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Projected change in 
mean hydroclimate 
has

1) wet areas getting 
wetter
2) dry areas getting 
drier  
3) subtropical dry 
zones expanding 
poleward

To recap ..... greenhouse warming will impact 
patterns of precipitation across the planet 

Held and Soden 2006, IPCC 2007, 
Previdi and Liepert 2007, Seager et al. 2007, 2010
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In semi-arid 
regions IPCC 
AR4 models 
predicted a 
robust, 
imminent, and 
serious 
drying, forced 
by rising 
GHGs

Southwest U.S. 
and Mexico

land areas 
around 

Mediterranean
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What about CMIP5?
Hydrological change by water resource region?
P, E, P-E, runoff, soil moisture?
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southwest 
N. America 
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Still the case that:

1) wet areas get wetter
2) dry areas get drier  
3) subtropical dry 
zones expand 
poleward

Large scale patterns of CMIP3 and CMIP5 are very 
similar (except Sahel)

Held and Soden 2006, IPCC 2007, 
Previdi and Liepert 2007, Seager et al. 2007, 2010
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CMIP5 rcp85
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CMIP3 and CMIP5 
similarity holds up for 
Southwest N. America.  

Dries in winter. 
Northern monsoon 
region and TX have 

increased P-E in 
summer.

Impacts on agricultural 
production (irrigated, 

rain-fed), water 
resources, ecosystems ..

P-E (2021-2040) - (1951-1999)
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CMIP5 rcp85 (2021-2040) - (1951-1999)
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Evaporation increase 
- due to atmospheric 
warming - causes 
negative P-E region to 
extend poleward of 
negative P region

  

- most of CA, 
increased winter P, 
decreased P-E
- Texas and N. Mexico 
decreased summer P, 
increased P-E
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(Leake et al., 2000; Edwards and Evans, 2002; Bawden
et al., 2003). Thus, imported water has long been critical to
southern California and this has generated massive water
transfer projects (Carle, 2004). The Los Angeles Aqueduct
carries about 0.2 million MAF of water each year from the
eastern Sierra Nevada to support Los Angeles (water
transfer data from the Association of California Water
Agencies—www.acwa.com). The State Water Project
transfers some 2.3MAF of Sacramento River water
southward annually to help supply southern California
urban users. About 4.4MAF is derived from even further
away via the Colorado River system. Thus, about 70% of
southern California’s water usage is met via extra-regional
sources, principally northern California and the Sacramen-
to River system and the upper basin region of the Colorado
River system (Fig. 1).

One important advantage of having several large extra-
regional sources of water is that the impact of regional
drought in Southern California or one of its supply areas
can be mitigated by increased transfer of water from
unaffected supply areas. In addition, both the Sacramento
and Colorado Rivers have significant water storage
capacity provided by a number of large dams. According
to Bureau of Reclamation figures (www.usbr.gov), the
Sacramento and Trinity system storage capacity in large
dams is around 7MAF. In the case of the Colorado River,
reservoir storage capacity is in the area of 60MAF.
Coupled with local reservoirs and subsurface storage this
provides the capacity of large water districts, such as the
Metropolitan Water District of Southern California to

mitigate the impacts of short to moderate (!5 years)
droughts even in the event that most of the local and extra-
regional sources were highly impacted.
The term ‘‘prefect storm’’ was widely popularized by the

book of the same name by Sebastian Junger and the
subsequent film. The term has come to denote a situation
where the convergence of specific events that individually
might be mitigated leads to unforeseen or catastrophic
results. In this context, a prolonged severe drought that
simultaneously impacted southern California, northern
California and the Sacramento River system, and the
Colorado River system might be seen as a ‘perfect drought’
(MacDonald et al., 2005). To be truly catastrophic,
however, such conditions would need to persist much
longer than five years.
In this paper we use instrumental data to illustrate the

simultaneous occurrence of multi-annual droughts in
southern California and the Sacramento and Colorado
systems. We examine upper-level pressure patterns during
such droughts and the potential linkages to sea surface
temperature (SST) anomalies in the eastern Pacific Ocean.
We then use exploratory tree-ring-based reconstructions of
winter Palmer Drought Severity Index (PDSI) values in
southern California, and the annual discharges of the
Sacramento and Colorado Rivers to investigate the
occurrence of more prolonged perfect droughts in the
past, particularly during the medieval period (!A.D.
800–1300) which was typified by warm temperatures,
prolonged periods of aridity in Southern California and
much of western North America, and persistent depression

ARTICLE IN PRESS

Fig. 1. Sacramento and Colorado river systems and major aqueducts supplying southern California and the Metropolitan Water District (MWD).

G.M. MacDonald et al. / Quaternary International ] (]]]]) ]]]–]]]2

Please cite this article as: MacDonald, G.M., et al., Southern California and the perfect drought: Simultaneous prolonged drought in southern
California and the Sacramento and Colorado River.... Quaternary International (2007), doi:10.1016/j.quaint.2007.06.027

California 
imports water 
to southern 
California  

from Colorado 
River and 

moves water 
from wet north 

to dry south
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Apparently in LA 
you can flush 
Mount Shasta 

water down your 
toilet.  On its way it 
comes across the 

S.F. Bay delta - 
major ecological 
problems - and 

then up over the 
San Bernadino 

mountains.
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The Colorado River - mean 
annual flow about 15 maf - 
provides water to 7 states and 
Mexico (1.5 maf).

About 4.4 maf goes to CA via 
Colorado River aqueduct and the 
All American Canal.
  
Central Arizona Project diverts 
1.5 maf to central and southern 
AZ (including Phoenix and 
Tucson).

85-90% of flow comes from 
snows in Colorado and Wyoming.  
Less than 15% of flow comes 
from Lower Basin tributaries but 
60% of use is in the Lower Basin.  
Sort of like The Nile.
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Texas relies for its 
water on a 

network of in-state 
reservoirs, a few 
on rivers flowing 

across borders, and 
extensive 

(unsustainable) 
groundwater 

extraction from 
aquifers
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Colorado 
Headwaters

California 
and 

Nevada

Texas

Focus on 
3 regions
CA/NV
Winter P, dry 
summers

Colorado 
headwaters 
Winter P but 
summer storms.  CR 
provides water for 7 
states plus Mexico

Texas
winter storms 
and summer 
‘monsoonal’ P.
Self sufficient 
in water.
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California + Nevada

Colorado headwaters

Texas

Change in P-E for all 
simulations of all models by 
two-decade 21st C periods
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Seasonal 
changes 

for 
2021-2040
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Drops in runoff 
throughout 
year in CA/NV 
and TX and in 
spring for CR. 
Modest drops 
in soil moisture 
for all regions.
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Every 
simulation 
warms in 
every season 
in every 
region, 
contributing 
to drop in P-E

However TX 
has increased 
JAS P-E but 
reduced P
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Natural Colorado River Flow at Lee’s Ferry

1906-2004 average = 15 maf
10 year average varies 12.4 to 18 maf (i.e. 17-20%)

Projected 2021-2040 annual mean decline about 10%

As point of comparison ...
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Conclusions

CMIP5 results confirm CMIP3 results 
of Southwest drying in coming 
decades - both pattern and amplitude

For CA/NV and CR winter increases 
in P cannot overwhelm increased E 
and spring and annual mean runoff 
declines

For TX P drops year-round and can 
cause E to drop such that P-E 
increases in summer but annual mean 
runoff declines

As multidecadal means, changes in 
runoff comparable in amplitude to 
past multidecadal variability 
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