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Plate 3.19. Country-level climate-change impacts on rain-fed cereal-production potential on currently cultivated land (CSIRO-

A2, 2080s).
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The results for this group of food-insecure countries, depending on the level of
CO, emissions and rate of climate change, show a net loss of up to 2% in four of
the 12 scenarios, namely for HadCM3 and CSIRO. Despite these relatively small
changes for the group as a whole, the individual country results are reason for
concern in that up to 40 countries, with a total population in the range of 1-3
billion, may lose on average 10-20 % of their cereal production potential in the
2080s due to climate change.

Food-insecure Countries in Sub-Saharan Africa

With the exception of the results for the NCAR-PCM model, Sudan, Nigeria,
Senegal, Mali, Burkina Faso, Somalia, Ethiopia, Zimbabwe, Chad, Sierra Leone,
Angola, Mozambique, and Niger lose cereal production potential in the 2080s
for the other three climate models and across all the emission scenarios. These
countries currently have 87 million undernourished, equivalent to 45% of the to-
tal undernourished in sub-Saharan Africa. In contrast, Zaire, Tanzania, Kenya,
Uganda, Madagascar,o@® d’'lvoire, Benin, Togo, Ghana, and Guinea all gain ce-
real production potential in the 2080s. These eight gaining countries currently have
73 million undernourished, equivalent to 38% of the undernourished population in
sub-Saharan Africa.

The balance of gaining and losing countrieSables 3.1%0 3.17demonstrates
two important factors. First, the net balance of changes in cereal-production poten-
tial for sub-Saharan Africa will very likely be negative, with net losses of up to 12%
of the region’s current production potential. Second, there will be large variations
in outcomes, with up to 40% of sub-Saharan countries losing a rather substantial
share of their agricultural resources.

Most of the food-insecure countries in sub-Saharan Africa are also poor. They
lack the resources to produce enough food and often do not have access to for-
eign exchange for financing food imports. Production losses resulting from climate
change could further worsen the prevalence and depth of hunger. This burden will
undoubtedly fall disproportionately on the poorest and the most vulnerable.

Climate-change impacts highlight the urgent need to intensify agricultural land
management and expand agricultural land area, both of which will lead to addi-
tional greenhouse-gas emissions and increasing environmental pressures. More-
over, agricultural land expansion will unavoidably lead to losses of natural ecosys-
tems and biodiversity, especially through clearance of forests. Such considerations
must be central in mitigating the impacts of climate change on food and agricultural
production.
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Table 3.15. Estimated impacts on rain-fed cereal-production potential, for cur-
rently cultivated land of sub-Saharan African countries, HadCM3 projections, in
the 2080s.

Number of Projected population, Change in cereal-production
countries 2080 (billions) potential (% of region’s potential)
Scenario G N L G N L G N L Total
ALFI 17 8 16 062 043 055 51 -06 -86 -4.1
A2 14 11 16 058 023 0.78 53 0.7 -79 -1.9
B2 13 15 13 056 057 046 44 01 -71 —-2.6
Bl 17 10 14 0.65 022 0.72 5.0 01 -64 -13

G = countries gaining 5% or more; N = small change of —5% to +5%; L = countries losing 5% or
more.

Table 3.16. Estimated impacts on rain-fed cereal-production potential, for cur-
rently cultivated land of sub-Saharan African countries, CSIRO projections, in the
2080s.

Number of Projected population, Change in cereal-production

countries 2080 (billions) potential (% of region’s potential)
Scenario G N L G N L G N L Total
AlB 18 8 15 067 024 069 37 05 -123 -8.1
A2 16 8 17 063 024 073 33 01 -151 -11.7
B2 16 11 14 0.71 027 062 26 05 -101 -6.7
B1 12 13 16 059 031 069 22 0.1 -9.3 -7.1

G = countries gaining 5% or more; N = small change of —5% to +5%; L = countries losing 5% or
more.

Table 3.17. Estimated impacts on rain-fed cereal-production potential, for cur-
rently cultivated land of sub-Saharan African countries, for IPCC scenario A2, in
the 2080s.

Number of Projected population, Change in cereal-production

countries 2080 (billions) potential (% of region’s potential)
Scenario G N L G N L G N L Total
HadCM3 14 11 16 058 023 078 53 07 -7.9 -1.9
CSIRO 16 8 17 063 024 073 33 01 -151 -11.7
CGCM2 13 14 14 079 032 049 6.0 0.0 -8.7 -2.7
NCAR 25 13 3 107 039 013 82 04 -0.8 7.8

G = countries gaining 5% or more; N = small change of —5% to +5%; L = countries losing 5% or
more.
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Climate Change:
Impacts on Food Systems

The climate-change impact on agricultural production potential, discussed in the
previous chapter, allows consideration of not only the spatial (local, national, re-
gional, and global) and temporal (current and future generations) dimension of
climate change, but also its linkage with the economic and social dimension of sus-
tainable development. The vulnerability of agricultural systems varies with geo-
graphic location, time, socioeconomic conditions, and environmental resources.

The capacity to mitigate and to adapt to climate-change impacts is strongly
related to the future development paths. The socioeconomic and, even more so, the
technological characteristics of different futures strongly affect emissions, hence
the extent and pace of the impacts of climate change, as well as the capability of
societies to adapt to and mitigate climate change.

The combination of the agro-ecological zones (AEZ) approach and [IASAs
linked system of national agricultural models (BLS) provides an integrated
ecological-economic framework for the assessment of the impact of climate
change. We consider climate scenarios based on experiments with four General
Circulation Models (GCM), and we assess the four basic socioeconomic devel-
opment pathways and emission scenarios as formulated by the Intergovernmental
Panel on Climate Change (IPCC) in its Third Assessment Report.

This chapter presents the results of an integrated spatial ecological and eco-
nomic assessment of climate-change impacts, evaluated in the context of the world
food economy.

4.1 World Food System — Baseline Simulations
under IPCC Future Development Paths

In addition to CQ emissions and energy technologies, two principal driving forces
in the SRES scenarios are population and economic growth. We have formulated
two additional scenarios, A2s and B2s, alongside the four IPCC scenario families,
Al, A2, B1, and B2, in order to test in particular the robustness and sensitivity of
main conclusions with regard to assumptions on economic growth.

In scenario Al, the world economy grows at 3.3% over the period 1990-2080.
The per capita GDP in 2080 amounts to a gigantic $76,000 in the developed world
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and $42,000 in the developing world. The average income ratio between developed
and developing countries is reduced from 13.8 in 1990 to about 1.8 in 2080. Thus,
it is a rich and equitable world where current distinctions between poor and rich
countries eventually dissolve. Over the period 1990-2080, the annual per capita
GDP growth rate is 2% for developed countries and around 4.3% for developing
countries. This compares with the historical 1975-1990 growth rates of 2.0% and
1.7% respectively. Here the issue is whether developed countries can achieve such
growth “forever”, and whether the assumed high growth rate for the developing
world, at more than twice the level of the developed world, can be sustained for a
period of 100 years.

There is also a continued demographic transition to low mortality and fertility;
in this scenario, the world sees an end to population growth. The total population
for developing countries reaches 7.1 billion in 2050 and then starts declining to
6.6 million in 2080. The population in the developed world peaks at 1.5 billion
(including the “Rest of World” region) in the 2050s and then decreases slowly.
Two regions, namely Africa and Western Asia, are projected to see a three-fold
increase in their populations over the next 100 years, in comparison to an average
overall increase of two-thirds for the developing world as a whole over the period
1990-2080 (se@able 4.).

Scenario B1 assumes the same population projections as scenario A1. The
world economy grows at 2.9% over the period 1990-2080. The per capita GDP
in 2080 amounts to $55,000 in the developed world and $29,000 in the develop-
ing world. The average income ratio between currently developed and developing
countries reduces from 13.8 in 1990 to 2.0 in 2080. As in Al, this scenario results
in an equitable world where current distinctions between poor and rich countries
eventually dissolve.

Although the economic growth rate in scenario B1 is assumed to be some 10%
and 20% lower for the developing and developed countries respectively, in compar-
ison to the high growth assumptions in scenario Al, this still results in a high per
capita GDP annual growth rate of 3.9% for the developing countries averaged over
the period 1990-2080.

In scenario B2, the world economy grows at 2.7% over the period 1990-2080.
The per capita GDP in 2080 amounts to $18,000 in the developing world. The av-
erage income ratio between currently developed and developing countries reduces
to 2.6 in 2080. Thus it is a world where income disparities have been reduced by
over four-fifths from current levels. Population growth continues, reaching a world
total of 9.3 billion in 2050 and then about 10 billion in 2080. The total population
for developing countries reaches 7.9 billion in 2050 and 8.7 billion in 2080.

In scenario A2, the world economy grows at 2.3% over the period 1990-2080.
The per capita GDP in 2080 amounts to $37,000 in the developed world and $7,300
in the developing world. The average income ratio between currently developed
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Table 4.1. BLS reference projections for IPCC future development path scenarios:
Population (in millions).

Scenario Al Scenario B1
1990 2020 2050 2080 1990 2020 2050 2080

WORLD 5194 7531 8634 8086 5194 7531 8634 8086

OECD 689 794 852 880 689 794 852 880
EFSU 400 420 410 364 400 420 410 364
MDCs 1089 1214 1262 1244 1089 1214 1262 1244
AFR 611 1278 1770 1869 611 1278 1770 1869
LAM 434 649 747 696 434 649 747 696
WAS 194 400 591 598 194 400 591 598
CPA 1247 1517 1422 1092 1247 1517 1422 1092
SEA 1442 2246 2603 2341 1442 2246 2603 2341
LDCs 3927 6089 7132 6596 3927 6089 7132 6596
ROW 178 228 241 246 178 228 241 246
Scenario A2 Scenario B2

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 5194 8028 11094 13656 5194 7607 9323 10135

OECD 689 805 892 1035 689 776 764 731
EFSU 400 439 503 611 400 408 396 374
MDCs 1089 1243 1395 1646 1089 1184 1159 1105
AFR 611 1330 2111 2609 611 1292 2021 2510
LAM 434 713 1056 1417 434 656 808 870
WAS 194 431 811 1134 194 390 560 645
CPA 1247 1707 2219 2805 1247 1599 1705 1718
SEA 1442 2369 3223 3708 1442 2246 2789 2975
LDCs 3927 6550 9420 11672 3927 6183 7883 8717
ROW 178 234 280 338 178 240 280 313

and developing countries reduces to 5.1 in 2080. Thus it is a world where income
disparities still exist but have been reduced by about two-thirds from current levels.
The average annual GDP growth rates for developing and developed countries over
the period 1990-2080 are the lowest in this scenario (in comparison to the other
SRES scenarios), at 1.2% and 2.3% respectively.

Scenario A2 assumes a high level of demographic growth, with the world pop-
ulation increasing to 13.7 billionin 2080. The total population of developing coun-
tries reaches 9.4 billion in 2050 and 11.7 billionin 2080 (fakle 4.).

In addition to the above four SRES scenarios, we consider two more scenar-
ios, which we call A2s and B2s. They use the same basic assumptions as A2 and
B2, except for economic growth: the annual economic growth rate over the period
1990-2080in A2s and B2s is assumed to be some 45% lower than the correspond-
ing values in A2 and B2.



95

In scenario A2s, the world economy grows at 2.0% over the period 1990-2080.
The per capita GDP in 2080 amounts to $35,000 in the developed world and $3,000
in the developing world. The average income ratio between developed and develop-
ing countries is reduced only by about 15% from current levels, indicating a largely
inequitable world still in 2080.

In scenario B2s, the world economy grows at 1.7% over the period 1990-2080.
The per capita GDP in 2080 amounts to $43,000 in the developed world and $4,600
in the developing world. Here, the average income disparity ratio between devel-
oped and developing countries declines to about 9.3 in 2080.

The BLS results of the above six scenarios, without climate change, provide the
baseline assessment, against which the climate-change impact results for the four
GCMs and the various IPCC scenarios will be compared to quantify the impact of
climate change on specific agricultural measures.

4.1.1 Baseline assessment

Tables 4.2—4.8how the results of the baseline assessment for the six scenarios.

Cereal Production

In 1990, world cereal production amounted to 1.8 billion térdiyided roughly
equally between developed and developing countries. The simulated world cereal
production in 2080 ranges from 3.7 billion tons in scenario B1 to 4.8 billion tons
in scenario A2. The developed world production ranges from 1.4 billion tons in
scenario B1 to 1.6 billion tons in scenario A2s. The developing countries achieve
up to a three-fold increase in production from the 1990 levels, with Africa alone
increasing production five-fold or more in all of the six scenarios.

At the world level, the developed countries, particularly OECD countries, form
the major cereal exporter, with total net exports in 2080 ranging from 240 million
tons in scenario B1 to some 380 million tons in scenario A2 Tsdxe 4.4. Africa
(including Northern Africa) is projected to import some 20-30%, in all of the six
scenarios, of its cereal demand in 2080. In the case of Western Asia, cereal demand
is met through imports equivalent to some 50-60% of the region’s demand in the
six scenarios. The Centrally Planned Asia region, which includes China, becomes
a net cereal exporter in the 2080s in scenarios A1 and B1, and an importer in the
other four scenarios due to (perhaps unrealistic) high population growth assumed
in the region. For Southeast Asia, net cereal trade is less than 5% of the cereal
demand in this region. Latin America is a net exporter in all scenarios, except for
some imports in scenario B2s.

!Rice is included as milled equivalent. A factor of 0.67 was used to convert paddy rice to milled
equivalent.
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Table 4.2. BLS reference projections for IPCC future development path scenarios:

Cereal production (in million tons).

Scenario Al Scenario B1

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1801 2673 3406 3884 1801 2641 3334 3729
OECD 590 785 915 956 590 781 912 941
EFSU 307 361 421 488 307 359 410 468
MDCs 897 1147 1336 1445 897 1139 1322 1410
AFR 73 163 265 331 73 162 265 322
LAM 102 202 253 243 102 197 230 211
WAS 50 84 108 103 50 84 108 106
CPA 362 539 693 841 362 536 687 827
SEA 250 446 639 800 250 431 612 735
LDCs 837 1434 1957 2318 837 1410 1901 2202
ROW 67 92 113 121 67 91 110 117

Scenario A2 Scenario B2

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1801 2736 3764 4791 1801 2682 3474 4115
OECD 590 787 944 1053 590 781 905 970
EFSU 307 370 471 593 307 367 438 542
MDCs 897 1157 1415 1645 897 1148 1343 1512
AFR 73 167 298 438 73 167 284 382
LAM 102 217 361 507 102 204 270 286
WAS 50 84 116 165 50 84 109 115
CPA 362 542 711 890 362 538 697 855
SEA 250 472 737 998 250 446 653 833
LDCs 837 1483 2223 2998 837 1439 2013 2470
ROW 67 97 126 147 67 96 119 133

Scenario A2s Scenario B2s

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1801 2712 3695 4642 1801 2659 3377 3850
OECD 590 785 947 1023 590 778 906 936
EFSU 307 367 465 617 307 365 420 508
MDCs 897 1153 1412 1640 897 1143 1327 1443
AFR 73 166 292 439 73 166 268 361
LAM 102 214 355 498 102 201 254 248
WAS 50 84 109 129 50 84 112 127
CPA 362 539 702 876 362 535 684 830
SEA 250 460 704 917 250 437 619 717
LDCs 837 1464 2161 2859 837 1422 1937 2283
ROW 67 96 122 143 67 95 113 124

Note Rice is included as milled equivalent; conversion factor from paddy rice to milled is 0.67.
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Table 4.3. BLS reference projections for IPCC future development path scenarios:
Cereal demand (in million tons).

Scenario Al Scenario B1
1990 2020 2050 2080 1990 2020 2050 2080

WORLD 1796 2669 3403 3877 1796 2639 3330 3721

OECD 434 562 665 719 434 557 648 702
EFSU 339 378 432 505 339 376 433 510
MDCs 773 940 1096 1224 773 933 1082 1212
AFR 109 242 391 456 109 242 387 462
LAM 112 198 248 248 112 198 242 237
WAS 76 153 235 261 76 153 235 262
CPA 388 568 646 636 388 566 644 641
SEA 257 450 655 916 257 430 608 770
LDCs 941 1612 2175 2517 941 1589 2117 2373
ROW 81 117 132 136 81 117 132 137
Scenario A2 Scenario B2

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1796 2736 3764 4790 1796 2680 3471 4112

OECD 434 536 591 670 434 553 594 607
EFSU 339 373 435 525 339 369 423 499
MDCs 773 909 1026 1195 773 922 1017 1106
AFR 109 250 425 551 109 242 427 568
LAM 112 199 303 411 112 190 250 277
WAS 76 161 289 412 76 151 229 277
CPA 388 619 888 1214 388 595 737 872
SEA 257 479 687 836 257 459 665 851
LDCs 941 1708 2593 3425 9241 1637 2308 2843
ROW 81 119 145 170 81 122 147 162
Scenario A2s Scenario B2s

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1796 2711 3694 4640 1796 2656 3375 3846

OECD 434 532 587 661 434 549 579 576
EFSU 339 372 436 531 339 369 420 506
MDCs 773 904 1023 1192 773 918 999 1082
AFR 109 245 408 526 109 235 405 524
LAM 112 198 300 400 112 189 247 263
WAS 76 160 284 387 76 150 223 261
CPA 388 620 888 1211 388 597 736 872
SEA 257 465 648 754 257 446 618 680
LDCs 941 1688 2527 3278 941 1617 2229 2601
ROW 81 119 144 170 81 122 147 163

Note Rice is included as milled equivalent; conversion factor from paddy rice to milled is 0.67.
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Table 4.4. BLS reference projections for IPCC future development path scenarios:
Net cereal exports (in million tons).

Scenario Al Scenario B1

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 6 4 4 4 6 2 4 7
OECD 156 223 250 250 156 224 263 240
EFSU -32 =17 -11 -11 -32 -18 -23 —42
MDCs 123 206 240 240 123 207 240 198
AFR -36 -79 -126 -126 -36 -80 -122 -140
LAM -9 4 5 5 -9 0 -12 -26
WAS -26 —69 -127 -127 —26 -69 -127 -156
CPA -26 -30 46 46 -26 -30 42 186
SEA -7 -4 -16 -16 -7 0 4 -35
LDCs -104 -178 217 217 -104 -179 -215 -171
ROW =14 -25 -19 -19 -14 -26 =21 -19

Scenario A2 Scenario B2

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 6 0 0 0 6 1 3 3
OECD 156 251 352 383 156 227 311 363
EFSU -32 -3 36 67 -32 -2 15 42
MDCs 124 248 389 450 124 225 326 405
AFR -36 -82 -127 -113 -36 -76 -142 -185
LAM -10 19 58 96 -10 14 19 9
WAS -26 77 -173 -248 —26 —-67 -120 -162
CPA -26 77 =177 -324 -26 =57 -39 =17
SEA -7 -7 50 162 -7 -13 -12 -18
LDCs -105 -225 -369 -427 -105 -198 -295 -373
ROW =14 22 -19 -23 -14 -26 -28 =30

Scenario A2s Scenario B2s

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 6 1 2 2 6 3 2 5
OECD 156 254 361 363 156 229 327 360
EFSU -32 -5 29 86 -32 -4 1 1
MDCs 124 249 390 448 124 225 328 361
AFR -36 -78 -116 -87 -36 -69 -137 -163
LAM -10 16 55 98 -10 11 7 =15
WAS -26 -76 =175 -258 -26 —66 -111 -134
CPA -26 -80 -186 -334 -26 —62 -52 -42
SEA -7 -5 56 163 -7 -9 1 38
LDCs -105 -224 -365 -419 -105 -195 -292 -318
ROW -14 -23 -23 27 -14 27 -34 -39

Note Rice is included as milled equivalent; conversion factor from paddy rice to milled is 0.67.
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Table 4.5. BLS reference projections for IPCC future development path scenarios:
Cultivated land (in million ha).

Scenario Al Scenario B1

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1521 1616 1651 1599 1521 1611 1638 1581

OECD 343 340 339 341 343 339 337 338
EFSU 263 260 257 259 263 260 256 257
MDCs 606 600 596 600 606 599 593 595
AFR 232 280 311 290 232 279 309 287
LAM 160 200 201 185 160 198 194 177
WAS 70 68 71 67 70 68 71 67
CPA 147 144 141 135 147 144 141 135
SEA 264 284 294 289 264 284 294 288
LDCs 872 976 1018 966 872 972 1008 953
ROW 43 40 36 33 43 40 36 33
Scenario A2 Scenario B2

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1521 1636 1746 1794 1521 1623 1692 1693

OECD 343 340 341 346 343 340 339 340
EFSU 263 262 259 262 263 262 260 261
MDCs 606 602 600 608 606 602 598 601
AFR 232 282 333 345 232 281 332 345
LAM 160 212 257 285 160 204 218 209
WAS 70 68 71 71 70 68 70 69
CPA 147 146 146 145 147 145 143 139
SEA 264 286 303 306 264 283 295 296
LDCs 872 994 1109 1153 872 981 1057 1059
ROW 43 40 37 33 43 40 37 33
Scenario A2s Scenario B2s

1990 2020 2050 2080 1990 2020 2050 2080
WORLD 1521 1633 1743 1792 1521 1620 1685 1669

OECD 343 339 338 343 343 339 341 333
EFSU 263 262 260 262 263 262 260 261
MDCs 606 601 598 604 606 601 601 594
AFR 232 281 331 342 232 280 326 337
LAM 160 212 259 292 160 204 215 204

WAS 70 68 71 70 70 68 70 69

CPA 147 146 145 145 147 145 143 139
SEA 264 286 302 306 264 283 294 294
LDCs 872 992 1108 1155 872 979 1048 1043

ROW 43 40 37 33 43 40 36 33
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Table 4.6. BLS reference projections for IPCC future development path scenarios:
People at risk of hunger (in millions).

Scenario Al Scenario B1
1990 2020 2050 2080 1990 2020 2050 2080
LDCs 824 663 208 108 824 749 239 91
ASIA 527 342 41 24 527 432 53 22
CPA 172 81 3 4 172 92 4 0
SEA 355 261 38 21 355 340 49 22
OTHER LDCs 297 321 167 84 297 317 187 69
AFR 207 251 102 42 207 250 127 34
LAM 58 22 13 9 58 21 11 7
WAS 32 48 52 32 32 46 49 27
Scenario A2 Scenario B2
1990 2020 2050 2080 1990 2020 2050 2080
LDCs 824 782 721 768 824 630 348 233
ASIA 527 387 209 195 527 246 85 54
CPA 172 136 110 110 172 98 42 20
SEA 355 251 99 85 355 148 42 33
OTHER LDCs 297 395 512 573 297 384 263 180
AFR 207 271 297 287 207 283 181 113
LAM 58 64 79 90 58 51 26 16
WAS 32 60 136 197 32 50 57 51
Scenario A2s Scenario B2s
1990 2020 2050 2080 1990 2020 2050 2080
LDCs 824 925 988 1065 824 773 502 458
ASIA 527 477 323 274 527 315 90 54
CPA 172 133 103 105 172 94 27 3
SEA 355 343 220 170 355 221 63 51
OTHER LDCs 297 448 665 790 297 458 412 405
AFR 207 317 431 475 207 345 323 331
LAM 58 70 89 101 58 58 26 14
WAS 32 62 145 214 32 54 63 60

The world cereal prices are highestin scenario A2 in the 2080s, reaching a value
more than 2.7 times the 1990 prices. Only in scenario B2s, the world cereal price
in the 2080s falls some 17% below the 1990 price level owing to a low effective
demand for food due to low population growth and lack of purchasing power in
developing countriesTable 4.7also shows that world market prices for all crops
increase by 30-110% in five of the scenarios, except for scenario B2s, where the
price in 2080 would be 25% lower than in the 1990s.
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Table 4.7. BLS reference projections for IPCC future development path scenarios:
Index of agricultural world market prices (1990=100).

SRES Al SRES B1

2010 2020 2050 2080 2010 2020 2050 2080
All crops 94 115 157 172 89 103 132 132
Cereals 98 120 156 161 93 109 131 113
Other crops 91 112 157 178 87 101 133 141
Production 99 120 162 172 95 109 140 137
Exports 99 120 162 172 96 112 145 141

SRES A2 SRES B2

2010 2020 2050 2080 2010 2020 2050 2080
All crops 97 106 152 209 97 102 135 147
Cereals 103 118 184 267 100 108 138 150
Other crops 94 100 135 181 95 99 134 147
Production 99 107 145 189 99 103 132 140
Exports 100 109 154 211 99 104 135 144

SRES A2s SRES B2s

2010 2020 2050 2080 2010 2020 2050 2080
All crops 92 96 118 143 92 92 89 75
Cereals 98 106 144 195 94 97 95 83
Other crops 89 91 104 118 90 89 86 72
Production 94 97 115 131 94 93 90 75
Exports 96 100 123 149 95 95 93 81

Cultivated Land

Total cultivated land in developed countries in 1994-1996 amounted to about
600 million hectares (ha). As discussed previously in Chapter 3, there is addi-
tional potential land that can be cultivated. The results of all the four scenarios,
Al, B1, A2, and B2, show, however, that land under cultivation is likely to stay
close to the 1990 level and that additional production in various scenarios comes
mainly from increased productivity (sd@ble 4.5. For developing countries total
land in 1994-1996 amounted to 870 million ha, with Southeast Asia accounting
for about 30% of this. In scenarios A1 and B1, the land under cultivation in 2080
in the developing countries increases by about 10% compared to 1990, whereas in
scenario A2 and B2 this increase is higher, at about 30% and 20% respectively.
Most of the new crop land is cultivated in Africa and Latin America. In Southeast
Asia, some 30—40 million ha of additional land are brought under cultivationin the
four scenarios. For 2050 and 2080, the lowest level of total world cultivated land
results in scenario B1, respectively 1.64 billion ha and 1.58 billion ha; the high-
est demand for land occurs in scenario A2, with some 1.75 billion ha in 2050 and
almost 1.8 billion ha in 2080. Note that in scenarios Al and B1, the land under
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cultivation in the 2050s is higher than in the 2080s; this occurs in line with the peak
in projected population that also occurs around the middle of the century.

Hunger

The results iMmable 4.6show that in scenarios A1, B1, A2, and B2, in spite of rela-
tively high levels of economic growth, there is little progress in reducing hunger to
2020. The results to 2020 imply that specific targeted programs for hunger reduc-
tion will be necessary to meet the millennium goals of reducing hunger by half in
2015.

In the period 2020—-2050, considerable progress is made and hunger is substan-
tially reduced in scenarios Al, B1, and B2. In the case of scenario A2, hunger per-
sists and the number of undernourished in 2080 amounts to 768 million compared
to roughly 800 million undernourished in 2000.

In scenario A2s, the number of hungry increases to some 1.1 billion in the
2080s, equivalent to almost 10% of the projected population. The situation is worse
in Africa, where the number of hungry would more than double, to 475 million
people in 2080, equivalent to around 20% of the total population.

In the case of Asia, there is a reduction of the number of hungry in all scenarios.

These results indicate that “trickle down” of development, under relatively very
high levels of economic growth and with moderate populationincreases, can reduce
the number of hungry in the world in the 2050s and 2080s. It is worrying, however,
that this does not appear to have a sufficient impact in the next 20 years. If pop-
ulation growth is high, as in scenario A2, progress on eradicating hunger will be
difficult, with the total number of hungry remaining at about the same level in the
2080s as in the 1990s.

The above baseline results provide a frame for assessing the climate-change
impact of various climate models and emission scenarios, which follows in the
next section.

4.2 Impact of Climate Change on Food Production,
Consumption, and Trade

The evaluation of the impact of climate change on production, consumption, and
trade of agricultural commodities, in particular on food staples, was carried out by
comparing the results of a range of IPCC climate-change scenarios to reference
projections of the world food system simulated without imposing climatic change.
These reference projections were presented in the previous section.

The climate-change scenarios devised within the project involve a large number
of experiments that relate to four aspects:
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e climate impacts for different future socioeconomic and technical develop-
ment paths;

e uncertainty of results in view of differences in climate projections of different
GCM groups;

e robustness of results with regard to altered economic growth assumptions;
and

e sensitivity of results to different assumptions with regard to physiological
effects of atmospheric CQenrichment on yields.

Some 50 simulation experiments have been carried out with the ecological-
economic framework provided by AEZ and BLS. The simulation experiments cover
the following aspects:

1. Simulations for the four basic IPCC demographic and economic future de-
velopment paths were described as scenarios Al, A2, B1, and B2.

2. In addition, two development scenarios with lowered economic growth rates
and based on IPCC scenarios A2 and B2 were simulated.

3. Simulations for these development paths were carried out separately without
considering climate-change impacts on yields and for climate-change projec-
tions of four GCM groups.

4. The socioeconomic development paths scenarios A2 and B2 were simulated
super-imposing the full range of climate projections to analyze their sensitiv-
ity with regard to the magnitude of climate change.

5. Additional simulations were carried out without considering physiological
effects of increased atmospheric £€oncentrations on crop growth and
yield.

Data on crop yield changes were estimated with AEZ, as detailed in the previ-
ous chapter, for different scenarios of climate change, and were compiled to provide
yield-impact parameterizations for the 34 countries or major regions covering the
world in the BLS. Yield variations caused by climate change were introduced into
the yield response functions by means of a multiplicative factor impacting upon the
relevant parameters in the mathematical representation.

Exogenous variables, population growth and technical progress, were left at
the levels specified in the respective reference projections. No specific adjustment
policies to counteract altered performance of agriculture were assumed beyond the
farm-level adaptations resulting from economic adjustments of the individual actors
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in the national models. The adjustment processes taking place in the different sce-
narios are the outcome of the imposed yield changes causing distortions in national
production levels and costs, leading to changes of agricultural prices in the inter-
national and national markets; this in turn affects investment allocation and labor
migration between sectors as well as reallocation of resources within agriculture.
Time is an important aspect in this adjustment process: the yield modifications due
to climate change begin in 1990. Three separate snapshots of climatic change are
provided referring to the 2020s, 2050s, and 2080s, respectively. This allows the
economic actors in the national and international food system to adjust their de-
cisions over a 90-year period. AEZ model simulations were conducted separately
for these three time points. Climate-change yield impacts were phased in linearly
between the climate “snapshots” provided by the respective climate scenario; i.e.,
the yield change multiplier terms incorporated in the yield response functions of
the BLS were built up gradually as a function of time for the periods 1990-2020,
2020-2050, and 2050-2080, so as to fully reach the impact levels derived with
AEZ respectively in 2020, 2050, and 2080.

4.2.1 Climate-change yield impacts without economic adjustments

Before assessing the dynamic impacts of climate-change-induced yield modifica-
tions through simulation with the BLS, we may ask what magnitude of distortion
the change in agricultural productivity of a particular scenario would imply for the
world food system. This measure of distortion indicates the production changes
that would occur due to yield changes without adjustments of the economic system,
which will take place over time due to market-price changes among agricultural
commaodities, in response to demand-supply imbalances of commaodity markets, as
well as adjustments of agricultural prices relative to other sectors. It refers to a state
of the system that would not be in equilibrium, in the sense of meeting commodity
supply-demand balances. As such it is only of theoretical interest, but it helps to
understand and quantify the nature and magnitude of adjustments taking place in
the food system due to changing economic conditions.

To obtain for any particular yedran estimate of the climate-change yield im-
pact without economic adjustmeri(t), for any particular scenario, we apply the
crop-wise productivity changes obtained in the AEZ assessméftd), to the pro-
duction levels determined in the respective BLS reference projection (without cli-
mate change) in year For cereals these impacts can be added up without weight-
ing. To arrive at estimates of climate-change impacts (without economic adjust-
ment) for other groups of crops and the entire sector, world market prices of year
t as simulated in the respective reference projection are used. In mathematical
notation,
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Table 4.8. Climate-change impacts on crop production, without economic adjust-
ment, year 2080 (% change).

HadCM3 CSIRO CGCM2 NCAR-PCM
Other All Other All Other All Other All

Scenario  Cereals crops crops Cereals crops crops Cereals crops crops Cereals crops crops
World
A2 -07 22 -16 -12 -15 -13 -04 50 27 34 73 56
B2 -01 -04 -02 -17 -09 -12 13 60 40 24 54 41
Developed
A2 21 =30 -00 51 1.3 35 15 37 24 10.2 164 128
B2 1.7 -24 -01 3.2 01 19 37 7.0 51 74 120 93
Developing
A2 -21 -21 -21 -43 -21 -30 -14 54 28 -0.1 52 3.2
B2 -1.0 01 -03 42 -11 -23 01 58 36 -0.2 39 24

Note For aggregation, production distortions due to climate change were weighted with world market
prices of the scenario A2 reference projection without climate change.

AR(t) - (ZZPJ;V ft)\f(t)) / (ZZPJ;V gt) )
jERiEC jERiEC

whereAr(t) is climate-change production impact, without economic adjustment,
on regionR in yeart; A}(t) is climate-change yield impact for crapin country
4, in yeart; P}V is world market price of commodity in yeart of BLS refer-
ence projection simulated without considering climate cha@ggis production of
commodity:, in countryj, in yeart of BLS reference projection simulated without
considering climate change.

Table 4.8shows impacts of climate change on production estimated for the
global and regional levels for the IPCC A2 and B2 development path scenarios.

The magnitude and even direction of the aggregate impact at world level varies
with climate projections of different GCM groups. Scenarios based on HadCM3
and CSIRO projections result in a small negative net impact at global level. For
instance, for climate projections using emission scenario A2, the global impact on
cereals ranges from —0.7% to —1.2%, i.e., a gap of about 60 million tons in 2080.
When aggregating all crops, and using the production levels of the A2 reference
projection as weights, the net impact amounts to —1.3% to —1.6%. Climate pro-
jections by the Canadian CGCM2 model and NCAR-PCM model imply moderate
positive global crop-production changes of 2.7-5.6%pFilyures 4.1and4.2, the
time path of production impacts of different climate projections is shown for IPCC
scenario A2.

However, as demonstrated Trable 4.9for scenario A2, the impacts of cli-
mate change on crop production are geographically quite unevenly distributed, with
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Figure 4.1. Climate-change impacts on global crop production for projections of
IPCC scenario A2, without economic adjustment.
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Figure 4.2. Climate-change impacts on aggregate crop production in develop-
ing and developed regions for projections of IPCC scenario A2, without economic

adjustment.
Note H3 = HadCM3; CS = CSIRO; C2 = CGCM2; NC = NCAR-PCM.
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Table 4.9. Climate-change impacts on crop production for IPCC scenario A2, by
region, without economic adjustment, year 2080 (% change).

HadCM3 CSIRO CGCM2 NCAR-PCM
All All All All

Region Cereals crops Cereals crops Cereals crops Cereals crops
World -0.7 -1.6 -12 -13 14 4.0 2.4 4.1
Developed 2.1 00 51 35 37 51 7.4 9.3
North America 25 0.8 9.8 83 3.2 2.4 83 8.4
Western Europe —-2.6 -58 -5.0 -39 -15 -2.8 0.6 0.3
Former Soviet Union 2.9 -0.3 3.9 0.8 6.1 95 96 14.1
Developing 2.1 -21 -43 -30 -14 28 -0.2 24
Africa -2.2 -19 -31 -46 -19 05 0.1 4.3
Latin America 4.6 0.6 0.8 25 04 1.0 21 2.3
Centrally Planned Asia -0.8 -45 -34 -58 22 48 43 5.7
South Asia -135 -10.7 -11.6 -76 -54 02 -74 -2.0

Note For aggregation, production distortions due to climate change were weighted with world market
prices of the scenario A2 reference projection without climate change.

many much larger positive and negative distortions for different regions. At the ag-
gregate level, developed countries experience for all variants of the A2 scenario
an increase in productivity. In contrast, developing regions suffer a loss in cereal
productivity in all estimates presented here; for aggregate crop production the out-
come is mixed. Within the group of developed countries, gains of 2.5-9.8% in
cereal productivity occur for North America, and similar for the Former Soviet
Union. Western Europe suffers losses of up to 6%, except for minor gains when
using NCAR-PCM projections.

Impacts on developing regions are mostly negative for South Asia and Africa,
mixed for Centrally Planned Asia (including China), and overall positive for Latin
America.

4.2.2 Climate-change impacts with economic adjustments

The calculations above discuss an effect that would result if climate-induced yield
changes were to occur without agronomic and economic adjustment. However,
when simulating with the BLS, in scenarios with shortfalls in food production
caused by climate-change yield impacts, market imbalances push international
prices upwards and provide incentives for reallocation of capital and human re-
sources. At the same time, consumers react to price changes and adjust their pat-
terns of consumption accordingly. Let us first discuss the simulated changes on the
world market.
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Table 4.10. Impact of climate change on world market prices, year 2080
(% changes relative to reference projection).

Cereals All crops
Scenario HadCM3 CSIRO CGCM2 NCAR HadCM3 CSIRO CGCM2 NCAR
A2 14.4 8.9 3.3 -10.6 11.3 6.9 -29 =129
B2 2.1 6.8 -6.7 -11.8 0.0 3.6 -10.3 -14.8
Bl 3.1 4.7 n.a. n.a. 2.5 2.0 n.a. n.a.
AlFI 19.5 n.a. n.a. n.a. 10.5 n.a. n.a. n.a.
AlB n.a. 4.2 n.a. n.a. n.a. 0.5 n.a. n.a.

Table 4.10contains changes in world market prices, for cereals and an overall
crop price index, as simulated in the respective yield impact scenarios relative to
the respective reference projection.

In the case of HadCM3 climate projections, cereal prices increase by 2—20%
relative to the respective reference projection. For CSIRO the increase is 4-10%.
For NCAR-PCM, as global production capacity increases relative to reference con-
ditions, cereal prices drop by 10-12%, and the crop price index decreases by 13—
15%. The simulated crop-price changes in response to climate change are quite
moderate due to the relatively small net global impact on crop-production potential.

Impact of Climate Change on Agriculture

The dynamic simulation of climate-change impacts with the BLS result in complex
interactions among commaodity markets, regions, as well in manifold responses by
consumers and producers. In order to estimate the aggregate impacts caused by
both the climate-change-induced productivity changes and the economic adjust-
ments of actors, we compare value added in agriculture (at constant world mar-
ket prices of the base year 1990) obtained in a climate scenario simulation to the
outcome in the respective reference projection simulated without climate change.
Results are summarized Table 4.11

The results re-emphasize the general findings that: (i) impacts at aggregate
global level are small, ranging from —1.5% (in HadCM3-A1FI scenario) to 2.6%
(in NCAR-A2 scenario) — this compares to a global GDP of agriculture, obtained
in the reference projections, ranging in 2080 from US$2.9 trillion (scenario B1) to
US$3.6 trillion (scenario A2) at 1990 prices; (ii) agriculture in developed countries
as a group will likely benefit from climate change; and (iii) developing regions,
with the exception of Latin America, are confronted with negative impacts on GDP
of agriculture. For Asia the loss in value added of agriculture amounts to some 4%
in the case of the higher emission scenarios for HadCM3 and CSIRO, equivalent
to some US$500 billion. Outcomes differ by less than 1% from the respective ref-
erence scenarios for CGCM2 and NCAR climate projections. Aggregate outcomes
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Table 4.11. Impact of climate change on GDP of agriculture, by region and climate
model projections, in 2080 (% changes from respective reference projection).

HadCM3 CSIRO CGCM2 NCAR

AL1FI A2 B2 Bl A2 B2 Bl A2 B2 A2 B2
World -15 -09 -04 -05 -08 -09 -0.3 1.1 10 26 24
Developed -0.5 0.2 -0.7 1.1 3.9 26 5.1 2.8 5.1 129 96
North America 7.5 3.1 27 7.7 105 8.6 11.2 2.8 54 126 54
Europe -14.7 -18.0 -16.9 -8.1 -109 -11.8 -7.0 -14.0 -16.9 -6.2 -8.2
Soviet Union -49 -05 1.9 -09 0.5 2.0 35 35 119 22.7 17.0
Developing -19 -12 -03 -09 -24 -22 -24 06 -03 -05 0.1
Africa -49 -37 -16 -70 -92 -68 -71 -19 -82 -20 14
Latin America 3.7 1.4 1.8 41 3.6 1.7 04 -18 -43 -24 -25
Southeast Asia -37 -50 -35 -08 -44 -43 -41 -04 1.0 -09 1.1
Centrally Planned Asia -6.4 -2.1 -08 -20 -40 -39 -41 -11 -01 22 16
Asia 43 -42 -28 -11 -43 -42 -41 -0.6 0.7 -0.1 -04

Table 4.12. Impact of climate change on cereal production, by region and climate
model projections, in 2080 (% changes from respective reference projection).

HadCM3 CSIRO CGCM2 NCAR

AlFI A2 B2 Bl A2 B2 Bl A2 B2 A2 B2
World -14 -09 -04 -07 -12 -13 -11 -05 04 17 1.2
Developed 28 04 28 22 55 55 63 18 47 112 84
North America 13 -56 -01 15 74 59 72 -05 15 96 9.0
Western Europe -34 21 20 -16 -54 55 -48 -21 22 03 0.2
Former Soviet Union 7.0 54 72 49 7.3 8.7 9.2 51 94 187 109
Developing -39 -11 -22 24 -48 -53 -58 -1.7 -21 -34 -30
Africa -06 -03 -05 -02 13 -04 -02 27 -15 11 -10
Latin America 159 115 49 82 37 08 -07 -16 -12 -24 -11
Southeast Asia -10.2 -10.7 -8.8 -5.9 -12.7 -11.3 -10.7 -6.2 —-6.7 -13.0 -10.4
Centrally Planned Asia -7.1 -0.6 -04 -27 -55 -49 -52 -14 -01 39 26
Asia -86 -59 -46 42 -93 -80 -78 -40 -34 50 -38

for Africa are generally negative as well, a loss of 2—-8% for HadCM3 and CGCM2
simulations, and decreases of 7-9% for CSIRO projections, implying a loss at 1990
prices of US$10-60 billion. Among developed regions, North America gains sub-
stantially in all simulated scenarios; Western Europe loses agriculture value added
in all scenarios, and the Former Soviet Union mostly benefits from climate-induced
changes in production conditions.

Impact of Climate Change on Cereal Production

The dynamic impact of climate change on the production of cereals, resulting both
from changes in land productivity as well as economic responses of actors in the
system, is summarized fable 4.12
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Table 4.13. Impact of climate change on direct human cereal consumption, by de-
veloping region and climate model projections, in 2080 (% changes from respective
reference projection).

HadCM3 CSIRO CGCM2 NCAR
AlFI A2 B2 Bl A2 B2 Bl A2 B2 A2 B2
World -34 24 -14 -16 -25 -25 -24 -15 -04 0.7 0.7
Developing -37 26 -15 -18 -28 -27 -27 -16 -05 0.7 0.8
Africa -28 30 -11 -11 -18 -12 -11 -12 -01 0.0 0.9
Latin America -20 -21 -05 -06 -1.2 -09 -05 -06 05 05 11
Southeast Asia -39 42 -30 -27 -25 -31 -33 -15 -12 -04 -06
Centrally Planned Asia -4.8 -0.7 -02 -13 -43 -40 -42 -25 -02 24 24
Asia -42 -25 -18 -22 -34 -35 -36 -20 -08 10 0.7

The model results present a fairly consistent pattern of response in regional ce-
real production to climate change. At global level, taking into account economic
adjustment of actors and markets, cereal production falls within 2% of the results
for the respective reference simulations without climate change. Again, aggrega-
tion produces deceivingly small numbers. Developing countries consistently expe-
rience reductions in cereal production in all climate scenarios. Negative changes of
5-6% are most pronounced in simulations based on CSIRO climate projections. In
this case, production moves to developed regions, notably North America and the
Former Soviet Union, where increases of 6-9% are observed. The most significant
negative changes occur in Asian developing countries, where production declines
in all scenarios, ranging from about 4% decreases for CGCM2 and NCAR climate
projections to reductions of 6—10% for HadCM3 and CSIRO.

Impact of Climate Change on Cereal Consumption and Net Trade

In the SRES worlds of the 2080s, consumers are assumed to be much richer than
today and are largely separated from agricultural production processes. They earn
their incomes mainly in the nonagricultural sector. Therefore, changes in consump-
tion depend more on food prices and income differences than on local agricultural
production.Table 4.13ummarizes the changes in direct human food consumption
of cereals (i.e., excluding feed consumption) occurring in the world food system
simulations in response to climate change.

Table 4.13hows a fairly uniform decline in direct human consumption of cere-
als across models and scenarios, with the exception of simulations based on NCAR
climate projections. For HadCM3, direct human cereal consumption in develop-
ing countries declines by 2-4%, i.e., equivalent to 40-80 million tons, compared
to direct human consumption of cereals in developing countries for the respective
reference simulations ranging from 1.6 billion tons (scenario B1) to 2.1 billion tons
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(scenario A2). Consumption in Asian developing countries accounts for two-thirds
of this amount. Consumers in Latin America are least affected.

Demand and supply for commaodities meet in the market. The simulations of
the IPCC development path scenarios without climate change result in a growing
dependence of developing countries on net cereal imports of between 170 million
tons (scenario B1) and 430 million tons (scenario A2), as shown in Section 4.1
(Table 4.4. Climate change will add to this dependence, increasing net cereal
imports of developing regions in the order of 10—-40%, varying with development
path scenario and GCM climate projections. Even in the case of NCAR projections,
resulting in overall positive impacts on agricultural productivity, the comparative
advantage for producing cereals shifts to developed countries, and net imports of
developing countries increase by about 25%, equivalentto an additional 110 million
tons in scenario A2 and about 90 million tons of additional imports in scenario B2.

It is important to note that these changes in comparative advantage between
developed and developing regions are likely to accentuate the magnitude of the im-
pacts suggested by the assessment, i.e., “winners” are likely to gain more, “losers”
will lose more than projected here without full economic impacts and adjustment
in nonagricultural sectors.

4.3 Impact of Climate Change on the Number of People
at Risk of Hunger

Section 4.1 has highlighted that estimates of the numbgeople at risk of hunger
vary greatly according to socioeconomic development trajectories, in particular as-
sumed income levels and income distribution, and population numbers.

The BLS estimate is based on FAO data (FAO, 2001) and relies on a strong
empirical correlation between the share of undernourished in the total population
and the ratio of average national food supply relative to aggregate national food
requirements. This correlation is plottedrigure 4.3 The horizontal axis repre-
sents an aggregate measure of food availability. For instance, the curve suggests
that the share of undernourished in the total population will fall below 20% for an
index value of 130, i.e., when aggregate food supply exceeds aggregate national
food requirements by 30%. Hunger is completely eliminated for index values of
food supply over requirements of above 170.

The impact of climate change on the number of people at risk of hunger is es-
timated in the BLS, using the relationship showrFigure 4.3 Hence, the impact
of climate change on the number of undernourished is measured via changes in the
ratio of aggregate national human food consumption to food requirements. This
ratio is affected by the direct impact of climate change on domestic food produc-
tion, as well as by the indirect effects related to income changes and the prices
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Figure 4.3. The share of undernourished in the total population.

of food imports, which depend on the global availability of food. Therefore, on
the one hand the trade system will mitigate negative local climate-change impacts
when consumers can afford to buy food on the international market. On the other
hand, food prices rising due to climate change may put an extra burden on those
consumers who depend on imports, even without a region experiencing direct local
climate-change impacts on production conditions. Overall, the trade system helps
somewhat to disperse the impacts of climate change by providing access to food for
consumers that can pay for it and by providing additional incentives to producers
to mobilize additional production capacities where available.

Based on more than 40 simulation experiments with the BLS, some fairly robust
conclusions emerge from our analysis of climate-change impacts. First, climate
change will most likely increase the number of people at risk of hunger. The im-
pact of climate change reduced the number of undernourished only in one scenario,
namely the benign climate projected by the NCAR-PCM model. Second, the sig-
nificance of any climate-change impact on the number of undernourished depends
entirely on the level of economic development assumed in the SRES scenarios.

In scenario Al, where the number of undernourished decreases to about
200 million by 2050, and is further reduced to about 100 million people by 2080,
i.e., one-eighth of the current level, the impact of climate change in 2080 is large
only in relative terms, an increase of 26% from 108 million to 136 million, but rel-
atively small in absolute terms when the magnitude of the current hunger problem
is considered. According to the underlying assumptions of scenario A1, consumers
worldwide are economically well-off and agriculture provides only a marginal con-
tribution of around 1% to national incomes. Under such assumptions, trade can
compensate for regional shortfalls in production, and due to generally high lev-
els of consumption reductions in food supply will cause only moderate changes
in the number of undernourished. To put it very bluntly, for the wealthy societies
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of scenario Al — even the currently poor regions are assumed to reach economic
levels exceeding in per capita terms current average OECD incomes — hunger is
a marginal issue and remains so even with climate change; a desirable vision but
perhaps overly optimisticin comparison to actual achievements of the last 30 years.

The conclusions obtained for SRES scenario B1 are similar to those for scenario
Al. For B1, without climate change, we estimate that the number of people at risk
of hunger would fall from currently about 800 million people to below 100 million
by the 2080s, i.e., a number even slightly lower than in scenario Al. As there is
more moderate climate change in scenario B1, due to lower&ssions than
in scenario Al, the negative impact on the number of undernourished is small both
in relative and absolute terms. HadCM3-B1 results show an increase of 8%, from
91 to 99 million people; for climate projections of the CSIRO model the impact is
even less, at some 4%.

The outcome of BLS simulation experiments regarding the number of people
at risk of hunger is quite different under the high-population SRES scenario A2.
Under this set of assumptions, the number of undernourished, even without con-
sidering climate change, remains high throughout the simulation period to 2080.
Again, climate change increases the number of hungry, but this time absolute num-
bers do matter. In the reference case, without considering climate change, the num-
ber of undernourished estimated for 2050 amounts to 721 million people; for 2080
it is 768 million. This number increases by nearly 120 million, by some 15%, in
both HadCM3 and CSIRO climate projection scenarios. Climate projections of the
Canadian CGCM2 model resultin 817 million people at risk of hunger, equivalent
to an additional 50 million undernourished due to climate change. The situation
reverses only in the simulations with projections of NCAR-PCM for emission sce-
nario A2. Here the number of undernourished decreases by 5% due to improved
agricultural conditions worldwide, with mitigated moisture stress in many regions
and the lowest temperature increase of all the models considered in this study.

To explore further the relationship between different levels of climate change
and the prevalence of hunger in a socioeconomic setting as defined by the SRES
scenarios A2 and B2, several additional simulation experiments were undertaken.
The full range of climate-change impacts on crop yields as projected in AEZ were
imposed on the socioeconomic development paths of the two scerfédgoee 4.4
summarizes the simulation results, showing for the demographic and socioeco-
nomic development assumed in SRES scenario A2adhiionalnumber of peo-
ple at risk of hunger in 2080 plotted against different levels of atmospherig CO
concentrations and associated climate changes. Note that the number of under-
nourished grows faster than linear with the level of climate change. For climate
change according to scenario HadCM3-A1FI, the additional number of undernour-
ished is about 175 million people, more than 22% above the reference projection
without climate change.
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Figure 4.4. Increase in undernourished due to climate change, for socioeconomic
conditions of the SRES A2 scenario in the 2080s.
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Figure 4.5. Additional number of undernourished due to climate change, by re-
gion, for socioeconomic conditions of the SRES A2 scenario in the 2080s.

Figure 4.5indicates that the overall impact of climate change on the level of
undernourishment is comparable for the simulations with climate projections from
the HadCM3 and the CSIRO models. However, the regional distribution of the
occurrence of additional undernourished differs. CSIRO results show increased
hunger in Asian countries, while HadCM3 results show increased hunger in Africa
and Latin America.

Scenario B2, with regard to demographic and socioeconomic development,
falls inbetween the results obtained for scenario A2 on the one side and scenar-
ios A1 and B1 on the other. Regarding greenhouse-gas emissions and projected
levels of climate change, scenario B2 falls inbetween the lower scenario B1 and the
higher emission scenarios A2 and Al. Concerning people at risk of hunger, there
is a substantial improvement observed in scenario B2, from more than 800 million
currently to an estimated 350 million people in 2050 and down further to about
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230 million in 2080. This number is quite sensitive to long-term economic perfor-
mance, as is illustrated by the results obtained for sensitivity scenario B2s discussed
earlier. For both the HadCM3 and CSIRO climate projections, the estimated hum-
ber of people at risk of hunger in the 2080s increases by about 5%. For climate pro-
jections of the Canadian model and the NCAR-PCM, hunger even decreases due
to much improved growing conditions in many developed and developing coun-
tries, mainly in the temperate climate zones. Several sensitivity simulation exper-
iments for the full range of climate projections with HadCM3 and CSIRO models
were completed for the demographic and socioeconomic development stipulated
in SRES scenario B2. The resulting estimates of the number of undernourished
range from 208 million (an improvement of 10% obtained with the NCAR-PCM
climate projections) to 268 million (with HadCM3 climate for emissions of A1Fl).
The latter number is some 15% higher than in the reference simulation of scenario
B2 without climate change.

In summary, climate-change impacts on agriculture will increase the number of
people at risk of hunger. This impact would be of global significance if imposed on
an already high level of undernourishment, as is the case in the assumed develop-
ment of scenario A2. In all other scenarios, with rapid economic growth and a tran-
sition to stable population levels, poverty, and with it hunger — though negatively
affected by climate change — would become a much less prevalent phenomenon
than itis today.
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Conclusions

5.1 Climate Change and Agricultural Vulnerability

Combating climate change is vital to the pursuit of sustainable development;
equally, the pursuit of sustainable development is integral to lasting climate-change
mitigation and adaptation. The climate-change issue is global, long-term, and
involves complex interaction between climatic, social, environmental, economic,

technological, institutional, and political processes. It has significant interna-

tional and intergenerational implications in the context of equity and sustainable
development.

The ability of agriculture to adapt to and cope with climate change depends
on such factors as population growth, poverty and hunger, arable-land and water
resources, farming technology and access to inputs, crop varieties adapted to lo-
cal conditions, access to knowledge, infrastructure, agricultural extension services,
marketing and storage systems, rural financial markets, and economic status and
wealth. The livelihoods of populations and communities are highly dependent on
these factors, and the developing countries, particularly the least developed coun-
tries, are most vulnerable. As a result of this dependency, the developing countries
are less able to adapt and are susceptible to climate-change damage, just as they are
vulnerable to other social, environmental, and economic stresses.

Vulnerable populations have only limited capacity to protect themselves from
environmental hazards, in particular from extreme events such as drought and
floods. They also bear the brunt of the consequences of large-scale environmen-
tal damage, such as land degradation, biodiversity loss, and climate change. Heavy
and variable precipitation, heat waves, cyclones, drought, and floods may become
more frequent and intense, resulting in more economic shocks. In the short term,
policymakers will need to cope with an increased risk of frequent shocks to their
economies, which will affect the welfare of their most vulnerable populations. Over
the long term, they will need to manage the effects of climate change on the un-
derlying production structures of the economies, with those countries dependent on
agriculture most heavily hit.

The central challenge of sustainable agriculture is to meet the food demand
of the present generation without sacrificing the needs of future generations. This
cannot be achieved without the systemic integration of the social, economic, and
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environmental pillars of agriculture and rural development. Sustainable agricul-
tural development is essential for economic growth, which creates employment
opportunities in nonagricultural rural sectors, which in turn reduce poverty.

Policies that reduce pressure on resources, improve management of environ-
mental risks, and increase the welfare of the poorest members of society can sim-
ultaneously advance sustainable development and equity, and enhance adaptive ca-
pacity and coping mechanisms. The inclusion of climate-change impacts in the
design and implementation of national and international development initiatives
can reduce vulnerability to climate change.

Many factors contribute t@ocial vulnerability including rapid population
growth, poverty and hunger, poor health, low levels of education, gender inequal-
ity, fragile and hazardous location, and lack of access to resources and services,
including knowledge and technological means. And when people are socially dis-
advantaged or lack political voice, their vulnerability is exacerbated further.

The economic vulnerabilityf agriculture is related to a number of interact-
ing elements, including its importance in the overall national economy, trade and
foreign-exchange earnings, aid and investments, international prices of agricultural
commodities and inputs, and production and consumption patterns. All of these
factors intensify economic vulnerability, particularly in countries that are poor and
have agriculture-based economies.

Agriculture is at the core aénvironmental vulnerabilitgnd concerns the man-
agement of natural resources — land degradation, water scarcity, deforestation, and
the threat to biodiversity. Climate change could cause irreversible damage to land
and water ecosystems, and lead to loss of production potential. In this report the
agro-ecological impact of climate change has been quantified for all countries,
developed and developing. These results have been integrated in an ecological—
economic framework, embedded in the world food economy. The main results of
these assessments are summarized below.

5.2 Summary of Results

5.2.1 Impacts of climate change on agro-ecology

Human activities are changing the Earth’s climate, and this is having an impact

on all ecosystems. The expected changes in climate will alter regional agricultural

systems, with consequences for food production. The specifics of the impact will

depend on how the effects of climate change translate into factors that determine
the viability and utility of ecosystems.
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Climatic Resources

The results of an agro-climatic assessment using climate projections of Global Cir-
culation Models (GCM) show a northward shift in thermal regimes due to global
warming, with a significant reduction of boreal and arctic ecosystems [62% reduc-
tion of the current total of 2,122 million hectares (ha)]. A major expansion of the
tropical zones occurs, which, apart from a very small stretch in South Africa and a
narrow fringe along the Mediterranean coast, will cover almost all of Africa.
Calculations using outputs from three of four major GCMs produce consistent
increases of arid areas in developing countries. At present, there are 1,080 mil-
lion ha of land in Africa with a length of growing period (LGP) of less than 120
days. Climate change in the 2080s would result in an expansion of such land by
about 5-8%, equivalent to 58 million ha and 92 million ha respectively. This ex-
pansion of arid areas would be mirrored by a contraction of 31-51 million ha of
the favorable growing zones of 120-270 days. Nearly 1 billion people worldwide
and more than 180 million people in Africa alone are presently living in these
vulnerable environments, relying mainly on agriculture for their livelihoods.

Environmental Constraints to Crop Agriculture

In the 2080s, the following regions may experience an increase of land with severe
constraints: Central America & Caribbean (1.2—-2.9% of a total area of 271 mil-
lion ha), Oceania & Polynesia (0.3-4.3% of a total area of 848 million ha), North-
ern Africa (1.9-3.4% of a total area of 547 million ha), and Western Asia (0.1-1.0%
of a total area of 433 million ha). In Southern Africa, as much as an additional 11%
of a total land area of 266 million ha may suffer from severe constraints.

In the 2080s, the total extent of potentially good agricultural land systemat-
ically decreases in Northern Europe (by 1.5-9.6%), in particular in the UK and
Ireland; Southern Europe (0.7-7.7%), in particular in Spain; Eastern Europe (0.2—
5.9%), in particular in Ukraine; Northern Africa (0.5-1.3%), in particular in Al-
geria, Morocco, and Tunisia; Southern Africa (0.1-1.5%), in particular in South
Africa; and in East Asia & Japan (0.9-2.5%), in particular in China and Japan. In-
dividual countries with decreasing, potentially good agricultural land not reflected
in regional totals are: Venezuela, New Zealand, Mozambique, Sudan, and Uganda.

Considering projections of SRES scenarios simulated by four GCMs,
constraint-free prime land decreases for sub-Saharan Africa, while land with mois-
ture stress increases. In addition, land with severe climate, soil, or terrain con-
straints, prohibiting use for rain-fed agriculture, increases according to 10 of the
12 climate projections, by 26—-61 million ha, compared to 1,513 million ha in the
reference climate scenario.
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Climate Variability and Variability of Rain-fed Cereal Production

Areas with a particularly high variability of year-by-year growing conditions are
found in the mid-west of the USA, northeast Brazil, northeast Argentina and
Uruguay, Southern Africa, southern Mozambique, and the southeast of Australia.

In the developed nations as a whole, potential rain-fed cereal output increased
between the periods of 1901-1930 and 1961-1990 by more than 8%, equivalent
to about 200 million tons, due to the changing climate, while output variability
decreased. In the developing countries as a whole, potential cereal output increased
somewhat, by just under 3%, equivalent to about 70 million tons. Yet variability
increased as well. No improvements were found for sub-Saharan Africa. Some
regions, for instance in Southern Africa, lost average potential cereal production
as compared to the beginning of the 20th century, and at the same time saw a
considerable increase in the variability of cereal outputs.

Crop-production Potentials

The regional aggregation of results, based on the HadCM3-A1FI 2080s scenario,
shows for both suitable rain-fed land extents and production potential of cereals a
significant decrease in Northern and Southern Africa.

The developed nations, however, will see a considerable potential for expansion
of suitable land extents and increased production potential for cereals only when
considering the use of this “new land” at high latitudes. These potential increases
are mainly located in North America (40% increase over reference climate esti-
mate of 358 million ha), in Northern Europe (16% increase over reference climate
estimate of 45 million ha), in the Russian Federation (64% increase over reference
climate estimate of 244 million ha), and in East Asia & Japan (10% increase over
reference climate estimate of 150 million ha).

Developing countries consistently face a substantial decrease of wheat-
production potential, according to all scenarios for the 2080s (in the order of 15—
45%); wheat is virtually disappearing from Africa. Wheat-production potential is
decreasing in South Asia (20-75%), Southeast Asia (10-95%), and South America
(12-27%).

A distinct downward trend for the production potential of rain-fed sugar crops
emerges from the analysis. Developing countries lose some 6—-38% of their rain-
fed production potential on currently cultivated land. For developed countries the
outcome is mixed.

For roots and tubers, the change in rain-fed production potential varies, from
a loss of 13% to a gain of 4% in all model scenarios, except for the NCAR where
there is a gain in production potential of 23-29%. In the case of the developing
countries the change ranges from a loss of 23% to a gain of 20%.
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Potential Agricultural Land

All 12 GCM climate projections predict gains in potential agricultural land glob-
ally. Strong gains are predicted especially for North America (20-50%) and in the
Russian Federation (40-70%). However, significant losses are predicted in partic-
ular in Northern and Southern Africa. In 10 of the 12 GCM climate projections,
substantial losses (up to 9%) are predicted for the sub-Saharan African region.

In developing nations and in particular sub-Saharan Africa, the overall contrac-
tions in potential cultivatable areas are mainly at the cost of double- and triple-
cropping areas, where losses are above average. Although the area for single crop-
ping increased in sub-Saharan Africa at the expense of double- and triple-cropping
areas, considerably more is lost to the category where cropping is not possible.

The land suitability index (SI) accounts for changes in area extents as well as
changes in productivity. This Sl index is useful when comparing land productivity
estimates across regions, as it adjusts for differences in land quality and provides
a more realistic estimate of land-resource availability. The HadCM3-A1F1 sce-
nario results show a remarkable increase of effective land resources, as expressed
by SI, in higher latitudes of the northern hemisphere, in particular benefiting the
Russian Federation, Northern Europe, and Canada. In Northern Africa, three-
quarters of suitable rain-fed land is lost as compared to reference climate condi-
tions. Decreases are also noted in Southern Africa, mainly affecting Mozambique,
Botswana, Namibia, Zimbabwe, and South Africa. In all 12 scenarios, developed
countries gain 6—24%, while for developing countries there is a loss of 2-8% for
HadCM3 and CSIRO climate projections and gains of 1-4% when applying the
CGCM2 and NCAR model results.

Climate-change Impacts on Cereal Production

Site-specific climate-impact studies have come to a wide range of seemingly con-
tradicting results. While variations in assumptions and methodologies may account
for some of the differences, the results obtained in this study clearly demonstrate
that a wide range of outcomes is to be expected for many countries, and that a full
and reliable picture requires a spatially comprehensive approach and analysis such
as AEZ.

For four HadCM3 climate-change scenarios, the estimated impacts on rain-fed
cereal-production potential on current cultivated land imply that there are 42—73
countries with potential cereal-productivity declines of more than 5% (“losing”
countries). The population in 2080 of these countries ranges between 1.6 billion
and 3.8 billion people. In these countries, cereal-production losses amount to 3—
8% of the global potential; a grim outlook for the already poor among these losing
countries despite substantial increases in some 54—71 gaining countries.
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Some 14 developing countries account for 80% of current cereal production
in the developing world. China, the world’s largest cereal producer, gains sub-
stantially, in the 5-23% range for all climate models except for the CSIRO model,
where there is a loss of 5-7%. For India, the second-largest cereal producer, Brazil,
and Thailand, results vary according to climate model. Argentina gains production
potential by 7-24% for the HadCM3 and NCAR models, and loses 10-30% pro-
duction potential for the CSIRO and CGCM2 models. South Africa substantively
loses production potential for all climate models and scenarios, except for NCAR'’s
projection of scenario A2, where a small gain occurs.

Current Food-insecure Countries

The total population of the 84 poor food-insecure countries at present amounts to
some 4.2 billion, equivalent to 74% of the current world population. Some 18% of
the 4.2 billion are undernourished. By the 2080s, the UN projects the total popula-
tion of these countries to increase to 6.8 billion (United Nations, 2001), equivalent
to 80% of the world population.

Individual country results are reason for concern. For example, in the results of
the HadCM3 scenarios, 20—-40 poor and food-insecure countries, with a projected
total population in 2080 in the range of 1-3 billion, may lose on average 10-20%
of their cereal-production potential due to climate change.

With the exception of the results for the NCAR-PCM model, Sudan, Nigeria,
Senegal, Mali, Burkina Faso, Somalia, Ethiopia, Zimbabwe, Chad, Sierra Leone,
Angola, Mozambique, and Niger lose cereal-production potential in the 2080s for
the other three climate models, across all the emission scenarios. These countries
currently have 87 million undernourished, equivalentto 45% of the total undernour-
ished in sub-Saharan Africa. By contrast, Zaire, Tanzania, Kenya, Uganda, Mada-
gascar, ©fe d’lvoire, Benin, Togo, Ghana, and Guinea all gain cereal-production
potential in the 2080s. These eight gaining countries currently have 73 million un-
dernourished, equivalent to 38% of the undernourished population in sub-Saharan
Africa.

Most of the food-insecure countries in sub-Saharan Africa are also poor. They
lack the resources to produce enough food and often do not have access to for-
eign exchange for financing food imports. Production losses as a result of climate
change could further worsen the prevalence and depth of hunger. This burden will
undoubtedly fall disproportionately on the poorest and the most vulnerable.

Climate-change impacts highlight the urgent need to intensify agricultural
land management and expand agricultural land area, both of which will lead
to additional greenhouse-gas emissions and increasing environmental pressures.
Moreover, agricultural land expansion will unavoidably lead to losses of natural
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ecosystems and biodiversity, especially through the clearance of forests. Such con-
siderations must be central in mitigating the impacts of climate change on agricul-
tural production.

5.2.2 Impacts of climate change on food systems

The evaluation of the impact of climate change on production, consumption, and
trade of agricultural commodities, in particular on food staples, was carried out
with a large number of experiments that relate to four aspects: magnitude of cli-
mate change for different future socioeconomic and technical development paths;
uncertainty of results in view of differences in climate projections of different GCM
groups; robustness of results with regard to altered economic growth assumptions;
and sensitivity of results to different assumptions with regard to physiological ef-
fects of atmospheric CQOenrichment on yields. Some 50 simulation experiments
were carried out with the integrated ecological-economic framework provided by
the agro-ecological zones (AEZ) model and databases, and IIASA's linked system
of national agricultural models (BLS). Yield modifications due to climate change
start in the base year 1990. Three separate snapshots of climatic change are pro-
vided referring to the 2020s, 2050s, and 2080s, respectively.

Impacts of Climate Change on Crop Production without Economic Adjustments

The magnitude and even direction of the aggregate climate-change impact at world
level varies with climate projections of different GCM groups. We estimated the
magnitude of distortions that result from applying climate-induced productivity
changes to each country’s agricultural production pattern in a reference projection
without climate change, thus measuring the impact without economic adjustment.
Scenarios based on HadCM3 and CSIRO projections result in a small negative net
impact at global level. For climate projections using emission scenario A2, the
global impact on cereals ranges from —0.7% to —1.2%, i.e., a gap of about 60 mil-
lion tons in 2080. When aggregating all crops, the net impact amounts to —1.3% to
—1.6%. Climate projections by the Canadian CGCM2 model and the NCAR-PCM
model imply moderate positive global crop-production changes of 2.7-5.6%.

However, the impacts of climate change on crop production are geographically
unevenly distributed. Developed countries experience for all variants of the A2
scenario an increase in productivity. In contrast, developing regions suffer a loss
in cereal productivity in all estimates. Within the group of developed countries,
gains of 3—-10% in cereal productivity occur for North America, and similar for
the Former Soviet Union. Western Europe suffers losses in most projections of up
to 6%.
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Impacts on developing regions are mostly negative for South Asia (-8% to
—17% for scenario A2) and Africa (-3.5% to +0.5%), mixed for Centrally Planned
Asia (-6% to +1%), and overall positive for Latin America.

Impacts of Climate Change with Economic Adjustments

Shortfalls in food production, caused by climate change, create market imbalances,
which push international prices upwards and provide incentives for reallocation of
capital and human resources, thus mitigating climate-change impacts by economic
adjustments.

In the case of HadCM3 climate projections, cereal prices increase by 2—20%
relative to the reference projection; for CSIRO the increase is 4-10%. Generally,
the simulated crop-price changes in response to climate change are moderate due
to a relatively small net global impact on crop-production potential.

Impact of climate change on agricultural GDP. The results underline three
general findings. First, the impact of climate change on GDP of the agriculture sec-
tor is relatively small for the aggregate global level, between —1.5% (in HadCM3-
A1FI scenario) and +2.6% (in NCAR-A2 scenario); this refers to total global GDP
of agriculture in the reference projections ranging from US$2.9-3.6 trillion (at 1990
prices). Second, agriculture in developed countries as a group will likely bene-
fit from climate change. Third, developing regions, with the exception of Latin
America, are confronted with negative impacts on agricultural GDP.

For Asia, the loss in value added of agriculture in 2080 amounts to some 4% in
the case of A1l and A2 emission scenarios for HadCM3 and CSIRO (total agricul-
tural GDP of US$1.1-1.3 trillion in the reference projections). Aggregate outcomes
for Africa are generally negative, a loss of 2-8% for HadCM3 and CGCM2 sim-
ulations, and decreases of 7-9% for CSIRO projections (total agricultural GDP of
US$0.6-0.7 trillion in reference projections). Among developed regions, North
America gains substantially in all simulated scenarios (3—13% for scenario A2);
Western Europe loses agriculture value added in all scenarios (loss of 6-18% in
scenario A2), and the Former Soviet Union mostly gains value added (some 0—-23%
in scenario A2) in response to climate change.

Impact of climate change on cereal sectors. The model results present a fairly
consistent response pattern of regional cereal production to climate change. At
global level, taking into account economic adjustments of actors and markets,
cereal-production changes fall within 2% of the results for the reference simula-
tions without climate change. However, aggregation produces deceivingly small
numbers. Developing countries consistently experience reductions in cereal pro-
duction in all climate scenarios. Negative changes of 5-6% are most pronounced
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in simulations based on CSIRO climate projections. In this case, production moves
to developed regions, notably North America and the Former Soviet Union, where
increases of 6-9% are observed. The most significant negative changes occur in
Asian developing countries, where production declines in all scenarios, ranging
from about 4% decreases for CGCM2 and NCAR climate projections to reductions
of 6-10% for HadCM3 and CSIRO.

Impact of climate change on cereal consumption and net trade. In the SRES
worlds of the 2080s, consumers are assumed much richer than they are today, and
are largely separated from agricultural production processes. Consumption lev-
els depend foremost on food prices and incomes rather than on changes in local
agricultural production.

A fairly uniform decline in direct human consumption of cereals (i.e., exclud-
ing feed consumption) in developing countries occurs in response to climate change
across all climate models and emission scenarios (with the exception of simulations
based on NCAR climate projections). For HadCMS3, direct human cereal consump-
tion in developing countries declines by 2—-4%, i.e., in the order of 40-80 million
tons, compared to total consumption in the range of 1.6 billion tons (scenario B1) to
2.1 billiontons (scenario A2) in the reference projections. Consumption changes in
Asian developing countries account for two-thirds of this amount, albeit consump-
tion declines from relatively high levels due to fast economic growth. Consumers
in Latin America are least affected.

The simulations of the IPCC development path scenarios without climate
change result in a growing dependence of developing countries on net cereal im-
ports of between 170 million tons (scenario B1) and 430 million tons (scenario
A2). Climate change will add to this dependence, increasing net cereal imports of
developing regions by 10-40% according to development path scenario and GCM
climate projections. Even in the case of NCAR projections, resulting in overall pos-
itive impacts on agricultural productivity, the comparative advantage for producing
cereals shifts to developed countries, and net imports of developing countries in-
crease by about 25%, an additional 110 million tons in scenario A2 and around
90 million tons of additional cereal imports in scenario B2.

It is important to note that these changes in comparative advantage between
developed and developing regions are likely to accentuate the magnitude of the
impacts suggested by this agricultural assessment, i.e., “winners” are likely to gain
more, “losers” will lose more than projected without accounting fully for impacts
and adjustments in nonagricultural sectors.
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Impact of Climate Change on the Number of People at Risk of Hunger

Based on more than 50 simulation experiments with the BLS model, fairly robust
conclusions emerge from the analysis of climate-change impacts. First, climate
change will most likely increase the number of people at risk of hunger. Second,
the importance and significance of the climate-change impact on the level of un-
dernourishment depends entirely on the level of economic development assumed in
the SRES scenarios.

For the wealthy societies of IPCC development path scenario A1 — even the
currently poor regions are assumed to reach economic levels exceeding in per capita
terms current average OECD incomes — hunger is a marginal issue and remains so
even with climate change; a desirable vision, but perhaps overly optimistic in view
of the actual achievements of the last 30 years.

The outcome of BLS simulation experiments regarding the number of people
at risk of hunger is quite different for the high-population SRES scenario A2. Un-
der this set of assumptions, the level of undernourished, even without considering
climate change, remains at a high level in the 2080s. In the reference case, with-
out considering climate change, the number of undernourished estimated for 2080
is 768 million. This number increases by nearly 120 million, equivalent to some
15%, in both experiments with HadCM3 and CSIRO climate projections. Climate
projections of the Canadian CGCM2 model result in an additional 50 million un-
dernourished due to climate change. For even larger climate changes, such as pro-
jected by HadCM3-A1FI scenario for the 2080s, additional undernourished people
amount to 175 million. This indicates that under socioeconomic conditions of de-
velopment path A2, the number of undernourished is likely to increase more than
linear with the level of climate change.

Climate change will affect the number of people at risk of hunger. This impact
will be of global significance only if super-imposed in a situation with an already
high level of undernourishment, as in development path A2 and to a lesser extent
in scenario B2. In all other cases, with stabilizing population levels and rapid eco-
nomic growth, poverty, and with it hunger — though negatively affected by climate
change — would become much less prevalent than it is today.

The results of this study provide a methodology and database for country-level
assessments of climate and agricultural vulnerability. In the context of the present
debate over international agreements, such as the Kyoto Protocol and the outcome
of the Third Assessment of the International Panel on Climate Change (IPCC), itis
important that uniform assessments be carried out to compare and evaluate national,
regional, and global impacts of climate change on food and agricultural production
systems. Such quantified and spatial information provides important inputs that
can underpin national and regional adaptive policies to mitigate the consequences
of climate change and also facilitate international negotiations on climate change,
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taking into account the contributions of various countries to global warming as well
as their specific development needs and priorities.

The nature and gravity of vulnerabilities of food systems to climate change and
variability, and the design of policies to adapt them to cope are of utmost impor-
tance, and agricultural research has a central role in this.

The challenges of climate change and variability for agricultural research now
relate to elucidate the changes in the flow and storage of materials, the ecology of
pests and diseases, the dynamics of rainfall regimes and water accumulation, the
plant responses to temperature and,€oncentration, the reduction of greenhouse
gases in animal production, the plant tolerance to salty water due to sea-level in-
crease in many coastal areas, the conservation of biodiversity, the adaptation of
food production systems to extreme weather events, among other important issues
that need to be tackled.

For agricultural research to respond in a timely manner, a worldwide concerted
policy action is necessary. Networking of researchers, priority setting, allocation
of necessary funding, inter-regional and inter-country technology transfer, insti-
tutional development and strengthening are among the decisions that need to be
made so that agricultural research can contribute toward mitigation and adaptation
of agriculture to climate change.

Most of the discussion on climate change has focused on mitigation measures,
for example the Kyoto Protocol. Not much attention has been given to climate-
change adaptation, which will be critical for many developing countries. For devel-
oped countries, the issue of adaptation to future climate change is not a priority, as
they already have the means and resources to respond. In contrast, the developing
world must recognize the urgency to put this issue of adaptation to climate change
on the global agenda.



Annex 2.1

Responses of Temperature to Increasing C9
Concentrations and Correlations Between Temperature
Increase and Precipitation Change by Region

Comparisons of results from four General Circulation Models (GCM), the
HadCM3, CSIRO, CGCM2, and NCAR model, have been made separatedi} for
land and forcurrent cultivated landn terms of “Temperature changeQ) versus

CO, concentration levels (ppm)” and for “Temperature charfgg (versus pre-
cipitation change (%).” The figures in this Annex present for the four GCMs the
implied responses of temperature to increasing €@hcentrations, compiled from

the GCM outputs obtained for different SRES emission scenarios and combined
with AEZ data layers. It also shows the correlations between projected temperature
increases and precipitation changes, considering all land grid-cells for individual
regions (excluding Antarctica).
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Annex 2.2

National and Regional Models in the BLS

National Models

Argentina, Australia, Austria, Brazil, Canada, China, Egypt, India, Indonesia,
Japan, Kenya, Mexico, New Zealand, Nigeria, Pakistan, Thailand, Turkey, United
States; EU-9, Eastern Europe, and Former USSR.

Aggregate Regional Country Group Models

African Oil Exporters: Algeria, Angola, Congo, Gabon.

Africa, Medium Income, Food ExportersGhana, ©fe d’lvoire, Senegal,
Cameroon, Mauritius, Zimbabwe.

Africa, Medium Income, Food ImportersMorocco, Tunisia, Liberia, Mauritania,
Zambia.

Africa, Low Income, Food Exporters:Benin, Gambia, Togo, Ethiopia, Malawi,
Mozambique, Uganda, Sudan.

Africa, Low Income, Food Importers:Guinea, Mali, Niger, Sierra Leone, Burk-
ina Faso, Central African Republic, Chad, Zaire, Burundi, Madagascar, Rwanda,
Somalia, Tanzania.

Latin America, High Income, Food ExportersCosta Rica, Panama, Cuba, Do-
minican Republic, Ecuador, Suriname, Uruguay.

Latin America, High Income, Food ImportersJamaica, Trinidad and Tobago,
Chile, Peru, Venezuela.
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Latin America, Medium Income:El Salvador, Guatemala, Honduras, Nicaragua,
Colombia, Guyana, Paraguay, Haiti, Bolivia.

Southeast Asia, High-Medium Income, Food Exportefdalaysia, Philippines.

Southeast Asia, High-Medium Income, Food Importef@epublic of Korea,
Democratic People’s Republic Korea, Laos, Vietham, Cambodia.

Asia, Low Income: Bangladesh, Myanmar, Nepal, Sri Lanka.

Near/Middle East, Oil Exporters: Libya, Iran, Iraq, Saudi Arabia, Cyprus,
Lebanon, Syria.

Near/Middle East, Medium-Low IncomeJordan, Yemen, Afghanistan.

Rest of the World: All other countries not specified above.



Annex 2.3

Commodity Classification in the BLS

Commodity classifications as used in the national models of the BLS are given be-
low. Table A2.3.1 shows the ten commodities used at the world market level, i.e.,

the level of commodity aggregation employed to clear the international markets.

Table A2.3.2 presents the more detailed commodity list as used to describe hu-
man demand. Finally, Table A2.3.3 gives the classification used in the agricultural

supply module that allocates production inputs, i.e., land, capital and labor, to the
agricultural production activities.

Table A2.3.1. Classification at the world market level.

No. Commodity Unit of measurement

l. Wheat 1,000 mt

Il. Rice, milled 1,000 mt milled equivalent
Il. Coarse grains 1,000 mt

IV. Bovine & ovine meat 1,000 mt carcass weight

V. Dairy product 1,000 mt whole milk equivalent
VI. Other meat & fish 1,000 mt protein equivalent
VII. Protein feeds 1,000 mt protein equivalent
VIIL. Other food US$ million, 1970

IX. Nonfood agriculture USS$ million, 1970

X. Nonagriculture US$ million, 1970

140



Table A2.3.2. Human demand in standard national models.

141

No. Commaodity Unit of measurement Index
1. Wheat 1,000 mt I

2. Rice, milled 1,000 mt milled equivalent I

3. Coarse grains 1,000 mt [

4, Oils & fats 1,000 mt oil equivalent VI
5. Protein feeds 1,000 mt protein equivalent Vi
6. Sugar products 1,000 mt sugar refined VIl
7. Bovine & ovine meat 1,000 mt carcass weight \
8. Pork 1,000 mt carcass weight VI
9. Poultry & eggs 1,000 mt protein equivalent Vi
10. Dairy products 1,000 mt whole milk equivalent \%
11. Roots & vegetables US$ million, 1970 VI
12. Fruits & nuts US$ million, 1970 VI
13. Fishery products 1,000 mt protein equivalent Vi
14. Coffee 1,000 mt VIII
15. Cocoa & tea US$ million, 1970 VI
16. Clothing fibers US$ million, 1970 IX
17. Industrial crops US$ million, 1970 IX
18. Nonagriculture US$ million, 1970 X

Table A2.3.3. Agricultural production in standard national models.

No. Commodity Unit of measurement

1. Wheat 1,000 mt

2. Rice, milled 1,000 mt milled equivalent
3. Coarse grains 1,000 mt

4, Protein feed, crop origin 1,000 mt protein equivalent
5. Other food, crop origin US$ million, 1970

6. Nonfood, crop origin US$ million, 1970

7. Roughage (not used) (not used)

8. Pork, poultry, eggs 1,000 mt protein equivalent
9. Bovine & ovine meat 1,000 mt carcass weight
10. Dairy products 1,000 mt whole milk equivalent
11. Fruits & nuts US$ million, 1970




Annex 2.4

Aggregation of BLS Country Modules to World Regions

BLS comporfent

Canada, United States

Austria, EC-9
Australia, Japan, New Zealand

EFSU FSU+EEU Eastern Europe & Former USSR

SRES

Economic group region Region
MDC = OECD NAM
More developed
countries

WEU

PAO
LDC = ALM AFR
Less developed
countries

LAM

WAS

ASIA CPA

SEA

Rest of world ROW ROW

Egypt, Kenya, Nigeria,
Africa oil exporters,

Africa medium income/food exporters,
Africa medium income/food importers,
Africa low income/food exporters,
Africa low income/food importers
Argentina, Brazil, Mexico,

Latin America high income/food exporters,

Latin America high income/food importers,

Latin America medium income

Turkey,
Near/Middle East oil exporters,
Near/Middle East medium-low income countries
China,
Far East Asia high-medium income/food importers
India, Pakistan,
Asia low income countries
Indonesia, Thailand,
Far East Asia high-medium income/food exporters

Rest of the world

“For details of country grouping in the BLS, see Fisobieal. (1988).

Note: TheRest of the Worléiggregate includes both more and less developed countries. Although
the aggregate variables in ROW are dominated by more developed countries of the OECD, these are
not included with the respective regional aggregates, MDC and LDC. The table above provides the
closest possible match between BLS geographic components and the regions considered by the SRES

story lines.
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Annex 3.1

Changes in Crop-production Potential Versus Increase
in Atmospheric CO, Concentrations and Related Global
Warming as Predicted by GCMs

Comparisons of results from four General Circulation Models (GCM), the
HadCM3, CSIRO, CGCM2, and NCAR model, have been made for the change
of crop-production potential in relation to changes in atmospherig €@hcen-
trations and related global warming. The figures presented in this Annex offer

a graphical representation of production change of rain-fed/irrigatecand the
following rain-fed crop groupsother grains(including maize, sorghum, millet,
barley, rye, and setariajpots & tubers, pulses, oil cropgandsugar crops The
production change is expressed as a percentage change in relation to the reference
climate (1961-1990). The results are plotted for, respectia#liand andcurrent
cultivated land separately for developed and developing countries.
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