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ABSTRACT	
	

It is widely held that improved water and sanitation services reduce the incidence of 

sickness related to the consumption of unsafe water and usage of unsanitary facilities.  Although 

government investment in certain types of infrastructure may help to reduce water-borne diseases 

and promote healthier communities, the management of these facilities and resources also plays 

an important role.  This paper uses nationally representative household survey data obtained 

from the Demographic and Health Surveys (DHS) Program to test the hypothesis that the 

transition from centralized water resources management to integrated water resources 

management (IWRM) in Peru between 2008 and 2012 is directly associated with improvements 

in health outcomes of children under five years of age.  The passage of the Ley de Recursos 

Hídricos or Water Resources Law in 2009, which established decentralized local water 

governing authorities, marked Peru’s transition to a cross-sector water management system that 

is intended to allow for increased participation and coordination from stakeholders at all levels.   

The results presented by this study do not demonstrate that there was a significant 

relationship between the transition to IWRM and improved health outcomes in terms of diarrhea 

incidence.  Further research is necessary to better understand the relationship between the 

management of water resources and public health.  This research is important because it could 

inform the way that governments in developing countries invest or allocate their resources to 

improve the lives of citizens.  
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1. INTRODUCTION 

The lack of access to safe and reliable water resources, and the corresponding health 

implications, continue to affect some of our most vulnerable communities around the world.  

Unsafe water resources and inadequate sanitation can lead to a variety of health complications 

and diseases.  The most common water-borne disease, which mainly affects children in 

developing countries, is diarrhea.  Per the 2015 World Health Statistics, diarrhea is the fourth 

leading cause of death in children under five years of age, accounting for an estimated nine 

percent of these deaths around the world (World Health Organization [WHO], 2015, p. 16).  

Every year, there are an estimated 1.7 billion reported cases of diarrhea and about 760,000 

related deaths in children under five years of age (WHO, 2013).  Due to the symptoms of 

diarrhea, the disease can also lead to malnutrition and growth stunting in children (Checkley, 

Epstein, Gilman, Cabrera, and Black, 2008; Guerrant, Oriá, Moore, Oriá, & Lima, 2008).  In 

Peru, the target country for this paper, an estimated 6.9 percent of children are underweight and 

an estimated 18.4 percent are stunted—below their expected height—both conditions that can 

likely result from children’s susceptibility to diarrhea (United Nations Children's Fund 

[UNICEF], 2013). 

Ensuring and managing access to a quality water supply is crucial and has broad 

implications for developing countries.  Water resources are utilized in many ways, including 

drinking, irrigation, agriculture, and energy production.  Effective water resources management 

is fundamental to various industrial and environmental needs, making it essential to the 

economic development of a country.  The effective management of water resources is important 

because it affects the sustainability of land and natural resources, the disregard of which can 

impact the lives of people living today and future generations.    
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It is widely held that improved water and sanitation services reduce the incidence of 

sickness related to the consumption of unsafe water and usage of unsanitary facilities.  Although 

government investment in certain types of infrastructure may help to reduce water-borne diseases 

and promote healthier communities, the management of these facilities and resources also plays 

an important role.  This study considers Peru’s transition from a centralized framework to an 

integrated water resources management system, which is a multi-sector approach intended to 

improve water distribution efficiency in order to maximize economic and social welfare (Global 

Water Partnership [GWP], 2010). 

1.1 Background on Water Governance in Peru 

Despite Peru’s location near the Pacific Ocean and having the longest river in the world, 

the Amazon River, increasing population density and pollution continue to threaten the country’s 

natural water resources.  The country is divided into three major hydrographic slope basins: the 

Pacific, Atlantic, and Titicaca slopes.  The Pacific slope, which is the most populated slope near 

the coast, has the lowest available water supply relative to its population size (Eda & Chen, 

2010, pp. 340-42).  In Peru, an estimated 87 percent of the population have access to improved 

drinking water sources and about 73 percent have access to improved sanitation facilities 

(UNICEF, 2013).  As expected, there are noticeable disparities between access in rural and urban 

areas across the country.  Approximately 91 percent of urban populations have access to 

improved drinking water sources compared to about 72 percent of rural populations (UNICEF, 

2013).  And, approximately 81 percent of urban populations have access to improved sanitation 

facilities compared to less than half, 45 percent, of rural populations (UNICEF, 2013). 

For many years, the Ley General de Aguas or General Water Law (GWL) of 1969 

governed the uses and management of water resources across Peru (Comisión Técnica 
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Multisectorial, 2004).  However, the GWL had several major drawbacks, such as serious 

disregard for environmental sustainability and water quality.  The GWL also placed management 

and regulation under the authority of the Ministry of Agriculture, which granted water permits 

and allocated water resources mainly toward agricultural and irrigation-related uses (Kuroiwa, 

Castro, Lucen, & Montenegro, 2014, p. 209).  After several decades, ongoing water conflict 

among stakeholders due to the inequitable distribution of resources, and pressure from 

international institutions and investors led the government to consider reforming its water 

management policies (Kuroiwa et al. 2014, p. 198, 208; Lynch, 2015).   

In 2004, the government of Peru set out a National Water Resources Management 

Strategy (Estrategia Nacional para la Gestión de los Recursos Hídricos Continentales del Perú) 

that involved local, regional, and national government representation in formulating a more 

integrated approach to water resources management (Comisión Técnica Multisectorial, 2004; 

Giugale, Fretes-Cibils, & Newman, 2007, p. 413).  The move toward a decentralized 

management framework would allow everyday users to become more engaged in the decision-

making process.  In 2008, the Autoridad Nacional del Agua (ANA) or the National Water 

Authority was established as an autonomous body under the Ministry of Agriculture responsible 

for the design, operation, regulation, and management of water resources across Peru (Kuroiwa 

et al. 2014, p. 211; Autoridad Nacional del Agua, n.d.).  The government of Peru later passed 

two important laws pertaining to water resources—the Ley de Recursos Hídricos or Water 

Resources Law (WRL) in 2009, and the Reglamento de la Ley de Recursos Hídricos or Water 

Law Regulation (WLR) in 2010 (Kuroiwa et al. 2014, p. 209).   

Per the WRL, the ANA established new protocols under its two main bodies, the 

Autoridad Administrativa del Agua (AAA) or Water Management Authorities and the Autoridad 
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Administrativa del Agua (ALA) or Local Water Authority.  The AAA is responsible for the 

management of water resources in 159 river basins, which are divided into 14 regions based on 

“geographic, biophysical, cultural, and socioeconomic” factors (Kuroiwa et al. 2014, p. 212).  

The AAA is involved in monitoring efforts and ensuring compliance with the WRL at the river 

basin level.  The ALA, which is comprised of 73 offices that are strategically located throughout 

the country, also engages in similar activities at the local level.  The WRL also called for the 

establishment of Consejos de Recursos Hídricos de Cuenca or river basin councils, which were 

aimed at increasing the participation of regional and local governments, civil society, users of 

water, and other local stakeholders in the planning and coordination of the sustainable utilization 

of water resources (Autoridad Nacional del Agua, 2012a; Autoridad Nacional del Agua, 2012b, 

p. 28).  Six river basin councils had been established as of 2012.  The WLR was put in place to 

ensure regulatory compliance with the WRL regarding the use and management of water 

resources.  With the passage of the abovementioned laws and establishment of local governing 

authorities, Peru is transitioning to a cross-sector water management system that is intended to 

allow for increased participation and coordination from stakeholders at all levels. 
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2. LITERATURE REVIEW 

2.1 Integrated Water Resources Management 

The most accepted definition for integrated water resources management (IWRM) is that 

of the Global Water Partnership (GWP).  IWRM is “a process which promotes the coordinated 

development and management of water, land and related resources in order to maximize 

economic and social welfare in an equitable manner without compromising the sustainability of 

vital ecosystems” (GWP, 2010).  According to results from a 2011 survey of about 134 countries 

conducted by the United Nations, an estimated 82 percent of participating countries reported 

shifts in water policy toward more integrated approaches and about 65 percent of participating 

countries had already developed an IWRM plan (United Nations Environment Programme, 2012, 

p. 17).  In addition to promoting economic development, environmental sustainability, and 

increased participation of stakeholders in the decision-making process, GWP (2010) claims that 

another advantage of an IWRM approach is improved human health, which results from higher 

quality water resources. 

As previously noted, water resources are essential to economic development and 

contribute to social progress and environmental sustainability.  Given these connections, Donoso 

and Cancino (2010) argued that the IWRM approach is a pre-requisite for achieving the 

Millennium Development Goals (MDGs).  The United Nations also recognized water as a 

fundamental resource to achieving the MDGs for 2015, noting that progress is only possible if 

there is “adequate and equitable access to resources” (Donoso & Cancino, 2010, p. 65; United 

Nations Educational, Scientific and Cultural Organization, 2003, p. 6).  Given that progress on 

the individual MDGs are measured against the expected outcomes, the authors raise a reasonable 
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critique, noting minimal emphasis on the necessary steps and processes that must be in place in 

order to achieve them.  

An opposing view of IWRM in Peru is that the integrated approach fails at truly 

representing the diverse interests of stakeholders.  Lynch (2015) argued that the ANA is still 

“subordinated to agribusiness interests” and that the river basin councils called for in the WRL 

lack representation of local citizens, such as fishers and domestic water users.  Lynch (2015) 

contends that these factors reinforce “the technocratic bias of the water regime” in Peru.  

2.2 Water Resources and Health Outcomes 

In general, studies have demonstrated that a link exists between access to safer water 

resources and health outcomes, but the nature and extent of health benefits have varied across 

studies.  Diarrhea is one often-used variable in empirical research to measure the impact of water 

access and quality on health, particularly as it applies to children because young children are 

most susceptible to water-borne diseases (Fink, Gunther, & Hill, 2011, p. 1197; Novak, 2014, p. 

433).  Due to this connection, Novak (2014) suggests that a variable measuring diarrhea in young 

children can act as a proxy for water quality. Novak (2014) uses the diarrhea measure as an 

outcome variable, while using the source of water access as the independent variable of interest.  

Studies have mainly examined the link between improved water and sanitation services 

and nutrition through anthropometric measures, such as weight and height (Esrey, 1996; Gunther 

& Fink, 2010).  Several studies have found significant correlation between the incidence of 

diarrhea in young children and anthropometric measures—weight and height (Becker, Black, & 

Brown 1991; Checkley et al., 2003).  This study relies on the diarrhea and anthropometric 

variables in its core analysis to provide a reasonable measure of the overall well-being of the 

target population—young children.   
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Using nationally representative household survey data from the Demographic and Health 

Surveys (DHS) Program, Fink et al. (2011) found that improved water access was associated 

with a lower risk of both diarrhea and growth retardation in children under five years of age.  A 

child is labeled as stunted if his or her height is “below minus two standard deviations” from the 

median international height standard (UNICEF, 2015).  A child is considered underweight if he 

or she is “below minus two standard deviations” from the median international weight standard 

(UNICEF, 2015).   

Although the DHS Program does not collect specific data on the quality of water and 

sanitation facilities, several methods that separate water sources into groups of presumed water 

quality exist.  A study by Fink et al. (2011) noted that it is generally true that “better water and 

sanitation technology is associated with improved water and hygiene conditions.”  This study 

classifies drinking-water sources and sanitation facilities as improved or unimproved per the 

categories defined by the WHO/UNICEF Joint Monitoring Programme ladders shown in Figure 

1.  Also, this study uses some of the same control factors, including household, maternal, and 

child characteristics, that appear in empirical research that rely on DHS data (Esrey, 1996; Fink 

et al. 2011; Gunther & Fink, 2010).  Unlike the abovementioned studies, which have conducted 

analyses using aggregate data for multiple countries, this study uses micro data for one country, 

Peru, in order to examine the influences of the governing structure of water resources at the 

individual level in any given year. 
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Source: WHO-UNICEF (2013) 

Figure 1: WHO/UNICEF Joint Monitoring  
Programme Sanitation and Drinking Water Ladders 
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Additionally, there are measures related to health that existing studies have not taken into 

account.  One challenge to Esrey’s (1996) study was that it did not include data on factors that 

may have affected health outcomes, such as hygienic practices (Cairncross and Kolsky, 1997, p. 

359).  Gunther and Fink (2010) note that access to water resources is often “provided through 

communities” while the choice in sanitation facility requires “some degree of private initiative 

and investment” that could be motivated by household preferences for health or certain types of 

facilities.  Some households may choose to pay a premium for better facilities if they are more 

informed or aware of the health consequences that could result from inadequate water and 

sanitation facilities.  It is also possible that households will opt to invest in better water sources 

or sanitation facilities if the heads of households are known to have “particularly bad health 

records” (Fink et al., 2011).  These qualities of self-selection can confound the analysis of the 

impact of water access and sanitation on health outcomes (Fink et al., 2011; Gunther & Fink, 

2010, p. 29; Fink et al., 2011, p. 1199).  This study attempts to control for health knowledge and 

preferences, particularly as they relate to child health (Fink et al. 2011). 

2.3 Gaps in the Literature 

There is a lack of empirical research into the effects of water management on individual 

health and well-being.  Particularly, there is a gap in policy literature as to the effects of the 

transition to IWRM systems on health outcomes.  Despite this gap, it is reasonable to believe that 

the institutional focus on quality and equitable delivery of water resources across sectors may 

impact the health outcomes of communities.  This study will contribute to the literature on the 

effects of improved water and sanitation services on health by determining whether there were 

any significant changes in health outcomes over the 2008 to 2012 period in Peru that could be 

associated with the strategic transition to IWRM that began in 2009.  Based on the cross-sector 
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framework of the IWRM approach and the relationship between water resources and health 

outcomes, this study expects to find that the transition from centralized water resources 

management to IWRM in Peru between 2008 and 2012 is directly associated with improvements 

in health outcomes of children under five years of age.  

 This study uses DHS data to look at the relationship between the management of water 

resources and health outcomes in Peru.  To measure health outcomes, this study uses household 

survey data for children under five years of age, looking at the incidence of diarrhea while 

controlling for relevant characteristics.  Anthropometric measures—height and weight—are also 

considered.  Although the DHS datasets do not include data pertaining to the management of 

Peru’s water resources, the data will be analyzed according to the year in which local changes 

due to the national strategy or legislation regarding water resources occurred.  This study 

characterizes changes by the formation of river basin councils, which are one of the primary 

implementation apparatuses called for by the WRL. 
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3. HYPOTHESIS, METHODOLOGY, AND DATA 

3.1 Hypothesis 

This paper tests the hypothesis that the transition from centralized water resources 

management to integrated water resources management in Peru between 2008 and 2012 is 

directly associated with improvements in health outcomes of children under five years of age. 

3.2 Methodology 

 This paper uses a fixed-effects logistic regression and a fixed-effects ordinary least 

squares (OLS) regression in its core analyses of health outcomes for children under five years of 

age in Peru.  A binary variable indicating whether children have had diarrhea in the two weeks 

prior to the survey is used in the key regression.  The dependent variables measuring the 

distribution of height-for-age and weight-for-age standard deviations of children according to the 

World Health Organization (WHO) Child Growth Standards are also used in separate OLS 

models.  The height-for-age variable (htage) indicates whether children are stunted—child’s 

height is more than two standard deviations below the median international height standard.  The 

weight-for-age (wtage) variable indicates whether children are underweight—child’s weight is 

more than two standard deviations below the median international weight standard.  Using the 

height-for-age and weight-for-age measures, two binary variables were constructed to indicate 

whether the child is stunted (stunted) or underweight (underweight).  The stunted and 

underweight binary variables are also run using logistic regression. 

The models control for region and year fixed effects as well as household, maternal, and 

child characteristics that are common in related empirical research that use DHS data (Esrey, 

1996; Fink et al. 2011; Gunther & Fink, 2010).  The regression models are based primarily on 
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previous studies by Esrey (1996), Fink et al. (2011), and Gunther and Fink (2010), which 

examine the effects of water and sanitation on children’s health outcomes.   

 
Exhibit 1: Definition of Variables and Calculations 

    The analysis in this paper is based on the following regression model: 

Yi = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 +  
β11X11 + β12X12 + β13X13 + β14X14 + β15X15 + β16X16 + β17X17 + β18X18 + β19X19 + e 

    where: 
 
 Yi  =  Model 1:  Y1 = diarrhea 
      Incidence of diarrhea in the two weeks prior to the survey  
   Model 2:  Y2  = htage  
   Distribution of height-for-age standard deviations from reference median, –5.99 to 5.97 

Child is stunted if height is below minus two standard deviations of median  
international height standard (produced using WHO growth standards) 

   Model 3:  Y3 = wtage  
   Distribution of weight-for-age standard deviations from reference median, –5.76 to 4.58 

Child is underweight if weight is below minus two standard deviations of median 
international weight standard (produced using WHO growth standards)  

 X1 = council 

  Council formation at the regional level = yes 
 X2 = waterimp 
  Household has improved drinking water source = 1    
 X3 = sanimp 
  Household has improved sanitation facility = 1 
 X4 = urban 
  Urban place of residence = 1 
 X5 = hholdsize6to10 
  Household size, 6–10 members = 1 
 X6 = hholdsize11plus 
  Household size, 11 members or more = 1 
 X7 = radio 

  Household has a radio = 1 
 X8 = television 

  Household has as a television = 1 
 X9 = bicycle 

  Any member of the household has a bicycle = 1 
 X10 = cfemale 

  Child is female = 1 
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Exhibit 1 (cont.) 

 X11 = cage 

  Child’s age in months at time of survey: 0 to 59 
 X12 = cfirstborn 

  Child is first-born = 1 
 X13 = cbreastfed 

  Child is/was breastfed = 1 
 X14 =  mmarried 

  Mother is married at time of survey = 1 
 X15 = mage 

  Mother’s age in years at time of survey: 15 to 49 
 X16 = meducsechigh 

  Mother’s level of education: secondary or higher = 1 
 X17 = hcard 

  Mother has health card for the child = 1 
 X18 = year 

  Year of interview: 2008, 2009, 2010, 2011, 2012 
 X19 = region 

Usual place of residence (25 regions): Amazon, Ancash, Apurimac, Arequipa, Ayacucho, 
Cajamarca, Callao, Cusco, Huancavelica, Huanuco, Ica, Junin, La Libertad, Lambayeque, 
Lima, Loreto, Madre de Dios, Moquegua, Pasco, Piura, Puno, San Martin, Tacna, Tumbes, 
and Ucayali 

 e = Unexplained variance: error term 
 β0 = Y-intercept 
 β1, β2, β3, β4, β5, β6, β7, β8, β9, β10, β11, β12, β13, β14, β15, β16, β17, β18, β19, β20 =  Coefficients of  
            respective independent  
            variables: partial slope  
            coefficients 

 
Sources of Variables: All variables from Demographic and Health Surveys (DHS) Program: Peru 2008–2012. 
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Exhibit 2: Variable Description and Rationale Matrix 

 Variable Name Definition Predicted 
Relationship Rationale 

Dependent Variables 
Y1 diarrhea 

 
Child had diarrhea in the two weeks prior to the 
survey 
Dummy variable where: 
        1 = yes       0 = no 

N/A 

Díaz & Andrade, 
2015; Esrey, 1996; 
Fink, Gunther, & Hill, 
2011 

Y2 htage Distribution of height-for-age standard 
deviations from the reference median 
Child is stunted if height is below minus two 
standard deviations of median international 
height standard (produced using WHO growth 
standards) 
Continuous variable:  
        –5.99 to 5.97 

N/A 

Díaz & Andrade, 
2015; Esrey, 1996; 
Fink, Gunther, & Hill, 
2011 

Y3 wtage Distribution of weight-for-age standard 
deviations from the reference median 
Child is underweight if weight is below minus 
two standard deviations of median international 
weight standard (produced using WHO growth 
standards) 
Continuous variable:  
        –5.76 to 4.58 

N/A 

Díaz & Andrade, 
2015; Esrey, 1996; 
Fink, Gunther, & Hill, 
2011 

Independent Variables 
X1 council Council formation at the regional level 

Dummy variable where: 
        1 = yes         0 = no 

– 
 

Household Characteristics 
X2 waterimp Improved drinking water source 

Dummy variable where: 
        1 = yes         0 = no 

– 
Fink, Gunther, & Hill, 
2011 

X3 sanimed Improved sanitation facility 
Dummy variable where: 
        1 = yes         0 = no 

– 
Fink, Gunther, & Hill, 
2011 

X4 urban Type of place of residence 
Dummy variable where: 
        1 = urban     0 = rural 

– 
Gunther & Fink, 2010 

X5 hholdsize6to10 Household size: 6–10 members 
Dummy variable where: 
        1 = yes         0 = no 

Uncertain 
Esrey, 1996; Gunther 
& Fink, 2010 

X6 hholdsize11plus Household size: 11 members or more 
Dummy variable where: 
        1 = yes         0 = no 	

Uncertain 
Esrey, 1996; Gunther 
& Fink, 2010 

X7 radio Household has a radio (household wealth proxy) 
Dummy variable where: 
        1 = yes         0 = no 

– 
Fink, Gunther, & Hill, 
2011; Gunther & 
Fink, 2010 

X8 television Household has a television (household wealth 
proxy) 
Dummy variable where: 
        1 = yes         0 = no 

– 

Fink, Gunther, & Hill, 
2011; Gunther & 
Fink, 2010 



 15 

Exhibit 2 (cont.) 

 Variable Name Definition Predicted 
Relationship Rationale 

X9 bicycle Any member of the household has a bicycle 
(household wealth proxy) 
Dummy variable where: 
        1 = yes         0 = no 

– 

Esrey, 1996; Fink, 
Gunther, & Hill, 
2011; Gunther & 
Fink, 2010 

Child Characteristics 
X10 cfemale Child is female 

Dummy variable where: 
        1 = yes         0 = no 

Uncertain 
Díaz & Andrade, 
2015; Esrey, 1996; 
Gunther & Fink, 2010 

X11 cage Age in months at time of survey 
Continuous variable: 
        0–59 

Uncertain 
Díaz & Andrade, 
2015; Esrey, 1996; 
Gunther & Fink, 2010 

X12 cfirstborn Child is first-born 
Dummy variable where: 
        1 = yes         0 = no 

– 
Díaz & Andrade, 
2015; Esrey, 1996; 
Gunther & Fink, 2010 

X13 cbreastfed Child is/was breastfed 
Dummy variable where: 
        1 = yes         0 = no 

– 
Díaz & Andrade, 
2015; Esrey, 1996; 
Gunther & Fink, 2010 

Maternal Characteristics 
X14 mmarried Married at time of survey 

Dummy variable where: 
        1 = yes         0 = no 

– 
Esrey, 1996; Gunther 
& Fink, 2010 

X15 mage Age in years at time of survey 
Continuous variable: 
        15–49 

Uncertain 
Díaz & Andrade, 
2015; Esrey, 1996; 
Gunther & Fink, 2010 

X16 meducsechigh Level of education 
Dummy variable where: 
        1 = secondary or higher  
        0 = primary or less 

– 

Díaz & Andrade, 
2015; Esrey, 1996; 
Fink, Gunther, & Hill, 
2011; Gunther & 
Fink, 2010 

X17 hcard Has health card for the child 
Dummy variable where: 
        1 = yes         0 = no 

– 
Fink, Gunther, & Hill, 
2011 

Fixed Effects Variables 
X18 year Year of interview 

Series of dummy variables 
        2008, 2009, 2010, 2011, 2012  

 

X19 region Usual place of residence  
Series of dummy variables 

25 regions: Amazon, Ancash, Apurimac, 
Arequipa, Ayacucho, Cajamarca, Callao, 
Cusco, Huancavelica, Huanuco, Ica, Junin,  
La Libertad, Lambayeque, Lima, Loreto, 
Madre de Dios, Moquegua, Pasco, Piura, 
Puno, San Martin, Tacna, Tumbes, Ucayali 
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3.3 Data 

To run the regression models described in section 3.2, this study uses nationally 

representative household survey data from the DHS Program for children under five years of age 

in Peru.  The DHS data spans from 2008, the year before the WRL that marked Peru’s transition 

to IWRM was passed, to 2012, the most recent year for which data are available.   

Source of Drinking Water 

Given that this paper is primarily focused on the management of water resources, it is 

useful to understand the breakdown of health outcomes according to water source.  Although this 

study assesses health outcomes in terms of diarrhea and whether children are stunted or 

underweight, Table 1 below focuses primarily on the incidence of diarrhea given that the effects 

of the disease are almost immediate while the effects of malnutrition tend to occur over time.  

Table 1 provides a breakdown of the number of children that suffered from diarrhea in the two 

weeks prior to the survey by water source, but the analysis in this paper focuses exclusively on 

the grouping of these water sources into improved and unimproved categories.  Of the children 

with access to an improved source of drinking water, about 14.69 percent reported suffering from 

diarrhea in 2008 compared to 12.27 percent in 2012.  These figures were higher for children with 

access to an unimproved drinking-water source—the number of children that were reported to 

have diarrhea in 2008 was 21.22 percent compared to 19.08 percent.  In both cases, the percent 

of children with diarrhea in the samples decreased from 2008 to 2012. 
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Table 1: Percent of Children Under Five Years of Age with Diarrhea in Peru, by Water 
Source (2008 and 2012) 
  2008 2012 

  Incidence of 
diarrhea (%) 

Number  
of children 

Incidence of 
diarrhea (%) 

Number  
of children 

Improved     
Piped into dwelling 13.92% 449 12.01% 680 
Piped to yard/plot 18.98% 71 15.54% 87 
Public tap/standpipe 19.70% 40 15.12% 39 
Tube well/borehole 20.59% 21 12.83% 29 
Public well 13.19% 19 7.50% 9 
Protected spring 13.28% 49 10.40% 47 
Rainwater 14.29% 2 18.52% 5 

Total 14.69% 651 12.27% 896 
     Unimproved     River/dam/lake/ponds/stream/ 
    canal/irrigation channel 23.16% 123 25.00% 132 

Tanker truck 16.22% 12 14.88% 18 
Bottled water 11.59% 8 12.06% 45 

Total 21.22% 143 19.08% 195 
Note: Data from Demographic and Health Surveys (DHS) Program: Peru 2008 and 2012 
          WHO definitions used to categorize water sources as improved or unimproved.  
 

Diarrhea 

This study assesses health outcomes for Peru based on whether people lived in a region 

that was represented by one of the river basin councils formed no later than 2012.  The river 

basin councils are one of the primary implementation apparatuses called for by the WRL.  For 

the purposes of the figures below, the 25 regions were divided into two regional groupings: 1) 

regions that formed a basin council by 2012 (“council regions”), and 2) regions that did not form 

a basin council by 2012 (“no-council regions”).  The nine regions that saw policy 

implementation in the form of council representation by 2012 were Arequipa, Cajamarca, 

Lambayeque, Lima, Moquegua, Piura, Puno, Tacna, and Tumbes (Autoridad Nacional del Agua, 

2012a; Autoridad Nacional del Agua, 2012b, p. 28).   
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Figure 2 below displays the percent of children that suffered from diarrhea in the two 

weeks prior to the household survey per regional grouping for the 2008 to 2012 time period.  

Both regional groupings had similar trends from 2008 to 2010, which is when the majority of the 

nine regions listed above initiated council formation.  After 2010, the percent of children with 

diarrhea in council regions declined at a faster rate than the number of children in those regions 

that were not represented by a council.  The widening gap between the two regional groupings 

from 2010 to 2012 provides support for the hypothesis that the transition to IWRM that occurred 

after the WRL was passed in 2009 may have led to better health outcomes—in this case, less 

cases of diarrhea in children. 

Figure 2: Percent of Children Under Five Years of Age with Diarrhea in Peru (2008–2012) 

 
Note: Data from Demographic and Health Surveys (DHS) Program: Peru 2008–2012. 

 
Table 2 below provides the numerical breakdown of the percentages of children with 

diarrhea for both regional categories represented in Figure 2 above.  In 2008, the year before the 

WRL was passed, 12.31 percent of children in the sample had diarrhea in the two weeks prior to 
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the survey in council regions compared to 17.38 percent of children in the sample in regions with 

no council representation.  In the council regions, the percent of children with diarrhea fell by 

about 2.34 percentage points from 2008 to 2012 compared to a decrease of about 2.52 percentage 

points in no-council regions.  These decreases from 2008 to 2012 were fairly close to one 

another, but there is particular interest in the decrease in the cases of diarrhea from 2010 to 2012 

given that the river basin councils began to form in 2010.  Council regions saw a decrease of 

about 3.40 percentage points in the number of children with diarrhea from 2010 to 2012 

compared to a decrease of about 2.12 percentage points in no-council regions. 

Table 2: Percent of Children Under Five Years of Age with Diarrhea in Peru, by Region 
(2008–2012) 

  Council No Council Overall 
  Percent Children Percent Children Percent Children 

2008 12.31% 1,844  17.38% 3,262  15.55% 5,106  
2009 12.10% 2,875  16.17% 5,592  14.79% 8,467  
2010 13.37% 2,723  16.98% 5,211  15.74% 7,934  
2011 11.36% 2,800  16.52% 5,199  14.71% 7,999  
2012 9.97% 2,998  14.86% 5,329  13.10% 8,327  

Note: Council represents regions that formed a council by 2012.  
          No council represents regions that did not form a council by 2012. 
          Children refers to the total number of children under five years of age in each category above. 
          Data from Demographic and Health Surveys (DHS) Program: Peru 2008–2012. 

 
Stunting 

 Figure 3 below displays the percent of children that were stunted per regional grouping 

for the 2008 to 2012 time period.  Table 3 presents the numerical breakdown of the values 

displayed in Figure 3.  Both regional groupings had similar, declining trends over time.  After 

2010, when council formation began, the trend line for the council regions decreased at a faster 

rate from 2010 to 2011 compared to the no-council regions, which follows the declining trends 

of the incidence of diarrhea for the same time period described above.  Per the data in Table 3, 

the number of stunted children in the council regions decreased by about 3.85 percentage points 
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from 2010 to 2011 compared to a decrease of about 1.16 percentage points in no-council regions 

for the same time period.  Although the number of stunted children continued to decrease from 

2011 to 2012 in the no-council regions, the percent of stunted children increased by about 0.55 

percentage points in the council regions.  This increase does not follow the expected trend where 

the cases of growth stunting decline at a faster rate in council regions than in no-council regions.  

Data for years after 2012 may be necessary to gain a better understanding of how the trends 

change over time in comparison to one another—more data would also allow for lagged effects 

to appear in the trends. 

Figure 3: Percent of Children Under Five Years of Age Stunted in Peru (2008–2012) 

 
Note: Data from Demographic and Health Surveys (DHS) Program: Peru 2008–2012.	  
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Table 3: Percent of Children Under Five Years of Age Stunted in Peru, by Region 
(2008–2012) 

  Council No Council Overall 
  Percent Children Percent Children Percent Children 

2008 19.52% 1,844  32.71% 3,262  27.95% 5,106  
2009 18.30% 2,875  31.74% 5,592  27.18% 8,467  
2010 17.74% 2,723  29.82% 5,211  25.67% 7,934  
2011 13.89% 2,800  28.66% 5,199  23.49% 7,999  
2012 14.44% 2,998  23.91% 5,329  20.50% 8,327  

Note: Council represents regions that formed a council by 2012.  
          No council represents regions that did not form a council by 2012. 
          Children refers to the total number of children under five years of age in each category above. 
          Data from Demographic and Health Surveys (DHS) Program: Peru 2008–2012. 

 
Underweight 

Figure 4 below displays the percent of children that were underweight per regional 

grouping for the 2008 to 2012 time period.  Table 4 presents the numerical breakdown of the 

values displayed in Figure 4.  The no-council trend line increased by about 1.27 percentage 

points from 2008 to 2009, remained fairly constant from 2009 to 2011, and decreased by about 

1.36 percentage points from 2011 to 2012.  In the council regions, the number of underweight 

children declined by about 0.88 percentage points from 2008 to 2011, but increased by about 

0.69 percentage points from 2011 to 2012.  As in the council region trend for growth stunting 

above, this slight increase in the number of underweight children from 2011 to 2012 does not 

follow the expected trend.  Data for years after 2012 may be necessary to gain a better 

understanding of how the trends change over time in comparison to one another—more data 

would also allow for lagged effects to appear in the trends. 
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Figure 4: Percent of Children Under Five Years of Age Underweight in Peru (2008–2012) 

 
Note: Data from Demographic and Health Surveys (DHS) Program: Peru 2008–2012. 

 
 
Table 4: Percent of Children Under Five Years of Age Underweight in Peru, by Region 
(2008–2012) 

  Council No Council Overall 
  Percent Children Percent Children Percent Children 

2008 3.09% 1,844  5.40% 3,262  4.56% 5,106  
2009 2.75% 2,875  6.67% 5,592  5.34% 8,467  
2010 2.53% 2,723  6.51% 5,211  5.14% 7,934  
2011 2.21% 2,800  6.58% 5,199  5.05% 7,999  
2012 2.90% 2,998  5.22% 5,329  4.38% 8,327  

Note: Council represents regions that formed a council by 2012.  
          No council represents regions that did not form a council by 2012. 
          Children refers to the total number of children under five years of age in each category above. 
          Data from Demographic and Health Surveys (DHS) Program: Peru 2008–2012. 
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4. REGRESSION ANALYSIS 

To explore the relationship between the transition to integrated water resources 

management and health outcomes of children under five years of age in Peru, the analysis herein 

focuses exclusively on the regression models that use diarrhea as the dependent variable.1  Both a 

fixed-effects logit model and a fixed-effects linear probability model (LPM) were estimated 

using diarrhea incidence for children under five years of age as the dependent variable.  The 

regression results are shown in Table 5.  The analysis in this paper relies on the LPM as the key 

model since the results are easier to interpret and change very little from the estimates produced 

by the logit regression.2  Region and year variables were fixed in the model and, therefore, 

excluded from the regression results table.   

																																																								
1	The regression results for the models that use height-for-age, weight-for-age, stunted, and underweight as 
dependent variables are included in Appendix B.  These results will not be analyzed due to the lack of data that 
would allow the regressions to account for lagged effects.  The results for these models did not support this paper’s 
hypothesis. 	
2 The LPM uses clustered errors to account for heteroskedasticity and clustering on region.  There were no 
indications of major multicollinearity or model misspecification.  See Appendix A for further details. 
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Robust z-statistics and t-statistics in parentheses 
*** p<0.01, ** p<0.05, * p<0.1  

Table 5: Logit and LPM Regression Results 
               Dependent Variable: Diarrhea 

VARIABLES (1) (2) 
Logit LPM 

   
council -0.0381 -0.00239 
 (-0.347) (-0.203) 
waterimp -0.144** -0.0203** 
 (-2.452) (-2.311) 
sanimp -0.151*** -0.0179*** 
 (-3.856) (-3.581) 
urban 0.0789 0.00919 
 (1.288) (1.259) 
hholdsize6to10 -0.0638* -0.00747* 
 (-1.842) (-1.808) 
hholdsize11plus 0.0560 0.00992 
 (0.656) (0.833) 
radio -0.164*** -0.0215*** 
 (-3.365) (-3.077) 
television 0.0183 0.00138 
 (0.520) (0.305) 
bicycle 0.0333 0.00409 
 (0.682) (0.712) 
cfemale -0.174*** -0.0211*** 
 (-5.176) (-5.065) 
cage -0.0206*** -0.00246*** 
 (-20.36) (-18.07) 
cfirstborn 0.0101 0.00136 
 (0.336) (0.373) 
cbreastfed 0.385 0.0377 
 (1.290) (1.484) 
mmarried -0.0413 -0.00561 
 (-0.919) (-1.032) 
mage -0.0124*** -0.00147*** 
 (-4.347) (-4.518) 
meducsechigh -0.00696 -0.000976 
 (-0.131) (-0.151) 
hcard 0.109 0.0122 
 (1.475) (1.429) 
Constant -0.562* 0.314*** 
 (-1.824) (9.342) 
   
Observations 37,833 37,833 
R-squared  0.040 
Region Fixed Effects Yes Yes 
Year Fixed Effects Yes Yes 
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Council 

 The hypothesis that the transition to integrated water resources management in Peru 

between 2008 and 2012 is directly associated with improvements in health outcomes of children 

under five years of age is not supported in the analysis.  Although the regression results show 

that the coefficient on council formation at the regional level, which is the key independent 

variable of interest in the model, did have the expected sign, it was not statistically significant.  

This indicates that the transition to IWRM was not associated with a significant reduction in the 

incidence of diarrhea among children.  

 The findings on the transition to IWRM may have been influenced by the way in which 

policy implementation was defined in the model.  Defining policy implementation as the 

transition period during which river basin councils began to form may not sufficiently capture 

the relationship between a complete transition to IWRM and health outcomes.  Data for years 

after 2012 would have been necessary to allow for policy implementation to be defined as the 

point in time when most of the councils were finalized and able to more fully demonstrate 

effects.  Also, limiting policy implementation to council formation at the regional level discounts 

the influence on health outcomes of other policy-related changes that may have occurred at the 

national level that corresponded with the transition to IWRM.  In addition to policy-related 

factors, there are likely other relevant variables that may influence health outcomes that the 

model does not take into account.   
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Household Characteristics 

  As expected, the regression results show that having access to an improved drinking 

water source has a statistically significant negative association with diarrhea.  In other words, 

access to an improved drinking water source is estimated to reduce the probability of having 

diarrhea in children under five years of age in Peru by about 2 percentage points.  Similarly, 

access to an improved sanitation facility reduced the probability of suffering from diarrhea by 

about 1.79 percentage points.  These inverse relationships are consistent with the literature on 

health, and water and sanitation, and the empirical studies reviewed for this paper.   

  Ownership of a radio suggests that households with income are able to afford basic 

household necessities and access to information.  Accordingly, it was expected that radio 

ownership, a proxy for household wealth, would have an inverse relationship with the incidence 

of diarrhea.  Household ownership of a radio did have the expected sign and was statistically 

significant.  Surprisingly, household ownership of a television or bicycle were not statistically 

significant. 

  Residing in an urban household did not have the expected negative relationship with the 

incidence of diarrhea, nor were the results statistically significant.  Residing in a household with 

six to 10 people was marginally significant, suggesting that children living in those households 

were less likely to experience diarrhea than children in smaller households.  One possible 

explanation is that large families may be more experienced in caring for children than smaller 

families.   
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Child Characteristics 

  Child gender and age in months were highly statistically significant.  The results show 

that female children were less likely to suffer from diarrhea than male children in Peru.  The 

probability of having diarrhea was estimated to decrease by about 0.246 percentage points for 

each additional month in child age, up to 59 months.  These outcomes align with the literature on 

child diarrhea.  The effect of a child having been the first-born or breastfed did not have the 

expected direction that corresponded with the literature, but the estimates were not statistically 

significant. 

Maternal Characteristics 

  Mother’s age in years was the only maternal characteristic that was highly statistically 

significant.  The remaining maternal characteristics—marital status, having secondary or higher 

education, and ownership of a health card for the child—were not statistically significant.  

Despite not being significant, being married and having secondary or higher education had the 

expected negative relationship with diarrhea.  Ownership of a health card for the child was 

expected to have a negative and significant reduction in the probability of having diarrhea, as 

holding a health card was expected to indicate a mother’s knowledge of and preference for 

health.  However, the results showed a positive relationship with the incidence of diarrhea, but 

the estimate was not statistically significant.  It is possible that obtaining a health card may not 

indicate a mother’s health knowledge and her attempt to prevent child illness, but instead 

demonstrates a mother’s reaction to the problem of child illness. 
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5. POLICY RELEVANCE AND IMPLICATIONS 

The research conducted in this study is important because it could inform the way that 

governments in developing countries invest or allocate their resources to improve the lives of 

citizens.  Government investment in infrastructure may help to reduce water-borne diseases and 

promote healthier communities by expanding access to water resources, but the management of 

these facilities and resources may also play an important role.  Water has a vast variety of uses 

and given its scarcity, particularly in Peru, it is necessary to understand whether the existing 

water resources are being managed in an efficient manner that is maximizing economic and 

social welfare, which is one of the central goals of IWRM.   

The laws and regulations that are enacted, particularly as they pertain to water resources, 

can have significant effects on society, the environment, and the economy.  Understanding how 

new laws, such as the WRL in Peru, affect the lives of people may help legislators and 

policymakers better target policies in such a way that they do not have any adverse spillover 

effects.  Lack of equitable distribution of water resources could lead to conflict and competition 

among stakeholders, which in turn could lead to the inefficient use of resources.  If a government 

is truly interested in improving the well-being of its citizens and its economy, it should seek to 

design and implement policies that consider all of the uses of water resources and stakeholders 

from both rural and urban communities.  Moreover, understanding the effects of water resources 

management policies on society, the economy, and the environment may also have implications 

on how international development agenda items, such as the MDGs, are set and measured.   

The hypothesis set forth in this paper—the transition to IWRM in Peru between 2008 and 

2012 is directly associated with improved health outcomes of children under five years of age—

was not supported.  Further research is necessary to better understand the relationship between 
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the management of water resources and public health.  The results presented by this study do not 

demonstrate that there was a significant relationship between the transition to IWRM and 

improved health outcomes in terms of diarrhea incidence.  As previously noted, it may be 

necessary to obtain more data over a longer period of time in order to determine whether the 

management of water resources can be a viable means to improve public health.  A more 

comprehensive study of the relationship between IWRM and health outcomes would be useful to 

future policymakers and governments as they try to find the optimal management framework for 

water resources.  
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APPENDICES 

APPENDIX A: KEY MODEL DIAGNOSTICS 

  The following diagnostics for heteroskedasticity, multicollinearity, and model 

specification correspond to the key model in this paper, which is the fixed-effects linear 

probability model with diarrhea as the dependent variable.   

Heteroskedasticity 

  The standard errors in the LPM are clustered by region due to the possible correlation of 

errors within each region.  Robust standard errors are used. 

Multicollinearity 

  Multicollinearity occurs when two or more independent variables that are included in a 

regression model are highly correlated.  The pairwise correlation coefficients shown in Table 6 

are less than 0.80, indicating that the key model does not suffer from multicollinearity. 

  



 31 

Table 6: Pairwise Correlation Coefficients (N = 37,833) 
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Table 6 (cont.) 
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  To further investigate the presence of multicollinearity in the key model, variance 

inflation factor (VIF) values were generated.  The VIF values shown in Table 7 are all less than 

10, which suggests that the model does not suffer from multicollinearity. 

 
Table 7: Variance Inflation Factor Analysis 
Variable VIF 1/VIF 
council 2.95 0.338708 
waterimp 1.22 0.817881 
sanimp 1.52 0.656701 
urban 1.93 0.516796 
hholdsize6to10 1.10 0.906153 
hholdsize11plus 1.06 0.945661 
radio 1.10 0.910112 
television 1.58 0.632559 
bicycle 1.11 0.901342 
cfemale 1.00 0.999186 
cage 1.07 0.935213 
cfirstborn 1.52 0.658871 
cbreastfed 1.00 0.996289 
mmarried 1.07 0.933466 
mage 1.51 0.660604 
meducsechigh 1.56 0.642454 
hcard 1.03 0.967389 
Mean VIF 1.79   
Note: region and year variables not reported. 
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Model Specification 

  The specification link test and Ramsey’s regression specification error test (RESET) were 

conducted to detect model specification errors.   

  For a model to pass the link test, its linear predicted value must be statistically significant 

and its linear predicted value squared must not be statistically significant.  The link test results 

suggest that the key model is correctly specified. 

 
Table 8: Linktest for LPM Model 
               Dependent Variable: Diarrhea 

  diarrhea 
Linear predicted value 0.9218*** 

t = 10.69 
Linear predicted value squared 0.2386 

t = 0.95 
Constant 0.0051 

t = 0.76 
Observations 37,833 
F (2, 37,830) 795.17 
Prob > F 0.0000 
R-squared 0.0403 
Adj. R-squared 0.0403 
Root MSE 0.3469 

*** p<0.01, ** p<0.05, * p<0.1 
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  With a RESET statistic of 2.39, the key model passes the test at the one percent and five 

percent significance levels, indicating that the model is correctly specified.  At the 10 percent 

significance level, the test suggests that the model may suffer from functional form 

misspecification, which could include omission of relevant variables, an issue that cannot be 

remedied given the available data.  

 
Table 9: Ramsey RESET Test 
               Dependent Variable: Diarrhea 
Ho:  model has no omitted variables 

F(3, 37783) = 2.39 
Prob > F = 0.0668 

   Critical F-statistics with d.f. of (3, 37783)  
Significance Fc Ho 

0.01 3.78 Fail to reject 
0.05 2.60 Fail to reject 
0.10 2.08 Reject null 
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APPENDIX B: ADDITIONAL REGRESSION RESULTS 
 

Table 10: OLS Regression Results 
                 Dependent Variables: Height-for-age, Weight-for-age 

VARIABLES (1) (2) 
htage wtage 

   
council -0.00555 0.00220 
 (-0.142) (0.0556) 
waterimp -0.0759*** -0.0391 
 (-3.253) (-1.509) 
sanimp 0.183*** 0.135*** 
 (8.681) (5.856) 
urban 0.214*** 0.158*** 
 (4.224) (4.076) 
hholdsize6to10 -0.147*** -0.0897*** 
 (-9.873) (-7.494) 
hholdsize11plus -0.249*** -0.151*** 
 (-5.716) (-3.362) 
radio 0.0493** 0.0682*** 
 (2.686) (4.443) 
television 0.224*** 0.156*** 
 (9.079) (7.044) 
bicycle 0.0296 0.0233 
 (1.177) (1.404) 
cfemale 0.0632*** -0.00439 
 (4.500) (-0.398) 
cage -0.00567*** -0.00554*** 
 (-6.219) (-10.53) 
cfirstborn 0.223*** 0.110*** 
 (13.69) (6.509) 
cbreastfed 0.145 0.0827 
 (1.487) (0.896) 
mmarried 0.0334 0.0393** 
 (1.488) (2.551) 
mage 0.0124*** 0.00663*** 
 (7.397) (4.268) 
meducsechigh 0.336*** 0.229*** 
 (13.39) (12.64) 
hcard 0.0330 0.0262 
 (1.308) (0.947) 
Constant -2.204*** -0.962*** 
 (-17.48) (-7.746) 
   
Observations 37,833 37,833 
R-squared 0.239 0.203 
Region Fixed Effects Yes Yes 
Year Fixed Effects Yes Yes 

Robust t-statistics in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 11: Logit Regression Results  
                 Dependent Variables: Stunted, Underweight 

VARIABLES (1) (2) 
stunted underweight 

   
council -0.0622 -0.0758 
 (-0.877) (-0.401) 
waterimp 0.118** 0.00330 
 (2.238) (0.0378) 
sanimp -0.279*** -0.170* 
 (-5.503) (-1.838) 
urban -0.399*** -0.339*** 
 (-3.672) (-3.033) 
hholdsize6to10 0.301*** 0.252*** 
 (9.934) (5.827) 
hholdsize11plus 0.511*** 0.413*** 
 (7.585) (4.204) 
radio -0.0982*** -0.0739 
 (-2.677) (-1.014) 
television -0.402*** -0.414*** 
 (-8.960) (-4.790) 
bicycle -0.0936 -0.0765 
 (-1.558) (-0.993) 
cfemale -0.193*** -0.147*** 
 (-6.650) (-2.851) 
cage 0.00639*** -0.00779*** 
 (3.927) (-5.271) 
cfirstborn -0.416*** -0.0925 
 (-8.099) (-0.984) 
cbreastfed -0.251 -0.679* 
 (-1.234) (-1.674) 
mmarried -0.0358 -0.158** 
 (-0.723) (-2.097) 
mage -0.0196*** 0.00755 
 (-6.300) (1.510) 
meducsechigh -0.634*** -0.469*** 
 (-12.35) (-6.625) 
hcard -0.0666 -0.0732 
 (-1.325) (-0.790) 
Constant 0.572** -1.417*** 
 (2.208) (-2.942) 
   
Observations 37,833 37,833 
Region Fixed Effects Yes Yes 
Year Fixed Effects Yes Yes 

Robust z-statistics in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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