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1. INTRODUCTION 

 

The paper focuses on the role of risk informed governance as the fundamental 

principle for infrastructure programs. The underlying hypothesis is that such 

realization of “Smart Governance” knits together the challenges of scarcity, 

always at the heart of water management and developable land, with the 

organizational constructs of people, policy, and processes. 

 

 Being the main issue of this paper, how risk informed dam and levee safety 

programs support what is today worldwide named “Smart Governance”, we 

necessarily have to start with providing some clear definitions and a broader 

context than strictly engineering. Starting with the concept of governance, 

Johnston and Derek [1] define it as “the collection of technologies, people, 

policies, practices, resources, social norms, and information that interact to 

support governing activities.” 

 

 People, procedures, and policies, the pillars of governance, are in no area 

(and engineering is certainly not an exception) disconnected from the global 

trends of each historical period. Making decisions, the most tangible product of 

governing activities, cannot be evaluated without such historical context. 

 

 Quoting Amin Malouf [2]: "the relevant question is not whether our attitudes 

and behavior have progressed in comparison to those of our ancestors; it is 

whether they have changed enough to face the enormous challenges of the 

contemporary world.”  

                                                

(*) Gouvernance intelligente de programmes d’infrastructure : Affronter la prochaine 

génération de défis avec succès 



 Coming to identify the challenges also discussed by Malouf in the same 

work, we can name “acceleration of history”, defined by him as a “phenomenon 

that affects all human societies without exception, rich or poor, weak or powerful 

(...). It´s no longer simply a matter of the pattern that has been imprinted on 

history for a long time – the accelerating movements of peoples, goods, images, 

and ideas creating the impression of a shrinking world (...) one could say that the 

phenomenon had changed its nature with the take off of the internet, the ubiquity 

of email, and the construction of the world wide web, which established instant 

links between people, abolishing distance, reducing reaction times to nothing, 

and amplifying the impact of events; and as a result increasing the speed at 

which they unfold.” 

 

 What it shows is that, even if knowledge building and management were 

the only key factors in our “journey”, bearing in mind that organizations and 

decisions rely on a series of “human systems”, there would not be any excuses 

not to pursue what Wilke [3] calls “Smart Governance.”. Furthermore, in words of 

Wilke [3], “with the ascendance of innovation into a pole position in the global 

race for competitiveness the creation of new knowledge becomes paramount. 

New knowledge, however, has two dark sides. On the one hand even when it 

exists, it does not simply replace existing entrenched knowledge. It has to fight 

for acceptance against resistance and a host of difficulties because knowledge is 

part of an embedded in social relationships. Hence, some forms of social 

organization or governance are better equipped to adopt and encourage 

innovation than others.”  

 

 Consistently with the above mentioned, he provides in the same work the 

following definition of Smart Governance: “an abbreviation or ensemble of 

principles, factors and capacities that constitute a form of governance able to 

cope with the conditions and exigencies of the knowledge society.” 

 

 But yes, there are many other factors in addition to knowledge and 

innovation in our “journey” to realization of Smart Governance in the context of 

civil infrastructures risk management: dealing with scarcity, identifying 

infrastructure investments, well-justified decisions, overall alignment with 

corporate values, public knowledge and support, etc. that are also addressed in 

this paper through the exposition and assessment of two national sets of risk 

informed dam and levee safety programs. 

 

 Following this introduction on the overall goals of the paper and the concept 

of “Smart Governance” (Chapter 1), the authors develop further on their 

experience at “USACE Dam and Levee Safety Programs” (Chapter 2) and 

“Spanish Practice on Dam Safety Risk Governance within the European 

Framework” (Chapter 3), to continue with a “Discussion: are those success 

cases?” (Chapter 4), to end up with some “Concluding Remarks” (Chapter 5). 

More in detail: 

 Chapters 2 and 3 are basically structured in a format where facts, 

achievements, and challenges are presented as briefly as possible, 



focusing on both the components (people, procedures, and policies) and 

the products (understanding, communicating, and making decisions) of 

governance in a systematic manner.  

 Chapter 4 presents a discussion, by making relevant questions in relation 

with today´s challenges and potentialities in our journey to Smart 

Governance, on how and to what extent we do assess success for both 

cases.  

 Chapter 5 leads to a reduced and straight to the point number of 

fundamental remarks in the view of the authors, including an open 

question to be addressed in another paper. 

 

Last but not least, it is worth remarking about some differences and 

complementary factors from the authors themselves: 

 

 Eric Halpin has been since 2005 the “Special Assistant for Dam and 

Levee Safety”, a position that lies in the heart of decision making of the 

US Army Corps of Engineers (USACE). As acknowledged in the last 

version (March 2014) of ER1110-2-1156 USACE’s Engineering and 

Design: Safety of Dams-Policy and Procedures: “In dam safety area (…), 

the principal team members involved in the decision process at the 

Headquarters USACE Level includes the USACE Dam Safety Officer and 

the Special Assistant for Dam and Levee Safety.”  Mr. Halpin is also the 

Vice Chairman of the National Committee on Levee Safety. 

 Ignacio Escuder-Bueno has approached risk governance from the 

academia (Universitat Politècnica de València - UPV, Spain) through 

research projects, journal papers, and international conferences hostages 

since the organization in 2005 of the First International Week on Risk 

Analysis as Applied to Dam Safety (followed by the 2008 and 2011 

editions). He leads a team of consulting and software engineers (iPresas, 

an Spin Off Company from UPV) for risk analysis applications and has 

closely advised and/or consulted for several and quite different dam 

owners (from the Spanish Governmental MAGRAMA to the Hydropower 

Main Producer in Venezuela, formerly called EDELCA, and the Swedish 

Hydro Research Consortium ELFORSK). 

 

 These backgrounds influence to some extent the way the cases and 

examples are presented while, in our belief, providing a very complementary 

perspective in their assessment. 

 

 

2. USACE RISK INFORMED DAM SAFETY AND LEVEE PROGRAMS 
 

2.1 THE USACE CASE: OVERALL FEATURES AND BACKGROUND 

  

 USACE owns and operates over 700 large dams and assesses and 

manages over 2,500 levee systems across the United States (Fig. 1). This 

infrastructure has a capital value of over $200B USD and provides a benefit 



stream to the nation that includes flood risk reduction for over 25 million people, 

the largest supply of hydroelectric power, recreation for over 370 million visitors 

per year, water supply for over 96 million people, and inland commerce and 

navigation for over 60% of the corn, wheat, and soy bean exports to the world.  

 

The main characteristics of these 3,000 infrastructure systems can be 

summarized as follows: 

 Vast majority of the infrastructure consist of earthen structures on fluvial 

foundations. 

 The average age is over 55 years – most designs predate modern 

geotechnical engineering practices. 

 Because most were designed and constructed for the purpose of flood 

risk management, many have yet to experience their design loading and 

thus remain “untested” to some degree, presenting significant uncertainty 

in performance and risks. 

 Originally designed to reduce the loss and damage to human and 

economic consequences, the infrastructure has also permitted an 

increase in development in the flood plain. 

 At the same time that the infrastructure has been spectacularly effective 

at reducing losses and damages (over $240 Billion USD during the 2011 

record floods alone), it poses unacceptable social and economic risks in 

nearly half of the systems. 

 

 

Fig.1.  
USACE Dam and Levee Infrastructure in the Continental United States .  

Infrastructure de barrages et digues de USACE sur le continent américain   

 

The major risk drivers in the portfolio (Fig. 2) are internal erosion due to 

either natural or manmade flaws in the foundations, breach during overtopping, 

changes in an understanding of the hydrology, seismology, or state of the 

practice, and growth of consequences. The investments required to address 

these risks are estimated to be in excess of $50 billion USD and will take multiple 

generations to manage. 



 

Fig. 2  
USACE Dam Portfolio Risk Classification.  

Portefeuille de classification de risque des barrages de USACE  
 

There is an assumption in our practice that the experiences of Hurricane Katrina 

were the driving force in the adoption of risk informed infrastructure practices in 

USACE; however, the truth is more complicated than that. The reality is that 

USACE and the United States have been on a long and steady movement 

towards risk informed practices that have been influenced by events over the 

following timeline: 

 The great floods of the 1920s and 1930s in the United States ushered in 

an era of new flood control authorities and practices that recognized the 

federal government’s role in flood risk management. The work on the 

major infrastructure projects such as the Mississippi River and Tributaries 

project embraced the concepts of flood frequency, system approaches, 

integration of structural and non-structural designs, the combination of 

dams and levees within basins, and resiliency and robustness of design 

approaches.  

 In 1965, following the overtopping of Vaiont Dam in Italy (1963), USACE 

implemented a Periodic Inspection and Continuity Evaluation of Complete 

Civil Works Projects. 

 In the late 1970s, following the failures of Teton and Kelly Barnes Dams, 

new federal guidelines (see Appendix C at [4]) were authored that 

recognized the role risk assessment can play in dam safety programs. 

The Bureau of Reclamation began implementation of risk approaches 

within their dam safety program in the late 1980s and early 1990s and 

later assisted USACE in developing risk approaches. 

 In the 1990s, USACE began experimentation with research on the 

benefits of a Portfolio Risk Management process via a number of pilot risk 

assessment projects. In early 2000, the National Academy of Sciences 

published a review of the USACE approach to flood risk management that 

expressed support for the probabilistic approach to flooding (ref). 

 Beginning in 2004, USACE formally developed a screening level 

approach to assessing risks on its dams and embarked on a multi-year 

effort to perform initial risk characterization. Findings from the initial years 

of these efforts were significant and indicated a need to completely 

restructure the governance, policies, standards, technical competencies, 

and technological processes for infrastructure management throughout 

the agency. During the subsequent years, every element of dam safety 

and levee safety decisions were re-imagined, redesigned, and most 

importantly, actually implemented into practice.  

Risk Characterization for USACE Dams

Very High

High

Moderate

Low



 Major flood events of 2005, 2011 and 2013 in the United States reinforced 

the concept that improved understanding and communication of risks is 

critical to making improved infrastructure decisions and risk management 

- the post-flood investments for these three events alone totaled over $22 

Billion USD. Although total economic damages for these events exceed 

$200 Billion, the overarching trend from the 1920s and 1970s events 

along with Hurricane Katrina during 2005 is that infrastructure programs 

should focus on the risk to loss of life.  

 

 It is also noted that USACE is a self-regulated Federal Agency, capable of 

developing its own policies and procedures on safety (i.e. last version of ER 

1110-2-1156 released on 31 March 2014, where all pieces of the risk governance 

are defined and integrated, [4]), in any case complying with the overarching 

principles of existing Presidential Executive Orders, many Legislative Acts and 

Authorizations at the program and project level, as well as Federal Guidelines on 

the matter.  

 

 USACE also conducts and observes recommendations from self imposed 

independent, external reviews. USACE is also a key part of a broader industry 

involved in the development and implementation on nationwide approaches to 

water resources, flood, and infrastructure management. 

 

2.2 THE FACTS OF USACE RISK GOVERNANCE JOURNEY 

 Risk changes everything about an organization and acceptance and 

commitment to a significant level of change are absolutely required. What follows 

is a description of how the major human systems of governance changed within 

USACE based on the use of risk as the key decision principle. 

 

2.2.1 People 

At a fundamental level, the use of risk requires the reinvestment in skills, 

competencies, and knowledge for individual professionals as well as 

management and leadership within an organization. The major elements of 

education and training to build a bench of risk assessment practitioners 

emphasized the following principles: 

 Expertise in multiple traditional engineering disciplines 

 Strong critical thinking abilities, including a preference for open and lively 

debate 

 Ability to deal quantitatively and qualitatively with uncertainty 

 Knowledge and experience in risk assessments and systems approaches 

 Articulate, evidence based oral and written communication skills 

 Decision oriented action 



The organizational constructs that USACE found necessary to fully 

implement risk considered these new competencies and other factors, such as 

workload to workforce balances, the level of in-house technical competencies, 

the capability of industry to support this type of work, and the existing business 

practices of the organization. After much internal debate and discussion, USACE 

eventually developed four new organizational elements: 

 Senior Oversight Group: responsible for working in an integrated fashion 

with existing organizational elements to deliver better decisions. 

 Risk Management Center: responsible for leading and performing risk 

assessments on dams and levees, developing training and new policies, 

and providing overall program and decision support. 

 Dam Safety Modification Mandatory Center of Expertise and Dam Safety 

Production Centers: responsible for leading and overseeing modification 

reports, design, and construction activities. 

 Mapping, Modeling, and Consequence Center: responsible for performing 

all inundation modeling and consequence estimations on dams and 

levees, and for implementing national and system oriented hydrologic 

analyses.  

 

2.2.2 Processes 

Processes include those elements of practice, methodologies, models, and 

risk assessments for dam and levee safety infrastructure that is important for 

guiding consistency in how risks are characterized, described, and acted upon. 

Major elements of risk processes include the following:  

 Review: implementing risk practices generates a large amount of new 

data, reports, and decisions which require substantial review, oversight, 

and vetting that was atypical of business practices in USACE. In view of 

this, a robust process for review was implemented that aligned the level of 

effort commensurate with the decision to be made.  

 Methodology: the key to consistency in decision making is having risk 

assessment methodologies that are science and engineering based but 

are not overly prescriptive or that become simple numerical solutions. 

USACE, in conjunction with the Bureau of Reclamation, have developed a 

framework called Best Practices in Risk Analysis for Dams and Levees. 

This framework is complimented with a series of analytical tools such as 

HEC-RAS, HEC-FIA, DAMRAE, and HEC-FDA which provide analytics 

for elements of the risk assessments.  

 Decisions: new processes for decision making – how risk assessments 

are used to make risk management decisions - were developed to assure 

the agency brings a multitude of perspectives to bear on solving a 

problem. This process in USACE is called the Portfolio Management 

Process and consists of two main components: 

o Routine and regularly recurring dam and levee safety activities 

that are necessarily distributed to the project locations where 



decisions are made on a day-to-day basis. Examples include 

inspections, instrumentation, operations, and reporting. These 

decisions – which number in the tens of thousands annually - are 

decentrally managed primarily via overall policy, training, and by 

employing qualified professionals.  

o Non-routine decisions involving the investments of hundreds of 

millions of dollars for infrastructure modifications are handled with 

a more intensive level of data, assessment, and senior staff 

involvement that is commensurate with the importance of the 

decision. A new decision body called the Senior Oversight Group – 

a collection of agency wide experts in engineering disciplines, 

science, planning, management and policy – meets 8-10 times per 

year to make decisions on key policies, infrastructure risk 

characterizations, investment priorities, and selected repair 

alternatives. Fig. 3 summarizes the overall processes very briefly 

described above for the case of the Dam Safety Program (see 

reference [4] for a full explanation of the acronyms), which is also 

consistent with the Levee processes. 

 

2.2.3 Policies 

USACE is such a geographically diverse and distributed organization that 

the primary mechanism for consistency and incorporating organizational lessons 

learned is via updating technical and programmatic policies and standards. 

Policies balance prescription where critical issues and decision exist but 

recognize that “not one size fits all situations” and that critical application by 

qualified professionals is a must.  

 Technical standards and criteria – the biggest changes that risk brings to 

traditional engineering standards and criteria are: a probabilistic approach 

to uncertainty versus traditional factor of safety approaches; the concepts 

of potential failure modes; and aligning the concepts of resiliency, 

robustness, and redundancy with an understanding of the level of risk. 

USACE has found that a traditional, deterministic approach has yielded 

decisions that were both overly conservative and unconservative, in 

hindsight. 

 Program Policies and Guidance - a complete rewrite of dam and levee 

safety program guidance was required to address all of the changes that 

risk demands of people, process, and policies.  

 

 

2.3 THE ESSENCE OF DECISION MAKING: HOW PEOPLE, PROCESSES AND 

POLICIES COME TOGETHER 

 The essence of decision making – problem identification via risk 

assessment, evaluation and comparison of risk reduction alternatives, and 
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selection of alternatives – is never a simple numerical result but always includes 

a healthy debate on what we are sure of, what is likely, and what is possible 

within a context of critical thinking. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3  
Flowchart of dam safety risk governance within USACE  

Schéma d’opérations de gouvernance des risques et de la sécurité au sein de 
USACE 

  



 Given the paramount important of decision-making, the main and most 

valuable outcome of any governance system, it is important to recall that the 

primary decision guide for the Senior Oversight Group includes: 

 Tolerable Risk Guidelines – a decision policy framework that provides a 

guide to considering potential life loss (both societal risks and individual 

risks) and failure probability thresholds.  

 The concept of cost effectiveness as measured by the relative efficiency 

in modification alternatives.  

 A variety of other factors, including environmental and cultural risks, 

essential engineering standards, completeness, a qualitative measure of 

constructability resilience, robustness and redundancy, non-breach or 

residual risks, and economic benefits.  

 

 Consequently, management and leadership of the organization encourages 

a familiarity with the processes of risk estimation and assessment, risk results, 

and, most importantly, how such information can be used within a risk informed 

decision framework that includes Tolerable Risk Guidelines. 

 

 

3. SPANISH PRACTICE ON DAM SAFETY RISK GOVERNANCE WITHIN THE 

EUROPEAN FRAMEWORK 

 

3.1 THE SPANISH CASE: OVERALL FEATURES AND BACKGROUND 

 Geographical location and morphological features of Spain result in equally 

virulent drought periods and flood events which, together with reliable and clean 

energy, needs explains the existence of 1200 dams (990 large dams according to 

ICOLD’s classification) in the country. 

 

 Spain is geographically located in the Southwest of Europe, has a total 

surface area of 500,000 km2 and a population of roughly 47 million inhabitants. 

Spain´s total water resources are estimated in 112 km3 per year, resulting in 

about 2,700 m3/per person/year (per capita resources), in the same order of 

magnitude as the average of European Union countries (3,200 m3/per 

person/year). Nevertheless, these water resources are characterized by a high 

irregularity in time and an uneven geographic distribution, including typically very 

long dry periods on a yearly basis, so that natural regulation is only 9% of the 

total (renewable) water resources.  

  

 This factor alone would explain why dams and reservoirs have been of 

paramount importance in Spain’s development since ancient times. Examples of 

these are the Roman dams of Cornalvo and Proserpina, built in the second 

century (AD), which are still in operation. At the present time, there are around 

1,250 dams in Spain (including 990 large dams, according to ICOLD’s criteria, 

and 20 under construction), resulting in a total reservoir capacity of 56,500 hm3 

(Fig. 4). 



 

Spain ranks first among the European Union countries and fourth in the 

world according to number of large dams (Fig. 5), resulting in a water regulatory 

capacity which is today approaching 50% of all renewable water resources. 

However, such regulation rates also show high variability through different water 

basins, depending on their morphological and hydrological characteristics, and 

these watersheds are very unevenly stressed depending on regional water 

demand numbers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4  

Spanish large dam portfolio classified in terms of storage capacity (hm
3
) 

Portefeuille des grands barrages espagnols classés en fonction de leur 

capacité de stockage (hm
3
) 

In addition, dams and reservoirs are of enormous benefit to the country and 

have been a crucial factor in its development during last and present centuries. 

Water regulated by reservoirs is used to irrigate over 2,7 MHa and to supply over 

35 million inhabitants covering seasonal demand peaks as a result of the more 

than 60 million tourists that visit the country each year. Regulated water is also 

used to generate 20% of national electricity consumption. 

 

The aggregated economic value of stored water in Spain is of around 

25.275 M € a year, that is, about 6% of Gross Added Value at market prices 

(VAB pm.). This means that the average value of the water stored for the 

different uses is of about 0.55 €/m3, apart from the benefits derived of flood 

control, which are not included in the above estimates. 

 

After putting together and in perspective the role of dams in Spain, it is 

worth to mention that most Spanish dams, 72%  are concrete or masonry dams 

(64% gravity, 5% arch dams, 3% buttress), as opposed to 28% which are 

embankment dams (17% earth, 11% rockfill). Furthermore, this population of 

Dams with storage capacity greater than 10 hm3 

Dams



dams, providing the reservoir water volume which is of critical value for the very 

existence of the country, is in the average growing old: today 25% of the dams 

are over 50 years old, and 60% are over 30 years old.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5  

Leading countries in number of large dams (in 2009, from ICOLD).  
Pays leaders en nombre de grands barrages (en 2009, ICOLD) 

 

Around one third of the total Spanish large dams are owned and operated 

by Spanish Ministerio de Agricultura, Alimentación y Medio Ambiente (Ministry on 

Food, Agriculture and Environment, MAGRAMA), through the surrogated 

authorities given to the River Basin Authorities (RBAs) which, in addition, hold the 

authority to enforce and develop integrated water resources planning and 

management, flood control and environmental protection, among other activities, 

according to policy and procedures provided by the Dirección General del Agua 

(Water General Directorate, DGA) at MAGRAMA Headquarters, which has a 

nation-wide and cross-sector regulatory authority on water affairs according to 

the Spanish Water Act (1985 and subsequent updates). It is worth mentioning 

that Spain pioneered in the 1920s the concept of watershed integrated water 

management with the enforcement of RBAs (the first of them was created at the 

Ebro Basin in 1928). 

 

Before getting into the “facts of the journey”, it is important to stress the fact 

that Spain belongs to a broader political structure, the European Union. 

Overarching national and European legislation influences, one way or another, 

Spain’s dam safety risk management. 

 

In any case, the legal framework defining the general aspects and criteria 

on Dam Safety in Spain is under the responsibility of MAGRAMA through the 

Secretaría de Estado de Medio Ambiente and the Dirección General del Agua. 

 

Development of this legal framework started in 1967 with the “Instrucción 

para el Proyecto, Construcción y Explotación de Grandes Presas”, which was a 

collective effort after the 1959 Ribadelago Dam catastrophic failure, and has 
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been active through the time of greater activity in design and construction of 

dams, and which even today is in force. Urged by another failure, Tous Dam in 

1982, the “Reglamento Técnico sobre Seguridad de Presas y Embalses” was 

finally approved in 1996, updating dam safety concepts and criteria which had 

evolved significantly since the publication of the Instrucción. This Reglamento, 

which impinges more specifically on topics related to safety, has had a partial 

application, though progressive thanks to its global focus on safety. 

 

3.2 THE FACTS OF SPANISH RISK GOVERNANCE JOURNEY 

 The case herein described focuses on the existing MAGRAMA policies and 

processes on dam safety risk management but transcends it, as the Spanish 

Case outcomes can be considered a result of collective effort made by many 

people: government officers, universities, research centers, enterprises, 

professional associations and other stake holders who are already playing an 

important role. 

 

3.2.1 People 

 The Spanish Journey towards dam safety risk governance is about to reach 

its first decade. It is probably fair to identify the First International Week on Risk 

Analysis as Applied to Dam Safety, organized and held by UNIVERSITAT 

POLITÉCNICA DE VALENCIA in March 2005, as the first milestone (the second 

and third editions took place in 2008 and 2011) in a journey that continues today 

with the strong support of the SPANISH NATIONAL COMMITTEE ON LARGE 

DAMS (SPANCOLD) in capacity building. 

 

 If water supply public and private companies, energy emporiums, or 

regional owners have played or are playing an important role in developing the 

procedures, the involvement over these years of MAGRAMA as the owner, 

operator, and nationwide regulator has settled the ground on both procedures 

and policies. 

 

 Accounting only for MAGRAMA´s Pilot Project on the 27 large dams 

portfolio operated by the Duero Basin Authority (DBA), from 2008 to 2013, more 

than 120 people participated actively in the process, including decision makers, 

engineers, internal and external experts, researchers, and technicians. Since 

2013, while the process expands through the country, SPANCOLD and UPV 

have been providing training and organizing capacity courses in the application of 

SPANCOLD 2012 Guidelines [5] for more than 200 people, including a significant 

number of internationals via the European Club of ICOLD and the SPANCOLD 

International Master on Dam Operation and Safety. 

 

3.2.2 Processes 

 

 Starting with the so called “MAGRAMA 2008-2013 Pilot Case”, it involved 

(Fig. 6) the development and testing of procedures and policies for dam safety 



quantitative risk assessment and portfolio risk management by the Duero Basin 

Authority (DBA). The overall process was lead by the time Head of the Technical 

Office at Duero Basin Authority, Liana Ardiles, and extensively documented in 

conferences and journals [6]. In addition, a chronologically ordered reading of the 

whole of the contributions of the DBA to the SPANCOLD Guidelines on Risk 

Analysis Applied to Management of Dam Safety [5] is suggested. In fact, these 

readings can help consolidate all the aspects developed in the Guidelines and 

allow the reader to visualize the complete process of implementation of risk 

analysis tools and their practical utilities in a structured and complete way. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6  
Overall management on infrastructure safety of the Duero Basin Authority 

Management global de la sécurité des infrastructures des Autorités du fleuve Duero  

 

  Some of the facts that help to understand the DRB journey towards 

governance building are related to tools and procedures (Fig. 7 and 8) which 

were develop during the process to provide the necessary support, including 

innovative developments and technologies as an outcome of several nationally 

and European funded research projects (Spanish National Plan on R&D, 

European ERANETs, etc.). 

 

3.2.3 Policies 

 The role of legislation in Europe in general and in Spain in particular when it 

comes to water resources and infrastructures safety is such that, on one hand it 

provides a strong legal support and a very comprehensive framework to 

implement policies while, on the other hand, it may slow the change rate and 

sometimes discourages effective innovation. 



 

 This has not been the case of the risk governance journey in Spain, where 

overarching European Directives, such us Directive on Floods 2007 and Directive 

on Critical Infrastructures 2008, and specific Dam Safety pieces of legislation 

explicitly encourage an effective identification, analysis, evaluation, and 

management of risk.  

 

  

 

 

 

 

 

 

 

 

 

Fig. 7  
Risk model architecture built with iPresas software in compliance with [5]  

Modèle de risque développés avec le software iPresas en conformité avec 5 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8.  
Portfolio managing support tools built with iPresas software in compliance with [5]  

Portefeuille d’instruments de soutien au management développés grâce au software 

iPresas en conformité avec 5. 
 

  



 

3.3 THE ESSENCE OF DECISION MAKING: HOW PEOPLE, PROCESSES AND POLICIES 

COME TOGETHER 

 Decision making pillars through the process were built mainly relying on the 

following foundations: 

 The corrective measures and investments were justified in terms of 

efficiency and equity on risk reduction, by using the so called Equity 

Weighted Adjusted Cost per Statistical Life (EWACSLS, [5]). 

 The principles underneath such “risk indicators” were strongly debated at 

different levels at DRB before being adopted and it is believed to properly 

capture life loss as the paramount driver of the decision making process, 

without diminishing the importance of adequate economic and 

environmental estimates as well as the need to pursue a sufficiently low 

failure probability sometimes regardless of the efficiency of the 

investment. 

 

 As an example of how decision making was effectively taken within DBA, 

88 corrective actions, with a total cost of approximately 70 Million Euros, were 

scheduled and prioritized in such order that the remaining risk, after an 

investment no higher than 18 million Euros, can be considered very marginal, 

thus the need of further investment needs to be more carefully addressed. 

 

 

4. ARE THOSE REAL SUCCESS CASES? 

 

 When undertaking the task of assessing the success of USACE and 

MAGRAMA cases in terms of how such forms of governance were able to cope 

with the conditions and exigencies of facing not only current but next generation 

challenges, some introductory comments on the similarities and differences 

among them should be made. In particular: 

 

 Probably the main differences between the USA and Spain as countries, 

as well as between USACE and MAGRAMA as government entities, are 

the scale (USA would be only comparable to the whole European Union) 

and the different legal systems. 

 Historically, from the first half of the 20th century, Spain and USA have 

pioneered the concept of watershed integrated water management, with 

the Ebro Basin Authority in the late 1920s and the Mississippi River and 

Tributaries authorities in the early 1930s a good example on that. In the 

early second half of last century, failures such as Ribadelago Dam (Spain, 

1959) or Vajont Dam (Italy, 1963) started parallel processes in 

modernizing the safety culture and regulations. 

 In the last few decades, the USA and Spain, both faced dramatic 

incidents involving life loss: the failure of the Bureau of Reclamation´s 

Teton Dam in 1976 and the failure of Jucar Basin Authority´s in Tous Dam 

in 1982. Since then, Spain, to an extent no other country in Europe has 



done, has followed, adapted, and made its own evolutions of the 

American trends in dam safety first (i.e. dam safety reviews, emergency 

action plans or operating rules) and risk governance later (being the 

failure of New Orleans Levee System in 2005 a key factor in accelerating 

USACE´s journey to risk governance) 

 Spanish pilot experiences have brought a culture and a way of “showing 

how to make decisions” that have had an impact in an on-going journey 

that has already brought a new point of view, new skills, and innovative 

approaches to decision makers, professionals, researchers, and all others 

doing the journey.  

 USACE full scale process is an inspirational example today as much 

within the USA as outside. 

 

 Starting by the “journey” itself, USACE learned an important lesson early in 

the history of implementing risk concepts – just start and then adapt because 

“perfection is the enemy of good enough.” Application of risk concepts, where 

people, process, and policy issues converge, can be a culture changing event if 

you are committed to action. It was the application of risk informed decision 

making in severely changing investment strategies the first year that both 

demonstrated the seriousness and the value to the organization of this new 

approach.  

 

 Since then, many successes are counted, what follows have been the most 

significant: 

 Over $7 Billion USD in savings and cost avoidance for unnecessary and 

sometimes even risky decisions that were previously based solely on 

deterministic standards 

 Increased support for decisions on high risk projects as evidenced by 

increased investments, and support for removing low risk projects from 

the investment queue 

 A vastly improved understanding of our infrastructure systems, including 

knowing what we don’t know. 

 Credible and consistent decisions on risk characterization and risk 

reduction activities 

 Improved ability to communicate risks to communities and stakeholders 

that are in part responsible for managing the risks 

 An appreciation for the broad and significant benefits infrastructure brings 

to society 

 

At the same time, in the process of implementing risks, we have learned 

many things about ourselves and the application of risk concepts. Areas where 

improvement is needed and/or could have been more effectively achieved 

include: 

 Application of principles – specifically “life safety is paramount” needs to 

be well defined early in the development of processes and policies to 



guide governance. Our use of traditional standards and criteria does not 

answer or challenge this principle sufficiently; risk does. 

 Probabilistic, calculated cost-benefit ratios are not an effective 

measurement of success for the built infrastructure and should not be a 

key decision metric for an infrastructure program. The reasons for this 

include:  (1) since the infrastructure transforms the risk in the flood plain, it 

is fundamentally no longer a question of a binary economic investment; 

(2) the likelihood of success versus failure makes the exercise one of very 

small numbers; (3) even with failure, the full damages prevented are 

rarely achieved; and (4) there is a societal abhorrence for economically 

valuating life loss. 

 Intensive review and debate are necessarily conflictive and disruptive; but 

not doing them is worse than the side effects of doing them.  

Organizations should prepare themselves for serious internal debates. 

 The discussion on risk informed practices and traditional practices should 

be one of integration, and not of “either or”, because there is a nice 

marriage of the two concepts that defenders of the traditional approach 

may not appreciate. 

 Be clear how incremental risk and residual risk differ and how/when each 

influences decisions.  

 Don’t make the mistake of chasing better risk numbers – instead pursue 

better decisions. 

 

 It is worth remarking that the path started by the Duero Basin Authority 

(DBA) in Spain transcends, as in the USACE, the scope of any of the activities 

described in this paper by themselves, and implies a new role for the DBA and 

for their people, expanding their focus from the infrastructures alone to the 

“trifecta” hazard-infrastructure-consequences, and adapting people, processes 

and policies to the shift of paradigm. 

 

 Furthermore, the creative force of people and the possibilities brought by 

being globally connected (in today´s knowledge society) facilitates accelerated 

learning while enriching each other’s processes. 

 

 

5. FINAL REMARKS 

 

If we had to condense in very few, and hopefully inspirational, remarks how 

smart governance of infrastructure programs allows us to succeed in facing the 

next generation of challenges, after putting together our different experiences, 

these will probably be the ones better capturing the “common spirit of our 

journey”: 

 Yes, we are really doing it: we are making decisions as a tangible result of 

developing smart governance on infrastructure risk management. Results 

are clear as we have stopped investing in low risk and increased 



investment in high risk, and more importantly, we are making better 

decisions regarding which alternatives are implemented. 

 Not so many organizations have implemented risk informed governance, 

regardless of how obvious the benefits may seem. 

 The creative force of people enhanced and fueled by being globally 

connected facilitates fascinating steep learning curves and mutual 

enrichment on the journey. 

 It brings innovation not only via software, numerical routines, engineering 

solutions, technology, etc. but also often in the form of governance geared 

toward effectiveness (making the right decisions) and efficiencies (making 

these decisions incrementally better). 

 We still and always will have challenges: new scientific problems, wasted 

energy in friction within our systems, communicating properly, unique 

demands that are not covered clearly in process or policy, etc.  

 So yes, instead we could be planning and calculating it to perfection, yet 

deciding nothing.  

 

But that last remark will be the story of another paper. 
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SUMMARY 

 

More than ever, scarcity - whether it be clean water, infrastructure 

investments, knowledge, well-justified decisions, a capable workforce, public 

knowledge and support, or technology - continues to be a positive forcing 

function for change in the industry. Risk informed governance - not just another 

aspect of infrastructure management - but the central and unifying concept in 

addressing this scarcity is our logical destination. Smart Governance knits 

together the challenges of scarcity with the organizational constructs of people, 

policies, and processes. This paper presents what we have learned in our 

“journey” through the facts of two national dam and levee safety risk governance 

cases in the USA and Spain, from the role of knowledge and innovation to the 

overall achievements and challenges, while not only and clearly answering the 

question “can it be done”, but also “how to do it better.” 

 

RÉSUMÉ 

 

Plus que jamais le manque, que ce soit d’eau propre, d’investissements en 

infrastructure, de connaissance, de décisions bien justifiées, de main d’œuvre 

compétente, d’information et de soutien public, ou de technologie, continue à 

avoir une fonction de forcing positif en vue d’un changement dans l’industrie. Une 

gouvernance informée du risque – pas seulement un autre aspect du 

management d’infrastructure – mais comme concept central et unifiant pour 

répondre à ce manque constitue notre objectif logique. Une Gouvernance 

Intelligente soude à la fois les challenges de ce manque avec la construction 

organisationnelle de personnes, de politiques et de procédés. Cet article 

présente ce que nous avons appris lors de notre “voyage” à travers des cas de 

gouvernance de risques de deux barrages et digues internationaux aux USA et 

en Europe. Depuis le rôle du savoir et de l’innovation jusqu’à l’ensemble des 

réussites et des défis et sans seulement répondre clairement à la question peut-

on le faire?» mais aussi «comment le faire mieux?». 
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