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Introduction

• Groundwater is a key water source for U.S.–Mexico border cities.

• Persistent drought over the past 20+ years has undermined water security and development .

• Climate projections indicate reduced precipitation over the next 70 years, increasing risks of water 

shortages.



Transboundary Aquifers

A transboundary aquifer is a groundwater system that 
spans two or more state boundaries (UN International 
Law Commission, Draft Articles).

An aquifer is a permeable water-bearing geological 
formation, underlain by a less permeable layer, with 
water in its saturated zone.

Groundwater is an invisible resource.



• Groundwater knows no borders.

• There are approximately 600 transboundary aquifers around the world.

• Groundwater needs to be understood to be managed sustainably.

Groundwater Resources

We still don´t know enough about the state of aquifers! 







In the state of Sonora, CONAGUA recognizes five official
transboundary aquifers: San Luis Río Colorado Valley, 
Sonoyta–Puerto Peñasco, Nogales, Santa Cruz, and San 
Pedro.

Transboundary Aquifers of the U.S. and Mexico

Sanchez et al. 2021

Megdal et al. 2022

Gobierno del Estado de Sonora, 2024.



Transboundary Waters Research

At the global level, there are some tools that 
address the need to manage transboundary 

water resources.  

All Conventions and Articles agree on the 
importance of information exchange and 

development of studies.



Diapositiva TAAP

-The Transboundary Aquifer 
Assessment Program is a binational 
effort to evaluate shared aquifers.

-Initial focus: Santa Cruz, San 
Pedro, Mesilla, and Hueco Bolson 
aquifers, due to population growth, 
demand, and water quality 
concerns.



TAAP Aquifers 
of Focus
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Transboundary Aquifers

•TAAP formal U.S.–Mexico cooperation 
began in 2009 under the IBWC Cooperative 
Framework.

•A 2023 amendment (H.R. 5874) proposes 
extending TAAP and adding new priority 
aquifers (excl. Yuma).

•TAAP advanced studies of the San Pedro and 
Santa Cruz aquifers, including water balance 
modeling.

However, the region’s shared climate and groundwater reliance highlight the need to expand research to other aquifers.

But where do we start?



Aquifer Prioritization Approach

•Develops a multicriteria method to 
prioritize transboundary aquifers in the 
Arizona–Sonora region.

•Supports decision-makers in identifying 
aquifers that require further assessment.

•Uses publicly available data and indicators 
such as groundwater use, population, and 
transboundary extent.

•Aims to optimize resource allocation for 
regional groundwater research and policy.

•Provides a replicable framework for other 
U.S.–Mexico border regions and global 
transboundary contexts.



Aquifer 
prioritization

• Prioritization methods are used globally 
(e.g., California, Illinois, Arizona) based on 
multiple criteria.

• This study focuses on Arizona–Sonora 
aquifers using public data and indicators 
such as water stress, governance, and 
socioeconomic factors.



Multicriteria Analysis
•Multicriteria analysis (MCA) techniques are recognized for effectively supporting water management decisions, 
allowing systematic evaluation and prioritization.

•MCA helps decision-makers assign relative importance (weights) to multiple criteria, facilitating comprehensive 
assessments of alternatives.

•MCA is particularly suitable for integrating diverse factors—such as population density, groundwater availability, 
and transboundary connectivity—into decision-making frameworks.

•MCA is advantageous over single-criterion assessments, hydrological modeling, or cost–benefit analysis, as these 
traditional methods cannot integrate multiple interacting dimensions effectively.



Data Sources and Criterion Selection
Criteria were chosen based on data availability, reliability, and applicability to other aquifers

•Indicates water demand and potential pressure on aquifer 
resources.
•Data sources: U.S. Census Bureau (2020), INEGI (2020); 
analyzed using GIS.

Population Density

•Categorizes aquifers based on the certainty of cross-border 
connectivity: reasonable, some, or limited.
•Framework established by Sanchez et al. (2016); higher 
confidence indicates higher priority.

Transboundary Confidence

•Measures balance between recharge and groundwater 
extraction.
•Calculated using CONAGUA methodology (NOM-011-
CONAGUA-2015); results in Million Cubic Meters (MCM) 
per year.
•Positive availability suggests sustainability; negative 
indicates stress or overexploitation.

Groundwater Availability

Transboundary Groundwater Flow

•Estimates horizontal groundwater flow across the 
international boundary, highlighting shared dependency.
•Based on CONAGUA’s water availability reports (NOM-011-
CONAGUA-2015); results expressed in MCM per year.

•Counts registered wells as a proxy for extraction pressure.
•Data sources: Arizona Department of Water Resources GIS 
Portal (U.S.) and Public Registry of Water Rights (CONAGUA, 
Mexico).
•A higher number of wells suggests greater extraction and 
higher aquifer priority.

Groundwater Flow

•Developed an Aridity Index (AI) indicating climatic 
stress, using the ratio of precipitation to potential 
evapotranspiration and barren land cover changes.
•Lower AI indicates higher aridity; calculated from 
TerraClimate dataset.

Aridity

Irrigated lands

•Measures areas irrigated by groundwater, directly reflecting water demand.
•Data sourced from FAO and World Bank global maps of irrigated areas; expressed in hectares.



Valle de San Luis Río Colorado – Yuma Aquifer. Los Vidrios-Western Mexican Drainage Aquifer

Population Density

*Not included in 
the prioritization 
evaluation. 



Sonoyta Puerto Peñasco-San Simon Wash Aquifer. Arroyo Seco Aquifer.

Population Density

*Not included in 
the prioritization 
evaluation. 



Río Altar Aquifer Río Alisos Aquifer

Population Density



Santa Cruz Aquifer San Pedro Aquifer

Population Density



Douglas-Agua Prieta Aquifer. Arroyo San Bernardino-San Bernardino Valley Aquifer.

Population Density



Transboundary Confidence

Sanchez, Rosario, and Laura Rodriguez. 2021. “Transboundary Aquifers between Baja California, Sonora and Chihuahua, Mexico, and California, Arizona and New 
Mexico, United States: Identification and Categorization.” Water 13 (20): 2878. https://doi.org/10.3390/w13202878.

https://doi.org/10.3390/w13202878


Transboundary Groundwater flow



Groundwater availability



Groundwater wells

Valle de San Luis Río Colorado – Yuma Aquifer. Los Vidrios-Western Mexican Drainage Aquifer

*Not included in 
the prioritization 
evaluation. 



Groundwater wells

Arroyo Seco Aquifer.Sonoyta Puerto Peñasco-San Simon Wash Aquifer. *Not included in 
the prioritization 
evaluation. 



Río Altar Aquifer Río Alisos Aquifer

Groundwater wells



Groundwater wells

San Pedro Aquifer.Santa Cruz Aquifer.



Groundwater wells

Douglas-Agua Prieta Aquifer. Arroyo San Bernardino-San Bernardino Valley Aquifer.



Aridity

1958-2023 annual Aridity Index time series of the Arizona-Sonora 

transboundary aquifers basins

Basin area average AI and the relative change

1978-2000 2001-2023 Change Rank

1 Valle de San Luis Rio 

Colorado-Yuma*

0.042 0.031 -26.6% 1

2 Los Vidrios-Western 

Mexican Drainage

0.062 0.046 -24.9% 2

3 Sonoyta Puerto 

Penasco-San Simon 

Wash

0.14 0.11 -19.2% 3

4 Arroyo Seco* 0.23 0.19 -17% 4

5 Rio Altar 0.24 0.21 -12.5% 8

6 Rio Alisos 0.33 0.29 -12.7% 7

7 Santa Cruz 0.31 0.27 -14.3% 5

8 San Pedro 0.28 0.24 -13.6% 6

9 Douglas Aqua-Prieta 0.23 0.2 -12.5% 9

10 Arroyo San 

Bernardino-San 

Bernardino Valley

0.23 0.2 -12.1% 10

*Not included in the prioritization evaluation. 



Irrigated Lands

Eylon Shamir, Prioritization of Transboundary Aquifers: The Desertification Index    



Assigning Weights to Criteria

Population Density Analytic Hierarchy Process (AHP)

Assigning weights to each criterion is crucial in 
Multicriteria Analysis (MCA), as weights determine each 
criterion's relative influence on decision-making.

This study employs AHP (Saaty, 1987), a structured 

MCA  framework, to determine criteria weights 

through systematic pairwise comparisons.

Pairwise Comparisons

Each criterion is directly compared to others using a 

scale (equal, moderately more important, strongly 

more important) to build a comparative matrix 

reflecting relative preferences.

Normalization
Comparison matrices are normalized to produce 

priority vectors, numerical weights (0 to 1) indicating 

each criterion’s relative importance.

Higher Weight to Transboundary 
Criteria

Criteria specifically relevant to transboundary aquifers, 
such as 'Transboundary Confidence' and 'Transboundary 
Groundwater Flow,' received higher weights due to their 
critical importance.

Priority Calculation

Final aquifer prioritization is calculated by combining 

criterion weights and data using the following 

formula:



Analyzed Criteria

The criteria considered in this MCA 
included population density, 
transboundary confidence, 
groundwater availability, 
transboundary groundwater flow, 
number of wells, aridity index, and 
irrigated lands.









Eight transboundary aquifers in the Arizona–Sonora region were analyzed using a multicriteria approach that assigned a priority 
level based on a weighted set of criteria. 

The resulting priority rankings were as follows:

(1) Sonoyta–Puerto Peñasco
San Simon Wash System, 

(2) Santa Cruz, 

(3) San Pedro, 

(4) Douglas–Agua Prieta, 

(5) Los Vidrios–Western Mexican Drainage, 

(6) Río Altar,

(7) Arroyo San Bernardino
San Bernardino Aquifer, and

(8) Río Alisos Aquifer. 



Highest Priority: Sonoyta–Puerto Peñasco–San Simon Wash System
- Reasonable transboundary confidence
- Groundwater deficit: −83.72 MCM/year
- Wells: 525 
- Irrigated land: 5495 hectares
- Aridity index: −19.2%

Current TAAP Aquifers: Santa Cruz & San Pedro
- Groundwater availability: 0.0 & −6.17 MCM/year
- Moderate deficits, slightly lower priority

Next Priority: Douglas–Agua Prieta Aquifer
- Groundwater deficit: −0.05 MCM/year
- Wells: 4136
- Irrigated land: 5035 hectares
- Aridity index: −12.5%

Lower Priority Aquifers: Los Vidrios–Western Mexican Drainage, Río Altar, Arroyo San Bernardino–San Bernardino Valley, 
Río Alisos

- Moderate-to-low priority, lower immediate need

Aquifer Prioritization Results



Discussion

• Multicriteria Analysis (MCA) Application:

• Widely used in water-resource decision-making.

• Criteria tailored to specific regional objectives

• Criteria Selection & Limitations:

• Water quality excluded due to inconsistent binational data.

• Governance and hydro-political factors excluded due to quantification challenges.

• Lack of consistent groundwater-level data limited assessment accuracy (we considered 

number of wells in this evaluation).

• Highlights need for binational standardized monitoring.

• Future Recommendations:

• Stakeholder engagement for complementary insights.

• Methodology replicable, adaptable, robust for future assessments.

• Data sets support informed management and responsible aquifer use.



Conclusions

• The multicriteria approach effectively identifies transboundary aquifers 
needing further assessment.

• San Pedro and Santa Cruz aquifers are confirmed as high priorities, aligned 
with TAAP focus.The Sonoyta–Puerto Peñasco–San Simon Wash System ranks 
highest due to severe groundwater stress.

• Data gaps and inconsistent monitoring across the border limited some 
criteria.

• Despite limitations, binationally available data revealed key stressors on 
groundwater availability.

• The framework supports future assessments and is applicable to other U.S.–
Mexico border aquifers and global contexts.



Thank you!


