














FINAL DRAFT Cross-Chapter Paper 3 IPCC WGII Sixth Assessment Report 

Do Not Cite, Quote or Distribute CCP3-24 Total pages: 53 

Large Tables 
 
 
Table CCP3.1: Observed ecological changes in drylands.  

Region Observed change Climate change 
factors 

Attribution 
to climate 
change 

Non-climate 
change factors 

Confidence in 
observed change 

References 

Hyper arid  

Asian hyper 
arid regions 
(Gobi) 

Loss of shallow rooted desert 
plants 

Increase in 
extreme warm 
temperatures 

       Medium  Li et al. (2015) 

North 
America - 
Mojave 
Desert 

Loss of mesic bird species Decreased rainfall      Yes. 
Analyses of 
causal 
factors find 
decreased 
rainfall more 
important 
than non-
climate 
factors. 

Livestock, human-
ignited fires 

Medium  Iknayan and Beissinger 
(2018); Riddell et al. (2019)  

Decline of desert tortoise 
(Gopherus agassizii) 
population 90% from 1993 to 
2012 at one site in the 
Mojave 

Decreased rainfall         Lovich et al. (2014) 

Reduced perennial vegetation 
cover, including trees and 
cacti, in the Mojave and 
Sonoran deserts of the 
southwestern United States 

Increased 
temperature, 
decreased rainfall, 
wildfire 

      Land use change, 
invasive plant 
species 

High  Defalco et al. (2010); Munson 
et al. (2016b); Conver et al. 
(2017) 

Arid  
African Sahel 
 

Woody cover increase in 
parts of the Sahel  

Increase in 
rainfall since the 
mid-1990s 
(compared to 
1968-1993)and 
increased CO2 

      Restoration 
planting 
Agroforestry 

High  
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Increase in grass production 
across Sahel  

Increases in 
rainfall since the 
mid-1990s 
(compared to 
1968-1993) and 
increased CO2 

       Medium  Hiernaux et al. (2009a); 
Hiernaux et al. (2009b); 
Dardel et al. (2014); Venter et 
al. (2018); Zhang et al. (2018); 
Brandt et al. (2019); 
Bernardino et al. (2020) 

 Decline of mesic tree species 
at field sites across the Sahel 

Decreased rainfall 
from 1901 to 
2002 increased 
temperature  

Yes. 
multivariate 
statistical 
analyses 
find climate 
factors more 
important 
than non-
climate 
factors. 

Land clearing for 
cropland expansion, 
Increase pressure 
on wood resources 
(rural demography, 
urbanization) 

High  Gonzalez (2001); Wezel and 
Lykke (2006); Maranz (2009); 
Gonzalez et al. (2012); Hänke 
et al. (2016); Kusserow 
(2017); Ibrahim et al. (2018); 
Zida et al. (2020b) 

Increased tree mortality at 
field sites across the Sahel       

Decreased rainfall 
from 1901 to 
2002, increased 
temperature  

Yes. 
multivariate 
statistical 
analyses 
find climate 
factors more 
important 
than non-
climate 
factors. 
 

Agricultural 
expansion,   
modified runoff on 
shallow soils  

High  Helldén (1984); Gonzalez, 
(2001); Wezel and Lykke 
(2006); Maranz (2009); 
Vincke et al. (2010); Hänke et 
al. (2016); Trichon et al. 
(2018); Zwarts et al. (2018); 
Wendling et al. (2019); 
Bernardino et al. (2020); Zida 
et al. (2020a) 

 Latitudinal biome shift of the 
Sahel  

Decreased 
rainfall, increased 
temperature      

Yes. 
multivariate 
statistical 
analyses 
find climate 
factors more 
important 
than non-
climate 
factors. 

      High Boudet (1977); Tucker and 
Nicholson (1999); Gonzalez, 
(2001); Hiernaux and Le 
Houérou (2006); Hiernaux et 
al. (2009a); Maranz (2009); 
Gonzalez et al. (2012) 

Namib desert Increase in woody plant 
cover and a shift of mesic 

Increase in 
amount of fog 
from westward 

       Medium  Morgan et al. (2004); Haensler 
et al. (2010); Donohue et al. 
(2013); Rohde et al. (2019) 
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species into more arid 
regions 

expansion of 
convective 
rainfall and 
increase in 
number of 
extreme rainfall 
events. Elevated 
CO2 and warming 
effects on the 
Bengula 
upwelling system 

Southern 
Africa - 
Nama-Karoo 
 

 Shifting rainfall 
seasonality 
(debate if its 
cyclical or 
directional); 
elevated CO2 

       Medium  Du Toit and O’Connor (2014); 
du Toit et al. (2015); 
Masubelele et al. (2015a); 
Masubelele et al. (2015b) 

Eastern Karoo has 
experienced a significant 
increase in the end of the 
growing season length  

Shift in rainfall 
seasonality and 
increase in MAP 

       Low  Davis-Reddy (2018) 

Woody encroachment has 
been observed throughout the 
Nama-Karoo in valley 
bottoms, ephemeral stream 
banks and the slopes of 
Karoo hills. 

Rising 
concentration of 
CO2  

      Changing land use 
and herbivore 
management 

Medium  Polley et al. (1997); Morgan et 
al. (2004); Donohue et al. 
(2013); Ward et al. (2014); 
Masubelele et al. (2015a); 
Hoffman et al. (2018) 

Southern 
Africa - 
Succulent 
Karoo 

Succulent Karoo: Range shift 
in tree aloe Aloidendron 
dichotomum with mortality in 
the warmer and drier range 
and increase in recruitment in 
the cooler southern range, 
populations have positive 
growth rates, possibly due to 
warming, although this 
finding has been challenged  

Warming and 
drying  

       Medium  Foden et al. (2007a); Jack et 
al. (2016) 

Northern 
Africa -
Morocco 

Increased vulnerability of 
oasis’s, and reduced 
ecosystem service provision 

High temperature 
and reduced 
precipitation 

      Agricultural 
growth, high 
population growth 

Medium  Karmaoui et al. (2014)  
 

ACCEPTED V
ERSIO

N 

SUBJE
CT TO FIN

AL E
DITS



FINAL DRAFT Cross-Chapter Paper 3 IPCC WGII Sixth Assessment Report 

Do Not Cite, Quote or Distribute CCP3-27 Total pages: 53 

causing soil and 
water salinization, 
drying up of 
surface water. Hot 
winds and 
sandstorms. 

and unregulated 
and indiscriminate 
land development 

Reduced surface water 
availability  
 

Increased 
temperature and 
reduced 
precipitation 

      High demand 
(population growth) 
and landuse change 

Medium  Rochdane et al. (2012); 
Choukri et al. (2020) 

Reduction of resilience of 
Abies pinasapo- Cedrus 
atlantica forests to 
subsequent droughts 

Successive 
droughts  

       Medium  Navarro-Cerrillo et al. (2020) 
 

North 
American 
drylands 
 

Drought adapted species are 
increasing in Chihuahuan 
deserts  

Increase in aridity 
and increased 
inter-annual 
variation in 
climate trends   

       Medium  Collins and Xia (2015); 
Rudgers et al. (2018) 

Widespread woody plant 
encroachment. Prosopis sp 
encroachment in arid desert 
regions (Chihuahuan and 
Sonoran Desert) at a rate of 
~3% per decade.  

Increasing 
temperature, 
elevated CO2 and 
changing rainfall 

      Fire suppression 
and altered 
grazing/browsing 
regimes, 

High  Caracciolo et al. (2016); 
Archer et al. (2017) 

Plant desert community shift 
changes the albedo through 
the reduction in dark 
biocrusts  

Warming and 
drought 

       Medium  Rutherford et al. (2000) 

South 
Chihuahuan 
Desert - 
North and 
central 
Mexico 
 

Shrub encroachment of 
grassland (Berberis 
trifoliolata, Ephedra aspera, 
Larrea tridentata) changes 
on dominant species in shrub 
areas loss of less resistant 
shrubby species 
(Leucophyllum laevigatum, 
Lindleya mespiloides, 
Setchellanthus caeruleu). 
Shrub encroachment of mesic 
and temperate areas 

Decreased 
rainfall,  
increase in 
temperature and 
increase CO2 

      Urban growth, 
mechanized 
agriculture, and 
changes in land use 

High  Pérez-Sánchez et al. (2011); 
Castillón et al. (2015); Sosa et 
al. (2019) 
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Shifts on soil microbial 
community to more abundant 
in fungi (Ascomycota and 
Pleosporales) 

decreased rainfall 
and 
increase in 
temperature 

      changes in land use Low  Vargas-Gastélum et al. (2015) 

Limited ecological 
connectivity of shrubby 
populations 

decreased rainfall 
+ 
increase in 
temperature 

       Medium  Sosa et al. (2019) 

Loss of Cacti species 
(Echinocactus platyacanthus, 
Pediocactus bradyi, 
Coryphantha werdermannii, 
Astrophytum) due to decline 
in physiological 
performance, loss of seed 
banks and lower germination 
rates 

decreased rainfall 
+ 
increase in 
temperature 

      Cattle grazing, 
looting 

High  Aragón-Gastélum et al. 
(2014); Shryock et al. (2014); 
Martorell et al. (2015); 
Carrillo-Angeles et al. (2016); 
Aragón-Gastélum et al. (2018) 

Arid and 
semi-arid 
territories in 
Argentina 

Decreases in vegetation 
indexes  

Decreased rainfall        human-induced 
land degradation 

Low  Barbosa et al. (2015) 

Argentina 
Chaco 
Region  

Dryland salinity changes in rainfall       Land use change 
Overexploitation of 
water resources  

Medium  Amdan et al. (2013); 
Marchesini et al. (2017) 

South 
America Arid 
Diagonal 

Marked reduction in 
streamflow from the Andes 
mountain “water towers” due 
to the persistent reduction in 
precipitation.” 

Decrease in 
precipitation in 
the upper Andes. 
The  
unprecedented 10-
year extreme dry 
period has been 
called the “Mega- 
drought 

       High   
 
Bianchi et al. (2017); Rivera 
and Penalba (2018); Masiokas 
et al. (2019); Rodríguez-
Morales et al. (2019) 

South 
American 
Andes 

Extensive glacier retreat 
across the Andes  
 

Increasing sub-
continental 
temperature and 
regional reduction 
in snow 
precipitation  
 

       High  Dussaillant et al. (2019); 
Falaschi et al. (2019); 
Masiokas et al. (2019) 
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Patagonian 
Andes 
 

Widespread tree mortality of 
Austrocedrus and Nothofagus 
forests in the dry ecotone 
forest-steppe across 
Patagonia 

Increase in 
extreme drought 
events 

       High Rodríguez-Catón et al. (2019) 

Increase in elevation of the 
upper-forest Nothofagus 
treeline across Patagonia 

Increase in 
temperature and 
duration of the 
growing season at 
high elevation in 
the Patagonian 
Andes 

       High  (Srur et al. (2016); Srur et al. 
(2018) 

Central Asian 
arid lands  

Shrub encroachment into arid 
grasslands within the past 10 
years  
 

Temperature of 
central Asian arid 
regions 
experienced a 
sharp increase 
since 1997 and 
has been in a state 
of high variability 
since then   

       Medium  Li et al. (2015) 

Loess 
Plateau,  
China 

Widespread vegetation 
greening in the Loess Plateau 
region; soil moisture 
declining widely, and deficit 
in forests and orchards. The 
runoff of the Yellow River is 
declining 

Significant 
warming, slight 
increase in 
precipitation.  

      The land use and 
cover change, 
ecological 
restoration, mainly 
induced by Grain 
for Green Project 

High  Jia et al. (2015); Wang et al. 
(2015); Deng et al. (2016); 
Jiao et al. (2016) 

The Three-
River Source 
Region of the 
Tibetan 
Plateau, 
China 

The runoff increases, the 
total water storage and 
groundwater increasing. NPP 
increase 

The precipitation 
increasing and 
evapotranspiratio
n (ET) slight 
decreasing 

      Grassland 
protection 

High  Xu et al. (2019) 

Semi-arid  
Australian 
arid lands 

Widespread greening  
 

Elevated CO2        Medium  Donohue et al. (2013) 

African 
savanna 
 
 

Doubling of tree cover from 
1940 – 2010 in South Africa 
changing land use), and 20% 
increase in spread of woody 

Warming, 
elevated CO2, 
altered rainfall 
regimes 

      Removal of mega-
herbivores, fire 
suppression, 

High  Skowno et al. (2017); Stevens 
et al. (2017); Venter et al. 
(2018); García Criado et al. 
2020) 
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areas into previously open 
areas in the last 20 years  
 

changed herbivore 
regime 

African 
savanna 
 

Widespread increase in tree 
cover across Africa with only 
3 countries across continent 
experiencing a net decline in 
tree cover  
 

Warming, 
changing rainfall, 
mention of CO2 

      Fire suppression High Venter et al. (2018) 

African 
savanna 
 

Biodiversity responses to 
changes in vegetation 
structure (woody 
encroachment) causing 
declines in functional groups 
that are open area specialists. 
Records in birds, rodents, 
termites, mammals, insects. 

Woody 
encroachment 

       Medium  Blaum et al. (2007); Blaum et 
al. (2009); Sirami and 
Monadjem (2012); Gray and 
Bond (2013); Péron and 
Altwegg (2015); Smit and 
Prins (2015) 
 
 

African semi-
arid regions 
(savanna) 

Reduced tourism experience 
due to woody encroachment 

Woody 
encroachment 

  Low  Gray and Bond (2013) 

North 
American 
drylands – 
sagebrush 
steppes 

Sagebrush steppes are being 
invaded by non-native 
grasses 

Increase in 
temperature and 
favourable 
climates 

  High  Bradley et al. (2016); Hufft 
and Zelikova (2016); 
Chambers (2018) 

Shrub 
encroachment,(Prosopis 
glandulosa, Juniper ashei 
and Juniper pinchotti) is 
occurring in the semi-arid 
grasslands of the southern 
great plains at a rate of ~8% 
per decade 

Increasing 
temperature, 
elevated CO2 and 
changing rainfall 

 Fire suppression 
and altered 
grazing/browsing 
regimes 

High  Caracciolo et al. (2016); 
Archer et al. (2017) 

Woody encroachment in 
sagebrush steppes (cold 
deserts) (Juniper 
occidentalis) at a rate of 2% 
per decade  

a) Warming and 
associated decline 
in snowpack  
b) Less 
precipitation 
falling as snow 
and an increase in 
the rain fraction in 
winter. 

       High  Chambers et al. (2014); Mote 
et al. (2018) 
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Central 
Mexico 

Desertification (as decreases 
in vegetation indexes). 

decreased rainfall 
+ 
increase in 
temperature 

 Land use change 
and intensification 

Medium  Becerril-Pina et al. (2015); 
Noyola-Medrano and 
Martínez-Sías (2017) 

Chinese 
drylands 

Widespread greening trend of 
vegetation in China over the 
last three decades; regional 
difference 

Warming, CO2 
increase. 
1) Rising 
atmospheric CO2 
concentration and 
nitrogen 
deposition are 
identified as the 
most likely causes 
of the greening 
trend in China, 
explaining 85% 
and 41% of the 
average growing-
season LAI trend.  
2) Negative 
impacts of climate 
change in north 
China and Inner 
Mongolia and the 
positive impact in 
the Qinghai-
Xizang plateau 

 Ecological 
protection 

Medium  Piao et al. (2015) 

Dry sub-humid  
African 
mesic 
savannas 

Forest expansion into mesic 
savannas 

Increases rainfall, 
elevated CO2 

 Fire suppression Medium  Baccini et al. (2017); Aleman 
et al. (2018) 

South 
American 
cerrado 

8% rate of woody cover 
increase  

Elevated Co2  Fire exclusion High  Stevens et al. (2017); Rosan et 
al. (2019) 

South 
American 
cerrado 

Expansion of forest into 
cerrado 

Elevated CO2  Fire exclusion  High Passos et al. (2018); Rosan et 
al. (2019) 

Australian 
savannas 
 

2% rate of woody cover 
increase and greening of 
drylands 

   High  Donohue et al. (2013); Stevens 
et al. (2017); Bernardino et al. 
(2020) 
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Table CCP3.2: Synthesis of adaptation measures and responses to risks in deserts and semi-arid areas. Appropriateness 1 
of measures is context dependent and some adaptations will be incremental or even maladaptive in some dryland 2 
contexts while being transformational in other locations. 3 

Challenge Adaptation Measures and Responses References 
Soil erosion 
 
 

Rainwater harvesting and soil conservation, grass reseeding, 
agroforestry. 
 
Use of different breeds of grazing animals, altered livestock 
rotation systems, use of new crop varieties, development of 
management strategies that reduce the risk of wildfire.  

Eldridge and 
Beecham (2018) 

Overgrazing Modification of production and management systems that 
involve diversification of livestock animals and crops, 
integration of livestock systems with forestry and crop 
production, and changing the timing and locations of farm 
operations. 
 
Improved breeds and feeding strategies and adoption of 
improved breeds for households without cows (both economic 
& environmental gain). 
 

 Kattumuri et al. 
(2015), Shikuku et al. 
(2017) 
 

 Clearing of natural 
vegetation 

Carbon sequestration through decreasing vegetation clearing 
rates, reversal through revegetation, targeting for higher-
yielding crops with better climate change adapted varieties, and 
improvement of land and water management 
 
Agroforestry role in addressing various on-farm adaptation 
needs besides fulfilling many roles in AFOLU-related 
mitigation pathways (assets and income from carbon, wood 
energy, improved soil fertility and enhancement of local climate 
conditions; it provides ecosystem services and reduces human 
impacts on natural forests). 
 
Implementation of co-benefits strategies including provision of 
incentives across multiple scales and time frames, fostering 
multidimensional communication networks and promoting 
long-term integrated impact assessment. 
 
Achievement of triple-wins in SSA through provision of 
development benefits by making payments for forest services to 
smallholder farmers, mitigation benefits by increasing carbon 
storage, and adaptation benefits by creating opportunities for 
livelihood diversification. 

 Kattumuri et al. 
(2017), Mbow et al. 
(2014), Suckall et al. 
(2014) 

Invasive species and 
woody encroachment  

Cliamte change is projected to facilitate the spread of invasive 
species. Invaive species can have profound impacts on dryland 
ecosystems functioning leading to the loss of biodiversity.  
Biomass harvesting and selective clearing; utilising intense fires 
to manage encroachment, combined browsing and fire 
management. Rewilding in open ecosystems and reintroduction 
of mega-herbivores (e.g. in parts of Africa) to counter negative 
impact of woody encroachment. Chemical removal of 
undesirable encroached woody species 

Mirzabaev et al. 
(2019); Davies and 
Nori (2008); Stafford 
et al. (2017); 
Cromsigt et al. 
(2018); Ding and 
Eldridge (2019) 

Droughts Pro-active drought risk mitigation vs reactive crisis 
management approaches. Promoting collective action in 
livestock management, optimizing livestock policies and feed 
subsidies. interventions in livestock markets during drought 
onset. Expanding sustainable irrigation and shifting to drought-
resistant crops and crop varieties. Environmentally sustainable 
sea water desalination. Promoting behavioural changes for more 
efficient residential water use. Moving away from water-
intensive agricultural practices in arid areas. Harvesting 
rainwater by local communities; empowering women and 
engagement in local climate adaptation planning, community 

Morton and Barton 
(2002); Abebe et al. 
(2008); Alary et al. 
(2014); Catley et al. 
(2014); Mohamed et 
al. (2016) 
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based early warning systems, IRWM, water governance 
benchmarking, and exploration of palaeo channels as freshwater 
sources using remote sensing  

Grassland and savanna 
degradation 

Prescribed fire and tree cutting, invasive plant removal, grazing 
management, reintroduction of grasses and forbs, restoration of 
soil disturbance.  

For review see 
Buisson et al. (2019) 

Rangeland degradation 
(decreasing fodder 
quality or yield, invasion 
by fodder poor value 
species/refusals) 

Promote herd local and regional mobility during the growing 
season to avoid intense grazing pressure on growing annual 
herbaceous vegetation of rangelands near settlements, water 
points, market. Moderate grazing facilitates grass tillering and 
herbaceous flora diversity. Ecological restoration of grazing 
ecosystems by sowing a mixture of zone-typical dominant 
species and life forms of plants on severely degraded land. 
Clearance of invasives. Ecological restoration of arid 
ecosystems by sowing a mixture of zone-typical dominant 
species and life forms of fodder plants with partial (ribbon) 
treatment of pasture lands. Ecological restoration of secondary 
salted irrigated soils using halophytes. 

De Vries and Djitèye 
(1982); Hiernaux et 
al. (1994); Hiernaux 
and Le Houérou 
(2006); Reed et al. 
(2015) 

Poor livestock 
productivity 
(reproduction/dairy/meat) 
in relation with poor 
seasonal nutrition 
 

Promote seasonal-regional herd mobility to optimise the use of 
complementary fodder resources (rangelands, browses, crop 
residues). Implies institutionalized communal access, 
community agreements and infrastructures (water points, 
livestock path, grazing reserves, access to education, health 
care, markets for transhumant population). Cross state boundary 
mobility implies international agreements such as promoted by 
N'djamena meeting (Declaration 2013) 

Turner (1993); 
Schlecht et al. (2004); 
Fernández-Rivera et 
al. (2005); Bonnet 
and Herault (2011); 
Hiernaux et al. (2016) 

Promote strategic supplementation of reproductive and young 
animals by the end of dry and early wet season.  
Secondary effect on excretion quantity/ quality to manure 
croplands.  

Many trials in 
research stations and 
on farm: for example 
Sangaré et al. 
(2002a); Sangaré et 
al. (2002b); Osbahr et 
al. (2011); Sanogo 
(2011) 

Decrease trend in 
cropland soil fertility  
 

Rotational corralling of livestock in field during the dry season 
(and on cleared fallow the following year in the wet season) to 
ensure maximum retrieval of organic matter and nutrients from 
faeces and urine deposited. Application or mineral N and P 
fertilisers as placed (per poquet) microdoses (50-80 kg/ha) to 
intensify staple crop production. Impact on soil fertility, rain use 
efficiency, vegetation cover, organic matter production and 
recycling. Legume association with cereals (millet-cowpea; 
Sorghum-groundnut). Adapting cultivars and cropping 
techniques (calendar, fertilisation) 

Pieri (1989); Breman 
et al. (2001); Gandah 
et al. (2003); Manlay 
et al. (2004); 
Abdoulaye and 
Sanders (2005); Reij 
et al. (2005); 
Akponikpe (2008); 
Bagayoko et al. 
(2011); Bationo et al. 
(2011); Hiernaux et 
al. (2009b); 
Sendzimir et al. 
(2011); Turner and 
Hiernaux (2015); 
Weston et al. (2015; 
Reij and Garrity 
(2016) 

Salinisation and 
groundwater depletion 

Indigenous and scientific adaptive practices to cope with 
salinity. Farmers in waterlogged saline areas harness sub-
surface drainage, salt tolerant crop varieties, land-shaping 
techniques and agroforestry to adapt to salinity and 
waterlogging risks. Locally adapted crops and landraces, and the 
traditional tree- and animal-based means to sustain livelihoods 

Sengupta (2002); 
Buechler and Mekala 
(2005); Wassmann et 
al. (2009); Singh 
(2010); Jnandabhiram 
and Sailen Prasad 
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in face of salinisation. Climate change is projected to increase 
the salinization of groundwaters. Current unsustainable use of 
groundwaters is already leading to their depletion in some 
dryland areas.   

(2012); Manga et al. 
(2015); Sharma and 
Singh (2015); Gupta 
and Dagar (2016); 
Nikam et al. (2016); 
Bundela et al. (2017); 
Sharma and Singh 
(2017); Patel et al. 
(2020); Singh et al. 
(2020b); Sharma, 
(2016); Mirzabaev et 
al. (2019) 

Sand and dust storms Use of live windbreaks or shelterbelts, protection of the loose 
soil particles through the use of crop residues or plastic sheets or 
chemical adhesives, increasing the cohesion of soil particles by 
mechanical tillage operations or soil mulching.  
 
Use of perennial plant species that have the ability to trap 
sediments (sand and fallen dust) and form sandy mound around 
it, such as Haloxylon salicornicum, Cyperus conglomerates, 
Lycium shawii, and Nitraria retusa. In Sahel: promote 
herbaceous (not woody plants) to trap sand annuals such as 
Colocynthis vulgaris, Chrozophora senegalensis, Farsetia 
ramosissima, perennials such as Cyperus conglomeratus, 
Leptadenia hastate. 
 
In Sahel: leaving at least part of the crop residues (stalks) laid 
down on the soil during the dry season (100kg dry matter per 
hectare has already significant effect on wind erosion, many 
trials on Millet in Niger). Trampling by grazing livestock 
improves the partial burying of the residues.  
 
Improve monitoring, prediction and early warning. Monitoring, 
prediction and early warning to mobilize emergency responses 
for human systems & prioritize long-term sustainable land 
management measures.  Establishment of a Global Dust-Health 
Early Warning System (building on the SDS-WAS initiative). 
Multi-sectoral preparedness and response including public 
health, hospital services, air and ground transportation and 
communication services 

Ahmed et al. (2016); 
Al-Hemoud et al. 
(2017); Sivakumar 
(2005); Hiernaux et 
al. (2009a); Hiernaux 
et al. (2016); Pierre et 
al. (2018); Lamers et 
al. (1995); Michels et 
al. (1998); Bielders et 
al. (2004),UNEP 
(2016); UNEP (1992) 
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