3.1.2 Desert Climate is already affected and will be further impacted by Global Climate Change
Global Climate Change, the directional change induced by anthropogenic emissions of greenhouse gases (to be distinguished from long- or short-term climate variations not invoked by global-scale human impact on the climate system) affects deserts in a way that deviates from the aggregate global average. Warming took place in nearly all monitored deserts during the period 1976 to 2000 with an average rate of about 0.2-0.8ºC/decade amounting to an overall increase of 0.5-2ºC (See Table 1), much higher compared to the average global temperature increase, which was about 0.45ºC and is attributed to the anthropogenic increase in atmospheric concentration of greenhouse gases (IPCC 2001). Whereas global warming is expected to induce an overall global increase in rainfall, of the six deserts monitored for rainfall during the above period only in two rainfall increased, whereas in the rest it decreased down to 16% per decade. The reduced rainfall in deserts, most of which are in subtropical regions, due to global warming is indeed expected. Here again climate change in deserts is dictated by processes away from desert. High latitudes are projected to warm due to global climate change more than the mid- and low-latitudes. This increases the global north-south temperature gradient, an increase that is expected to bring more rainfall in higher latitudes, linked to reduced rainfall in subtropical ones.   

Different global circulation models generate diverging and sometimes contradicting warming and precipitation projections for specific deserts. For example, the IPCC's worse case global emissions scenario (A2), of increasing global population and regionalized, fragmented economic and technological development and the best case scenario (B2), in which due to actions promoting sustainable development at the local scale global population increase, economic and technological development are slowed down, project the deviation of temperature and precipitation for the period 2071 to 2100 relative to the period 1961-1990. These range from 2-7ºC and 1-5ºC temperature increase and 5-15% and 5-10% precipitation decrease for most deserts but also no change or 2-15% and 2-10% of precipitation increase for a few deserts, for the two scenarios, respectively (Table 1). 

Further studies suggest that global climate change will increase inter-annual variations in desert rainfall (Schwinning and Sala, 2004), including an increase in the incidence of desert droughts, in which the ENSO cycles will be involved (Hoerling and Kumar 2003).  A cross-correlation of long term ENSO cycles and global air temperatures suggests that increasing global temperatures trigger the El Nino and decreasing temperatures trigger the La Nina phases of the ENSO cycle, and that once an event is triggered it eventually acts to reverse the sign of the fluctuation (Tsonis et al 2003, 2005). Furthermore, any event which triggers an El Niño tends to raise atmospheric temperatures and contribute to global warming (Trenberth et al., 2002). This negative feedback loop between the ENSO cycle and the global atmosphere controls runaway tendencies which increase the frequency of El Nino events relative to the frequency of La Nina events – an hypothesis consistent with model simulations and verified from relatively recent historical records (Tsonis et al. 2003, 2005). This suggests that as the global atmosphere continues to warm (due to anthropogenic emissions of greenhouse gases) the frequency of El Nino events will increase, bringing more rainy pulses to winter-rain deserts and more drought pulses to summer rain deserts. 
	
	Observed change 

1976-2000
	Projected change

(1961-1990)-(2071-2100)

	Desert (country)
	ΔT

(ºC)/decade
	Δ rainfall (%)/decade


	ΔT (ºC)
	Δ rainfall (%)

	
	
	
	A2 scenario
	B2 scenario
	A2 scenario
	B2 scenario

	Sahara
(Algeria, Tunisia, Morocco)
	
	
	+4
	+3
	-20
	-10

	Libya
(Libya)
	+0.8
	
	+3
	+2
	-10
	-10

	Western Desert

(Egypt)
	+0.8
	+4
	+4
	+2
	0
	0

	Rub' al Khali
(Saudi Arabia)
	
	
	+4
	+3
	+2
	+2


	Kalahari
(South Africa)
	+0.8
	-12
	+4
	+3
	+10
	0

	Namib
(Namibia)
	-0.4
	
	+3
	+2
	0
	-5

	Gobi
(China)
	+0.8
	
	+6
	+4
	+15
	+10

	Kizil Kum 
(Afghanistan)
	+0.6
	+8
	+7
	+5
	-5
	+5

	Dashti Kbir

(Iran)
	+0.6
	-16
	+5
	+4
	-10
	+10

	Great Victoria (Australia)
	+0.8
	
	+3
	+2
	-10
	-5

	Colorado & Great Basin

(USA)
	+0.4
	-4
	+5
	+3
	-15
	-5

	Atacama (Chile) & Patagonian (Argentina)
	+0.2
	-8
	+2
	+1
	-10
	-5


Table 1: Observed and projected changes in the surface temperature (ΔT, ºC) and in the annual precipitation (Δ rainfall, %) over twelve desert regions. The projections are based on comparison of 2071-2100 A2 and B2 scenarios from IPCC (2001). Empty cells sinfiny no data. Bolded values are for deserts showing no decrease and/or an increase in precipitation. 

