25 27 29 30 30
Southern 243 263 281 359 475 542 577 618 852 677 691
Eastern 230 215 228 272 183 185 223 239 252 262 267
Alaskan o 0 0 0 0 146 o] 0 0 0 0
Total Surface Water 675 737 794 898 969 2104 1179 1261 1332 1383 1411
Total Withdrawals
Northern 66 75 63 70 61 303 162 173 182 189 192
Rocky Mountain 209 258 328 335 399 305 162 173 183 190 194
Southwestern 27 79 72 87 32 i1 59 63 87 69 70
intermountain 37 56 63 70 72 881 489 501 528 548 559
Pacific Southwest 84 86 98 108 93 204 108 116 122 127 129
Pacific Northwest 37 37 28 28 32 838 446 476 502 521 531
Southern 421 485 558 705 803 1534 817 872 920 953 973
Eastern 620 670 654 744 660 706 37eé 401 423 439 448
Alaskdn 0 0 i} 0 0 1568 83 89 93 97 %
Total Withdrawals 1501 1744 1863 2147 2152 5038 2683 2864 3020 3N 3195

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 a

in the historical data.
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Tabie A.13.—Freshwater consumption (million galions per day) for thegmoslectric steam cooling use In the United States for 1980 to
1985 by Water Resource region and Forest Service région, with projections of demand to 2040

Region 1960 1968 1070 1978 1980 1985 2000 2010 2020 2030 2040

Water rescurce region
New England 1 3 3 ] 21 N 50 80 ] 78 91
Mid-Atlantic 18 27 38 140 260 389 6823 T47 843 -] 1122
South Atlantic-Guit 7 11 120 210 270 404 047 778 878 1008 1188
Great Lakes 12 )] 14 52 93 130 223 207 301 348 401
Ohio a3 17 80 280 520 778 1248 1483 1085 1937 2245
Tennesses 0 8 84 50 20 30 48 57 65 75 88
Upper Misaissippi 4 27 23 06 290 434 695 833 940 1080 1252
Lower Mississippl 19 20 190 280 400 588 959 1149 1206 1490 1727
Souris-Red-Ralny 2 1 1 1 1 1 2 3 3 4 4
Missouri Basin 12 H 34 8 350 523 839 1008 1134 1304 1511
Arkansas-White-Red 2 54 82 95 410 813 982 1177 1329 1527 1770
Texas-Gulf 82 140 100 380 380 538 863 1034 1167 1341 1554
Rio Grande 4 1" 17 20 1" 18 ] 32 k] 4 47
Upper Colorado 8 18 22 80 130 194 312 373 421 4684 561
Lower Colorado 7 18 k] 47 49 73 117 141 159 183 212
Great Basin 2 2 8 (-] ] ] 14 17 19 22 26
Pacific Northwest 0 0 0 9 2 3 5 8 ] 7 9
Calitornia 17 18 24 32 41 81 98 118 133 153 177
Alaska 0 o 0 1 ] 0 0 0 0 0 0
Hawait 0 0 0 0 0 (1] 0 0 1] 0 0
Caribbean 0 1 0 5 (] '] 14 17 19 22 26
U.S. Total 224 415 a1 1947 3240 4846 7764 9303 10499 12070 13085

Foreat Service reglon
Northern 2 2 1 20 28 41 88 79 80 102 118
Rocky Mountain 22 48 53 77 197 113 181 216 244 281 325
Southwaestern 20 31 59 74 108 96 154 184 208 238 277
Intermountain 4 4 13 k] k) 51 82 88 111 128 148
Pacitic Southwest 17 18 24 32 41 28 41 50 58 85 75
Pacific Northwest 10 0 v} 7 1 25 40 48 54 82 72
Southern 96 228 568 1081 1538 1085 1739 2083 2351 2703 3132
Eastern 53 87 106 830 1294 3408 5457 8539 7379 8483 9829
Alaskan 0 0 4] 1 0 3 5 8 7 8 )
ToWl Consumption 224 415 821 1947 3240 4846 7764 9303 10499 12070 13885
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Table A.14.—Freshwater consumption (million gallons per day) for irrigation use in the United States for 1960 to 1985 by water resource
region and Forest Service region, with projections of demand to 2040

Reglon 1960 1965 1870 1975 1980 1985 2000 2010 2020 2030 2040
Water resource reglon
New England 7 26 64 57 52 46 55 57 80 [:}] 63
Mid-Atlantic 82 122 120 200 240 212 253 264 275 284 292
South Atlantic-Gulf 797 1400 1500 1500 2300 2028 2421 2531 2637 2720 2797
Great Lakes 45 64 87 94 330 291 347 363 378 390 401
Ohio 12 24 35 32 150 132 158 185 172 177 182
Tennessee 14 8 7 7 7 6 7 8 8 8 9
Upper Mississippl 44 77 95 140 370 326 ase 407 424 438 450
Lower Mississippi 660 1200 2200 4000 4800 4232 5053 5283 5504 5677 5838
Souris-Red-Rainy 9 17 12 41 60 53 63 66 69 7 73
Missouri Basin 6946 9800 12000 14000 15000 13225 15790 18509 17199 17740 18245
Arkansas-White-Red 3390 7700 6000 8000 8200 7229 8632 9025 9402 9698 9974
Texas-Gulf 4798 5500 4900 6500 4900 4320 5158 5393 5618 5795 5960
Rio Grande 3402 3900 3000 3200 2100 1851 221 2311 2408 2484 2554
Upper Colorado 3505 3200 4000 1500 2000 1763 2105 2201 2293 2365 2433
Lower Colorado 3395 3100 4700 5700 4300 3791 4527 4732 4930 5085 5230
Great Basin 3300 3000 2900 3400 3500 3086 3684 3852 4013 4139 4257
Pacific Northwest 8000 10000 10000 9800 11000 9698 11580 12108 12612 13009 13379
California 13000 16000 21000 21000 23000 20278 24212 25313 26371 27201 27975
Alaska 0 0 1 0 0 0 0 0 0 0 0
Hawaii 370 530 750 500 610 538 642 671 699 721 742
Caribbean 250 230 98 150 200 176 211 220 229 237 243
U.S. Total 52026 65888 73469 790 83119 73282 87498 91479 95303 98301 101098
Forest Service region
Northern 3471 5750 6663 3801 4109 3041 3631 3796 3955 4079 4196
Rocky Mountain 9193 12028 14586 16513 17656 15997 19101 19970 20804 21459 22069
Southwestern 4224 4438 5882 6812 5706 4439 5301 5542 5773 5855 8124
intermountain 7186 8276 7624 7773 8770 8211 9804 10250 10679 11015 11328
Pacific Southwest 14453 15650 21044 21537 23836 18818 22469 23491 24473 25243 25961
Pacitic Northwest 4124 4436 4564 5208 5606 6889 8225 8600 8959 9241 9504
Southern 9143 14913 12648 175684 168356 14899 17550 18349 19116 19717 20278
Eastern 233 3688 460 813 1278 1187 1417 1481 1543 1592 1837
Alaskan 0 0 1 0 0 0 0 0 0 0 0
— T
Total Consumption 52026 65888 73469 79921 83119 73282 87498 91479 95303 98301 1010898

Source: Data for 1960 through 1980 from USGS Clrculars. In addition to the Irrigation of crops this data also Includes irrigation of recrea-

tional facllities (e.g. golf courses and skl siopes) and other uses (a.g. landscape plantingsj it water source

Is self-supplied. Data for

1985 trom the Soil Conservation Service, moditied by additional nonagriculturel irrigation use. Data for 2000 through 2040 are Forest
Service estimates based upon trends in the historical data.
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Table A.15.—Freshwater consumption {million galions per day) for municipal central supplies in the United States for 1960 to 1885 by
water resource region and Forest Service region, with projections of demand to 2040

Reglon 1960 1965 1970 1975 1980 1885 2000 2010 2020 2030 2040

Water rescurce region
New England 150 160 190 180 150 130 217 239 258 272 280
Mid-Atlantic 452 681 750 760 710 615 1027 1132 1223 1289 1326
South Atlantic-Gulf 300 360 590 930 780 6878 1128 1244 1344 1418 1457
Great Lakes 400 520 500 410 310 269 443 494 534 583 579
Ohio 190 230 270 240 240 208 347 383 414 436 448
Tennessee 60 46 36 40 44 38 64 70 76 80 82
Upper Mississippi 130 180 190 170 180 156 260 287 310 327 336
Lower Mississippi 110 200 240 310 400 347 578 638 689 728 747
Souris-Red-Rainy 9 1 19 20 22 19 32 35 38 40 41
Missouri Basin 212 240 250 290 360 312 521 574 620 853 672
Arkansas-White-Red 196 260 250 330 310 269 448 494 534 563 579
Texas-Gulf 396 350 380 560 550 477 795 877 948 998 1027
Rio Grande 124 110 150 190 140 121 202 223 241 254 261
Upper Colorado 10 14 19 28 41 36 59 65 P 74 77
Lower Colorado 110 150 190 240 390 338 564 622 672 708 728
Great Basin 67 69 140 140 310 269 448 494 534 563 579
Pacitic Northwest 150 210 260 230 290 251 419 463 500 526 542
California 370 1300 1400 1500 1700 1473 2458 2M 2929 3086 3175
Alaska 0 7 11 4 33 29 48 53 57 60 82
Hawail 25 38 46 55 60 52 87 96 103 109 112
Caribbean " 21 43 42 75 65 108 120 129 136 140
U.S. Total 3472 5137 5924 6667 7095 6149 10259 11316 12226 12878 13250

Forest Service region
Northern 74 61 91 87 99 86 143 158 171 180 185
Rocky Mountain 191 241 235 275 348 302 503 555 600 832 650
Southwaestern 123 161 227 283 438 380 634 899 755 795 818
intermountain 108 121 202 212 417 362 803 865 719 757 779
Pacific Southwest 395 1324 1455 1857 1757 1522 2540 2802 3027 3188 3280
Pacific Northwest 113 186 208 176 217 188 313 345 373 393 404
Southern 1139 1301 1612 2323 2172 1882 3140 3464 3742 3942 4056
Eastern 1329 1735 1881 1749 1615 1399 2335 2575 2783 2931 3016
Alaskan 0 7 11 4 33 29 48 53 57 60 62
Tows Consumption 3472 5137 5924 6667 7095 6149 10259 11316 12226 12878 13250

Source. Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends
in the historical data.
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Table A.16.—Freshwater consumption {milfion gallons per day) for industrial self-supplied use in the United States for 1960 to 1985
by water resource region and Forest Service region, with projections of demand to 2040

Region 1960 1965 1970 1875 1980 1985 2000 2010 2020 2030 2040

Water resource region
New England 84 79 96 64 66 72 88 100 112 123 135
Mid-Atiantic 460 470 330 340 280 307 375 424 473 523 573
South Atlantic-Gulf 430 260 540 540 1100 1204 1473 1665 1859 2054 2249
Great Lakes 280 360 450 370 370 405 495 560 625 691 757
Ohio 310 410 260 360 420 460 562 636 710 784 859
Tennessee 240 170 72 120 220 241 295 333 372 411 450
Upper Mississippi 36 58 75 98 170 186 228 257 287 317 348
Lower Mississippi 380 450 780 810 740 810 991 1120 1251 1382 1513
Souris-Red-Rainy 7 2 6 5 6 7 8 9 10 1 12
Missouri Basin 55 71 65 52 77 84 103 117 130 144 157
Arkansas-White-Red 185 330 210 270 330 361 442 500 558 616 675
Texas-Gulf 239 350 580 290 350 383 469 530 592 653 716
Rio Grande 3 46 97 55 13 14 17 20 22 24 27
Upper Colorado 5 8 21 27 63 69 84 95 106 118 129
Lower Colorado 32 51 100 190 150 164 201 227 254 280 307
Great Basin 9 36 62 63 100 109 134 151 169 187 204
Pacific Northwest 91 83 150 310 350 383 469 530 592 653 716
Calitornia 80 110 170 180 190 208 254 288 321 355 389
Alaska 0 4 4 0 1 1 1 2 2 2 2
Hawaii 13 4 4 4 0 0 0 0 [ 0 0
Caribbean 7 10 18 37 20 22 27 30 34 37 41
U.S. Total 2974 3362 4090 4185 5016 5492 6715 7594 8478 9365 10257

Forest Service region
Northern 32 24 28 50 57 33 41 46 51 57 62
Rocky Mountain 54 7 113 119 165 172 21 238 266 294 322
Southwestern 28 92 137 221 125 159 194 220 245 271 297
Intermountain 43 61 100 21 278 47 57 65 72 80 87
Pacific Southwest 95 114 175 183 191 679 830 939 1048 1158 1268
Pacific Northwest 154 64 126 149 171 159 194 220 245 27 297
Southern 1524 1581 2220 2075 2781 1945 2378 2690 3003 3317 3633
Eastern 1045 1351 1187 1177 1247 2282 2790 3155 3523 3891 4262
Alaskan 0 4 4 0 1 16 19 22 24 27 29
Tot#*Consumption 2974 3362 4090 4185 5016 5492 6715 7594 8478 9365 10257

Source: Daia for 1960 through 1985 trom USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends
in the historical data.
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Table A.17.—Freshwater consumption (million gallons per day) for domestic self-supplied use in the United States for 1960 to 1985
by water reaource region and Forest Service region, with projections of demand to 2040

Region 1960 1965 1970 1975 1980 1985 2000 2010 2020 2030 2040

Water resource reglon
New England K1) 84 47 38 63 46 48 49 50 51 51
Mid-Atlantic a6 88 130 100 110 106 112 115 117 118 120
South Atlantic-Gulf 310 490 360 340 440 357 375 385 392 398 401
Groat Lakes 96 100 78 61 74 67 70 72 73 74 75
Ohio 140 200 180 140 200 163 171 175 179 182 183
Tennessee 54 61 31 25 39 30 K 32 33 33 33
Upper Mississippi 73 100 130 48 190 115 121 124 127 128 130
Lower Mississippi 52 58 100 68 67 74 77 79 81 82 83
Souris-Red-Rainy 7 14 19 11 23 17 17 18 18 19 19
Missouri Basin 89 85 96 110 170 118 124 127 129 131 132
Arkansas-White-Red 70 96 84 97 120 94 99 102 104 105 106
Texas-Gulf 29 33 80 100 120 94 29 101 103 105 106
Rio Grande 6 7 13 17 18 15 16 16 17 17 17
Upper Colorado 2 2 3 3 17 7 8 8 8 8 8
Lower Colorado 6 5 17 27 27 22 23 24 24 25 25
Great Basin 8 15 13 6 14 10 11 11 1 12 12
Pacific Northwest 23 75 200 180 200 182 1971 196 200 202 204
California 120 51 73 78 84 73 77 79 80 81 82
Alaska 0 0 0 0 0 0 0 0 0 ] 0
Hawali [ 0 0 0 3 1 1 1 1 1 1
Caribbean 9 4 3 4 2 3 3 3 3 3 3
U.S. Total 1217 1568 1657 1449 1981 1592 1675 1716 1751 1776 1791

Forest Service region
Northern 12 24 29 40 75 45 47 49 50 50 51
Rocky Mountain 68 80 88 97 152 106 m 114 116 118 119
Southwestern 31 8 24 37 39 31 33 34 35 35 35
intermountain 9 23 19 14 27 18 20 20 21 21 21
Pacific Southwest 133 50 71 74 85 72 76 78 79 81 81
Pacific Northwest 18 67 190 169 168 165 173 178 181 184 185
Southern 519 798 721 661 842 696 732 750 766 777 783
Eastern 427 517 513 356 594 458 482 494 504 511 515
Alaskan 0 0 0 0 0 0 0 0 0 0 Q
Tosat Consumption 1217 1568 1657 1449 1981 1592 1675 1716 1751 1776 1791

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Forest Service estimates based upon trends
in the historical data.
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Table A.18.—Freshwater consumption (million galions per day) for livestock watering use in the United States for 1960 to 1985 by water
resource region and Forest Service region, with projections of demand to 2040

Region 1960 1965 1970 1975 1980 1985 2000 2010 2020 2030 2040

Water resource region
New England 13 1" 12 9 9 11 11 12 12 12 13
Mid-Atlantic 58 51 65 76 86 103 105 110 116 119 121
South Atlantic-Gulf 127 140 150 240 240 287 292 308 323 333 338
Great Lakes 85 72 82 78 77 92 94 99 103 107 109
Ohio 130 130 140 170 140 168 170 180 188 194 197
Tennessee 38 38 30 32 40 48 49 51 54 55 56
Upper Mississippi 290 300 250 250 270 323 328 347 363 374 381
Lower Mississippi 41 44 55 47 41 49 50 53 58 57 58
Souris-Red-Rainy 21 19 15 16 14 17 17 18 19 19 20
Missouri Basin 301 360 410 440 380 455 462 488 511 527 536
Arkansas-Whita-Red 139 150 180 220 230 275 280 295 309 319 324
Texas-Gulf 16 89 110 140 190 227 231 244 255 263 268
Rio Grande 13 68 36 37 26 3t 32 33 35 36 37
Upper Colorado 7 10 17 14 22 26 27 28 30 30 31
Lower Colorado 12 16 28 47 11 13 13 14 15 15 16
Great Basin 19 16 21 20 17 20 21 22 23 24 24
Pacific Northwest 55 55 47 47 49 59 60 63 66 68 69
California 66 45 50 54 47 56 57 60 63 65 66
Alaska 0 0 0 0 0 0 [\] 0 0 0 0
Hawaii 2 3 7 5 5 6 6 6 7 7 7
Caribbean 4 6 8 9 7 8 8 9 9 9 9
U.S. Total 1437 1621 1713 1951 1901 2276 2311 2442 2555 2635 2681

Forest Service region
Northern 65 74 61 67 60 98 100 105 110 114 116
Rocky Mountain 196 251 304 307 314 271 275 291 304 314 319
Southwestern 22 78 71 86 18 59 60 63 66 68 69
Intermountain 32 36 39 a8 38 96 98 103 108 112 114
Pacific Southwest 68 47 56 59 51 157 160 169 176 182 185
Pacific Northwest 35 35 26 25 29 50 51 54 56 58 59
Southern 416 472 540 680 769 911 925 977 1022 1054 1073
Eastern 603 628 614 689 623 633 643 680 71 733 746
Alaskan 0 ] 0 0 0 [¢] 0 0 [0} 0 0

Totat®onsumption 1437 1621 1713 19561 1801 2276 2311 2442 2555 2635 2681

Source: Data for 1960 through 1985 from USGS Circulars. Data for 2000 through 2040 are Fores! Service estimates based upon trends
in the historical data.
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APPENDIX B: DEMAND EQUATIONS

INTRODUCTION

Demand equations were estimated using the 1987
release of BMDP for the Personal Computer, which ex-
ecutes the same routines outlined by Dixon et al. (1985).
The stepwise regression routine was used to explore
possible independent variables (table 11) for each de-
pendent variable and transformation. Further analyses
were performed using multiple linear regression.

Several different curve forms were tested for fit against
the data. The prior assumption was that a logarithmic
curve form was the most appropriate, given the emphasis
on recycling and conservation engendered by legislation
of the early 1970s. Semilogarithmic (Y = Ilna + bln X)
and double logarithmic In Y = Ina + b Iln X; shown
below as expfc + b In x] where ¢ = In a) curve forms
were explored in preference to linear forms. The BMDP
Data Manager for the Personal Computer (Engelman et
al. 1986) was used to perform the natural logarithm
transformations of dependent and independent
variables.

Unless otherwise specified, F statistics listed are for
equations with a single explanatory variable and a time
series of six data points (1960 to 1985 inclusive). The
critical values for F1,5 are 4.06, 6.61, and 16.3 for 10%,
5%, and 1%, respectively.

THERﬁOELECTRIC STEAM COOLING

EQUATIONS

Total freshwater withdrawals
exp[7.6658 + 0.5656 In kWh]
R2=.93 F=51.6

Groundwater withdrawals = No significant equations

Fresh surface water withdrawals =
exp{7.6241 + 0.5701 In kWhj}
R2=.94 F=60.0

Freshwater consumption
-10642 - 3.2887 kWh + 182.446 civilian labor force
RZ=.98 F=91.2

DISCUSSION

Because no significant equations emerged for ground-
water withdrawals, demand for fresh groundwater
withdrawals was estimated as the difference between
total freshwater withdrawals and fresh surface water
withdrawals. Saline surface water {oceans and estuaries)
is an alternative source of water for thermoelectric steam
cooling. Because those utilities using groundwater are
usually located in arid areas far removed from coastal
sites where saline surface sources are available, saline
surface sources were ignored for purposes of estimating
groundwater withdrawals.
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Billion kWh of power generated was selected as the
best independent variable for projecting steam cooling
withdrawals and consumption. The double exponential
form suggests that conservation and recycling will con-
tinue to grow, but at a decreasing rate. Billion kWh were
projected based upon the GNP relationships identified
by the U.S. Department of Energy and the GNP projec-
tions from the basic assumptions for this Assessment.

IRRIGATION

EQUATIONS

Total freshwater withdrawals
-227076 + 50465.68 In kWh
R?=.88 F=30.2

Groundwater withdrawals
-94490 + 20168.35 In kWh
R2=-.66 F=7.9

Fresh surface water withdrawals
-133814 +30414.04 In kWh
R2=94 F=67.3

1736 -186.71 In kWh
R2=57.8 F=5.5

Wastewater withdrawals

-84411 + 22194.83 In kWh
R2=.79 F=14.8

Freshwater consumption

DISCUSSION

The wastewater withdrawals equation has an F sta-
tistic that is significant at the 7% level. Because waste-
water withdrawals represent only 0.2% of the total
demand for irrigation water in 1985, this level of signif-
icance was judged acceptable for projecting irrigation
withdrawals. No other form or independent variable
gave better results.

Billion kWh was selected as the most relevant inde-
pendent variable to explain irrigation withdrawals and
consumption. Electricity is the primary energy source
used to pump water from aquifers and surface sources
and pressurize sprinkler water delivery systems.

MUNICIPAL SUPPLIES

EQUATIONS

Total freshwater withdrawals
exp[-1.1803 + 2.138 In population]
R2=.987 F=2354



Groundwater withdrawals
exp[-5.1671 + 2.6840 In population]
R2=.976 F=120.9

Fresh surface water withdrawals
exp[~0.0643 + 1.8497 in population]
R2=.971 F=98.9

Freshwater consumption
-76821 + 15504.6 In population
R2=.95 F=72.8

DISCUSSION

Population is the most relevant independent variable
for explaining changes in municipal withdrawals and
consumption. Municipal supplies also serve some com-
mercial and industtial facilities but usage by these firms
is largely for people-related purposes so population
growth remains relevant.

INDUSTRIAL SELF-SUPPLIED WATER USE
EQUATIONS

No demand equations were statistically significant.

Freshwater consumption
s -21953 + 3335.4 In GNP

R2=.989 F=374.7

DISCUSSION

GNP was expected to be the most relevant independ-
ent variable for projecting industrial self-supplied water
use. But regression equations could not be developed
with GNP or any other independent variable in the data
set that explained a significant portion of the variation
in industrial self-supplied water withdrawals. Although
GNP continued to grow at nearly the same rate as dur-
ing the 1960s and 1970s, water pollution legislation and
policy changes forced changes in withdrawals indepen-
dent of continued growth in GNP. The change in with-
drawals was so abrupt and happened so recently that
statistically defensible projections of industrial self-
supplied use cannot yet be made. Consequently, projec-
tions were based on simple time trends.

Projections assume that a major adjustment in water
use occurred in the 1980s. Further, that industrial seif-
supplied use will soon resume growing at about 95% of
the annual rate of growth between 1960 and
1980—roughly 275 mgd per year. This total rate of in-
crease was disaggregated into 130 mgd per year in fresh
surface water withdrawals, 90 mgd per year in ground-
water withdrawals, and 54 mgd per year in wastewater
withdrawals.

The consumption equation, however, explains virtually
all the variation in consumption and is highly significant.
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DOMESTIC SELFS3JPPLIED WATER USE

EQUATIONS

Total freshwater wifhebowals
-2535 + 28.089 population

R2=.94 F=58.8

Groundwater withdsawals =
-2838 + 25.916 population
R2=.96 F=104.

Fresh surface water withdrawals = no significant in-

dependent variable

DISCUSSION

Population was selected as the most relevant independ-
ent variable for explaining variation in rural domestic
water withdrawals. The statistical analysis of fresh
surface water withdrawals produced no significant inde-
pendent variables, merely a highly significant intercept
term. Consequently, surface water withdrawal estimates
were computed as the difference between the projected
total and projected groundwater withdrawals.

Statistical analyses of freshwater consumption yielded
no significant equations. R-squared for the equations
tested varied between .03 and .35 and the best F-statistic
had a probability value of about .08. Thus, a combina-
tion of time and population trends were used to project
freshwater consumption (fig. 30).

LIVESTOCK WATERING USE

EQUATIONS

Total freshwater withdrawals
-12200 + 2650 In population
R2=96 F=72.8

Groundwater withdrawals =
—6619 + 1446.32 In population
RZ=.87 F=19.53

Fresh surface water withdrawals
-5581 + 1203.68 In population
RZ=.95 F=53.6

Freshwater consumption
—-8467 + 1919.02 ln population
R2=.90 F=26.5

DISCUSSION

The 1985 livestock water withdrawal and consumption
estimates are significantly different from previous esti-
mates because aquaculture water use (fish farming) is
included for the first time (fig. 33). Defining aquaculture
as part of livestock water use is a major structural change
in the data series. To eliminate effects of the structural
change when estimating regression equations, 1985 esti-
mates were not used. Consequently, the equations are



based only on the data from 1960 to 1980 and projections
ignore future aquaculture water withdrawals and
consumption.

Population was selected as the most relevant independ-
ent variable because it stands as a surrogate for red meat
consumption. The basic assumption for red meat con-
sumption for this Assessment was to hold per capita red
meat consumption constant over the projection period.
A similar case could be made for assuming per capita
consumption of dairy products is constant over the pro-
jection period. Because per capita consumptions are con-
stant, growth in the demand for animal products
becomes a function of population.

Aquaculture-water iage was relatively low from 1960
to 1980. Somsz :states included aquaculture in the in-
dustrial self-supptiad category; others in the livestock
category. Betweew 980 and 1985, the volume of water
used in aquacwlture gusw rapidly as consumers ate more
fish and poultry ‘instead of beef and pork. Thus, USGS
decided to standarndise how states reported aquaculture
water use declaring it an element of livestock use. This
change in definition probably also contributed to dif-
ficulties in estimating industrial self-supplied water use
equations. Sufficient data may be available by 1998 so
the next RPA analysis of the water situation can include
aquaculture in its livestock water projections.

APPENDIX C: SUMMARY OF STATE WATER QUALITY LAWS AFFECTING
FORESTRY OPERATIONS

Significant features of water quality legislation are given. by region. in the
tables that follow: South—Table C.1; North—table C.2; Rocky Mountain
region—table C.3; and Pacific Coast region—table C.4 (source: Haines and Siegel

(1988)).
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ed strand board and waferboard consumption, which is
prajected to reach 16.0 billion square feet by 2040, more
than 3.6 times its use in 1986. After slowly declining
through 2010, softwood plywood consumption increases
to 23.2 billion square feet in 2040. As a result of these
trends, oriented strand board and waferboard panels
comprise over 40% of total structural panel consump-
tion in 2040, up sharply from about 16.6% in 1986. Con-
sumption of panels is expected to increase across all end
uses except for new housing and the all other category
(table 98).

Imports of oriented strand board and waferboard from
Canada increased rapidly in the late 1970s as demands
outstripped the small, but growing, domestic industry’s
ability to manufacture these products {table 99). Con-
tinued increases in imports are expected through 2010,
but fall afterwards as the domestic industry expands.
Softwood plywood imports are small and are not ex-
pected to rise over the projection period.

Exports of softwood plywood, though showing some
fluctuation, have trended upward since the early 1970s
and are expected to continue to rise further as Europe-
an markets grow and other markets open up. Exports of
oriented strand board and waferboard have been small,
and are expected to remain so in the projection period.

Domestic production of structural panel products is
expected to grow in line with increases in U.S. consump-
tion (table 99). Regional production of structural panel
products has been undergoing wide-scale changes since
the start of Southern pine plywood production in 1964.
During the last decade, the expansion of oriented strand
board and waferboard production has lead to the North
becoming a major producer of structural panel products
(table 100). There are other substantial regional shifts
projected for structural panel production. By 2000, soft-
wood plywood production declines both in the south-
central and Douglas-fir regions. Oriented strand board
and waferboard production nearly doubles in the North
during the same period. Between 2000 and 2040, panel
praduction for both softwood plywood and oriented

strand board and waferboard expands in the North,
South, and Pacific Coast sections. By 2040, production
shares are 19%, 50%, and 26% for these three sections.

Nonstructural Panel Products

Nonstructural panels consumption, including hard-
wood plywood, insulating board, hardboard, and par-
ticleboard, rose to 18.2 billion square feet (3/8-inch basis)
in 1986, nearly 3 times total use in 1960 (table 101).

Projected total demand for nonstructural panels in-
creases to 23.2 billion square feet in 2000 and 26.6 bil-
lion square feet by 2040. Because of trends in major
markets, as well as the assumptions about market
penetration and product substitution, somewhat differ-
ent trends in demand are projected for the various
products. Little growth in insulating board, whose major
market is residential construction, is expected. Hard-
wood plywood, used in manufacturing as well as con-
struction, increases slowly through 2040, while
particleboard rises until 2010, but shows little growth
afterwards. Hardboard is the only nonstructural panel
product to show a steady increase throughout the projec-
tion period.

Imports of hardwood plywood are the most important
trade flow for the nonstructural panel products. Current-
ly, about two-thirds of all the hardwood plywood con-
sumed in the United States is imported, chiefly from
Taiwan and Indonesia. Imports from such sources have
risen rapidly over the past three decades, but are ex-
pected to stabilize in the future. Imports of the other non-
structural panel products—insulating board, hardboard,
and particleboard—have also increased since the early
1980s but (with the exception of particleboard) are ex-
pected to continue at about current levels through 2040.
Hardwood plywood exports, which have generally been
less than 50 million square feet over the past 35 years,
are expected to remain small through 2040. Insulating
board exports have been relatively constant since the

Table 99.—Structural panel consumption, imports, exports, and production in the United States, specified years 1950-1986, with projections to 2040.

Consumption Imports Exports Production

OSB/ osB/ osB/ 0sB/

Softwood wafer- Softwood  wafer- Softwood  wafer- Softwood wafer-

Year Total plywood board Total plywood board Total plywood board Total plywood’ board

Biflion square feet (3/8-inch basis)

1960 7.8 7.8 3 ) A ® Q] G A 7.8 7.8 W)
1970 14.2 14.2 A @) A @] 0.1 0.1 3 143 14.3 ®
1976 18.0 17.7 .2 2 ® A 7 7 ® 185 18.4 A
1986  25.3 20.8 4.5 9 A .8 6 6 ® 248 21.2 3.6
2000 25.4 171 8.3 1.3 1 1.2 7 7 (2) 24.8 17.7 71
2010 28.6 17.9 10.7 1.4 A 1.3 N 7 (2) 28.0 18.6 9.4
2020  32.7 19.7 13.0 1.1 1 1.0 9 9 A 325 20.5 12.0
2030 353 20.9 14.4 5 1 4 1.1 1.1 A 358 21.8 14.0
2040  38.8 228 16.0 R 1 G 1.1 1.1 A 39.8 23.8 16.0

Includes production from both domestic and imported species.
2L ess than 50 million square feet.
Note: Data may not add to totals because of rounding.
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Table 100.—Structural panel production in the contiguous states by region, specific years 1952-1986,
with projections to 2040.

Projections

Species group
& region 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040

Billion square feet, 3/8-inch basis

Softwoods
Northeast 0 0.0 0.1 0.1 0.6 1.2 1.7 2.0 2.6 3.1
North Central’ 0 0.0 0 0.1 1.5 2.5 3.0 3.4 3.9 4.3
Southeast 0 0.0 0.9 1.7 3.8 4.4 59 6.2 6.0 5.8
South Central 0 0.0 2.4 5.1 8.2 7.8 73 10.3 121 14.2
Rocky Mtn. 0 0.2 0.9 1.2 1.5 1.5 1.7 1.9 1.8 2.0
Pacific NW?

Douglas-fir subregion (Western Oregon & Western Washington)
2.7 7.9 8.5 8.9 8.2 6.3 6.9 6.8 7.0 7.9
Ponderosa pine subregion (Eastern Oregon & Eastern Washington)

0 0.2 0.8 0.9 0.8 0.8 1.0 1.3 1.4 1.5
Pacific SW3 0.3 12 0.8 0.6 0.3 03 0.5 0.5 0.8 1.0
Total United States 3 95 144 186 249 248 280 326 356 398

‘The Great Plains are inciuded in the North Central region.
2Excludes Alaska.

SExcludes Hawaii.

Note: Data may not add to totals because of rounding.

Table 101.—Nonstructural panel consumption, imports, exports, and production in the United States,
specified years 1960-1986, with projections to 2040.

Consumption Imports

Hardwood Insulating Hard- Particle- Hardwood Insulating Hard- Particle-
Year Total plywood board board board' Total plywood board board board’

Billion square feet (3/8-inch basis)

1960 6.5 1.8 38 7 5 9 7 1 0.1 )
1970 132 3.8 4.3 1.6 35 23 2.0 A 2 3
1976 16.9 3.4 4.5 2.1 6.9 2.7 2.4 A 2 N
1986 18.2 2.7 3.8 2.0 9.8 3.8 1.9 5 3 1.1
2000 23.2 3.6 4.0 3.7 1.9 2.6 1.7 3 3 .3
2010 247 4.0 4.2 43 121 2.8 17 3 4 A
2020 25.9 46 43 50 121 2.8 17 3 4 A
2030 255 4.4 a1 53 118 2.8 1.7 3 A A
2040 26.6 45 4.1 55 125 2.8 1.7 3 A 4
Exports Production
1960 .1 ® 3 6] é 6.1 1.1 38 6 5
1970 .2 0.1 A A ® 11.0 1.8 43 1.4 35
1976 4 1 A A 2 14.6 1.1 45 2.0 7.0
1986 .6 1 2 A 3 15.0 8 35 1.7 9.0
2000 .4 A A A 2 21.0 1.9 3.8 35 118
2010 6 3 A .2 3 225 23 4.0 41 120
2020 .6 A A 2 3 23.7 2.9 4.1 48 120
2030 .6 A A 2 3 23.3 26 3.9 51 117
2040 6 A A 2 3 24.4 2.8 3.9 53 124

Yincludes medium density fiberboard.
2Less than 50 million square feet.
Note: Data may not add to total because of rounding.
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early 1950s and are expected to remain at about 0.1 bil-
lion square feet over the projection period. Exports of
both hardboard and particleboard are expected to in-
crease slowly in response to growth in the major offshore
markets.

Paper and Board

Consumption and production of paper and board is
projected to increase although not as strongly as in the
past (table 102). Total consumption is projected to ex-
ceed 100 million tons in 2000. By 2040, consumption
reaches 173 million tons—more than double the 1986
level. Imports exceed exports over the projection peri-
od, with production approaching 166 million tons by
2040.27

Per capita consumption of paper and board rose 83%
between 1952 and 1986. From 1986 to 2040, per capita
consumption is projected to increase by 54%. This
reflects continued substitution of plastics and other
materials in packaging and construction products, as
well as slower growth in consumption of paper products
in the communication industry, and in computer and
copier applications.

Projected Fiber Consumption

By the year 2040, total fiber consumption in U.S.
paper and boar#production is projected to increase to
162 million tons, more than double the 76 million tons
consumed in 1986 (table 103). Projections show con-
sumption of woodpulp increasing 93% from 1986 to
2040, to 116 million tons. At the same time, consump-
tion of wastepaper is projected to triple between 1986
and 2040, to over 46 million tons. The woodpulp propor-
tion of total fiber (79% in 1986) is projected to drop to
71% in 2040. This decline is due to technological de-
velopments that enable higher and more efficient use of
recycled fiber while maintaining a high quality in the
final product.

Consumption of woodpulp for nonpaper products,
such as rayon, cellulose acetate, and plastics is projected
to remain at its current level of about one million tons.
Thus, total woodpulp consumption is projected to in-
crease from 61 million tons in 1986 to over 116 million
tons in 2040 (table 104). Imports of woodpulp are

27The FPL Puipwood Model is an economic model of the North Ameri-
can pulp and paper industry designed to project puipwood consumption
over the next five decades. The model is based in part on a general price-
endogeneous linear programming system (PELPS) developed by Giiless
and Boungiorno (1987). The FPL Pulpwood Model introduces various
“‘processes’’ for manufacturing paper and board along with regional and
product disaggregation found in previous applications of PELPS. The
model incorporates 10 commodity groups, including 5 paper and board
grades and 5 fiber input commodities. Projections are developed for paper
and board consumption and price by grade and region, paper and board
production by grade, process and region, and regional pulpwood con-
sumption and price. Projections of woodpulp consumption and produc-
tion, and profections for three paper and board grades not included in
the FPL Pulpwood Mode! are developed by a spreadsheet mode! devel-
oped by Durbak (1988). Additional information on the FPL Pulpwood Model
can be found in Ince et al. (in prep.).

Table 102.—Paper and board consumption, exports, imports, and
production in the United States, specified years 1952-1986, with
projections to 2040.

Consumption

Year Total Per capita Exports Imports Production
Thousand Thousand
tons Pounds tons
1952 29,092 369 499 5,173 24,418
1962 42,360 454 1,003 5,820 37,543
1970 58,058 567 2,698 7,239 53,516
1976 63,952 586 3,195 7,249 59,898
1986 81,720 676 4,222 11,838 74,104
2000 100,358 730 5,300 10,300 95,358
2010 121,591 826 5,500 11,200 115,891
2020 141,702 908 5,700 12,000 135,402
2030 168,258 972 5,800 12,700 161,358
2040 173,055 1038 5,900 13,000 165,955

Note: Data may not add to lotals because of rounding.

Tabie 103.—Fiber consumption in U.S. paper and board production,
specified years 1952-1986, with projections to 2040.

Year Total fiber Woodpulp Wastepaper Other

Thousand tons

1852 26,378 17,286 7,881 1,211
1962 38,636 28,598 9,075 963
1870 54,614 43,192 10,594 828
1976 60,156 47,541 11,874 742
1986 75,940 60,049 15,491 400
2000 95,155 74,902 20,062 191
2010 114,467 88,584 25,672 211
2020 132,440 98,847 33,361 232
2030 147,718 107,324 40,394 0
2040 162,175 115,675 46,500 0

Note: Data may not add to totals because of rounding.

Table 104. —Woodpulp consumption, exports, imports and production
in the United States, specified years 1952-1986, with projections to 2040.

Consumption

Year Total Per capita Exports Imports Production
Thousand Thousand
tons Pounds tons
1952 18,198 231 212 1,937 16,473
1962 29,511 316 1,186 2,789 27,908
1970 43,969 429 3,095 3,518 43,546
1876 48,930 449 2,518 3,727 47,721
1986 60,697 502 4,459 4,594 60,562
2000 75,595 550 4,500 4,636 75,459
2010 89,277 607 5,500 5,667 89,110
2020 99,540 638 6,000 6,182 99,358
2030 108,017 664 6,600 6,800 107,817
2040 116,368 698 7,200 7,418 116,150

Note: Data may not add to totals because of rounding.



projected to continue to exceed exports. Net trade (im-
ports minus exports) is projected to increase from 135
thousand tons in 1986, to 218 thousand tons in the year
2040. Given the projected trends in woodpulp consump-
tion and exports, total U.S. woodpulp production in-
creases from 61 million tons in the year 1986 to 116
million tons in 2040.

Pulpwood

Pulpwood consumption in the United States is pro-
jected to increase at a slower rate between 1986 and 2040
than over the historical periocd 1952 to 1986. From 1986
to 2040, pulpwood consumption is projected to increase
72%, to 158 million cords (table 105). Exports of pulp-
wood are projected to exceed imports by 0.5 million
cords in 2040. Thus, total demand for U.S. pulpwood
(pulpwood produced for consumption in U.S. mills and
for export) increases to 159 million cords by the year
2040.

A slowing in the projected growth in pulpwood con-
sumption is due to technological developments result-
ing in greater use of wastepaper, higher yields from
pulpwood, and lower overall fiber requirements in the
U.S. pulp and paper industry.

Consumption of hardwood and softwood pulpwood
in the production of woodpulp more than tripled be-
tween 1952 and 1986 (fig. 57). This follows closely the
trend in woodpulp production, which also more than
tripled during #his time. The projections show hardwood
pulpwood consumption increasing from 2.2 billion
cubic feet in 1986 to 5.1 billion cubic feet by 2040—an
increase of more than 130%. Softwood pulpwood
consumption is projected to increase by 50% from 1986
to 2040. The higher rate of increase for hardwood pulp-
wood reflects a gradual shift in the industry toward use
of high-vield mechanical pulps which use more hard-
wood and away from chemical pulps which primarily
use softwoods.
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Figure 57.—Pulpwood consumption in the woodpulp industry by
species group.

Pulpwood consumption is projected to more than
double between 1986 and 2040 in the Northeast, North
Central, and Pacific Northwest-East regions between
1986 and 2040 (table 106). Softwood pulpwood con-
sumption increases the greatest in the Pacific Northwest-
East, with the lowest rate of increase in the Pacific
Northwest-West. Hardwood pulpwood consumption in-
creases more than 140% in the Northeast, North Cen-
tral, and the Southeast.

Other Industrial Timber Products

A variety of other industrial timber products; includ-
ing poles, piling, posts, round mine timbers, bolts used
for shingles, handles, and woodturnings, and chemical
wood, is consumed in the United States. This total also
includes roundwood used for oriented strand board and
waferboard and particleboard not manufactured from
byproducts. Total consumption of roundwood for these
products amounted to an estimated 534 million cubic
feet in 1986.

Table 105.—Pulpwood consumption, exports, imports, and production in the United States, specified
years 1952-1986, with projections to 2040.

Production

Year Consumption Exports Imports Total

Softwood Hardwood

Roundwood Roundwood Roundwood Chips

Thousand cords

1952 27,155 15 2,126 25,045
1962 44,060 115 1,406 42,770
1970 69,620 1,965 1,120 70,460
1976 75,255 3270 1115 77,410
1986 92,060 1,945 630 93.380
2000 112,311 1,900 1,300 112,911
2010 129,992 1,700 1,200 130,492
2020 141,907 1,600 1,100 142,407
2030 152,147 1,600 1,000 152,647
2040 158,213 1,500 1,000 158,713

23,475 20,000 3,475 1,670
33,330 24,315 9,015 9,440
50,220 36,660 13,560 20,240
47,650 32,970 14,680 29,760
57,130 35,290 21,840 36,250
84,683 49,370 35,313 28,228
101,784 56,388 45,396 28,708
110,223 60,182 50,041 32,184
118,607 63,929 54,678 34,040
124,114 66,649 57,465 34,599

Note: Data may not add to totals because of rounding.
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Table 106.—Pulpwood consumption by the woodpulp industry in the United States, by species group,
roundwood and residue, and regicn, 1986, with projections to 2040.

Projections

1986 2000 2010 2020 2030 2040
Million cubic feet
Northeast 672 885 1,098 1,276 1,372 1,444
Softwood 333 363 445 528 566 594
Roundwood 241 262 322 382 409 429
Residue 92 100 123 146 157 165
Hardwood 340 522 652 748 806 850
Roundwood 239 366 458 525 566 597
Residue 101 156 194 223 240 253
North Central' 593 852 1,062 1,224 1,319 1,390
Softwood 139 152 186 221 237 249
Roundwood 117 128 157 186 199 209
Residue 22 24 30 35 38 a0
Hardwood 457 700 876 1,003 1,082 1,141
Roundwood 405 621 776 889 958 1,011
Residue 52 80 100 114 123 130
Southeast 2,143 2,722 3,080 3,324 3,663 3,791
Softwood 1,607 1,925 2,038 2,187 2,395 2,476
Roundwood 1,280 1,581 1,674 1,798 2,062 2,208
Residue 328 345 364 388 333 267
Hardwood 535 797 1,042 1,138 1,268 1,316
Roundwood 431 701 944 1,048 1,203 1,275
Residue 103 97 98 89 65 a1
South Central 2,440 3,102 3,458 3,670 3,888 4,025
Softwood 1,624 1,941 2,014 2,143 2,274 2,350
Roundwood 1,154 1,526 1,747 1,735 1,690 1,655
Residue 470 415 267 408 584 695
Hardwood 816 1,161 1,445 1,526 1,614 1,675
Roundwood 683 1,033 1,329 1,409 1,500 1,558
Residue 133 129 116 118 114 116
Rocky Mountains? 182 171 258 279 284 310
Softwood 182 171 258 279 284 310
Roundwood 29 27 41 45 45 50
Residue 153 144 216 235 238 260
Pacific Southwest® 157 151 223 244 249 270
Softwood 146 139 2086 227 231 251
Roundwood 15 22 100 133 157 208
Residue 131 117 107 94 74 44
Hardwood 10 12 16 17 18 19
Roundwood * * 4 * ) 4
Residue 10 12 15 17 18 19
Pacific Northwest-West 978 946 1,038 1,142 1,183 1,203
Softwood 907 865 932 1,028 1,061 1,076
Roundwood 297 304 372 444 460 482
Residue 610 561 559 584 601 594
Hardwood 68 81 106 114 122 127
Roundwood 53 66 91 98 106 112
Residue 15 15 15 15 16 15
Pacific Northwest-East 55 53 89 107 121 131
Softwood 55 53 89 107 121 131
Roundwood 1 1 1 1 1 1
Residue 54 52 88 106 119 130
United States 7,219 8,885 10,304 11,265 12,076 12,564
Softwood 4,994 5,609 6,168 6,720 7,167 7,437
Roundwood 3,134 3,851 4,414 4,724 5,023 5,242
Residue 1,860 1,758 1,754 1,996 2,144 2,195
Hardwood 2,225 3,276 4,136 4,545 4,909 5,127
Roundwood 1,811 2,787 3,598 3,969 4,333 4,553
Residue 414 489 538 576 576 574

YIncludes North Dakota, Nebraska, and Kansas.
2Excludes North Dakota, Nebraska, and Kansas.

3Excludes Hawaii.

4Less than 500 thousand cubic feet.

Note: Data may not add to totals because of rounding.
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The long downward trend in the use of miscellane-
ous roundwood products appears to have bottomed out
in recent years. Since the mid-1970s, the amount of
roundwood consumed in these products has been gradu-
ally increasing. In these projections, it has been assumed
that this upward trend will continue; consumption of
these products (including roundwood for oriented strand
board and waferboard, and particleboard) will rise slow-
ly t0 1.4 billion cubic feet in 2040. Much of the increase
is expected to come from expanding consumption of
roundwood for these board products.

Imports of logs, both softwood and hardwood, are ex-
pected to be negligible. Exports of softwood logs, large-
ly from the Pacific Northwest to Pacific Rim markets,
are expected to continue. This trade flow has been the
subject of controversy and restrictions in the past. Ex-
ports in 1988 amounted to about 3.7 billion board feet,
an all time peak. Projections of future softwood log ex-
ports from Washington, Oregon, and California decline
to roughly 2.5 billion board feet by 2000 and remain at
that level through 2040. This outlook is consistent with
expected decline in the future Japanese housing market
being partly offset by increases in the demand for logs
in South Korea, China, and Taiwan. Potential expan-
sions of softwood supplies from Chile and New Zealand
by the late 1990s and the Soviet Union after 2000 are
assumed to impact fiber markets and low-grade lumber
and log markets (Flora and Vlesky 1986). The ultimate
impact of demand from the People’s Republic of China,
currently about half as large as shipments to Japan, is
difficult to assees at this time. Another uncertainty is that
supply constraints in the Douglas-fir region will affect
both the quantity and quality of log exports. Exports of
hardwood logs, about 30 million cubic feet in 1986, are
projected to remain below 50 million over the projec-
tion period.

Fuelwooed

Total fuelwood consumption in 1986 was an estimated
3.12 billion cubic feet. Of this total, 26% or 0.80 billion
cubic feet came from growing stock volume. The re-
mainder came from nonmerchantable portions of grow-
ing stock trees, nongrowing stock trees on timberland,
and from trees on other timberland including fence rows,
and urban areas. About 74% of the growing stock
volume was from hardwoods.

The rapid growth of wood energy use in the 1970s and
continued high levels of use are discussed in detail in
Chapter 2. The marked reduction in oil prices after 1985
has, however, led to some reduction in residential fuel-
wood use and a slowing of the increase in industrial use.

Wood energy sources include: (1) chips, logs, and
sticks from trees cut specifically for fuel; (2) chips, logs
and sticks from logging residue; (3) mill residue of wood
waste or bark; and (4) black pulp liquor left over from
the pulping process. The models used to project wood
energy demand consider all these sources because in
some sectors they are partially interchangeable. The
projections of wood demand for fuel given later in this
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section, however, include only the fuel derived from the
first source above. Logging residue and pulp liquor,
although derived from trees, are byproducts and the
volumes harvested to produce them are included in the
projections of nonfuelwood timber products given else-
where in this chapter (High and Skog, in press).

Fuelwood Demand Projections

Both the residential?® and industrial/commercial?®
models project fuelwood use for five regions (table 107).
Each region is considered to have separate fuelwood sup-
ply and demand. This assumption is generally valid be-
cause the relatively low value of fuelwood makes it
uneconomic to transport it out of a region.

As a result of a projected cost advantage of fuelwood
over nonwood fuels in all regions, industrial/commer-
cial and residential fuelwood use from all sources (both
growing stock and nongrowing stock) is projected to in-
crease from 3.1 billion cubic feet in 1986 to 5.1 billion
cubic feet in 2040 with most of the increase occurring
before 2010. Total fuelwood use declines after 2020 due
to declines in residential use.

The amount of fuelwood from growing stock volume
is projected to increase from 0.8 billion cubic feet in 1986
to 1.2 billion cubic feet by 2020, then decline to 1.0 bil-
lion cubic feet by 2040. This smaller increase (compared
to total fuelwood use) and eventual decline is due to the

28The residential wood energy forecasting model (WOODSTOV-ill} is
a regionally desegregated model! that represents the behavior of house-
holds. Its structure is discussed in papers by Marshall (1981, 1982) and
Marshall et al. (1983). Demand for fuelwood depends on total energy
needed for heating various types of residential buildings, the prices for
competing residential fuels, and the price for residential fugiwood. The
model calculates wood use separately for heating and esthetic fireplace
use. The amount of wood used for heating is the product of the fuelwood
use capacity installed and the proprotion used. Capacity is modified each
successive period as a function of fuel cost savings, pay back period
and retirement. Capacity utilization is a function of fuelwood cost sav-
ings relative to fossil fuel cost. Fireplace use is determined as a function
of wood fuel cost savings. The proportion of hardwood used for fuelwood
in each region in 1986 is from Waddell et al. 1989, table 30. The propor-
tion changes with the relative cost of hardwood and softwood fuelwood
chips as estimated by the industrial/commercial wood energy model
(CHIPS,).

29The industrial/commercial wood energy forecasting mode! (CHIPS)
is a set of five independent regional models that represents the behavior
of numerous energy using companies and fuelwood suppliers. Demand
for fuelwood and mill residue depends on total energy demanded in vari-
ous industrial/fcommercial sectors, the demand for nonfuel timber
products, and the prices of competing fuels in the industrial/commercial
sector. The price of fuelwood is determined within the model by the in-
teraction of the fuelwood supply submodel with energy demand. The
model has been calibrated for the period 1975 to 1985 primarily against
fuelwood/mill residue consumption in the pulp and paper industry (the
only sector for which consistent data on fuelwood/mill residue consump-
tion is available). Fuelwood and mill residue demand is tracked separately
for four sectors; pulp and paper companies, other forest products com-
panies, large nonforest product industries, and smail nonforest product
industries together with commercial and institutional users. The fuel-
wood/mill residue supply submodel tracks inventories and consumption
of (1) timber by hardwoods and softwoods, growing stock volume and
nongrowing stock by timber size class; (2) mill residues; and (3) logging
residues. Demand for nonfuel timber products is exogenous but is not
included in the inventory accounting and price structure in the CHIPS
model.



Table 107.—Fuelwood consumed from timberland in the United States by species grouP. growing
stock/nongrowing stock source, and end use, 1986, with projections to 2040.

All roundwood Growing stock
Industrial Residential
Hard- Soft- Hard- Soft- and commercial fuelwood
Year Total woods woods Total woods woods fuelwood use use
Biltion cubic feet
Northeast

1986 0.98 0.89 0.09 0.13 0.12 0.01 0.02 0.96
2000 1.04 0.88 0.16 0.10 0.09 0.01 0.09 0.94
2010 1.33 1.13 0.20 0.09 0.10 0.01 0.09 t.24
2020 1.37 1.15 0.22 0.09 0.08 0.01 0.09 1.28
2030 1.28 1.07 0.21 0.09 0.08 0.01 0.09 1.19
2040 1.20 0.99 0.21 0.08 0.07 0.01 0.09 1.1

North Central?
1986 0.85 0.81 0.04 0.11 0.10 0.01 0.06 0.79
2000 1.05 0.93 0.12 0.12 0.10 0.02 0.12 0.94
2010 1.41 1.24 0.17 0.13 0.11 0.02 0.15 1.26
2020 1.33 1.15 0.18 0.11 0.08 0.02 0.15 1.18
2030 1.15 0.98 017 0.09 0.07 0.02 0.15 1.00
2040 1.02 0.85 0.17 0.08 0.06 0.02 0.15 0.87

South
1986 0.75 0.69 0.05 0.32 0.29 0.03 0.06 0.69
2000 1.41 1.31 0.09 0.58 0.53 0.05 0.26 1.14
2010 1.81 1.69 0.12 0.72 0.66 0.06 0.31 1.50
2020 1.90 1.78 0.12 0.73 0.67 0.06 0.32 1.57
2030 1.88 1.77 0.12 0.70 0.64 0.06 0.31 1.57
4= 2040 1.88 1.76 0.12 0.68 0.61 0.06 0.29 1.59
Rocky Mountains®

1986 0.1 0.02 0.08 0.01 0.00 0.01 0.00 0.11
2000 0.22 0.05 0.17 0.01 0.00 0.01 0.01 0.21
2010 0.31 0.06 0.25 0.02 0.00 0.01 0.01 0.30
2020 0.34 0.06 0.28 0.02 0.00 0.02 0.01 0.33
2030 0.33 0.06 0.28 0.02 0.00 0.02 0.01 0.33
2040 0.33 0.05 0.28 0.02 0.00 0.02 0.01 0.32

Pacific Coast*
1386 0.44 0.16 0.28 0.22 0.08 0.15 0.03 0.41
2000 0.55 0.21 0.34 0.28 0.14 0.05 0.04 0.51
2010 0.74 0.27 0.47 0.24 0.18 0.07 0.04 0.70
2020 0.79 0.27 0.52 0.25 0.18 0.08 0.04 0.76
2030 0.74 0.25 0.48 0.22 0.16 0.07 0.03 0.71
2040 0.67 0.22 0.45 0.19 0.14 0.06 0.02 0.65

United States?
1986 3.12 2.57 0.55 0.80 0.59 0.21 0.16 2.96
2000 4.26 3.38 0.88 0.99 0.86 0.14 0.52 3.74
2010 5.60 4.39 1.21 1.20 1.05 0.18 0.60 5.00
2020 5.73 4.42 1.31 1.19 1.01 0.19 0.61 5.12
2030 5.38 4.11 1.27 1.12 0.95 0.18 0.59 4.80
2040 5.09 3.88 1.22 1.04 0.89 0.16 0.56 4.54

Excludes logging residue used for fuel.

2Includes North Dakota, Nebraska, and Kansas.
3Excludes North Dakota, Nebraska, and Kansas.
*Excludes Alaska and Hawaii.

Note: Data may not add to totals because of rounding.
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projected decline in proportion of fuelwood from grow-
ing stock volume. The proportion from growing stock
is projected to decline from 26% in 1986 to 20% in 2040.

For residential fuelwood, growing stock makes up
20-25% of the total and is expected to remain low over
the projection period. For industrial and commercial
use, fuelwood from sources other than logging residues
will be in the form of whole-tree chips. Chipping oper-
ations will take wood for both fuel and pulp from stands
with below average growing stock. Thus, fuelwood
chips for industrial/commercial uses will have a low
growing stock content. As industrial and commercial use
increases relative to residential use, the overall propor-
tion of growing stock used is projected to decline.

Residential fuelwood use is currently much larger than
industrial/commercial fuelwood use because most indus-
trial/commercial wood boilers use mill waste or spent
pulp liquor. Industrial/commercial fuelwood is expected
to grow much more rapidly in the future than residen-
tial use (281% versus 73% between 1986 and 2020) as
more nonforest products firms burn fuel from round-
wood rather than mill waste. After 2020 residential fuel-
wood use is projected to decline as residential fossil fuel
prices remain constant and residential fuelwood prices
continue to increase.

Softwoods are projected to increase from 18% of all
fuelwood in 1986 to 24% in 2040 as industrial/commer-
cial use increases. Industrial/commercial users have less
of a bias toward use of hardwood than residential users.
The proportion of softwood roundwood use in 1986
varies from 73% and 64% for the Rocky Mountains and
Pacific Coast regions to less than 10% in other regions.

The Northeast, North Central, and the South have the
largest total fuelwood demand both currently and in
2040. The higher use in the Northeast and North Cen-
tral results from the widespread availability of low-grade

{inexpensive) wood and relative competitiveness of fuel-
wood due to higher than average fossil fuel prices in
those regions. Demand in the South is expected to grow
much more rapidly, and increase 150% between 1896
and 2040. Fuelwood use in the two western regions is
lower than in the eastern regions. In both the Rocky
Mountains and the Pacific Coast regions residential use
dominates fuelwood use. This is expected to continue
through 2040 by which time total consumption is ex-
pected to nearly double to 1.0 billion cubic feet.

Product Price Projections

The general increases in product prices shown in ta-
ble 108 are largely due to increases in stumpage prices.
Higher raw material costs raise production costs and af-
fect timber product (lumber, plywood, paper and board)
prices, demand, trade, and domestic production (de-
mand on domestic forests). They are also the driving
force behind interregional shifts in mill capacity since
they are the only components of costs whose relative lev-
els among regions change significantly over time. Other
production costs such as labor, materials, and capital
change, but the relationships among regions and
products remain much the same.

Softwood lumber prices are relatively flat atter 2010
(table 108). The rate of increase is most rapid in the
1986-2010 period, averaging about 1.2% per year. This
reflects upward pressure on stumpage prices resulting
from diminishing softwood sawtimber inventories on
private timberlands in the West and South.

The projected rate of increase in equilibrium real soft-
wood lumber prices is consistent with the long histori-
cal trend in lumber prices. Since 1900, the price of
lumber measured in constant dollars has been rising at

Table 108.—Price’ indexes for selected timber products in the United States, by softwoods and hard-
woods, specified years 1952-1986, with projections to 2040.

Product, unit &
species group 1952 1962 1970

Projections

1976 1986 2000 2010 2020 2030 2040

Index of price per unit - 1982 = 100

Lumber (1,000 board feet)

Softwoods 998 883 953
Hardwoods 104.7 103.7 118.6

126.0 1143 132.1 1512 159.8 1646 160.7
109.9 126.2 133.6 147.0 163.8 1826 201.1

Structural paneis (1,000 square feet, 3/8-inch basis)

Plywood 172.0 119.0 109.2
OSB-waterboard

143.6 1211 112.8 133.1 146.4 1541 1405
163.0 927 776 826 1005 851 887

Nonstructural paneis (1,000 square feet, 3/8-inch basis)

Plywood 1845 1745 153.4
Other paneis? 151.4 115.0

Paper & board (tons) 100.2 105.3 101.5

1106 907 884 867 850 833 816
921 1071 107.1 107.1 107.1 107.1 1071

101.5 1158 107.6 105.7 1029 1003 988

‘Prices are measured in constant (1982) dollars and are net inflation or deflation. They measure price
changes relative to the general price level and most competing materials.
2Hardboard, particleboard, and fiberboard products.



an average rate of 1.4% per year. In addition, the histor-
ical increases have not been evenly spread. Typically,
there have been periods of a decade or two when prices
showed little change (the 1950s). This has been followed
by periods such as the 1940s and 1970s when prices rose
rapidly. Similar price movements are expected over the
projection period, with rapid increases from 1990 to
2010 and then near stability through 2040.

Equilibrium hardwood lumber prices rise at an aver-
age annual rate of about .9% per year. This reflects con-
tinuous growth in major shipping uses and a steady
decline in the availability of larger timber for higher
quality lumber grades. The increases in hardwood lum-
ber prices are more evenly spread over the projection
period than are the increases in softwood lumber prices.

The equilibrium projections for structural panel prices
(table 108) also show rising real prices for plywood but
roughly constant prices for oriented strand board and
waferboard. Like softwood lumber, softwood plywood
prices are relatively stable in the last three decades of
the projection. For the entire projection period, softwood
plywood prices increase at about .3% per year. The price
projections for the other structural panel products
(oriented strand board and waferboard) show little
growth. This is the consequence of the greater depend-
ence of these products on residential construction
markets and slower growth in wood costs due to lower
quality requirements.

As with lumber, the projected changes in softwood
plywood prices largely reflect changes in stumpage
costs: stumpagescosts rise nearly four times faster than
processing costs in the Douglas-fir subregion and near-
ly five times faster in the South Central region.

In contrast to structural panels, there is little change
in the projected prices for nonstructural panels. Prices
for hardwood plywood are expected to continue to
decline in real terms throughout the projection period.
Prices for the other board products are expected to re-
main constant in real terms for the next several decades.

The projected decreases in paper and board prices,
shown in table 108, largely reflect efficiency improve-
ments in the manufacture of paper and board. The ex-
pectation is that future price decreases will mirror the
experience of the period 1962 to 1976. Prices for other
timber products such as posts, poles, piling, mine tim-
bers, and cooperage logs are expected to be similar to
the price increases for lumber shown in table 108. As
for lumber, panels, and paper and board, the projections
will depend on the demand levels for the various
products and the importance of stumpage costs relative
to product selling prices.

Projected Demands for Timber

The projections of demand for timber products dis-
cussed in preceding sections have been presented, for
the most part, in standard units of measure such as board
feet of lumber, square feet of panel products, cords of
pulpwood and fuelwood, and cubic feet of miscellane-
ous industrial roundwood products. In order to compare

142

demand for these products with projections of timber
supplies, these projections are converted to a common
unit of measure—cubic feet of roundwood.

Demands for Roundwood

In 1986, total U.S. consumption of timber products
in terms of roundwood volume was 20.5 billion cubic
feet, including fuelwood obtained from nongrowing
stock sources (table 109).30 Total consumption will con-
tinue to grow throughout the next five decades at .6%
per year. Growth in hardwood consumption is expected
to be nearly three times as fast as growth in softwood
consumption. Total consumption of timber products in-
creases to 22.9 billion cubic feet in 2000 and 28.6 bil-
lion cubic feet in 2040. Although demand for each of
the products (except veneer) is higher in 2040 than in
1986, fuelwood and pulpwood show the largest in-
creases in volume. By 2040, these two products account
for 56% of the timber consumed in the United States.
In terms of percentages, miscellaneous products exhibits
the largest increase because of the increase in round-
wood used for oriented strand board and waferboard.

Part of this total consumption is met by trade with
other producing countries. The scale of this trade can
be illustrated when the various product trade projections
are converted to roundwood equivalent. In 1986, near-
ly 25% of total demand was filled by imports (table 110).
Total imports in 1986 amounted to 4.4 billion cubic feet,
triple the volume imported in 1952. Over the same peri-
od, exports rose more than 9 times, to 1.9 billion cubic
feet.

Projected levels of total imports, currently at about 4.4
billion cubic feet, roundwood equivalent, are expected
to fall in the next two decades but rise again around 2020
(table 110). This trend is the result of increasing soft-
wood product imports around 2020. Total hardwood im-
ports are projected to increase slowly throughout the
next five decades to the equivalent of 0.5 billion cubic
feet by 2040. Projected total exports increase about 32%
to 2.5 billion cubic feet in 2040 as a result of general in-
creases in exports of all products. Exports of hardwood
products are projected to rise 75%, to about 0.7 billion
cubic feet over the projection period.

The trade situation differs between the hardwood and
softwood sectors. The softwood sector is expected to re-
main a net importer of timber products. The primary im-
ports are expected to remain softwood lumber and
newsprint, both from Canada. The hardwood sector, on
the other hand, is a net exporter of timber products.
These projections of timber products imports and exports
show only a modest overall decline in net imports into
the United States, from 2.5 billion cubic feet in 1986 to
1.5 billion cubic feet in 2040.

NThis assumption is consistent with past Assessments but differs from
the assumptions in the 1983 Assessment Supplement (Haynes and Adams
1985) and the South’s Fourth Forest Study (USDA FS 1988) that did not
include fuelwood obtained from nongrowing stock sourcs in the estimates
of total consumption.



Table 108.—Roundwood consumption in the United States, by species group and product, specified
years 1952-1986, with projections of demand to 2040.

Historical Projections

Species group
and product 1952 1962 1970 1976 1986 1990 2000 2010 2020 2030 2040

Billion cubic feet, roundwood equivalent

Softwoods
Sawlogs 50 48 49 55 76 70 64 69 74 74 74
Veneer logs 02 07 09 12 16 1.3 11 11 12 13 14
Pulpwood 24 26 34 33 42 40 48 55 59 63 6.6
Miscellaneous products? 03 02 02 02 03 03 05 06 07 08 09
Fuelwood 02 01 01 01 06 07 09 12 13 13 1.2
Totat® 8.1 84 95 105 143 134 13.7 153 16.6 17.1 175

Hardwoods
Sawlogs 11 1.1 11 13 15 15 18 20 21 22 22
Veneer Iog;s 02 02 03 03 02 02 03 03 03 03 03
Pulpwood 03 07 10 11 17 1.9 26 33 37 40 42
Miscellaneous products? 04 02 02 01 02 03 04 04 05 05 05
Fuelwood 07 04 03 03 27 29 34 44 44 41 39
Total® 27 26 29 31 6.2 69 83 104 110 111 111

All species
Sawlogs 61 59 60 68 90 86 82 89 95 96 96
Veneer Io?s 04 09 12 15 18 16 t3 14 15 16 1.7
Pulpwood 27 33 44 44 58 59 7.4 88 96 103 108
Miscellaneous products?® 07 05 04 04 05 07 08 10 12 13 14
Fuelwood 10 05 03 03 33 36 43 56 57 54 51
Total® 109 111 123 13.5 205 20.3 229 257 276 28.2 286

includes both pulpwood and the pulpwood equivalent of the net imports of puip, paper, and board.

2Includes cooperage logs, poles, piling, fence posts, round mine timbers, box bolts, shingle bolts,
roundwood used in waferboard, oriented strand board, and particleboard manufacture, and other mis-
cellaneous items.

3Includes imported logs not shown by product use.

Table 110.—Timber demand, exports, imports, and demand on timberiand in the United States, by
species group, specified years 1952-1986, with projections to 2040.

Historical' Projections

Species group
and product 1952 1962 1970 1976 1986 1990 2000 2010 2020 2030 2040

Billion cubic feet

Softwoods
Total demand? 81 84 95 105 143 134 13.7 153 166 171 175
Exports 01 04 13 16 16 1.7 1.7 17 18 18 1.8
Imports 1.3 1.7 2t 25 41 38 32 37 39 36 35
Demand on U.S. forest land 69 71 87 95 11.7 113 121 134 145 153 158
Hardwoods
Total demand? 27 26 29 31 82 6.9 83 105 11.0 11.1 111
Exports ¢ 01 02 02 03 04 05 06 06 07 0.7
imports 01 02 03 03 03 03 04 05 05 05 05
Demand on U.S. forest land 26 25 28 30 863 70 84 105 111 113 11.3
All species
Total demand? 10.9 11,1 123 13.5 205 203 22.0 25.7 27.6 28.7 28.6
Exports 02 05 15 19 19 21 22 283 24 25 25
Imports 14 19 24 28 44 42 37 41 44 41 40

Demand on U.S. forest land 9.7 97 114 126 18:0 182 20.5 239 256 26.5 271

1Data are estimates of actual consumption and harvests.
2Total demand for products converted to a roundwood equivalent basis.
3Less than 50 million cubic feet.
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Demands on U.S. Timberland

Given the projections of total demands and net trade
(shown in tables 96, 99, and 101), demands on U.S.
timberland increase sharply over the next five decades,
rising about 50%, from 18.0 billion cubic feet in 1986
to 27.1 billion in 2040 (table 110). Demands for both soft-
woods and hardwoods increase; in line with projected
trends discussed above, however, hardwood demand
rises somewhat more rapidly. Between 1986 and 2040,
demand on U.S. timberland for hardwoods is projected
to increase about 79%, to 11.3 billion cubic feet. De-
mands on U.S. timberland for softwoods during the same
period is expected to grow about 35%), to 15.8 billion
cubic feet.

In summary, demands on U. S. timberland will grow
fairly rapidly over the next five decades. These demands
increase about 50%, to 27.1 billion cubic feet, round-
wood equivalent, in 2040. At the same time, prospec-
tive imports are projected to be only slightly smaller than
current levels. Consequently, in the future the United
States will look to its domestic timber resources to meet
a larger proportionate share of its demands for timber
products.

THE STUMPAGE MARKET

The preceding section of this chapter has been large-
ly concerned with assessing the situation in the product
market and witifthe development of the demand for tim-
ber from domestic forests. This section focuses on the
supply of timber needed to meet that demand, the
associated stumpage prices, and the levels of timber
inventories.
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Figure 58.—Softwood stumpage prices, 1952-1986, with projections
1990-2040.

Projections of the regional sawtimber3! softwood
stumpage prices3? are summarized in table 111 and
shown for selected regions in figure 58. These projec-
tions show softwood sawtimber stumpage prices rising
substantially in all regions. There are, however, marked
differences among the various regions. Stumpage prices
in the South rise at an annual rate of about 1.5% between
1986 and 2040. Stumpage prices in the North rise at
about 2.5% per year. The Rocky Mountain Region is
expected to experience the most rapid increase in stump-
age prices averaging 3.2% per year between 1986 and

31That part of harvest being used in the manufacture of lumber, ply-
wood, and miscellaneous products and as log exports.

32411 stumpage prices are measured in 1982 dollars. This excludes the
effect of general price inflation or deflation. The increases shown, there-
fore, measure change relative to the general prices of most competing
materials.

Table 111.—Softwood sawtimber stumpage prices’ in the contiguous states, by region, specified years
1952-1986, with projections to 2040.

Projections

Region 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040
Price per thousand board feet, Scribner log rule
North 90 80 54 51 25 42 55 74 85 93
South 120 108 120 141 103 145 222 242 222 231
Rocky Mountain 27 27 39 69 31 56 141 172 178 175
Pacific Northwest?
Douglas-fir subregion 54 63 105 156 99 147 215 249 251 244
(Western Washington &
Western Oregon)
Ponderosa Pine subregion 66 39 60 105 93 127 204 216 257 267
(Eastern Washington &
Eastern Oregon)
Pacific Southwest® 54 39 66 114 82 134 187 236 241 234

1Prices are measured in constant (1982) doliars and are net of inflation or deflation. They measure
price changes relative to the general price level and most competing materials.

2Excludes Alaska.
SExcludes Hawaii.

Sources: Data for 1952, 1962, 1970, 1976, and 1986 based on information published by the U.S.
Department of Agriculture and summarized by Adams et al. 1988.
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Cost competition will force the use of appropriate technologies including horse logging, here
being used in a thinning operation.

2040. The Pacific Coast Region (composed of the
Douglas-fir, Ponderosa Pine, and Pacific Southwest
subregions) is expected to experience rates of increase
of roughly 1.7-2.0% per vear.

Rates of stumpage price increase also vary greatly over
time. During the next two decades, rapid price escala-
tion is expected in the Rocky Mountain Region and in
the Douglas-fir subregion. In the Douglas-fir subregion,
this is the conseguence of fairly rapid declines in saw-
timber harvest. In the Rocky Mountains, price growth
accompanies a major expansion in regional lumber
processing capacity to absorb increases in national forest
harvest.

These different rates of price growth do not material-
Iy change the relationships in stumpage prices among
regions over the projection period. The regional varia-
tions in the rates of increase are caused by a number of
complex forces. In general, however, they reflect the
degree of competition for available timber, differences
in stumpage quality characteristics, and variations in
regional logging, manufacturing, and transportation
costs.

These computed rates of price growth depend heavi-
ly on the choice of the initial time point (1986) used for
comparison. This is particularly the case for the two
northern subregions {the Northeast and the North Cen-
tral subregions) and for the Rocky Mountain Region
where low prices in 1986 sharply raise rates of increase
expressed in percentage terms.

Hardwood sawtimber prices are expected to increase
at about 1.4% per year as illustrated in the following
tabulation:

Price index (1982 = 100) per thousand board feet

1986 123
2000 135
2010 163
2020 194
2030 229
2040 263
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Hardwood stumpage prices are expected to grow rela-
tively slowly over the next 15 years as hardwood inven-
tories continue to expand. After 2000, the growth rate
for hardwood stumpage prices increases because of slow-
ing growth in hardwood inventories and increased de-
mand, especially for pulpwood.

Price projections for sawtimber harvested by Forest
Service region are shown in table 112. These price
projections, except for Alaska (Region 10), were devel-
oped from those in table 111. Price projections for Alaska
were developed from those for the Region 6-Westside
and assume declining private (Native corporation) har-
vest and roughly stable national forest harvests (Haynes
and Brooks, in press).

Projected regional national forest harvest generally fol-
lows the projections of allowable sale quantity shown
in tables 77 and 78 except for the four Rocky Mountain
regions where the softwood sold volumes average
150-180 million cubic feet less than the offered volumes
throughout the projection period. The majority of this
unsold volume is in Region 1.

Table 112.—Price projections for sawtimber harvested in each Forest
Service region.

Region 1986 2000 2010 2020 2030 2040
1982 dollars per MBF

1 69 68 171 210 217 213
2 24 23 59 72 74 73
3 85 84 210 258 267 261
4 32 32 79 97 100 98
5 85 134 187 235 241 234
6-Westside 123 146 215 249 251 243
6-Eastside 101 127 204 216 256 267
8-Hardwoods 69 81 106 134 166 197
8-Softwoods 129 145 223 241 217 230
9-Hardwoods 97 107 129 154 182 209
9-Softwood 35 42 55 66 85 93
10! 34 34 56 66 67 65

Price projections for Region 10 (Alaska) are for timber sold rather than
timber harvested.



Delivered prices (stumpage price plus logging costs
and transportation cost to the mill} are projected to in-
crease for sawtimber, pulpwood and fuelwood (table
113). The most rapid increase in delivered prices is for
softwood sawtimber, which increase over the period
1986 to 2040 at 1.2% a year in the South, 1.6% per year
in the Rocky Mountains, and 1.4% a year in the Pacific
Coast. Delivered prices for hardwood pulpwood increase
at 0.9% a year in the North and 1.1% a year in the South,
or about twice as fast as softwood pulpwood delivered
prices in the South. Hardwood fuelwood prices in the
North increase at 0.8% a year. Both fuelwood and pulp-
wood remain far below the delivered prices for softwood
sawtimber (fig. 59).

There are significant changes in the demands and sup-
plies of timber associated with the projected increases
in softwood and hardwood stumpage prices (table 114).
In terms of total (both softwood and hardwood) harvest,
there are also some changes in regional shares of total
supply as shown in figure 60. The projections shown
in tables 111 and 114 indicate impending limitations on
softwood timber harvest in the 1990-2000 decade in the
Douglas-fir subregion and between 2000 and 2010 in the
South. Harvest in the Douglas-fir subregion falls by 2000
driving up stumpage prices and leading to retrench-
ments in the forest products industry. In the South, after
increasing at roughly 0.8% per year until 2000, timber
harvests grow at only 0.1-0.2% per year during the next
decade. Stumpage prices rise and growth in regional
solid-wood product output stalls as a result. After 2010,
softwood harve$t grows more rapidly, reflecting both the
maturing of large areas of young growth in both the
South and the Douglas-fir subregion and the investments
in forest management during the 1980s and 1990s. This
increase in harvest slows the rates of stumpage price in-
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K sottwood Puipwood S
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Figure 59.—Delivered prices for timber by product and region.

creases in both the South and in the Douglas-fir
subregion.

Only modest softwood harvest shifts are expected in
the relative importance of the various regions. The
Southern and the Pacific Coast regions will continue to
dominate. Specific regional shares do change during the
projection period. For example, the shares of the total
softwood roundwood supplies originating in the eastern
regions, Rocky Mountain Region, and the Ponderosa
Pine subregion increase over the projection period. The
share originating in the Douglas-fir subregion, on the
other hand, drops from 27% of the total in 1986 to 19%
by 2040. There is also a small decline in the share com-
ing from the Pacific Southwest.

Hardwood harvest is expected to increase in all
regions although not uniformly. The largest increases
are in the South where both growth in fuelwood and

Table 113.—Delivered prices for sawtimber, pulpwood, and fuelwood, by section and region, and species
group, 1986, with projections to 2040.

Projections
Section and region 1986 2000 2010 2020 2030 2040
1982 dollars per cubic foot, log scale
Softwood sawtimber
South 0.79 1.01 1.40 1.52 1.46 1.55
Rocky Mountain’ 0.77 1.01 1.48 1.69 1.73 1.81
Pacific Coast? 0.99 1.38 1.76 1.98 2.04 2.12
Softwood pulpwood
South 0.68 0.77 0.82 0.82 0.88 0.90
Hardwood pulpwood
North?® 0.45 0.56 0.71 0.71 0.73 0.75
South 0.49 0.71 0.83 0.81 0.86 0.90
Hardwood fuelwood
North? 0.42 0.48 0.56 0.61 0.65 0.66
South 0.38 0.39 0.39 0.42 0.42 0.39

'Excludes North Dakota, Nebraska, and Kansas.

2Excludes Alaska and Hawaii.

3Inciudes North Dakota, Nebraska, and Kansas.
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Table 114.—Timber harvests (roundwood supplies) from forest land in the contigous states, by region, specified years 1952-1986, with projec-
tions through 2040.

Projections
item 1952' 1962' 1970 1876'  1986' 2000 2010 2020 2030 2040
Billion cubic feet
Softwoods
Northeast 0.48 0.37 0.38 0.43 0.60 0.74 0.91 1.05 1.10 1.13
North Central® 17 .20 a7 21 24 .38 .50 .59 64 .66
Southeast 1.65 1.40 1.63 1.72 2.33 2.81 3.06 3.27 3.42 3.48
South Central 1.21 1.16 1.96 2.28 2.80 3.18 3.27 3.70 412 4.49
Rocky Mountain 47 .61 .79 .85 1.01 1.18 1.35 1.40 1.40 1.41
Pacific Northwest®
Douglas-fir subregion 1.85 2.0 2.44 2.69 3.14 2.56 2.77 2.88 297 3.00
(Western Washington and
Western Oregon)
Ponderosa pine subregion .38 .50 .48 54 60 59 .69 73 75 76
(Eastern Washington and
Eastern Oregon)
Pacific Southwest? .68 .86 .85 .78 .78 75 .84 .85 .85 .85
Softwoods total harvests 6.89 7.11 8.70 9.50 11.50 12.19 13.39 14.47 15.25 15.78
Hardwoods
Northeast .55 .55 .54 .52 1.52 1.79 2.25 2.44 2.48 2.49
North Central .98 .80 75 .81 1.93 2.25 2.81 2.9 2.86 2.82
Southeast 77 .62 .63 .64 1.35 1.83 2.31 2.47 2.58 2.60
South Central 1.27 .96 .89 .84 1.58 2.10 2.60 2.74 2.83 2.91
West .03 .07 .09 .09 .29 .38 .48 49 .46 43
Hardwoods total harvests 3.60 3.00 290 2.80 6.67 8.35 10.45 11.05 11.21 11.25

Data are estimates of actual consumption or harvests and differ somewhat from the “trend"” estimates shown in the preceding section on timber

supplies.

Includes the Great Plains States—Kansas, Nebraska, North Dakota, and eastern South Dakota.

3Excludes Alaska.

‘Excludes Hawaii.

Note: Data may not add to totals because of rounding.
Sources: The historial data is published in Adams et al. 1988.

pulpwood demands push up harvest. The lowest rate of
growth in the east is in the Northcentral subregion.
Associated with these changes in harvest are changes
in the size of harvested trees. The average diameters of
timber harvested on private timberlands in the various
Assessment regions are shown in table 115. The largest
changes are expected for softwoods on the Pacific Coast
where the average diameter of harvested trees is expected

Percent

B 1985 L 2040

North South Rocky Pacific
Mountain Coast

Figure 60.—Regional percentage of total roundwood supply, 1986
and 2040.

to drop 20%. Decreasing sizes of future harvests are ex-
pected in most regions and for both hardwoods and
softwoods.

EFFECTS OF EQUILIBRIUM LEVELS
OF TIMBER HARVESTS ON INVENTORIES

The higher timber harvests expected in the future ac-
celerate various trends in net annual growth and inven-
tories. These projections for private timberlands are
shown in tables 116-119. Similar figures for the public
timberlands as shown in tables 77-80. This data is sum-
marized for all owners and all regions in tables 120 and
121 and figure 61. Essentially, changes in inventories
are the result of harvest levels and assumptions regard-
ing forest management and investment. As a result of
declining growth, increasing harvests, and conversion
of forest land to other uses, total softwood inventories
remain constant through 2000 (table 120). However, by
2040, softwood inventories are projected to expand to
roughly the same level as they were in the mid-1970s.
Net growth falls by 2000 but increases rapidly afterwards
as older, slow growing stands are replaced by younger
stands. The trend in softwood inventory for the entire
United States (roughly flat over the period 1970 to 2040)
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Table 115.—Average diameter' of timber harvested on private timberlands in the Assessment regions.

Pacific Coast Rockies

North South

Hardwood Softwood Hardwood Softwood Hardwood Softwood Hardwood Softwood

inches
1986 16.6 18.7 18.9 9.6 14.2 12.0 12.4 99
2000 17.2 16.0 14.1 9.3 13.4 11.9 11.4 9.0
2040 16.5 15.2 12.7 9.3 13.1 t2.3 10.8 8.8

'Diameter measured at breast height.

masks changes in regional softwood timber stocks. This,
and the fact that the projected inventory in 2040 is com-
posed of a larger number of younger trees, contributes
to the relatively rapid increase in softwood stumpage
prices shown in table 111.

The trends in inventory differ between ownerships
and are compounded by land area changes (particular-
ly on the farmer and other private ownership). Softwood
inventories for both the national forest and forest indus-
try ownerships decline by 2000 while, over the same
period, inventories for the other two ownerships are
projected to increase. Some of the decline of national
forest inventories is due to changes in definitions regard-
ing forest lands that are considered as suitable for timber
production. Inventories on forest industry timberlands
increase after 2000 and by 2010, are projected to exceed
current levels*

Trends in hardwood inventories present a very differ-
ent picture. Hardwood inventories are expected to in-
crease in the North and the Pacific Coast (table 120).
Until 2000, decreases in the South are more than offset
by increases in hardwood inventories in the North; af-
ter 2010 declines in Southern inventories accelerate.

Net annual growth for hardwoods, after stabilizing be-
tween 1976-86, starts to drop early in the projection peri-
od because of increasing stand age and the shift from
hardwood types to softwood types in the South. This
trend is most prominent for the forest industry owner-
ship (see table 117).
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Figure 61.—Growing stock inventories on timberland, 1952-1986,
with projections to 2040.
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Regional shares for total softwood and hardwood har-
vest, derived from tables 120 and 121, are shown in the
following tabulation:

1986 2000 2040

Percent
North 23.0 25.0 26.1
South 46.7 48.0 49.6
Rocky Mountains 5.1 5.9 5.3
Pacific Coast 25.2 21.2 18.9

These data illustrate that nearly all of the near-term in-
crease in both softwood and hardwood harvest comes
in the East. In the longer term, the Pacific Coast Region
continues to lose share of harvest in spite of modest har-
vest increases in the Douglas-fir subregion.

Table 121 illustrates that nearly all of the increase in
timber harvest comes from other private and forest in-
dustry ownerships. Supply from the national forests, and
supply from other public ownerships in all regions is
determined by various planning efforts that are not, for
the most part, affected by expected future prices. Nation-
al forest harvests (as distinct from the volume of timber
offered for sale) in the Rocky Mountains are an excep-
tion. There harvest levels initially fall below projected
offerings, because industry capacity is unable to absorb
the prospective increase over current levels. As capaci-
ty expands, unsold volume falls and harvests rise toward
projected public supply.

The ownership pattern of the increases in harvest
differs between the hardwood and softwood sectors
{table 121). The increase in softwood harvest is shared
between the two types of private timberland owners.
Increase in hardwood harvest, on the other hand, is
concentrated on the other private ownership. This own-
ership accounts for 77% of the hardwood harvest in 1986
and by 2040 their share is expected to increase to 82%.
This increase is the result of declining harvests from
forest industry timberlands due to conversion of hard-
wood forest types to softwood plantations.

IMPLICATIONS OF THE BASE PROJECTIONS

The projections suggest that forest industry timber-
lands in the South and in the Pacific Northwest will be
approaching a roughly regulated state within the next
three decades. In a regulated forest, growth and harvest
are nearly equal and there is a roughly uniform distri-



Table 116.—Softwood removals, harvest, net annual growth, and growing stock inventory on forest industry timberlands' in the contiguous states,
specified years 1952-1986, with projections to 2040.

1976

Projections

Item 1952 1962 1970 1986 2000 2010 2020 2030 2040
Million cubic feet
Northeast
Removals 105 92 138 182 273 239 185 183 178 178
Timber harvest 99 87 128 168 356 310 287 285 273 268
Net growth 179 236 339 377 188 177 169 172 176 178
Inventory 5,246 6,427 9,753 10,824 9,232 8,251 8,043 7,905 7,846 7,817
North Centrat?
Removals 34 23 28 33 37 41 45 50 54 59
Timber harvest 30 22 25 28 41 62 71 76 80 82
Net growth 43 44 63 55 50 52 52 55 56 54
Inventory 917 1,314 1,521 1,690 1,653 1,669 1,732 1,765 1,770 1,715
Southeast
Removals 325 262 458 518 821 1,121 1,267 1,531 1,597 1,511
Timber harvest 318 252 430 473 740 984 1,210 1,393 1,433 1,503
Net growth 375 411 558 688 789 1,206 1,462 1,484 1,532 1,539
inventory 6,469 7,455 8,286 8,737 10,264 10,962 12,510 13,437 12,633 12,463
South Central
Removals 494 341 564 898 1,088 1,082 1,457 1,807 1,891 2,065
Timber harvest 484 328 530 893 1,045 1,038 1,532 1,664 1,827 2,084
Net growth 707 971 889 894 829 1,500 1,878 1,910 2,122 2,106
Inventory 9,738 13,087 13,501 14,430 13,515 14,533 20,444 21,416 23,655 24,979
Pacific Southwest
Removals 456 449 318 344 435 309 235 187 134 151
Timber harvest 393 385 294 321 452 300 291 255 300 323
Net growth F7S a0 108 135 139 205 189 167 167 178 158
Inventory 11,268 9,639 8,244 7,457 7,918 5,207 4,353 3,930 4,206 4,143
Douglas-fir subregion
Removals 1,150 909 1,272 1,302 1,222 1,059 1,003 1,004 1,034 1,114
Timber harvest 1,244 976 1,234 1,268 1,244 1,178 1,303 1,383 1,496 1,530
Net growth 337 393 455 606 915 949 1,052 1,162 1,254 1,273
inventory 32,725 27,399 23,767 21,978 20,137 17,779 18,308 19,873 22,038 23,530
Ponderosa pine subregion
Removals 103 95 120 162 179 104 128 135 145 148
Timber harvest 100 94 117 151 166 97 116 120 128 132
Net growth 62 71 84 85 115 147 139 149 139 153
Inventory 3,975 3,972 4,038 3,849 4,279 5,355 5,423 5,518 5,439 5,482
United States total
Removals 2,666 2,171 2,898 3,439 4,055 3,955 4,320 4,897 5,033 5,226
Timber harvest 2,668 2,144 2,758 3,302 4,043 3,969 4,810 5,176 5,537 5,932
Net growth 1,793 2,234 2,523 2,844 3,091 4,220 4,919 5,099 5,457 5,461
Inventory 70,338 69,293 69,110 68965 66,998 63,756 70,813 73,844 77,587 80,129

The forest industry timberlands in the Rocky Mountains are included with the farmer and other private timberlands for that region.

2Data for the Great Plains are inciuded in the Rocky Mountains for the historical period and in the North Central subregion for the projection period.
Note: Supply data for 1952, 1962, 1970, 1976, and 1986 are estimates of the trend level of harvests and differ somewhat from the estimates
of actual consumption shown in some tables. For the projection years, the data shows the volume that would be harvested given the assumptions
of the study. Inventory data for 1952 and 1962 are as of December 31. Inventory data for 1970 and the projection years are as of Janaury 1. Inven-
tory data shown under 1976 and 1986 are as of January 1 of following year.
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Table 117.—Hardwood removals, harvest, net annual growth, and growing stock inventory on forest industry timberlands' in the contiguous

states, specified years 1952-1986, with projections to 2040.

Projections

Item 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040
Million cubic feet
Northeast
Removals 47 51 91 121 110 116 136 157 174 188
Timber harvest 44 45 69 89 216 231 289 316 323 328
Net growth 129 156 193 226 230 211 207 207 206 206
Inventory 4,742 5,554 6,819 7,636 8,835 11,039 11,739 12,230 12,540 12,702
North Central®
Removals 74 45 64 69 142 119 124 125 121 117
Timber harvest 73 41 57 55 201 200 223 207 187 169
Net growth 99 100 118 118 105 99 95 98 102 96
Inventory 2,048 2,673 3,129 3,376 3,430 2,909 2,596 2,291 2,075 1,843
Southeast
Removals 169 158 161 147 185 241 279 288 289 289
Timber harvest 127 96 108 107 176 239 286 291 296 304
Net growth 171 174 230 259 271 193 175 179 190 194
Inventory 5,149 5,801 6,738 7,080 7,781 7,217 6,192 4,948 3,817 2,860
South Central
Removals 211 375 202 213 322 379 401 391 385 380
Timber harvest 157 227 213 184 323 394 430 423 412 415
Net growth 203 285 379 453 348 317 261 306 333 343
inventory 5,656 7,753 8,086 9,661 8,594 9,751 7,793 6,535 5,641 5,302
Pacific Southwest
Removals 3 4 5 4 4 3 3 4 4 5
Timber harvest 2 3 3 3 24 28 27 26 24 26
Net growth W 11 15 24 19 46 41 43 38 30 26
Inventory 336 449 717 679 1,374 1,427 1,585 1,709 1,777 1,777
Douglas-fir subregion
Removals 18 24 44 44 44 144 142 79 78 74
Timber harvest 18 22 37 34 57 107 126 137 139 134
Net growth 75 98 124 145 154 135 127 121 116 112
Inventory 1,889 2,663 3,264 3,336 3,872 3,480 3,061 3,312 3,684 4,031
Ponderosa pine subregion
Removals c 0 0 0 0 0 0 0 0 0
Timber harvest 0 0 0 0 0 ) o) &) G &)
Net growth 0 0 0 o 0 0 0 0 0 0
Inventory 1 12 18 19 16 8 6 5 4 3
United States total
Removals 522 657 567 597 807 1,002 1,085 1,044 1,051 1,053
Timber harvest 421 434 487 472 998 1,197 1,379 1,398 1,379 1,373
Net growth 688 828 1,068 1,220 1,154 996 908 949 977 977
-Inventory 19,831 24,905 28,771 31,787 34,902 35,831 32,972 31,030 29,538 28,518

1The forest industry timberlands in the Rocky Mountains are included with the farmer and other private timberiands for that region.

2Data for the Great Plains are included in the Rocky Mountains for the historical period and in the North Central subregion for the projection period.

3L ess than .5 million cubic feet.

Note: Supply data for 1952, 1962, 1970, 1976, and 1986 are estimates of the trend level of harvests and differ somewhat from the estimates
of actual consumption shown in some tables. For the projection years, the data shows the volume that would be harvested given the assumptions
of the study. Inventory data for 1952 and 1962 are as of December 31. Inventory data for 1970 and the projection years are as of Janaury 1. Inven-
tory data shown under 1976 and 1986 are as of January 1 of following year.
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Table 118.—Softwood removals, harvest, net annual growth, and growing stock inventory on farmer and other private timberlands in the contigu-
ous states, specified years 1952-1986, with projections to 2040.

Projections

item 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040
Million cubic feet
Northeast
Removals 358 274 263 300 226 210 321 418 487 523
Timber harvest 338 258 244 278 296 402 582 717 775 809
Net growth 433 538 510 623 441 468 464 462 456 453
Inventory 13,438 16,031 16,214 17,976 18,985 24,119 25445 25607 25066 24,177
North Central’
Removals 59 61 72 79 109 121 153 209 258 286
Timber harvest 62 63 70 74 99 194 271 348 391 405
Net growth 128 152 170 196 250 221 220 222 226 233
Inventory 2,610 3,382 4,010 4,899 6,246 8,251 8,893 8,978 8,616 8,054
Southeast
Removals 1,444 1,234 1,235 1,365 1,821 1,835 1,831 1,866 1,966 2,027
Timber harvest 1,414 1,189 1,157 1,247 1,693 1,644 1,652 1,677 1,778 1,768
Net growth 1,349 1,567 1,882 2,130 1,904 1,626 1,765 1,740 1,745 1,769
Inventory 23,857 26,687 30,665 34,487 34397 33,907 32,796 32,10 30,247 27,725
South Central
Removals 606 787 1,117 1,278 1,569 2,003 1,606 1,712 2,068 2,164
Timber harvest 584 748 1,129 1,264 1,507 1,899 1,464 1,756 2,012 2,105
Net growth 792 1,182 1,668 2,000 1,762 1,646 2,013 2,103 2,023 2,062
Inventory 11,273 16,128 23,646 28,760 31,555 26,666 27,001 33,199 33,920 32,986
Rocky Mountains?
Removals 226 241 280 287 299 397 472 491 468 441
Timber harvest 207 219 256 262 305 502 630 652 625 609
Net growth 293 341 388 388 440 387 343 336 344 366
inventory . w 19,610 20,097 20,336 19,601 18,372 18,692 17,378 15,800 14,535 13,761
Pacific Southwest
Removalis 542 271 178 145 34 110 147 176 160 133
Timber harvest 468 230 163 136 120 115 209 245 199 167
Net growth 178 192 211 197 238 263 245 225 192 180
Inventory 15,256 12,900 9,608 9,337 9,931 12,526 12,912 12,747 12,388 12,138
Douglas-fir subregion
Removals 302 201 259 200 203 292 327 344 332 333
Timber harvest 317 207 245 195 250 371 443 473 451 449
Net growth 265 308 358 340 409 393 373 363 358 361
Inventory 9,510 9,520 10,304 8,458 10,171 12,008 12,169 12,135 12,214 12,404
Ponderosa pine subregion
Removals 103 68 49 65 70 52 112 156 180 179
Timber harvest 100 67 48 60 9N 64 113 148 160 155
Net growth 109 136 148 121 122 160 158 162 150 148
Inventory 4,495 4,319 4,725 4,604 3,896 5,440 5,875 5,904 5,588 5,269
Alaska
Removals 4 2 61 42 32 28 26 26
Timber harvest 5 2 65 44 34 30 28 28
Net growth 1 2 2 3 37 69 102 143 165
Inventory 218 284 323 666 8,018 9,125 9,676 10,643 11,922 13,319
United States total
Removals 3,640 3,137 3,457 3,721 4,392 5,062 5,001 5,400 5,945 6,112
Timber harvest 3,490 2,981 3,317 3,518 4,426 5,235 5,398 6,046 6,419 6,495
Net growth 3,548 4,418 5,337 5,998 5,603 5,233 5,683 5,756 5,659 5,739
inventory 100,267 109,348 119,831 128,788 141,571 150,734 152,145 157,114 154,496 149,833

'Data for the Great Plains are included in the Rocky Mountains for the historical period and in the North Central subregion for the projection period.

2The forest industry timberlands in the Rocky Mountains are included with the farmer and other private timberlands for that region.

Note:Supply data for 1952, 1962, 1970, 1976, and 1986 are estimates of the trend level of harvests and differ somewhat from the estimates
of actual consumption shown in some tables. For the projection years, the data shows the volume that would be harvested given the assumptions
of the study. Inventory data for 1952 and 1962 are as of December 31. Inventory data for 1970 and the projection years are as of Janaury 1. Inven-
tory data shown under 1976 and 1986 are as of January 1 of foillowing year.
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Table 119.—Hardwood removals, harvest, net annual growth, and growing stock inventory on tarmer and other private timberlands in the contig-
uous states, specified years 1952-1986, with projections to 2040.

Projections
item 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040
Million cubic feet
Northeast
Removals 424 503 591 623 630 737 877 1,024 1,125 1,211
Timber harvest 404 438 448 462 1,241 1,484 1,881 2,040 2,074 2,096
Net growth 1,018 1,296 1,465 1,491 1,620 1,481 1,466 1,438 1,389 1,355
Inventory 32,669 39,863 44,751 49,457 54938 70,842 76,287 79,066 80,587 81,133
North Centrai
Removals 629 661 797 793 932 1,032 1,222 1,401 1,502 1,572
Timber harvest 751 685 738 737 1,326 1,852 2,366 2,464 2,404 2,384
Net growth 961 980 1,084 1,137 1,377 1,428 1,424 1,426 1,443 1,476
Inventory 24,385 29,009 31,821 35,636 42,884 52,871 54,067 53,558 52,378 50,951
Southeast
Removals 817 861 843 801 1,096 1,525 1,879 2,031 2,089 2,079
Timber harvest 617 523 566 586 1,043 1,508 1,935 2,075 2,166 2,181
Net growth 1,020 1,175 1,439 1,715 1,701 1,368 1,339 1,345 1,388 1,330
Inventory 29,227 32,794 36,543 41962 48,163 45,497 41,833 35254 27,955 20,527
South Central
Removals 1,396 1,313 1,012 948 - 1,208 1,495 1,847 1,990 2,075 2,108
Timber harvest 937 730 848 713 1,212 1,578 2,031 2,169 2,260 2,322
Net growth 1,424 1,459 1,845 2,117 1,800 1,495 1,448 1,610 1,813 1,969
Inventory 37,669 39,691 42,243 45,836 53,471 67,444 54,182 49,311 45,553 43,631
Rocky Mountains?
Removals 30 24 21 20 18 10 14 14 12 5
Timber harvest 1 1 2 2 44 32 47 47 41 36
Net growth 48 54 59 62 85 45 50 42 34 35
Inventory & 2,354 2,514 2,701 2,784 3,495 2,772 3,129 3,396 3,611 3,905
Pacific Southwest
Removals 4 7 10 8 1 12 18 21 20 17
Timber harvest 2 4 7 7 8 10 10 11 12 13
Net growth 29 30 40 36 95 g2 80 73 77 65
Inventory 998 1,050 1,662 1,598 3,352 4,124 4,457 4,663 4,891 5,003
Douglas-fir subregion
Removalis 8 29 22 47 7 104 132 153 141 118
Timber harvest 6 24 16 37 9 186 253 250 226 206
Net growth 98 130 154 146 186 184 168 158 150 143
nventory 3,135 3,902 4,634 3,728 5,099 6,015 6,157 6,050 6,004 6,190
Ponderosa pine subregion
Removals 0 0 0 0 0 1 1 2 1 1
Timber harvest 0 0 0 0 0 &) ) ® ® Q)
Net growth 1 1 2 2 3 0 2 1 3 1
Inventory 62 70 77 79 102 79 88 81 93 90
Alaska
Removals 1 1 1 1 %
Timber harvest 1 2 1 1 &)
Net growth 27 43 46 39 25 13
Inventory 39 83 102 121 1,397 1,906 2,408 2,890 3,221 3,423
United States total
Removals 3,308 3,398 3,296 3,240 3,892 4917 5,991 6,637 6,966 7,111
Timber harvest 2,718 2,405 2,625 2,544 4,883 6,650 8,523 9,055 9,182 9,235
Net growth 4,599 5,125 6,088 6,706 6,894 6,136 6,023 6,132 6,322 6,387
Inventory 130,538 148,976 164,434 181,201 212,891 241,550 242,608 234,269 224,293 214,853

'Data for the Great Plains are included in the Rocky Mountains for the historical period and in the North Central subregion for the projection period.

2The forest industry timberlands in the Rocky Mountains are included with the farmer and other private timberlands for that region.

SLess than .5 million cubic feet.

Note: Supply data for 1952, 1962, 1970, 1976, and 1986 are estimates of the trend level of harvests and differ somewhat from the estimates
of actual consumption shown in some tables. For the projection years, the data shows the volume that would be harvested given the assumptions
of the study. Inventory data for 1952 and 1962 are as of December 31. Inventory data for 1970 and the projection years are as of Janaury 1. Inven-
tory data shown under 1976 and 1986 are as of January 1 of following year.
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Table 120.—Softwood and hardwood timber harvest and growing stock inventory in the contiguous states, by region, specified years 1952-1986,
with projections to 2040.

Projections

Item 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040

Million cubic feet

North!
Softwoods
Timber harvest 596 501 549 636 888 1,125 1,411 1,638 1,740 1,791
Inventory 27,053 33,661 38,817 43850 47,400 56,166 59,429 60,832 61,174 60,516
Hardwoods
Timber harvest 1,381 1,329 1,465 1,502 3,190 4,041 5,058 5,351 5,337 5,310
Inventory 76,695 94,627 106,867 119,158 139,640 174,937 187,016 194,210 199,021 202,246
South
Softwoods
Timber harvest 3,036 2,707 3,527 4,251 5,370 5,996 6,325 6,971 7,544 7.973
Inventory 58,737 73,203 87,047 98,896 103,798 100,895 108,484 1 16,840 118,694 118,316
Hardwoods
Timber harvest 1,933 1,662 1,840 1,707 2,930 3,931 4913 5,215 5412 5,513
Inventory 84,009 94,617 103,635 116,488 134,236 134,423 124,130 109,827 97,333 86,683
Rocky Mountains
Softwoods
Timber harvest 497 684 814 773 849 1,184 1,350 1,399 1,398 1,409
inventory 87,546 93223 94,560 95111 100,298 102,353 102,033 101 , 745 102,049 103,045
Hardwoods
Timber harvest 10 13 13 5 57 33 48 48 42 37
Inventory 5,074 5,596 6,035 6,138 7,681 3,928 4,425 4812 5117 5,511
Pacific Coast?
Softwoods
Timber harvest 3,393 3,430 3,805 3,849 4,329 4,029 4,424 4,581 4,697 4,731
Inventory . w* 256,821 247,892 237,754 226,924 182,968 175,391 174,126 175,140 179,141 183,811
Hardwoods
Timber harvest 37 82 87 102 145 352 443 451 427 402
Inventory 14,099 16,419 19,197 18,441 22,446 23,286 24,639 26050 27320 28,305
United States
Softwoods
Timber harvest 7,522 7,322 8,698 9,510 11,436 12,336 13,611 14,589 15,380 15,904
inventory 430,157 447,979 458,178 464,781 434,464 434,805 444,072 454,557 461,058 465,688
Hardwoods
Timber harvest 3,361 3,066 3,405 3,316 6,322 8,357 10,462 11,065 11,217 11,263
Inventory 179,967 211,250 235734 260,225 304,003 336,574 340,210 334,899 328,792 322,744

'Great Plains states included in North.

2Historical data may not match information in Chapter 3 due to changes in Alaska data.

Note: Supply data for 1952, 1962, 1970, 1976, and 1986 are estimates of the trend level of harvests and differ somewhat from the estimates
of actual consumption shown in some tabies. For the projection years, the data shows the volume that would be harvested given the assumptions
of the study. Inventary data for 1952 and 1962 are as of December 31. Inventory data for 1970 and the projection years are as of Janaury 1. Inven-
tory data shown under 1976 and 1986 are as of January 1 of following year.
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Table 121.—Softwood and hardwood timber harvest and growing stock inventory in the contiguous states, by ownership, specified years 1952-1986,

with projections to 2040.

Projections
Item 1952 1962 1970 1976 1986 2000 2010 2020 2030 2040
Million cubic feet
National forest
Softwoods
Timber harvest 961 1,635 1,918 1,867 2,153 2,156 2,263 2,311 2,357 2,404
Inventory 204,354 213,605 211,818 207,977 169,173 161,441 158,921 158,004 159,355 161,477
Hardwoods
Timber harvest 100 97 123 101 166 204 224 243 262 260
Inventory 13,253 16,851 18,784 21,044 24,712 19,982 19,983 19,858 19,962 19,686
Other public
Softwoods
Timber harvest 403 562 702 822 814 974 1,040 1,056 1,067 1,073
Inventory 55,188 55,733 57,419 59,051 56,722 58,875 62,193 65596 69,621 74,249
Hardwoods
Timber harvest 122 130 170 199 276 306 336 369 394 394
Inventory 16,345 20,527 23,745 26,193 31,498 39,211 44,647 49,742 54999 59,687
Forest industry
Softwoods
Timber harvest 2,668 2,144 2,758 3,302 4,044 3,969 4,810 5,176 5,537 5,932
Inventory 70,338 69,293 69,110 68,965 66,998 63,756 70.813 73,844 77587 80,129
Hardwoods
Timber harvest 421 434 487 472 998 1,197 1,379 1,398 1,379 1,373
Inventory 19,831 24,905 28,771 31,787 34,902 35,831 32,972 31,030 29,538 28,518
Farm and other private
Softwoods
Timber harvest 3,490 2,981 3,317 3,518 4,426 5,235 5,398 6,046 6,419 6,495
Inventory 100,267 109,348 119,831 128,788 141,571 150,734 152,145 157,114 154,496 149,833
Hardwoods
Timber harvest 2,718 2,405 2,625 2,544 4,883 6,650 8,523 9,055 9,182 9,235
Inventory 130,538 148,976 164,434 181,201 212,891 241,550 242,608 234,269 224,293 214,853
United States’
Softwoods
Timber harvest 7,522 7,322 8,698 9,510 11,436 12,336 13,511 14,589 15,380 15,904
Inventory 430,157 447,979 458,178 464,781 434,464 434,805 444072 454,557 461,058 465,688
Hardwoods
Timber harvest 3,361 3,066 3,405 3,316 6,322 8,357 10,462 11,065 11,217 11,263
Inventory 179,967 211,259 235,734 260,225 304,003 336,574 340,210 334,899 328,792 322,744

Historical data may not match information in Chapter 3 due to change in Alaska data.

Note: Supply data for 1952, 1962, 1970, 1976, and 1986 are estimates of th
of actual consumption shown in some tables. For the
of the study. Inventory data for 1952 and 1962 are as

of December 31. invento

tory data shown under 1976 and 1986 are as of January 1 of following year.
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bution of forest land across age classes. Projections for
forest industry timberlands show this happening after
2005 in the South and roughly 2010 in the Douglas-fir
region.

There are (at least) three other ways to view the base
projections. The first is in terms of employment associ-
ated with harvesting and processing timber. The
Southern Timber Study (USDA FS 1988b), an analysis
comparable to this study, found that employment in the
forest sector is likely to decline as productivity per em-
ployee increases faster than production. This conclusion
reflects a new awareness of employment implications of
long-term projections, and an interest in the employment
impacts associated with current forest policy issues such
as log export restrictions and old-growth retention.

A second view of the base projections considers the
broad environmental effects of projected developments
in the U.S. forest sector. Chief among these broad-based
concerns is substitution between materials derived from
renewable resources (such as timber) and materials
derived from nonrenewable resources (such as minerals).
At issue here are the environmental effects of increased
production, consumption, and disposal of nonrenewable
materials.

Finally, the base projections must be examined in
terms of the likely impact on wildlife, fish, forage, and
water resources. These concerns are addressed in detail
in other resource Assessments. In this chapter, for non-
timber resources, we will review only the broad impli-
cations of projected changes in timber harvests and
timber inventoriés.

Employment

Projected employment in U.S. forest products indus-
tries is shown in table 122. There are significant differ-
ences in trends in employment within the projection
period, across industries, and across regions. For exam-
ple, between 1985 and 2000, employment in the soft-
wood lumber industry declines in the Pacific
Northwest-West and the Pacific Southwest, but increases
elsewhere. In the softwood plywood industry, employ-
ment declines in all regions between 1985 and 2000. By
2040, employment in both industries is down signifi-
cantly in all regions (Lange et al., in press). Total em-
ployment in the lumber and wood products industries
(all regions) decreases 5% between 1986 and 2000, and
13% between 1986 and 2040.

Two factors contribute to these declines in employ-
ment. First, reduction in timber harvest and timber
processing (in the Pacific Northwest-West and Pacific
Southwest lumber and wood products industries, for ex-
ample) result in direct reductions in employment. The
second factor is the employment impact of technologi-
cal change. Even in those regions where the long-term
trend is nondeclining levels of harvest and processing,
employment may decrease as a result of labor-saving
technological change in processing industries. Competi-
tive firms in the forest products industry have general-
ly been those that utilize technology in place of labor
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and raw material as modernization takes place. The
historical trend—that we expect will continue—is in-
creased productivity of labor in new mills that more than
offsets increases in employment that might have result-
ed from higher levels of production. Expected increases
in labor productivity are clear when total employment
(table 122) is compared to production (tables 97, 100,
and 102).

The character of technological change is a conse-
quence of a long-term trend of increasing wage rates
(relative to other costs of production), and the fact that
labor costs comprise a major component of total produc-
tion costs. Changes in the cost and physical characteris-
tics of raw material (in particular, decreasing average
size of logs) are also factors that motivate the develop-
ment and implementation of new, more mechanized
production processes. In addition to providing some
contrel over increasing costs, technological improve-
ments also facilitate changes in product mix (Keegan and
Polzin 1987).

Table 123 shows trends in wages and salaries (in cons-
tant dollars). As a result of trends in wage rates, these
trends are less pronounced and, in some cases, are coun-
ter to the trends in employment. Here, too, there are con-
siderable differences between regions, and between
industry groups within the broad categories shown in
table 123. For example, workers in the softwood ply-
wood industries earn roughly 40% more than those in
the lumber industry. Between 2000 and 2040, wages and
salaries are lower in the softwood lumber industry and
constant to substantially higher in the softwood plywood
industry.

Projected increases in forest products prices can be ex-
pected to increase the use of substitute materials in the
housing, nonresidential construction, manufacturing
and shipping sectors. Through these changes, declines
in production and employment in the forest products in-
dustry would induce increased activity in the industries
producing substitute materials. Higher production levels
in these industries would increase employment, miti-
gating at least some of the jobs lost in the forest products
industry. However, jobs created through expansion in
these industries will be in different regions of the coun-
try and will require different skills. In addition, in-
creased demand for nonwood products will lead, in turn,
to higher prices and possible environmental problems
associated with these industries.

Environmental Effects

The broad-based environmental impacts of these forest
products industry projections cannot be viewed in iso-
lation because forest products compete with a variety of
materials in most end-use markets. An assessment of the
environmental impact of changes in forest products
production and consumption must take into considera-
tion the wide range of materials that can be substituted
for forest products, and the fact that each of the indus-
tries producing substitute materials has its own set of
environmental impacts.



Table 122.—Employment in the softwood lumber and plywood industries, by section and region, 1986,
with projections to 2040.

Section and region 1986

Projections

2000 2010 2020 2030 2040

Softwood lumber industry
South 36.0
Rocky Mountain 13.2
Pacific Coast

Pacific Northwest

Pacific Northwest-West 20.8
Pacific Northwest-East 9.2
Pacific Southwest’ 12.0
Softwood plywood industry
South 17.3
Rocky Mountain 1.7

Pacific Coast
Pacific Northwest
Pacific Northwest-West 16.6
Pacific Northwest-East 1.2

Thousand employees

39.9 43.3 448 413 37.0
15.0 13.6 14.3 12.6 1.1
20.3 18.9 18.2 16.1 13.6
9.8 10.6 10.9 10.6 9.8
108 10.3 8.5 7.3 5.8
135 15.5 17.0 18.4 19.9
1.3 14 1.6 1.7 1.8
10.4 9.2 9.6 10.0 10.4
0.9 1.0 1.2 1.3 1.5

1Excludes Hawaii.

Table 123.—Wages and salaries in the softwood lumber and plywood industries, by section and region,
1986, with projections to 2040.

Section and region 1986

Projections

2000 2010 2020 2030 2040

Softwood lumber industry
South 411
Rocky Mountain 223
Pacific Coast

Pacific Northwest

Pacific Northwest-West 410
Pacific Northwest-East 180
Pacific Southwest' 232
Softwood plywood industry
South 486
Rocky Mountain 48

Pacific Coast
Pacific Northwest
Pacific Northwest-West 467
Pacific Northwest-East 35

Millions of 1982 dollars

455 494 511 471 422
253 230 241 213 187
401 373 359 318 269
193 208 216 210 193
210 199 164 141 113
380 436 477 518 559
36 40 43 47 51
294 259 270 282 293
26 29 33 38 42

'Excludes Hawai.

Rising prices for forest products are likely to induce
greater consumption and production of other industrial
commodities. In construction, for example, steel, alumi-
num, plastic, and concrete can be used in place of wood
products in structural and nonstructural applications.
In manufacturing, plastics and metal products have
proven to be viable substitutes for wood used in furni-
ture, and in a variety of other uses. In shipping, in-
creased use of containers in cargo handling has resulted
in greater use of steel in place of wood; a variety of plas-
tics have also been substituted for wood and paper
products used in packaging and materials handling.

Based on analysis of historical data we expect similar
substitution to take place in the future (Alexander and
Greber 1988).

Industrial materials generate environmental problems
at each of four stages in the material’s life cycle: (a) raw
material extraction, (b) manufacturing, (c) material use,
and (d) disposal. At each stage, the environmental im-
pacts can be categorized as soil, air, water, and health
and miscellaneous problems. Soil problems include
general soil scarification and disturbance, disposal of
displaced soils, and landfill problems associated with
disposal of waste material. Air quality problems include
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production of particulates, production of pollutant
gasses (such as sulphur dioxide and sulfides), and the
production of so-called ‘‘greenhouse gasses’’ (such as
carbon dioxide). Water quality problems include acid
runoff from exposing low pH materials (during mining
operations), pollution resulting from disposal of materi-
als used in manufacturing, pollution resulting from bio-
logical and chemical processes that deplete aquatic
oxygen, and problems with suspended solids (includ-
ing sedimentation).

Some general health and ecological concerns that have
been associated with the production and use of various
industrial materials include production (as byproducts)
of heavy metals (such as chromium), and production or
use of toxic chemicals such as cyanide, radon, dioxins,
formaldehyde, and poly-chlorinated bi-phenols (PCBs).
All of these contaminants may be harmful to production
workers, to users of the materials, or to the broader en-
vironment. Assessments of the likely damage, and the
acceptability of risks associated with these materials and,
even more broadly, with particular industries, often de-
pend on perceptions of opportunities to gain, or likeli-
hood of loss (of employment, income, or health).
Uncertain, diffuse risks are frequently outweighed in the
social balance by certain, concentrated gains.

Finally, the durability of disposed materials presents
a variety of environmental problems. All industrial
materials present disposal problems, even taking into ac-
count differentiation between industrial and municipal
(household) wagtes. Industrial wastes from steel, pulp
and paper, and plastic manufacture include waste
waters, that often contain toxic contaminants, and solid
waste whose chief problem is its quantity. Wastes from
aluminum manufacture present landfill space problems,
as do industrial wastes from pane! product manufacture.
Municipal waste contains a large proportion of metal,
plastic, and aluminum products. These materials can be
recycled (reducing disposal impacts, and decreasing re-
quirements for virgin raw material); unfortunately, recy-
cling is not widespread and the material endures when
buried. Wood products (other than panel products), and
concrete products pose the fewest long-term disposal
problems for both industries and municipalities because
they will break down over time.

The environmental impacts of the forest products in-
dustries, or those industries producing substitute materi-
als, are not easily summarized and cannot be easily
translated into comparable terms. In general, forest
products, steel, plastics, aluminum, and cement all give
rise to substantial environmental impacts through
harvesting or raw material extraction. Raw material
production for steel, cement, and aluminum manufac-
turing generally results in impacts on soil that are rela-
tively greater—or at least more concentrated—than is the
case with timber production. Steel manufacturing has
a significant (negative) impact on local and regional air
quality, and the cement and plastics industries have sig-
nificant impacts on water quality. On the other hand,
timber production and forest products industries have
been associated with extensive changes in forest-based
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wildlife habitat, damage to productivity of anadromous
fisheries, and reductions in local air quality.

Clearly, the magnitude, type, and duration of environ-
mental impacts differ across these industries. In addi-
tion, the location of production (of both raw materials
and processed products) differs widely for forest
products and industries producing substitute materials.
As a result, the concentration of environmental impacts
will shift as materials use patterns change. In many
cases, shifts in the use of industrial materials will have
environmental impacts that are multinational in scope.
The lack of empirical methods and the absence of a
national environmental policy, or a national materials
policy make it impossible to provide unambiguous meas-
ures of the environmental consequences of projected
developments in the forest products sector.

Effects on Wildlife and Fish, Forage and Water

The projected changes in timber production will lead
to structural changes in the Nation’s forest resources.
These changes will affect wildlife and fish habitat, forage
availability, and watershed outputs. Changes in harvest
levels, changes in the type and intensity of forest
management, and changes in the pattern of land uses
are important determinants of the short- and long-term
impacts on nontimber forest resources.

Over the next five decades the United States will con-
tinue to reduce its dependence on timber produced from
the old-growth, softwood forests of the Pacific North-
west. Timber production will increase from the private
forests in the North and South. The pressures placed on
forest owners in the West {both public and private) to
maintain, or increase the nontimber benefits of forests
will be felt increasingly by owners and managers in the
North and South.

Because total (national) timber production is projected
to increase, and because forests in the North and South
are, on average, less densely stocked than those in the
Waest, the total area harvested will increase by more than
25%. Between 2030 and 2040, an average of 5.4 million
acres will be harvested each year in U.S. private forests.
In 1986, approximately 4.3 million acres were harvested
from these forests. A 16% decline in harvested area in
the West will be more than offset by a 30% increase in
the North, and a 33% increase in the South. The big-
gest relative change is a doubling of the area of softwood
stands harvested in the North.

Projections of timber harvests, timber growth, and tim-
ber inventories incorporate assumptions regarding
changes in forest management. Most of these changes
(and the most significant changes) take place in the in-
dustrial forests in the Northwest and in the South. It is
difficult to quantify the likely impact on nontimber
resources of the broad array of management activities
that will be undertaken. These management activities
include controlling the species composition of forest
stands, the use of genetically ‘‘improved’’ seed stock,
efforts to manage stand density, and shortening the aver-



age age of harvested stands. Some of the most notice-
able changes bear mentioning.

In the South, for example, the rate of harvest and likely
management strategies will combine to nearly eliminate
natural pine stands on industrial lands by the year 2040.
In their place will be a considerable area of pine planta-
tions, many of which will reflect ‘“managed’ genetic
characteristics. These plantation forests will have a more
balanced age-class structure than existing forests in the
region, and few stands will be allowed to reach the age
of the stands of natural origin that they replace. A
similar—and even more dramatic—replacement of older
stands with younger, more actively managed stands will
take place in the West. Forest type transitions will not
be as significant in the West (or in the North), but
managed forests on private lands in the West in the
future will also provide a different blend of nontimber
benefits.

The area of timberland in the United States is projected
to decline by 21 million acres by the year 2040 (table
70). This is slightly more than half of the timberland area
reduction that occurred between 1962 and 1987 (37.3
million acres), and roughly 4% of the current timber-
land area. The largest portion of this reduction is ex-
pected to occur by the year 2000.

The impacts of these changes in timberland on non-
timber resources will vary across regions, and depend

largely on the causes of the changes within each region.
In the South, for example, where most timberland is pri-
vately owned, and the majority of timberland is non-
industrial, most timberland conversion is to agricultural
and urban uses. This implies a significant change in, if
not elimination, of the forest cover and associated
resources. Roughly 40% of the total (national) timber-
land reduction occurs in the South. In the Pacific Coast
region (including Alaska), where one-fourth of the
reduction occurs, some of the reduction is the result of
conversion to urban and other uses; however, much of
the land that is no longer classified as timberland will
remain forested. The impact on nontimber resources will
be considerably less in this case.

Projected changes in timber harvests, forest manage-
ment practices, and timberland area will have both direct
and indirect impacts on nontimber resources that can
be either detrimental or beneficial. Direct, negative im-
pacts include those associated with the conversion of
timberland to nontimber uses. The replacement of ex-
isting forests with forests composed of younger stands,
or different species will have direct, but mixed impacts
that will depend on the resource being considered. The
quantity and type of wildlife supported, forage produc-
tion, and watershed production will adjust to the new
forest environment.
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CHAPTER 8. ALTERNATIVE FUTURES

Chapter 7 was concerned with one view of the future
based on the complex set of assumptions about deter-
minants of timber demands and supplies described in
Chapter 6. These projections of long-run demands and
supplies are strongly influenced by short-run conditions
at the time they are made,?3 but views of the future may
differ from those assumed in the basic assumptions. In
addition, the U.S. forest sector appears to be verging on
several major shifts (changes in public harvests, assump-
tions about recycling, etc.) from past conditions of sup-
ply and demand for both products and stumpage. Acting
in concert, such changes could lead to future trends that
differ significantly from traditional expectations. This
chapter examines some of these potential shifts and their
impacts on the forest sector.

These futures differ from the base projection with
respect to key assumptions about timber supply and de-
mand. Eight alternative futures will be examined. Most
were derived from reviews of, and public comments on,
past Assessments. The following descriptions highlight
key points in each.

1. Increased productivity.—An alternative view of
the future where the rates of softwood lumber and
plywood product yield improvement for western
regions rise faster than those assumed in the base
Assessment projection.

Higher exports of timber products.—An alterna-

tive view of the future where projected exports of

pulpwood (including pulpwood and the pulpwood
equivalent of pulp, paper, and board) lumber, and

plywood double by 2040.

. Lower rates of timber growth.—An alternative
view of the future where the net annual growth for
softwoods and hardwoods in the East is reduced.
This future is intended to reflect the potential
impacts of air pollutants on major U.S. forest
ecosystems.

. Greater forest management.—An alternative view
of the future where all intensive management op-
portunities on timberland in private ownerships

_(that yield a 10% rate of return or more, net of in-
flation or deflation) would be implemented. Details
on the various opportunities are described in Chap-
ter 9.

. Reforestation of surplus crop and pastureland.—
An alternative view of the future where all surplus
crop and pastureland (some 32.5 million acres)
projected in the review draft of the Second RCA
Appraisal (SCS 1988) is assumed to revert to natu-
ral cover with a 10-year time lag.

. Reduced timber harvests on national forests.—
Two alternative views of timber harvests levels on
the national forests. First, timber harvests on na-
tional forests are assumed to drop from 2.3 to 2.1
billion cubic feet per year by 2000 and remain at
that level to 2040. Second, timber harvests on na-

33The base projections were made in the spring of 1989. Most data
series had been revised through 1987 and some were revised for 1988.
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tional forests in the Douglas-fir subregion are
reduced by 25% to represent protection for old-
growth and old-growth dependent species such as
the northern spotted owl.

. Increased use of recycled fiber.—An alternative
view of the future where the use of recycled fiber
in paper and board production rises to 39% of total
fiber furnished by 2040.

. Higher housing starts.—An alternative view of the
future where replacement rates for single-family
homes in the housing stock increase by 2040 to
maintain the average age of the housing stock at
roughly its current level.

SELECTED FUTURES

This section examines the important differences in
product and stumpage markets of each of these selected
futures from those shown in the base projections. In their
own way, each of these futures is a potential alternative
to the base Assessment projection. The objective here
is to demonstrate both the sensitivity of the base projec-
tions to changes in input assumptions and to provide
a basis for assessing the robustness3# of policy conclu-
sions drawn from the base Assessment projections.

Increased Productivity

In the base Assessment projection, softwood lumber
recovery was projected to increase in all sections and
regions (see Chapter 6 for details). The rates of increase
were greatest in the South and in the Ponderosa Pine
subregion where decreases in log diameters were the
smallest. The rates of increase were the least in the
Douglas-fir subregion where expected decreases in log
diameters offset improvements resulting from the adop-
tion of new technology.

In this future, the rate of change for western regions
is assumed to be roughly the same as the rate used in
the base Assessment projection for the southern
subregions. The rationale is that producers in the
western sections and regions, facing more rapid in-
creases (than southern producers) in stumpage prices
during the next two decades, will adopt technology that
will overcome shrinking log sizes. For example, the aver-
age lumber recovery factor for the Pacific Coast states
is assumed to rise from 7.2 to 8.7 (rather than 8.4) board
feet (lumber scale) per cubic foot (log input) by 2040.
Changes in rates of recovery improvement were made
also for the Canadian regions.

In this future there is very little change from the base
projections in softwood harvest levels (timber supplies)
and timber inventories on private timberlands (table
124). Although harvests are little changed, production

34Robustness is used in the context of flexibility. A robust policy con-
clusion is one that leads the forest sector into more acceptable final states.



Table 124. —Simulated effects of selected futures on projected consumption, production, prices, and harvest, by region, selected years 1986-2040.

Increased Increased Reduced Spotted Increase Higher
solidwood Higher Reduced forest Surplus USFS owl recycle housing
Base recovery exports growth management cropland harvest protection fiber starts
Softwood lumber consumption Million board feet
1986 46,283 46,283 46,283 46,283 46,283 46,283 46,283 46,283 46,283 46,283
2000 47,610 47,853 47,653 47,281 47,645 47,667 47,317 47,118 47,652 47,608
2010 49,564 50,036 49 588 49,212 49,745 49,582 49,211 49,435 49,950 49,579
2020 53,783 54,176 53,638 52,905 54,066 53,842 53,241 53,475 54,473 54,646
2030 55,008 55,447 54,693 53,921 55,501 55,192 54,446 54,678 56,140 56,758
2040 56,094 56,522 55,510 54,806 56,678 56,281 55,563 55,908 57,622 58,743
Softwood lumber production
1986 33,889 33,889 33,889 33,889 33,889 33,889 33,889 33,889 33,889 33,889
2000 39,118 39,285 39,119 38,277 39,128 39,138 38,392 38,379 39,136 39,134
2010 40,049 41,497 40,459 37,822 40,656 40,563 38,237 38,818 41,465 40,120
2020 43,612 45,387 44,053 38,890 44,991 44 473 41,339 42,528 46,480 43,686
2030 46,805 48,608 47,037 41,862 48,594 47,590 44,604 45912 52,888 47,420
2040 49173 51,003 49,375 44,095 51,553 50,175 46,804 48,086 56,186 50,033
Softwood lumber imports
1986 14,363 14,363 14,363 14,363 14,363 14,363 14,363 14,363 14,363 14,363
2000 10,962 11,038 11,004 11,474 10,987 10,999 11,396 11,210 10,987 10,944
2010 12,021 11,046 11,684 13,896 11,595 11,524 13,479 13,123 10,992 11,964
2020 12,764 11,383 12,985 16,609 11,668 11,963 14,496 13,541 10,586 13,5653
2030 10,804 9,439 11,956 14,659 9,507 10,203 12,442 11,366 6,194 11,938
2040 9,621 8,119 11,245 13,311 7,726 8,706 11,359 10,421 4,036 11,311
Softwood plywood consumption Million square feet
1986 19,766 19,766 19,766 19,766 19,766 19,766 19,766 19,766 19,766 19,766
2000 17,752 17,890 17,820 17,561 17,764 17,775 17,635 17,560 17,653 17,755
2010 17,877 18,184 17,997 17,627 18,026 17,986 17,704 17,817 18,282 17,936
2020 19,812 19,940 19,743 19,215 19,888 19,891 19,576 19,622 20,168 20,088
2030 21,117 % 21,344 20,975 20,783 21,358 21,304 20,927 21,070 21,606 21,550
2040 22612 22,757 22,244 21,981 22,938 22,741 22,289 22,510 22,952 23,150
All softwood lumber price index (1982 = 100)
1986 111.6 111.6 111.6 111.6 111.6 111.6 111.6 111.6 111.6 1116
2000 146.3 143.5 146.2 152.1 146.1 1457 150.7 1521 145.7 146.6
2010 155.0 150.9 156.6 161.4 153.4 154 .4 161.4 154.8 148.9 155.5
2020 162.7 158.8 165.9 175.7 159.5 160.9 168.6 165.4 153.2 164.9
2030 159.8 156.0 165.0 174.1 154.9 157.9 166.6 163.7 140.7 165.1
2040 157.7 154.5 164.8 176.7 150.8 1555 167.2 159.4 140.4 166.7
All softwood plywood price index
1986 109.6 109.6 109.6 109.6 109.6 109.6 109.6 109.6 109.6 109.6
2000 128.1 125.4 127.0 134.7 128.3 128.0 132.4 133.9 127.2 128.6
2010 139.8 135.2 140.1 151.6 138.0 140.4 149.3 143.6 128.3 141.8
2020 142.2 141.0 145.7 161.4 140.7 139.5 1511 147.9 130.6 141.9
2030 144.5 138.7 148.3 153.1 134.1 136.0 148.2 1424 126.4 147.3
2040 142.2 143.3 156.9 163.1 131.4 139.6 152.5 145.4 129.3 155.8
All hardwood lumber price index
1986 120.3 120.3 120.3 120.3 120.3 120.3 120.3 120.3 120.3 120.3
2000 132.6 143.1 132.7 134.5 133.1 132.0 132.6 1326 132.7 143.1
2010 146.3 146.2 146.5 149 .1 147.2 1440 146.4 146.3 146.2 146.3
2020 163.0 162.9 163.6 166.8 164.4 157.1 163.2 163.0 162.3 163.0
2030 181.7 181.7 182.9 186.5 179.7 . 146.2 182.0 181.7 180.1 181.7
2040 198.5 198.5 200.0 203.4 200.4 150.0 198.9 198.5 196.0 198.7
United States softwood demand Billion cubic feet
1986 11.7 11.7 117 11.7 11.7 11.7 1.7 11.7 11.7 11.7
2000 121 12.1 12.1 12.1 12.1 12.2 12.0 12.1 11.8 12.1
2010 13.4 12.4 13.3 13.2 13.4 13.4 13.2 13.2 13.0 13.3
2020 14.5 14.6 14.5 14 14.6 14.5 14.3 14.4 141 14.5
20390 15.3 15.3 15.4 14.8 154 15.4 15.0 15.2 14.8 15.4
2040 15.8 15.9 15.9 15.3 14.8 15.9 155 15.7 15.3 15.9
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Increased Increased Reduced Spotted Increase Higher
solidwood Higher Reduced forest Surplus USFS owl recycle  housing
Base recovery exports growth management  cropland harvest protection fiber starts
United States hardwood demand
1986 6.3 6.3 6.3 6.3 6.3 6.3 6.3 6.3 6.3 6.3
2000 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
2010 10.5 10.4 10.6 10.5 10.5 10.5 10.5 10.5 10.3 10.5
2020 111 11 11.3 111 111 111 11.1 1.1 10.8 11.1
2030 11.3 11.3 11.6 11.3 11.3 11.3 11.3 11.3 10.9 11.3
2040 11.3 11.3 11.7 11.3 11.3 11.4 11.3 11.4 10.9 11.4
North stumpage prices (1982 $/MBF}
1986 34.7 34.7 347 34.7 34.7 347 34.7 347 34.7 34.7
2000 429 429 43.1 46.0 42.2 43.2 43.7 429 42.4 42.9
2010 55.2 55.1 56.7 64.7 53.5 55.7 56.6 55.1 51.3 55.2
2020 73.6 73.4 76.3 87.7 69.9 72.4 75.6 73.5 65.2 73.6
2030 84.2 84.0 88.0 103.2 78.1 81.0 87.1 84.1 70.3 84.3
2040 91.5 91.3 96.1 114.2 83.3 85.6 95.3 91.4 75.8 91.8
South stumpage prices
1986 123.6 123.6 123.6 123.6 123.6 123.6 123.6 123.6 123.6 123.6
2000 169.4 155.3 166.7 204.5 167.1 165.0 188.3 191.1 162.5 169.5
2010 218.4 205.4 237.5 325.4 206.5 210.6 253.8 236.6 171.5 221.1
2020 2431 231.0 264.0 334.9 233.3 232.1 276.8 261.3 200.3 247.2
2030 2223 208.9 265.8 299.5 177.3 188.4 258.1 229.5 158.8 251.6
2040 232.4 223.1 2951 335.0 176.8 194 .5 260.7 230.5 175.5 275.1
Rockies stumpage prices
1986 438 43.3 43.3 43.3 43.3 43.3 43.3 43.3 43.3 43.3
2000 89.9 67.4 89.5 101.9 88.5 88.1 99.3 91.2 88.1 89.9
2010 1451 140.5 145.0 171.8 139.3 1441 174.8 149.1 122.6 148.4
2020 184.3 179.2 197.6 222.2 177.7 181.6 2133 200.5 1443 1875
2030 189.0 181.7 202.9 234.1 168.6 174.8 218.7 197.3 119.6 207.9
2040 184.4 174.7 219.7 236.0 153.7 169.2 211.9 193.2 88.9 233.2
Pacific Coast stumpage prices
1986 113.5 113.5 113.5 113.5 113.5 113.5 113.5 113.5 1135 113.5
2000 160.2 134.7 145.5 176.5 157.0 155.2 198.6 185.3 153.5 160.1
2010 211.8 181.5 187.2 238.4 206.3 207.2 253.7 219.6 192.4 211.3
2020 2400 222.4 228.8 298.0 222.4 232.5 277.2 249.8 199.4 246.8
2030 248.5 226.4 243.3 306.5 2247 235.0 2835 259.8 187.8 263.8
2040 244.9 216.3 246.7 299.0 209.8 229.5 282.6 251.2 178.8 279.7
Hardwood sawtimber stumpage
prices
1986 179.4 179.4 179.4 179.4 179.4 179.4 179.4 179.4 179.4 179.4
2000 203.6 203.8 203.7 207.4 2046 202.3 203.7 203.6 203.8 203.6
2010 245.6 245.6 246.1 251.6 2476 240.7 245.8 245.6 245.5 2456
2020 292.6 292.5 293.9 301.0 295.7 283.8 293.0 2925 291.2 292.6
2030 3446 344.5 347.5 355.9 349.2 3315 345.3 3446 340.6 3447
2040 391.9 391.7 395.7 404.5 396.9 3747 392.8 391.9 385.2 3922
Softwood North harvest Million cubic feet
1986 879 879 879 879 879 879 879 879 879 879
2000 1,142 1,142 1,149 1,142 1,142 1,142 1,142 1,142 1,124 1,142
2010 1,421 1,419 1,435 1,327 1,420 1,421 1,418 1,419 1,398 1,421
2020 1,641 1,639 1,666 1,641 1,641 1,641 1,641 1,640 1,603 1,644
2030 1,750 1,750 1,785 1,733 1,750 1,750 1,750 1,751 1,704 1,755
2040 1,803 1,802 1,849 1,805 1,799 1,801 1,803 1,801 1,755 1,811
Softwood South harvest
1986 5,237 5,237 5,237 5,237 5,237 5,237 5,237 5,237 5,237 5,237
2000 6,163 6,134 6,208 6,051 6,166 6,159 6,157 6,185 5,905 6,164
2010 6,327 6,337 6.428 6,090 6,378 8,350 6,289 6,329 6,267 6,324
2020 7,017 6,999 7,132 6,513 7,136 7,083 6,959 6,993 6,804 7,082
2030 7,610 7,618 7777 7179 7,762 7,675 7,567 7,619 7,728 7,653
2040 7.997 7,997 8,182 7,563 8,216 8,083 7,933 7.989 7,872 8,041



Table 124.—Continued

Increased Increased Reduced Spotted Increase  Higher
solidwood Higher Reduced forest Surpius USFS owl recycle  housing
Base recovery exports growth management  cropiand harvest protection fiber starts
Softwood Rockies harvest
1986 877 877 877 877 877 877 877 877 877 877
2000 1,083 1,066 1,083 1,091 1,081 1,081 1,089 1,092 1,054 1,083
2010 1,237 1,238 1,238 1,252 1,233 1,237 1,255 1,237 1,218 1,240
2020 1,306 1,306 1,317 1,322 1,303 1,306 1,317 1,312 1,281 1,307
2030 1,310 1,308 1,316 1,321 1,299 1,303 1,316 1,308 1,269 1,317
2040 1,318 1,315 1,336 1,327 1,304 1,314 1,319 1,317 1,272 1,340
Softwood Pacific Coast harvest
1986 4,086 4,086 4,086 4,086 4,086 4,086 4,086 4,086 4,086 4,086
2000 4,023 4,052 3,949 4,039 4,023 4,032 3,940 3,953 3,979 4,024
2010 4,369 4,439 4,269 4,385 4,381 4,391 4,222 4,283 4,203 4,370
2020 4,490 4,615 4,440 4,584 4,496 4,507 4,342 4,438 4,356 4,495
2030 4,569 4,659 4,510 4,650 4,582 4,578 4,420 4,349 4,290 4,597
2040 4,607 4,686 4,545 4,587 4,580 4,610 4,465 4,536 4,398 4,657
Hardwood North harvest
1986 3,355 3,355 3,355 3,355 3,355 3,355 3,355 3,355 3,355 3,355
2000 4,093 4,091 4,109 4,095 4,093 4,095 4,091 4,092 4,098 4,093
2010 5,043 5,038 5,081 5,039 5,044 5,055 5,035 5,038 4,997 5,043
2020 5,362 5,358 5,428 5,367 5,367 5,387 5,362 5,361 5,288 5,370
2030 5,367 5,367 5,466 5,377 5,379 5,402 5,367 5,371 5,268 5,379
2040 5,368 5,368 5,483 5,377 5,370 5,405 5,369 5,366 5,240 5,388
Hardwood South harvest
1986 2,694 2,694 2,694 2,694 2,694 2,694 2,694 2,694 2,694 2,694
2000 3,953 3,954 3,988 3,952 3,952 3,953 3,954 3,954 3,979 3,953
2010 4,904 4,903 4,988 4,905 4,899 4,902 4,905 4,906 4,782 4,903
2020 5,230 & 5,230 5,353 5,230 5218 5,225 5,227 5,216 5,011 5,233
2030 5,429 5,428 5,594 5,416 5,410 5,421 5,426 5,428 5,148 5,435
2040 5,529 5,527 5,727 5,510 5514 5,627 5,525 5,532 5,231 5,543
Hardwood Rockies harvest
1986 32 32 32 32 32 32 32 32 32 32
2000 52 52 52 52 52 52 52 52 52 52
2010 66 €6 66 66 66 66 66 66 66 66
2020 67 67 67 67 67 67 67 67 67 67
2030 61 61 61 61 61 61 61 61 61 61
2040 58 58 58 58 58 58 58 58 58 58
Hardwood Pacific Coast harvest
1986 279 279 279 279 279 279 279 279 279 279
2000 331 331 331 331 331 331 331 328 327 331
2010 415 415 416 415 415 415 415 390 392 415
2020 426 426 430 426 426 426 426 426 393 426
2030 ° 409 410 416 409 409 409 410 420 376 409
2040 389 389 397 389 389 389 389 389 353 389
Softwood North Inventory
1986 38,175 38,175 38,175 38,175 38,175 38,175 38,175 38,175 38,175 38,175
2000 42,301 42,301 42,278 40,603 43,152 42,263 42,275 42,300 42,316 42,301
2010 44,190 44,199 44,094 41,648 45,943 44,872 44,078 44,197 44,345 44,190
2020 44 366 44,387 44,124 41,009 47,001 45,960 44,153 44,383 44,769 44,362
2030 44,393 43,424 42,935 39,274 46,985 45,890 43,069 43,406 44,092 43,370
2040 42,029 42,060 41,308 37,243 46,480 45,352 41,583 42,040 43,070 41,969
Softwood South Inventory
1986 91,417 91,417 91,417 91,417 91,417 91,417 91,417 91,417 91,417 91,417
2000 86,894 86,986 86,623 79,703 87,326 87,476 86,673 86,620 87,341 86,897
2010 92,718 92,903 92,005 82,571 94,590 94,585 92,264 92,496 94,680 92,713
2020 100,160 100,182 98,880 88,408 103,287 102,040 99,837 100,065 102,811 100,141
2030 101,107 101,280 98,462 88,436 106,268 102,823 100,589 101,095 106,494 100,708
2040 98,967 98,997 95,125 84,595 106,312 100,290 98,183 98,802 104,441 97,974
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Increased Increased Reduced Spotted Increase  Higher
solidwood Higher Reduced forest Surplus USFS owl recycle  housing
Base recovery exports growth management  cropland harvest protection fiber starts
Softwood Rockies Inventory
1986 18,967 18,967 18,967 18,967 18,967 18,967 18,967 18,967 18,967 18,967
2000 18,617 18,701 18,622 18,560 18,622 18,630 18,586 18,540 18,639 18,616
2010 17,374 17,575 17,394 17,209 17,405 17,420 17,253 17,230 17,489 17,380
2020 15,848 16,001 15,829 15,434 15,925 15,931 15,522 15,651 16,124 15,780
2030 14,614 14,773 14,447 13,880 14,756 14,758 14,171 14,371 15,158 14,439
2040 13,832 13,994 13,561 13,087 14,117 14,061 13,313 12,802 14,817 13,536
Softwood Pacitic Coast Inventory
1986 57,022 57,022 57,022 57,022 57,022 57,022 57,022 57,022 57,022 57,022
2000 58,747 59,066 58,958 58,538 59,032 59,232 58,310 58,344 58,867 58,767
2010 59,591 60,105 60,044 59,101 60,261 60,273 58,625 59,430 59,905 59,600
2020 60,491 60,822 60,761 59,693 61,772 61,164 59,649 56,778 61,227 60,424
2030 62,140 62,182 61,933 60,901 64,273 63,029 61,426 62,038 64,429 61,828
2040 63,359 63,535 62,738 62,254 66,541 64,706 62,735 57,307 65,368 62,392
Total Softwood Inventory
1986 205,581 205,581 205,581 205,581 205,581 205,581 205,581 205,581 205,581 205,581
2000 206,559 207,053 206,481 197,403 208,131 207,600 205,843 205,804 207,154 206,580
2010 213,873 214,781 213,537 200,530 218,199 217,150 212,220 213,353 216,418 213,882
2020 220,865 221,391 219,594 204,543 227,984 225,094 219,160 216,877 224,931 220,707
2030 221,254 221,659 217,776 202,591 232,282 226,500 219,255 220,910 220,993 220,341
2040 218,188 218,585 212,733 197,179 233,449 224,409 215,814 211,080 227,696 215,871
Hardwood North Inventory
1986 119,748 119,748 119,748 119,748 119,748 119,748 119,748 119,748 119,748 119,748
2000 137,985 137,986 137,924 134,378 137,495 138,854 137,933 137,982 137,943 137,985
2010 145,130 145,171 144,873 139,795 144,311 150,203 144,946 145,162 145226 145,130
2020 147,789 147,872 147,129 140,814 146,778 157,224 147,454 147,857 148,377 147,770
2030 148,101 148,212 146,809 139,540 146,851 161,159 147,594 148,153 149,414 148,016
2040 147,311 147,419 145,226 137,269 145,761 163,455 146,599 147,362 149,456 147,108
Hardwood South inventory
1986 115,184 115,184 115,184 115,184 115,184 115,184 115,184 115,184 115,184 115,184
2000 120,299 120,298 120,136 115,216 119,392 121,316 120,251 120,298 119,979 120,298
2010 110,319 110,319 109,543 103,521 108,361 113,833 110,094 110,305 110,265 110,332
2020 96,297 96,312 94,472 87,890 93,109 101,306 95,916 96,258 98,126 96,300
2030 83,167 83,193 79,977 73,127 78,612 89,326 82,626 83,127 87,902 83,086
2040 73,252 73,307 69,555 63,478 68,854 80,363 72,626 73,223 80,561 73,063
Hardwood Rockies Inventory
1986 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,199
2000 2,803 2,803 2,803 2,802 2,803 2,802 2,800 2,802 2,803 2,803
2010 3,144 3,146 3,145 3,143 3,145 3,144 3,134 3,143 3,145 3,144
2020 3,411 3412 3,411 3,409 3,411 3,410 3,392 3,410 3,412 3,410
2030 3,633 3,678 3,632 3,631 3,678 3,678 3,654 3,633 3,677 3,632
2040 3,873 3,947 3,873 3,877 3,947 3,947 3,920 3,858 3,940 3,873
Hardwood Pacific Coast Inventory
1986 12,894 12,894 12,894 12,894 12,894 12,894 12,894 12,894 12,894 12,894
2000 15,845 15,854 15,849 15,840 14,998 16,858 15,832 15,836 15,843 15,845
2010 16,029 16,043 16,042 16,013 14,694 17,345 15,980 15,075 16,058 16,029
2020 16,162 16,170 16,171 16,152 14,617 17,780 16,101 16,154 16,228 16,161
2030 16,716 16,714 16,711 16,711 14,939 18,678 16,660 16,710 16,818 16,713
2040 17,368 17,356 17,349 17,358 15,335 19,690 17,313 17,358 17,502 17,357
Total Hardwood Inventory
1986 250,024 250,024 250,024 250,024 - 250,024 250,024 250,024 250,024 250,024 250,024
2000 276,931 276,941 276,711 268,236 274,687 279,831 276,816 276,917 276,567 276,931
2010 274,622 274,678 273,602 262,472 270,510 284,526 274,154 273,686 274,694 274,635
2020 263,659 263,766 261,182 248,264 257,914 279,720 262,863 263,680 266,142 263,642
2030 251,617 251,798 247,130 233,009 244,080 272,841 250,534 251,622 257,811 251,447
2040 241,804 242,028 236,002 221,981 233,896 267,455 240,458 241,792 251,457 241,402
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of softwood lumber and plywood is up in most produc-
ing regions, particularly in the later projection years.
Consumption of softwood roundwood pulpwood is also
higher in the South because improved product recov-
ery in the West shifts some lumber and plywood produc-
tion from the South to the West, reducing the volumes
of byproducts from mill operations available to southern
pulpmills.

Lower harvests early in the projection period result
in reductions in softwood stumpage and softwood
lumber prices relative to the base projections in the near
term. In the longer term, lumber prices remain lower
than in the base Assessment projection but stumpage
prices outside of the Pacific Coast region rise slightly
because of increased product production in those
regions.

The effects of industry adoption of the technologies
identified by Haygreen and others (1986) have been es-
timated by Skog and Haynes (1987). They found that,
just as this future suggests, the outlook for timber could
be changed by actions that improved processing efficien-
cy. The effects of a variety of specific technological
changes are explored in Chapter 10.

Higher Exports

In the last 3 years, exports of forest products have been
at near record levels, reawakening interest in the poten-
tial of export markets (see Chapter 5 for details). Realiz-
ing the potentialdor expanded trade also depends on the
willingness of domestic firms to enter new markets,
elimination of currently restrictive trade barriers (in
importing countries), and the ability of U.S. producers
to capture a larger export market share in the face of price
and other kinds of competition from other world
supplies.

In this future, the projected exports of lumber, ply-
wood, and pulp preducts (including pulpwood and the
roundwood equivalent of pulp, paper, and board) are as-
sumed to increase by 20% per decade for the next five
decades. Exports of lumber and plywood start to rise
after 2010 when domestic product prices start to stabil-
ize. Log exports in the Douglas-fir subregion are assumed
to fall as lumber and plywood exports rise.

A doubling of exports of the major timber products
(except softwood logs) over the projection years has the
obvious effect of increasing demands and harvests (tim-
ber supplies) over the base projections for softwoods and
hardwoods (see table 124). After 2010, softwood log ex-
ports in the Douglas-fir subregion were assumed to be
replaced by exports of softwood lumber and plywood.
The impacts vary by product, however, because doubled
exports of some products are small in comparison to
production. Impacts also vary by region because of the
location of export markets and comparative cost differ-
ences. For example, production of softwood lumber and
plywood drops below the base Assessment projection in
the South, but rises substantially above them in the
Pacific Northwest where reductions in log exports in-
creases the availability of logs for domestic processing.

Consumption of softwood roundwood pulpwood shows
the reverse pattern, much above the base in the South
(650 million cubic feet above the base by 2040), and
below it in the Pacific Northwest.

There are also regional differences in the impact of this
future on timber inventories. Softwood inventories in the
South are lower in this future because of higher pulp
production than those in the base Assessment projection.
Hardwood inventories drop below the base Assessment
projection in both the North and South because of in-
creases in hardwood pulpwood use.

Prices for softwood stumpage and/or products made
from softwoods are generally higher than those in the
base. This reflects the volumes involved. There are large
increases in pulpwood consumption while doubled lum-
ber exports are still small relative to total lumber produc-
tion. Hardwood sawtimber stumpage prices are not
impacted as there is little change in hardwood lumber
production and prices.

Lower Rates of Timber Growth

This decade of the 1980s has seen the emergence of
a number of concerns centered first around declining
forest growth possibly caused by acid rain or other air
pollutants, and more recently due to global climate
change. These concerns have evoked public apprehen-
sion and led to large scale research programs such as the
Forest Response Program (FRP) (Schroeder and Kiester
1989) and the National Acid Precipitation Assessment
Programs (NAPAP).35

The purpose of this future is to illustrate the econom-
ic impacts associated with the types of growth declines
found by deSteigner and Pye (in press). They summa-
rized a survey of expert opinion about quantitative esti-
mates of the damage caused by air pollutants to major
U.S. forest ecosystems, and found in general that eastern
hardwood types would experience a 5% decline while
eastern softwood types would experience a 10% decline.
These growth reductions were simulated by lowering
both current and future yield functions by the specified
percentages for all stand age classes. This approach low-
ers what growth stands can attain. Because of stocking-
level adjustments and growth of softwood components
of hardwood stands and hardwood components of soft-
wood stands, however, the simulated reductions in ag-
gregate stand growth differ somewhat from the initial
adjustments in yields.

Inventories change more slowly. By 2000, inventories
in the Northeast and Southeast (except for softwoods in
the Southeast) are only 3-4% less than in the base As-
sessment projection (table 125). Softwood inventories in
the Southeast, for example, are 9% lower than in the
base Assessment projection. This reflects the strong mar-
kets for softwood stumpage in the Southeast and the
close balance between harvest and growth in the base
Assessment projection. Hardwood inventories decline

35The final NAPAP Assessment is due in 1990 (NAPAP 1988). This
assessment inciudes the causes and effects of acidic deposition and re-
lated control and mitigation strategies.
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Table 125.—Growth, inventory, and harvest reductions.

Growth inventory Harvest?
Hardwood Softwood Hardwood Softwood Hardwood Softwood

Northeast

2000 .84 .80 .97 .96 1.00 1.00

2020 94 .91 .85 .92 1.00 1.00

2040 95 .92 .94 .89 1.00 1.00
Southeast

2000 .94 91 97 91 1.00 .94

2020 .94 .92 9 .85 1.00 .82

2040 92 .92 .90 79 1.00 79

"Measured as the ratio of the growth reduction future divided by the base Assessment projection.

25awtimber harvest only.

by 2040 to 6% less than the base in the Northeast and
10% less in the Southeast (see table 125). Changes in
harvest reflect shifts in product markets. In the South,
there are changes in both softwoods and hardwoods but
sawtimber harvest impacts are only large for softwoods.
Softwood sawtimber harvest in the Southeast, for exam-
ple, drops 6% by 2000 and 21% by 2040. This harvest
trajectory is the consequence of the market model includ-
ing the specification of the stumpage supply functions
that relate harvest to inventory and price levels.

The market determines the economic impacts. These
vary between species, regions, product and stumpage
markets, and over time. Impacts in the near term are
modest except for softwoods in the South where stump-
age prices increase by 27% by 2000. They rise most
rapidly in the #fear term as slow, downward capacity ad-
justments (modeled as a function of profitability) lead
to tight stumpage markets. Overall, the price impacts for
this future are the most severe of all of the futures in the
softwood sector.

The biological and economic impacts associated with
growth declines differ. The biological impacts, other
than for growth, are slow to develop. Reduced growth
rates eventually lower timber inventories (which lower
harvests) and could, in the longer term, affect the mix
of species. The most severe economic impacts are in the
South, and especially in the Southeast where declines
in growth further aggravate expected declines in soft-
wood inventories shown in the base Assessment projec-
tion. Economic impacts for both the North and for
hardwoods, in general, are more modest.

Another way to gauge the economic impacts is to look
at which groups (consumers, producers, and stumpage
owners) gain or lose because of growth reductions as-
sociated with acidic deposition. Sample impacts are
shown as follows:

Consumer Southeast Southeast
expenditures lumber stumpage
producers’ owners'
revenues”* revenues
billion 1982 dollars
2000 .57 -.15 .03
2020 2.82 -.06 —
2040 2.16 -.03 .06

*Computed as profit per thousand board feet times
production.

As a group, consumers are the most impacted as in-
creased lumber prices due to reduced growth raise con-
sumer expenditures. Changes in consumer expenditures
for softwood lumber average $15 (1982 dollars) per
household by 2040. In the near term (during the next
two decades), potential changes in consumer expendi-
tures are partially reduced by increased production in
other regions including those in Canada. By 2020, the
opportunities for this offsetting production are exhaust-
ed, increasing total impacts. Producers generally lose
revenue as stumpage prices increase in affected regions
faster than final product prices. In the South, these losses
are greatest in the next decade but fall after 2000 as
producers reduce lumber capacity in response to lower

harvest levels and higher stumpage prices. One interest-
ing note is that reduced growth leads to increased ply-
wood profits and production levels in the Southeast. As
less timber becomes available, there is a shift from lum-
ber to plywood production in the Southeast resulting
from the availability of alternative sources for lumber
relative to those for plywood.

In spite of lower harvest levels (because of reduced
timber inventories), stumpage owners see increased
revenues in the long run derived from the sale of saw-
timber because of higher stumpage prices.

Greater Forest Management

As described in Chapter 9, there are economic oppor-
tunities to increase timber inventories on private
timberlands. In this future, the impact of increasing in-
vestment levels above those in the base Assessment
projection were analyzed. Specifically, investment levels
were increased to include those economic opportunities
whose average rates of return were 10% or greater.

As shown in table 124 the impacts of increased invest-
ments on private timberlands are substantial. Softwood
timber harvests, net annual growth, and inventories are
all higher than in the base projection. Softwood timber
inventories are 8.1% greater in 2040 for private timber-
lands in the South. This pattern in growth, inventories,
and harvests illustrates how timber markets function.
Growth increases are noticeable first. These lead to in-
creases in inventories and finally (in later decades) to
increases in harvest. The impacts on the softwood forest

165



resource are primarily felt in the South where the bulk
of private timberland is located.

The economic impacts associated with this future are
explained in Chapter 9.

Reforestation of Surplus Cropland

Important factors that influence the amount of
cropland—such as changes in the domestic and inter-
national demand for agricultural products and changes
in agricultural production technologies—are difficult to
project and result in uncertainties regarding their pos-
sible impact on future land reallocation. These factors
may have unanticipated effects on the amount of land
needed for agricultural production. This future examines
the effect of reducing the acres of cropland in produc-
tion on the availability of timberland acres. This future
assumes that all surplus cropland3® projected by the
Second RCA Appraisal (USDA SCS 1987) will revert to
natural vegetation, either range or forest. It tests the sen-
sitivity of future natural resource production to changes
in the agricultural land base.

Idle cropland area was determined from the 2030 in-
termediate scenario projections in the 1988 RCA Ap-
praisal (USDA SCS 1987). The Second Appraisal projects
the availability of 386.8 million acres of cropland in
2030. Of this total, 218.5 million acres are assumed to
be used for crop production, 39.8 million are assumed
to be enrolled in the Conservation Reserve Program, and
128.5 million acresare assumed to be idle (land that will
not be needed for agricultural production).

Of the 128.5 million idle acres, most is projected to
revert to range (96 million acres). An additional 15.6 mil-
lion acres is projected to revert to hardwoods, 15.4 mil-
lion to hardwood/softwood, and 1.5 million acres to
softwood types. Roughly 40% of the idle cropland avail-
able for reversion to forest was accounted for in the
initial base timberland assumption. The remaining acres
are expected to add 19.1 million acres to the timberland
base over the next 20 years. In this future most of these

acres consist of hardwood and hardwood/softwood types
and occur primarily in the North and the South.

The effect of these increases in timberland area by
2040 is to raise private timberland inventories 2.9% and
10.8%, respectively, for softwoods and hardwoods (table
124). The largest increases are for hardwoods in the
North and in the Pacific Coast. While these changes in
timber inventories are large, they have limited market
impacts since most of the increase involves hardwood
types where there is already abundant supplies. Stump-
age prices, by 2040, in the North are 6% less and in the
South 11% less than those in the base run. These lower
stumpage prices lead only to a small (less than 1%)
change in hardwood timber demand.

38 Surpius cropland as defined in the RCA Appraisal are those acres
that are currently cropped that would be in surplus (i.e., not needed to
meet projected demands) in the future if a least cost method is used to

meet food and fiber demands in the United States, under “‘intermediate’’

supply and demand assumptions.
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Changes in National Forest Timber Harvests

In the last two decades, it has become increasingly
clear that the future of timber production on the nation-
al forests depends in part on (1) success in finding suit-
able ways to integrate timber production with other uses
of forest land, and (2) the need to protect and maintain
the forest environment, including endangered and
threatened species. The controversy surrounding habitat
protection for the spotted owl illustrates the increasing
constraints on timber production on the national forests.
In this section, two futures are presented to address these
two issues. The total national forest harvest levels for
each case are shown as follows:

Base Reduced Spotted
assessment national owl
projection forest harvest

billion cubic feet
1986 2.07 2.07 2.07
2000 2.00 1.70 1.86
2010 2.17 1.85 2.03
2020 2.23 1.90 2.09
2030 2.28 1.95 2.13
2040 2.32 1.99 2.18

The reduced national forest harvest level was initial-
ly specified to be a 20% reduction, but in the actual
simulations the reduction is roughly 15% because of the
difference between sales offered and sold in the Rocky
Mountains. In this simulation, some of the reduction in
national forest harvest is assumed to come from those
sales that while offered, would not be sold. Consequent-
ly, harvest reductions come primarily in the Pacific Coast
states and in the South.

Reduced National Forest Harvest

The first future illustrates a future where national
forest harvest levels are reduced from 2.3 billion cubic
feet per year to 2.1 billion. This decrease in national
forest harvest is partly offset by changes in harvests of
other owners or in other regions. In regions, where there
are sufficient private timber supplies, decreases in na-
tional forest harvest lead to higher stumpage prices that,
in turn, increase timber harvests from private timber-
lands. For example, the national forest harvest in the
Douglas-fir subregion is reduced by 96 million cubic feet
per year. Total harvest, however, is reduced by only 40
million cubic feet by 2000—private harvests having in-
creased by 56 million cubic feet per year. In the Douglas-
fir subregion, these offsetting changes cannot be sus-
tained after 2000 because of a worsening timber inven-
tory situation. In other sections, such as the Rocky
Mountains, the reduction in national forest harvest is
partly offset throughout the projection period.

Under this future, declines in timber inventories are
reflected in intensified competition for the available tim-
ber and higher prices for softwood stumpage prices.
Those in the Pacific Northwest, for example, are 17%
above the base by 2040.



Softwood lumber prices are 2.4% higher in 2040 than
in the base Assessment projection (table 124). Because
of the lumber price increases, total lumber consumption
is down 1.2% and lumber imports from Canada are up
21% by 2040. The increase in lumber imports comes
progressively after 2000 because domestic production is
reduced as a consequence of the lower timber inventories
and the associated higher prices. By 2040, domestic
lumber production is 5.2% less than the base Assess-
ment projection. There are different impacts among
regions. The largest impacts are in the western states,
particularly the Pacific Northwest with its large nation-
al forest resources.

There are no significant impacts on the hardwood
resource associated with this future, further illustrating
the small role of national forests in the hardwood sector.

The Northern Spotted Owl

The recent national forest and Bureau of Land Manage-
ment controversy over old-growth retention and proper
forest management practices has centered in the
Douglas-fir subregion. This issue concerns further reten-
tion of old-growth forests than was planned to ensure
survival of species such as the Northern Spotted Owl.37
Exact acreage reductions and the affects on timber har-
vest are unclear until a protection policy is adopted.
However, a mid-range harvest level from the Spotted
Owl Environmgatal Impact Statement {USDA FS 1988a)
suggests that national forest harvest in the Douglas-fir
subregion could be reduced by 25%, assuming that 25%
of the region’s harvest came from old-growth stands.

Figure 62 shows the total harvest. National forest har-
vest was reduced over the next 3 years by 150 million
cubic feet in the Douglas-fir subregion leading to roughly
a 5% reduction in the total harvest for the subregion.
This leads to higher stumpage prices and higher harvest
on private lands. In 2000, harvest increases of 49 mil-
lion cubic feet on forest industry timberlands and 20 mil-

%7The various viewpoints are summarized in publications such as
“Pacific Northwest Lumber and Wood Products: An Industry in Transi-

tion'’ (Olson 1988) and ‘‘Spotted Owis, Old Growth and the Economy
of the Northwest’” (Northwest Forest Resource Councit 1989).
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Figure 62.—Impacts of spotted owl reductions on total Pacific
Northwest-West national forest harvest.

lion cubic feet on nonindustrial timberlands offsets the
150 million cubic feet decline. The actual harvest decline
in 2000 following these changes is 73 million cubic feet.

Nationally, the effects of this future are modest rela-
tive to other futures (see table 124). It raises softwood
product and stumpage prices and lowers U.S. consump-
tion and production. Its impacts are most severe in the
Douglas-fir subregion where higher stumpage prices lead
to lower harvest and production levels.

Increased Recycling

This future examines the impacts of further increases
in recycling in the forest sector. There is a growing in-
terest in the impact of increased use of wastepaper as
raw material for paper and board production. Producers
in other developed countries (e.g., Japan and European
countries) use about twice as much wastepaper as raw
material for the production of paper and board as U.S.
producers. In the United States this recent interest seems
to stem largely from concerns about waste disposal rather
than concerns about raw material availability. In this
future, the impacts of increasing wastepaper use to 39%
of total fiber furnish are examined (see table 91 for the
assumptions used in the base projection).

Increased recycling leads to a 3.7% reduction in total
demand for forest products by 2040 (table 124). Con-
sumption by sawtimber and pulpwood is shown in the
following tabulation:

Sawlogs Pulpwood
Base Recycle Base Recycle
billion cubic feet
1986 9.0 9.0 5.8 5.8
2000 8.2 8.2 7.4 7.1
2020 9.5 9.6 9.6 8.4
2040 9.6 9.9 10.8 8.9

By 2040, we are using 17.6% less pulpwood as a result
of increased use of wastepaper. Some of the wood that
would have been used as pulp is being used for the
manufacture of other products especially lumber (note
that sawlog consumption is increased). U.S. softwood
lumber consumption rises 2.7%, imports of softwood
lumber from Canada drop by 57.6%. and U.S. softwood
lumber production rises by 14.3%.

Table 124 shows the reductions in harvest for both
softwoods and hardwoods. The largest harvest reduc-
tions are for softwoods, particularly in the Pacific coast
states where harvest falls both because of lower pulp-
wood use and because lumber and plywood production
falls as a result of increased product production in the
South. Reductions in the South are larger for hardwoods
than for softwoods. Another way to look at this is in
terms of reductions in acres harvested because of in-
creased recycling. As the use of wastepaper increases,
fewer acres are harvested each year (440,000 acres less
in 2010). The bulk of these acres are in the South and
are evenly split between hardwoods and softwoods.

Changes in wood prices are another way to gauge the
impact of increased use of wastepaper. In the South, the



two decades it will almost entirely come from stands that
are now considered to be at minimum harvest age. This
raises questions about the quality of that timber and the
ability to supply markets that have specific size, ring
count, and limb size requirements.

Projections for the nonindustrial ownership show a
different future (as illustrated for the Southeast in fig.
66). No forest regulation scheme will characterize this
ownership and the change in harvest age is not expected
to be as severe. Consequently, this ownership will still
hold older and presumably more valuable timber. The
nonindustrial ownership also faces a problem of age
class imbalance but it is not expected to be resolved un-
til late in the projection period (see the plots of 2010 and
2040 in fig. 66).

SUMMARY

The softwood lumber price index is often used as a
general measure of the overall economic situation in the
U.S. forest sector. In the base Assessment projection, it
is projected to increase at an annual rate of 1.2% between
1986 and 2010 and .2% between 2010 and 2040. In the
sense of an overview, which future affects the softwood
lumber price index most? Figure 67 shows the softwood
lumber price index from the base Assessment projection
and four other futures that trace the bounds of the ef-
fects on the indey. Two futures result in lower projected
increases in the softwood lumber price index: increased
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Figure 67.—Softwood lumber price index, 1950-1986, with projec-
tions to 2040.

productivity through improvements in processing effi-
ciency, and increased recycling. Both of these futures
reduce the demand for roundwood, lower wood costs,
and finally total costs. The Spotted Owl and reduced
growth futures lead to higher rates of projected price in-
creases. The Spotted Owl future affects timber supplies
immediately while the lower growth rates future impacts
timber inventory levels only in the longer term. Both of
these futures also illustrate how regional issues (the
Spotted Owl issue is centered in the Douglas-fir
subregion and lower rates of timber growth focuses on
the East) can impact the entire forest sector.



