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3. WATER USE IN CALIFORNIA  AND SPAIN 

When the first European explorers sailing for the Spanish Crown arrived in Alta California in 
1542, they probably found the new land strongly reminded them of home. In fact, California 
and Spain are clearly very similar in terms of climate and landscape. During the Mission Era 
(1769 to 1833) the Spaniards were heavily present throughout California, where they left an 
important cultural heritage. Today Spanish is the second most spoken language in California 
after English due to the influence of Mexico, which is a former Spanish colony. Although 
reviewing the historical link and the cultural alikeness between both countries would certainly 
be an exciting task, this thesis will be focused on the comparison from the hydrologic and 
water management point of view. This research may sound less thrilling but hopefully will 
bring California and Spain closer and will contribute to improving management of their water 
resources. 

3.1. Water Use in California and Spain 

Form the geo-climatic standpoint California and Spain are easily comparable since both 
regions are located at the same latitude (around 40ºN) and have a Mediterranean Climate. In 
fact, California is one of the few regions of the world outside the Mediterranean Sea that has 
this kind of climate. Only small strips of the coast of Chile, Southern Australia and South 
Africa share the same climate characteristics. Mediterranean climate is characterized by hot 
and dry summer months and wet though mild temperaturewise winters. 

California and Spain have many similarities regarding water resources and population 
distribution. In both countries surface water resources are naturally available in the north, 
whereas most of the population and agricultural activities are located in the dry areas of the 
center and the south. As regards to water supply in California, the San Joaquin-Sacramento 
Delta provides drinking water for two thirds of the state’s population. If we divide the State in 
two regions, north and south from Sacramento, 75 percent of natural water resources are 
located within the north region, while the south region accounts for 75 percent of the State’s 
water demand. The Tulare Lake hydrologic region’s surface water flow represents less than 
five percent of the state’s total, whereas its water demand is the highest among all ten regions 
(Arrojo, 1997). Water is conveyed from the Delta through a number of facilities, including the 
State Water Project’s California Aqueduct and is used almost entirely for agricultural 
purposes. The Colorado River hydrologic region also imports almost all its water in order to 
meet its agricultural irrigation needs. Surface water flow, water demand and population 
distributions are shown in Table 1. 

From the data shown in Table 1, we reach the conclusion that: 1) Two thirds of California’s 
natural surface water resources belong to two hydrologic regions in the north (North Coast 
and Sacramento River), 2) Over 75 percent of the State’s water demand is located in the 
Central Valley for agricultural irrigation. 3) California’s population is concentrated in two 
areas: the South Coast including Los Angeles – San Diego metropolitan area and the San 
Francisco Bay Area.  In summary, California’s natural water resources, water demand and 
population are unevenly distributed through the State.   
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Table 1. Distribution of water resources, water demand and population in California by 
hydrologic region 

 Hydrologic Region Surface 
water flow 

Water 
Demand Population 

North Coast (NC) 40,4% 2,7% 2,0% 
San Francisco Bay (SF) 2,2% 0,3% 18,3% 
Central Coast (CC) 3,5% 3,6% 4,3% 
South Coast (SC) 1,7% 2,3% 54,3% 
Sacramento River (SR) 31,6% 25,2% 7,3% 
San Joaquin River (SJ) 11,1% 20,2% 4,7% 
Tulare Lake (TL) 4,7% 30,9% 1,7% 
North Lahontan (NL) 2,5% 1,7% 0,3% 
South Lahontan (SL) 1,8% 1,0% 2,0% 
Colorado River (CR) 0,3% 12,0% 1,7%  

Source: Arrojo, 1997    Source: DWR 

 

The case of Spain is similar to that of California because major surface water resources are 
located in the north (Noth, Duero and Ebro Hydrologic Regions) whereas water demand is 
higher in the South and Central parts of the county, mostly due to agricultural activities. The 
Jucar and Guadalquivir Hydrologic regions correspond approximately to The Region of 
Valencia and Andalusia Autonomous Communities, where the largest portion of the country’s 
crop production comes from (see Table 2). 

Table 2. Distribution of water resources, water demand and population in Spain 
 by hydrologic region 

Hydrologic Region Precipitation Water 
Demand Population 

Galicia and the North 31.0 % 7.7 % 17.2 % 
Duero 23.0 % 11.0 % 5.6 % 
Tajo 12.0 % 9.3 % 15.4 % 
Ebro 24.5 % 30.8 % 7.2 % 
Central Pyrenees 2.0 % 3.5 % 14.0 % 
Jucar 4.0 % 9.5 % 10.2 % 
Segura 1.5 % 5.0 % 3.3 % 
Guadiana 1.0 % 6.9 % 4.1 % 
Guadalquivir 2.3 % 10.8 % 12.0 % 
South (Sur) 1.8 % 3.1 % 5.1 % 
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Source: Arrojo, 1997, Universidad de Navarra Source: Universitat Pompeu Fabra 
 
In Spain water demand and population distribution is more homogeneous than it is in 
California. Indeed, the Ebro River Region is the only Hydrologic Region using over eleven 
percent of total water supply, which is partly due to Ascó Nuclear Power plant that uses 3,300 
hm3/year. Like California, Spain also has two major areas of population concentration, 
Madrid and Barcelona, although neither of the HR where they belong account for over 15 
percent of the national total. 

It would be necessary to take into account availability of groundwater resources to determine 
total water resources distribution in California and Spain. Unfortunately, there is no 
comprehensive documentation including data regarding location and usable volumes of 
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groundwater basins. It is therefore strongly suggested that future research be conducted to 
gather local data and build an accurate countrywide database.     

California’s water supply system is based on major reservoirs and transfers belonging to the 
Central Valley Project (CVP), the State Water Project (SWP) and other local projects (Figure 
1). The CVP delivers in average 3,700 hm3/year, while the SWP’s annual deliveries are 8,635 
hm3. California’s geographical relief makes it more suitable for long distance conveyance 
facilities. Fresh water from the Sierras flows across the Central Valley without finding any 
geographical barriers through three main transfers: the California Aqueduct (SWP), the 
Friant-Kern Canal (CVP) and Los Angeles Aqueduct (local project built by City of Los 
Angeles). 

 
Figure 1. Interbasin transfer system in California 

In contrast, Spain’s topographic relief is characterized by several mountain chains. In fact, 
between the wet regions of Northern of Spain and the high demand in the center and the south 
of the country, there are five major mountains ranges: the “Cordillera Cantábrica”, the 
“Sistema Ibérico”, “Sistema Central”, Sierra Morena and the “Sistema Penibético”.  Unlike 
California, in Spain there is only one interbasin transfer currently operating, the Tajo-Segura 
with 600 hm3/year (San Martín González  2004). 

With regards to the polemic Ebro transfer, Narcis Prat compared the Spanish National 
Hydrologic Plan (PHN) to California’s CALFED Bay-Delta program in an article published 
in El Periodico newspaper on June 25, 2003. Prat praises the CALFED plan because of its 
environmental outreach and lack of new projected transfers, in contrast to the PHN. True 
though it may be that the PHN could learn much from CALFED program, I believe that future 
supply options for both countries cannot be compared so easily. In fact, the reasons why 
CALFED has not projected any new transfers are different from the Ebro project drawbacks. 
New transfers would not be the best option to increase California water supply because: 1) all 
possible cost-efficient (and some not cost-efficient too) large-scale transfers already exist; 2) 
the only possible source of supply for a transfer within the CALFED region would be the 
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Bay-Delta, which is already at the limit of its supply capacity. Moreover, the Bay-Delta is 
highly vulnerable to seawater intrusion and to make things worse it is under the threat of a 
major earthquake, which would make the whole water supply system collapse. 

3.2. Water Demand 

California and Spain are very similar not only in terms of geophysical characteristics but also 
from the socio-economic viewpoint. California’s population is around 36 million while Spain 
has over 43 million inhabitants. Both countries rank among the world’s ten largest economies, 
California ranks number eight, immediately followed by Spain (Legislative Analyst’s Office, 
2006). Table 3 summarizes data on several socio-economic factors and water uses. 

Table 3. California and Spain socio-economic factors and water use 
 California Spain 

Average annual precipitation (mm) 586 649 
GDP (billion US $) 1 380 1 225 
Population 35 995 754 43 197 684 
Irrigated Crop Area (thousand ha) 3 583 3 480 
Urban water use (hm3/year; %) 10,608; 24% 4,002; 20% 
Agricultural water use (hm3/year; %) 34,462; 76% 16,505; 80% 

Source: DWR (2003), INE (2005), US Department of State, Northeast-Midwest Institute 
 

One of the most significant figures is the fact that water demand (urban and agricultural) in 
California is two times higher than it is in Spain, yet both countries are alike in terms of 
population, irrigated area and gross income. Urban landscaping and high agricultural water 
demand due to the dry climate could partially explain such intensive water use. However, 
inefficient management, inappropriate billing and lack of education are also to blame for 
water squandering. 

Further discussion on the difference in water use in California and Spain will be carried out in 
Chapters 1 and 2 of this thesis: Urban Water Conservation and Agricultural Water Use 
Efficiency, respectively. I will analyze per capita urban water demand as well as efficiency 
and productivity of agricultural water use.  

As regards water uses, in both regions around four fifths of total applied water demand is used 
for agricultural purposes. Surprisingly, the largest effort in efficient water management (e.g. 
desalination and conservation) is oriented to urban water uses.   

It should be noticed that Department of Water Resources (DWR) includes water demand for 
environmental purposes as part of total water use, unlike Spain where such applications are 
not even accounted for in national water balances issued by the Spanish Ministry of 
Environment (MMA) or the Spanish National Statistics Institute (INE). In 2001 
environmental California’s water uses accounted for 35% of total water use, while the 
remaining was applied for agricultural (52%) and urban (13%) uses (Table 4). The purpose of 
environmental water usage is to preserve natural ecosystems by creating artificial wetlands, 
enhancing wildlife habitat or providing fresh water to help fish spawn.  It is worth pointing 
out that benefits of environmental water use are not restricted to flora and fauna but can also 
have a direct impact on human activities. For example, improved water quality and abundant 
river flow benefits the salmon, which is are major source of revenue for fishermen and 
recreational facilities in California. 
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3.3. Water Use Trends 

3.3.1. California 
Amid all 50 US States, California is by far, the most heavily populated (12% of total US 
population) and the wealthiest, in terms of Gross State Product (13% of national GDP) (US 
Census Bureau, 2006 and Bureau of Economic Analysis, 2007). Both population and 
economy have followed a dramatic increasing trend during the past ten years, and 
demographical forecasts indicate continuous growth at least, at the same rate within the next 
twenty years (DWR, 2005). Nonetheless, California has been able to achieve such an 
outstanding development, keeping water demand rise two to three times slower (see Table 4). 

Table 4. Water use, population and GSP trends in California 

Dedicated supply 
(includes reuse) (hm3) 1990 1998 2001 

Increase 
1990 - 2001 

Urban 9,621 9,621 10,608 11% 
Agricultural 38,362 33,675 41,569 12% 
Environmental 35,525 73,270 27,754 -22% 
Others 370 NA NA NA 
Total 83,878 116,566 79,931 -3% 

GSP ($ Billions) 1,020 1,200 1,380 35% 
Population 30,000,000 32,857,690 34,757,640 16% 

Source: DWR California Water Plan Update, 2005 

 

Over the past 60 years California’s water demand has increased dramatically, although since 
the mid 1990’s the growing trend has slowed down and water use has become relatively stable 
(Figure 2). In regards to agricultural water demand, 1987-1992 drought led to a remarkable 
drop in water use. Conversely, urban water demand kept growing despite the sever drought. 
Such different responses to water shortage are due to the fact that agricultural water demand 
elasticity is much higher than urban water and therefore it becomes far more flexible 
(Barraqué.2002 and 2004). However it has remained stable over the past fifteen years as a 
result of state-wide conservation measures. 
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Figure 2. Trends of water use in California 
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3.3.2. Spain 
Unfortunately historic data on water use in Spain is much more limited than that of the 
California DWR, since the INE only keeps record of agricultural and urban water use in Spain 
over the past ten years.  As shown in Figure 3, urban water demand has remained relatively 
constant since 1997 while population has increased by 12%. In contrast, agricultural water 
demand seems to follow periodic cycles of growth and decrease. In fact, need for irrigation is 
directly related to production, which varies according to the demand of the local market and 
international trade. Overall, agricultural water demand has decreased by 7% while gross 
agricultural income has grown by 18% since 1997. 
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Figure 3. Trends of water use in Spain 

3.4. Summary and Conclusions 

California and Spain have many strong similarities regarding several different aspects.  

• Both regions have a Mediterranean climate, which is characterized by dry hot 
summers and wet winters. In terms of precipitation they are also alike since 
California gets in average 586 mm/year and Spain gets 649 mm/year. 

• Surface water resources are naturally available in the north regions, while demand 
and population are located hundreds of kilometers away.  

• In Spain 80 percent of the national precipitation occurs within the four northern 
Hydrologic Regions, like California where 75 percent of the State’s surface water 
flow is located within the three northern Hydrologic Regions. 

• Three quarters of California’s population are concentrated in the Bay Area and 
Southern California and 76% of total water demand is located in the Central Valley. 
Conversely, Spain’s population and water demand distributions are relatively 
homogenous throughout the nation. 
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• All in all, despite the concentration of water resources in the north, Spain’s water 
demand and population distributions match better natural availability of water supply 
than they do in California. 

• Water supply in California is based on system of several major transfers throughout 
the whole State. Conversely in Spain the sole interbasin currently operating transfer is 
the Tajo-Segura. 

• In terms of water demand, agriculture is the largest water user accounting for 80% of 
total supply. On the whole, California uses twice as much water as Spain, for similar 
population, irrigated area and income level. Further discussion on unitary water 
demand and productivity will be carried out in the following chapters of this thesis.  

• Within the last decade urban water use in California and Spain has remained 
relatively stable despite population increase and economic development. Conversely, 
agricultural water use has followed certain oscillations driven by water shortage and 
food market demand, with a slight overall decrease. 


