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Progress in feedback mechanism between desertification and climate change

CI Long—Jun, YANG Xiao-Hui (Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China). Acta
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Abstract : Desertification and climate change are two of globally environmental issues, and feedback mechanism between them is
becoming one of research forefronts. In this paper, we review research progress on this topic from feedback between
desertification and climate change and effects of desertification and its control on carbon source/sink. The existing results show
that on the one hand, the effects of desertification on regional and global climate change result mainly from a positive feedback
loop as vegetation cover decreasing-albedo increasing and (or) soil moisture decreasing-precipitation decreasing-vegetation
cover decreasing (Charney’s hypothesis and its derivative theories), and that sand dusts suspending in atmosphere can suppress
precipitation, and high-frequent dust storms and their large cover scope will also overlap their effects on global climate change;
on the other hand, climate change influences on extent, rate, intensity and potential risk of desertification, and on structure,
function and productivity in dryland ecosystem. In meanwhile, as globally important carbon store, dryland change will affect

budget of carbon in atmosphere to the extent, it is estimated that total carbon loss from desertification is 18~28 Pg C globally,
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and net CO, amount released from desertified sandy lands of china is about 91Mt C,if all the land restoration measures
suggested by UNEP were adopted, the net effect on carbon sequestration would be over 37 Pg per year, accounting for 15
percent of atmospheric CO, emissions, and the input is actually considerably lower than the cost of some carbon source
limitation measures and seems very attractive. From aspects of current research progress, despite of building of regionally
numerical model, the majority of results is gotten by extrapolation or estimation. hence future emphases should be put on the
development of new numerical models and scale-up of them, including (a) to quantify the impacts of climate change on
resilience, biodiversity, productivity and health of dryland ecosystem, (b) to model the impacts of desertification on regional
and global climate change, and (c) to evaluate the influence of desertification combating, particularly some large-scale
ecological projects such as Three North Protection Forest Project, on climate change. In conclusion, it is very important to
better understand the feedback mechanism between desertification and climate change from science and policy views, which not
only is helpful in implementing global or regional desertification control, but provide scientific base for negotiation of UN
Convention to climate change.
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Table 1 Changes in biome areas and carbon pools for grasslands and drylands for past, present and future
. Biome areas (M hm?) carbon pools (Pg)
Bio-region Melh;)d ( ) ( )
Potential ~ Current Future Past Current Future (regressive) Future (sustainable)
A 499. 5 499. 5 298.9 27.620 27.620 — 15.740(—11. 9
Semi-desert B 626.0 626.0 374. 6 34.615 34.615 — 19.726(—14.9)
C 137.1 137.1 82.0 7.581 7.581 5.2(—2.38) 4.318(—3.3)
/ A 571.3 272.5 121.3 11. 642 5.553(—6. DY 1.789(—3.7)
Cool B 791.0 377.3 167.9 16. 120 7.689(—7.6) — 2.477(—5.2)
grass/shrub C 304.0 145.0 86. 8 6.195 2.955(—3.2) 2.26(—6.95) 1.280(—1.7)
/ A 1180. 5 1016. 4 1460. 3 51.258 44.133(—=7. 1D — 63.725(+19.6)
Warm B 2821.0 2428.9 3489.5 122.493  105.466(—17.0) 152. 282(+46.8)
grass/shrub C 1892. 6 1629. 5 2341. 1 82.178 70.755(—11.4) 63.00(—7.75) 102.166(+31.4)
A 1945.5 1945.5 2004. 1 34. 336 34.336 — 35.651(+1.3)
Hot desert B 934.0 934.0 962. 1 16. 484 16. 484 — 17.115(40.6)
C
A 4196. 8 3733.9 3844. 6 124. 856 111.642(—13.2) — 116.905(+5. 6)
Total B 5172.0 4366. 2 4994. 1 189.712 164.254(—25.5) — 191. 600(+27.0)
C 2333.7 1911. 6 1509. 9 95. 954 81.291(—14.7) 70.46(—10.82) 107. 764 (+26. 8)
[©) Prentice (22, @A  Prentice , B UNEP 23], C Bailey
Ll 3 Century 20cm ,Im 3~4
s 1m 417 Pg; @ (DBiomes as defined by Prentice

et al. ; @ A Areas for biomes defined by Prentice et al. , B Areas derived from UNEP-based aridity index (UNEP, 1991), C Areas derived

from Bailey Ecoregions (Bailey, 1988); (3) Carbon pools are total soil C to 20cm depth as modeled using CENTURY. An approximate value for

soil C to 1. Om depth may be obtained by multiplying these values by 3~4, thuscurrent grassland and dryland soil carbon is approximately 417 Pg

to a depth of 1. 0m; (@) Values in parentheses indicate net flux in C pools from one period to the next
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Table 2 Potential of desertification control and land restoration to sequester C (Pg C/a)
0
Process Range Mean % of total potential
C Emission reduction through erosion control 0.2~0.3 0.25 18
Restoration of eroded lands 0.2~0.3 0. 25 18
Restoration of physically and chemically degraded soil <0.01 <0. 01 —
Reclamation of salt-affected soils 0.2~0.4 0.3 21
Agricultural intensification on undegraded soils 0.01~0. 02 0.015
C Fossil fuel C offset through biofuel production 0.3~0.5 0.4 29
Sequestration as secondary carbonates 0.01~0. 4 0.2 14
Total 0.9~1.9 1.4 100
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