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This presentation has two main objectives:

a) Perform a brief overview of droughts in Mexico 

through time and their impact.

b)The creation of an Integrated Hydrologic-Economic-

Institutional water model for a case study in Northern 

Mexico: The Rio Yaqui Basin, in order to improve 

water management practices.

Objective and Tasks



Area: 1,964,375 square 

kilometers.

Population:  111 million 

(as of July 2009).

Population growth rate: 

1.4% per year.

Per capita GDP (US 

dollars/year): 9,964

Mexico

Water Available (Mm3): 410, 200



The most important irrigation 

zones and the majority of 

industrial plants within the 

country are located in the 

Northern states of Mexico.

However,  the states located 

in the southeast and the Gulf 

of Mexico hold approximately 

70% of the available water in 

Mexico (Magana and Conde, 

2000).

Mexico

Mean annual precipitation from 

1945-2005 (INEGI, 2010)



Water Withdrawals by Sector

77%

17%

6% Agriculture

Domestic

Industrial

In Mexico, the major 

user of water 

resources is 

Agriculture with 

withdrawals close to 

80%.

Although agriculture contributes annually to less than 

10% of the total GDP, it is considered a vital economic 

activity that provides food security to the country.

Source: Aquastat, 2010



Historical Droughts

Drought is thought to be a major player shaping history in 

Mexico (Culbert, 1973, Florescano, 1980, Liverman; 2002). 

Some Archaeologists deliberated the possibility that drought 

was an important factor leading to the collapse of the Mayan 

and other Mesoamerican civilizations. 

During the colonial period (1521-1821), 88 droughts have been 

documented and blamed for causing social unrest, famine, and 

disease especially for the most vulnerable populations.

The Mexican Revolution in 1910 occurred during a period 

plagued by cropland damaged, cattle losses, and starvation. 

Some historians believe that a severe drought may have been 

a contributing cause of the revolution.



Historical Droughts

Twelve major drought events affected Mexico during the period 1940-

1987. The states located in the Baja Peninsula and the Northern 

regions were the most affected (Magana and Conde, 2000).



Historical Droughts

Based on instrumental 

record, the most severe 

drought that Mexico faced 

in the Twentieth century 

corresponds to the 1950s 

drought.

However, the late 20th and 

early 21st century drought 

has become the worst in 

Mexico history. It has been 

more severe, sustained, 

and widespread across the 

country(Stahle et al., 

2009).Stahle et al, 2009.



Case Study: 
The Yaqui Basin, Sonora

Among Northern states, Sonora is the most important agriculture 

producer. 40% of wheat, produced on a national level, comes 

from the Yaqui Valley located in the Yaqui Basin, Sonora. 



The Yaqui Basin

The Yaqui basin is 

characterized by semi arid 

conditions with an average 

precipitation of 526 mm/year.

The basin consists of roughly 

72,000 square kilometers.

Water users include farmers, 

rural and urban municipalities, 

industries, and mines. 

Runoff through out the basin averages ~ 3,000 MCM/yr.



The Yaqui Basin

Additionally, irrigated agriculture in the Yaqui Valley holds 

water rights of 600 MCM/yr of groundwater. 

* less dead storage

Reservoir Capacity*

(MCM)

Extractive 

Water Rights

(MCM/yr)

Primary Purpose 

of Extractions

La Angostura 880 88 Small towns,  mine

El Novillo 2,799 NA
Hydroelectric power 

production

El Oviachic 2,782

60 Ciudad Obregon

255 Yaqui tribe

2500
Yaqui Valley 

irrigation



The Yaqui Basin

ÅA severe drought affected the basin from 1994-2003, 

reducing the surface water for irrigation. 

ÅThe water scarcity problems were exacerbated due to poor 

water management practices.

ÅAll the current available water is completely allocated limiting 

further economic development.

ÅWater is allocated without consideration to the environment, 

causing  degradation of local system.

ÅAn Integrated Water  Resources Model (IWRM) could be an 

effective tool to support decision makers in managing the 
water resources in a more efficient way.



IWRM Conceptual Model 
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Conceptualization of the 
Hydrologic System
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The Yaqui Basin

Connector Horizon (5m-80 m)

Aquifer Horizon (25 m -160 m)

Shallow Horizon

after Addams (2004)



The main crop in the Yaqui Valley is wheat. Other important 

crops such as maize, safflower, garbanzo, cotton, alfalfa, 
and fruits were also considered. 

Agricultural Net Benefit
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EBA= Annual agricultural 

net benefit  ($MXN)
Pcc,I = Cost of producing crop i

($MXN/ha)

ai= Area harvested for 

crop i (ha)
Wi = Irrigation water for crop i

(MCM/ha)

Yi = Yield for crop i

(metric ton/ha)
PwA = Surface water fee ($MXN/MCM)

Pcr,I  = Revenue obtained for 

crop i ($MXN/ metric ton)
Pgw = Pumping cost ($MXN)



Summary

The Integrated Water  Resources Model (IWRM) 

briefly described could be an effective tool to support 

decision makers in managing the water resources in 

a more efficient way. 

This IWRM model has estimated potential impacts in 

the water resources of the basin associated with:

a) Alternative Water Management

b) Climate Change (using GCMs and RCMs)

c) Climate Variability (ARMA Models)

d) Environmental Flow Strategies



Summary

This IWRM model is developed in a flexible way that 

can incorporate changes that include:

ÅLand uses/ Land cover changes,

ÅChanges in crop prices, crop costs, irrigation fees.

ÅIntra- basins water transfers.

ÅUpdated crop distributions that reflect changes in 

the farmersô preferences based on factors such as 

the international market or government subsidies.



Questions?


