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ABSTRACT  

The use of quality indicators guarantees the accurate monitoring of sustainability processes around the world. This work proposes a 

protocol to detail the indicators that make up the rural basin management index (GWI) in order to assess the degree of water man-

agement in a predominantly rural basin or region. The methodology contemplates the development of indicators to evaluate perfor-

mance and its monitoring over time as the basis for planning. This research is based on the in situ evaluation of four municipalities within 

the department of Boyacá, Colombia, where there is a lack of a culture regarding the long-term planning and management of water 

and environmental resources. Water availability is the most sensitive factor in this context. This study raises the need for the use of 

monitoring systems in sustainability processes at the level of rural basins, as a result of the findings of four study cases, where processes 

with a low level of sustainability were evidenced. 
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RESUMEN 

El uso de indicadores de calidad garantiza el seguimiento preciso de los procesos de sostenibilidad en el mundo. Este trabajo propone 

un protocolo para detallar los indicadores que componen el índice de gestión de cuencas rurales (IGG) con el fin de evaluar el grado 

de gestión del agua en una cuenca o región predominantemente rural. La metodología contempla el desarrollo de indicadores 

para evaluar el desempeño y su seguimiento en el tiempo como base para la planificación. Esta investigación se basa en la evalua-

ción in situ de cuatro municipios del departamento de Boyacá, Colombia, donde hay ausencia de cultura de planificación y gestión 

a largo plazo de los recursos hídricos y ambientales. La disponibilidad del agua es el factor más sensible en este contexto. Este estudio 

plantea la necesidad del uso de sistemas de monitoreo en procesos de sostenibilidad a nivel de cuencas rurales, a raíz de lo encon-

trado en cuatro casos de estudio, donde se evidenciaron procesos con un bajo nivel de sostenibilidad. 
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Introduction 2 

The scarcity of water in many countries of the world is not due to 

supply issues; it has to do with availability, either due to difficult 

access or lack of resources to satisfy the transportation require-

ments. In this sense, the quantification of flows or climatological 

variables for hydrological models must be accompanied, for every 
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basin, by a comprehensive plan that guarantees the union of that 

supply with water availability. Colombia is listed as the fourth 

country with the largest number of water resources in the world 

(Munevar, 2015). However, the crisis generated by the availability 

of water resources is increasing in some regions, which is mainly 

due to its growing demand for agricultural, industrial, and domes-

tic uses (Arroyave et al., 2012). Therefore, availability is one of the 

main issues in the management and use of water resources, and 
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the existence of tools that allow for water management is of great 

importance for decision-making, as they contribute to the imple-

mentation of strategic actions (Ferreira, 2018). These tools may 

be entrusted with the quantification of flows or climatological var-

iables used in hydrological models. These models are generated 

from a wide variety of software and modeling technologies that 

support problem-solving related to environmental planning activi-

ties (Torres-Bejarano et al., 2016). 

Moreover, any watershed analyzed must have a comprehensive 

plan that guarantees joint responsibility between its water supply 

and demand, which can be achieved with institutional strengthen-

ing and governance, as well as by considering factors that allow the 

long-term sustainability of the water resource (Jiménez, 2018). 

Likewise, there is a serious problem of vulnerability to flooding 

events, which notorious in flat areas. To this effect, it is necessary 

to consolidate government policies, together with State will and 

an action plan that allows for a path that involves the community, 

State institutions, and scientific organizations. The population’s 

availability of and access to water requires a great deal of invest-

ment, both in infrastructure and in the management and handling 

of natural resources (Huaricallo, 2013). Education should raise 

awareness in the Colombian community about proper water gov-

ernance, which guarantees the availability of the resource in all 

sectors of society, in addition to allowing its sustainable use. 

Climate change harms the supply of water resources, causing po-

tentially lasting droughts in some regions and intense rain in others 

(Echeverría and Cantillo, 2013). This has prompted reflection on 

the rational and efficient use of water resources in the world, like 

in macroclimatic contexts present in Colombia (Villate et al., 

2008). Still, in Latin America, there is a puzzling situation: despite 

the fact that there are important studies on the number of water 

supply and numerous flow prediction tools based on high-resolu-

tion hydrological models, the results do not contribute to deter-

mining the state of this resource with regard to governance com-

prehensiveness, conflicts, resource availability, distribution, sanita-

tion, and contamination (Granados, 2013). This exposes the exist-

ing problem in the field of water administration, which has aroused 

interest in different sectors of science and social development. 

Additionally, in Latin America, the distribution of water availability 

is uneven. For example, in Mexico, underground supply indices 

have reached very low levels due to excess extraction, population 

growth, and agricultural use (González, 2016). In contrast, Brazil, 

Paraguay, Uruguay, and Argentina own one of the largest ground-

water reserves in the world. Accordingly, South America has two 

of the most important hydrographic watersheds on the planet: the 

Amazon (Brazil) and Río de la Plata (Argentina). This is why Brazil 

has 53% of the water in South America and 14% of the world's 

water. Water availability situation in Peru is classified as "suffi-

cient", while Brazil, Bolivia, Colombia, Venezuela, Argentina, and 

Chile are classified as rich countries, with indices between 10 000 

and 100 000 m3 of water per person per year (Guzmán-Arias and 

Calvo-Alvarado, 2013). 

Furthermore, climate change interferes with the drinking water 

supply and sanitation services, as well as with irrigation and indus-

trial processes (Herron and Gómez, 2010). The foregoing has im-

portant consequences on the water balance of the ground, which 

in turn affects the operation of the infrastructure used for the 

storage, regulation, and distribution of water flows.   

Consequently, an increase in flows and runoff occurs, which in 

turn increases the risk of accidents in communities established in 

highly vulnerable areas, where extreme variability or reductions in 

supply can increase rural migration to urban areas until the oper-

ating limits of the infrastructure are exceeded, thus leading to a 

failure in the institutional capabilities for water administration. 

Likewise, the limitation of water resources can foster competition 

among users, which leads to an atmosphere of hostility and dis-

trust, thus sparking conflicts over water as a vital resource 

(Gomez et al., 2010). 

Based on the conflict between scarcity, availability, and climate 

change, an adequate development route for the correct integral 

management of water resources is establishing a spatial work unit 

(Guzmán-Arias and Calvo-Alvarado, 2013). In this vein, due to its 

physical contribution base, the watershed emerges as a basic ter-

ritorial unit (BID, 2012). This unit has begun to appear as a terri-

torial or border division in many cases. However, it conflicts with 

the natural political divisions instituted countries or nations, which 

involve control over the uses of water, thus leading to contamina-

tion, i.e., "upstream" damages "downstream". 

The integrated administration of watersheds (MICH, by its acro-

nym in Spanish) integrates environmental and socio-economic re-

lations around a generalized level of the watershed through inte-

grated administration plans and regulatory stipulations (NARBO 

and UNESCO, 2009). Among the strategies used, in the last couple 

of decades, hydrological and geological models have been devel-

oped within the framework of the physical, spatial, and temporal 

study of processes that take place in the watersheds based on Ge-

ographic Information Systems (GIS). These hydrological admin-

istration models allow predicting the different responses of the 

system to certain specific events at different time scales, as well as 

evaluating uncertainty and correlating the quality of water. The 

existence of a conceptual or high-resolution hydrogeological 

model does not ensure an adequate administration of watersheds, 

but it is a fundamental control tool (Sandoval-Moreno and Gün-

ther, 2013). Indeed, some of the most visible limitations in the de-

velopment of these models at the aggregate or distributed level 

are the lack of information, the low quality in the execution of the 

model, and the difficulty of measuring uncertainty, especially dur-

ing the projection of response models regarding the effects of cli-

mate change (Alegre et al., 2014; Caro-Camargo and Gil-Alvarado, 

2021). 

One of the fundamental aspects in the GICH is institutionality, 

which also serves as a control mechanism (French, 2016). Since 

the first United Nations Conference on Water held in Mar del 

Plata (UN, 1977), institutional, administrative, and economic re-

forms have been implemented, which are aimed at watershed or-

ganizations (committees, councils, etc.) and national or regional 

regulatory authorities (BID, 2012). Thus, in some countries, these 

reforms have begun to take effect in terms of integrated control 

systems for hydrographic resources. Chile was the first to modify 

its water code in 1981, followed by Mexico in 1992, Colombia in 

1993, and Brazil in 1997. The latter, with the creation of water 

committees and water agencies, and Mexico, with the creation of 

watershed councils, were the first countries to create entities for 

the GICH. According to an analysis of MICH in 28 countries, 10 

have not implemented any MICH programs or water efficiency 

plans or have done so without notable results; and 5 countries 

have partially implemented them. None of the countries analyzed 

has fully performed the MICH model. 

Based on the above, some authors (van Leeuwen et al., 2012) have 

established a series of indicators (24) that can determine the level 

of sustainability in watersheds at the urban level, with the purpose 

of determining which aspects can influence decision-making re-

garding the sustainable development of water resources. This 
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methodology is framed within an ideal of cities called Blue Cities 

(Koop and van Leeuwen, 2015), and reports on the results of said 

indicators are given through a Blueprint (van Leeuwen, 2012). As 

mentioned before, 25 indicators are determined from the meth-

odology, and each indicator is evaluated from 0 to 10 from official 

sources. In the end, the arithmetic mean of the indicators is de-

termined in order to establish the BCI (Blue City Index). 

It is important to clarify that the BCI is compared in several studies 

carried out by van Leeuwen (2012) for many cities around the 

world, as well as other recognized indices such as the Water Ex-

ploitation Index (Eurostat, 2016), TPI (Trends and Pressures In-

dex), the European Green City index (Dening, 2009), the World 

Bank Governance Indicators, the Worldwide Governance Indica-

tors (Kaufmann, 2010), and the Environmental Performance Index 

(EPI) (Jay et al., 2010) while always maintaining adequate correla-

tions that guarantee the suitability of the BCI. Finally, and with the 

aim to conduct a more specific analysis of the planning and man-

agement of water resources in rural contexts, Caro and Bladé 

(2021) developed a methodology represented in the GWI (Green 

Watershed Index). To carry out this research, a methodology was 

implemented which responded to approaches based on the fol-

lowing objectives: 

-To review the state of the art regarding methodologies and pro-

cedures for evaluating water resources at the level of rural basins 

around the world. 

-To review indicators in the GWI methodology for water manage-

ment and planning of rural basins. 

-To establish a specific work protocol based on the analysis of in-

dicators and on-site experiences. 

METHODOLOGY 

To identify and analyze the GWI, a procedure was carried out 

which included the interpretation of the model and its application 

results in four rural municipalities of Colombia. Next, the meth-

odology and procedures used are explained. 

Analyzing the indicator of sustainability and 

water administration 

In the last 20 years, a series of methodologies have been estab-

lished in order to assess the level of sustainability of both rural and 

urban watersheds. They have been elaborated by determining in-

dicators that allow identifying critical points regarding the admin-

istration of water resources, in order to create tools that help to 

make the best decisions for sustainable water development in the 

studied watersheds. The above includes the 24 indicators reflected 

in the Blueprint (conclusions document) (van Leeuwen, 2012), the 

18 indicators in the Trends and Pressures Index, and the 30 indi-

cators in the European Green City index, among others. 

By analyzing the main indices, it is possible to establish the indica-

tors that allow evaluating the sustainability and use of the world's 

water resources. Correspondingly, it is possible to understand 

which of the indicators could have greater relevance for the anal-

ysis in the context of rural watersheds. 

To select the most relevant indicators, each of them is evaluated, 

analyzing the importance, development, and impact generated 

while considering infrastructure maintenance and water demand, 

quality, and scarcity, i.e., the factors with the highest incidence for 

each index. As a result of the foregoing, an analysis was carried 

out regarding 25 indicators related to the quality of the drinking 

water service offered for a given community, whose characteriza-

tion depends on various factors associated with the implementa-

tion of a supply system. The indicators to be analyzed are: (1) in-

frastructure maintenance, (2) sanitation, (3) risk, (4) access to wa-

ter, (5) water demand, (6) water quality, (7) water scarcity, (8) 

water stress, (9) water footprint, (10) water self-sufficiency, (11) 

attention to leaks in the implemented system, (12) programs for 

efficient use and saving of water, (13) biodiversity, (14) environ-

mental efficiency, (15) energy efficiency, (16) attractiveness, (17) 

human capital, (18) efficiency and water treatment policies, (19) 

measured public participation, (20) economic efficiency, (21) 

adaptability to climate change, (22) quality of the information and 

the knowledge administration system, (23) control plans and 

measured action, (24) government efficiency, and (25) corruption 

control. 

It should be noted that indicators (2), (3), (4), (5), (6), (7), (18), 

and (24) can be understood from a perspective of risk and vulner-

ability; they could be associated with risk as a product of vulnera-

bility (Sosa-Rodríguez, 2010). The description of the Effectiveness 

in general water administration (item 2 in the Table) is the result of 

a previous summary of indicators 2, 3, 4, 5, 6, 7, 18, and 24. Vul-

nerability can be defined as the inability of a population to control 

or handle a threat. Its importance lies in the need to consider not 

only the quantity but also the quality of water, based on models 

that allow for the identification of initial and final samples in bodies 

of water. Thus, after a detailed evaluation, 18 indicators are listed 

in Table 1.  

The selected indicators are adequate for the characterization of a 

rural watershed within the framework of a drinking water supply 

system. 

Table 1.  Definition of indicators for rural watersheds 

 

ITEM SOURCE INDICATORS DESCRIPTION 

1 

European 

green (De-
ning, 2009) 

Infrastructure main-

tenance 

All the technical consid-

erations established in 
the resolution that 

grants the water conces-

sion, with regard to the 
hydraulic conditions of 

the structure, as well as 
the calibrations of the 

measurement systems. 

2 
WMEI (Sosa-
Rodríguez, 

2010) 

Effectiveness in gen-
eral water admin-

istration 

It evaluates the supply, 

water quality, and cov-

erage of the sewerage 
system. 

3 

WMVI (Sosa-

Rodríguez, 
2010) 

Water vulnerability 

It evaluates physical, 
economic, social, and 

political representation 
conditions. 

4 
WEI (Euros-
tat, 2016) 

Water risk Vulnerability and threat. 

5 
EPI (Jay et al., 

2010) 
Water stress 

It evaluates whether the 

demand for water re-
sources affects supply. 

Water stress is consid-
ered to exist in a com-

munity when there are 

annual domestic uses 
per person between 1 

000 and 1 700 m3. 

6 
EPI (Jay et al., 

2010) 
Water foorprint 

The total volume of 
freshwater used to pro-

duce services in the area 

of influence. 
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7 
EPI (Jay et al., 

2010) 
Water self-sufficiency 

Self-sufficiency is at 
100% when all the nec-

essary water is available 
and taken from the ter-

ritory itself. 

8 

Required by 
Law 373 of 

1997 (Minis-
terio de Am-

biente, 1997) 

Gestión y administra-
ción del agua 

Plans for the efficient 

use and saving of water 
by sector 

9 
BCI (van 
Leeuwen, 

2012) 

Biodiversity 

Stable ecological condi-

tions of the source's 

area of influence are ob-
served. 

10 Worldwide 
Environmental effi-

ciency 

Environmental compen-

sations in the areas of 
direct influence of the 

water body from which 
the resource is derived. 

11 

BCI (van 

Leeuwen, 

2012) 

Residual treatment 
efficiency 

Percentage of treated 
wastewater. 

12 
BCI (van 
Leeuwen, 

2012) 

Attractiveness 
Water supports the 
quality of the rural land-

scape measured. 

13 

BCI (van 

Leeuwen, 
2012) 

Human capital 

Human resources re-

quired for the optimal 
operation of the supply 

system. 

14 

BCI (van 

Leeuwen, 

2012) 

Measured participa-
tion of the public 

Participation can be es-
tablished through annual 

accountability meetings 

and community action 
committees. 

15 
WEI (Euros-
tat, 2016) 

Economic efficiency 

Monthly billing according 

to the estimated con-

sumption of each user. 

16 
WEI (Euros-
tat, 2016( 

Adaptability to cli-
mate change 

Protection systems in 
flood areas. 

17 
WEI (Euros-

tat, 2016) 

Quality of infor-

mation and 

knowledge of the ad-
ministration system 

Files and records of 

compliance plans estab-
lished by the environ-

mental authority, e.g., in-

formation systems in 
which the number of us-

ers and the demand re-
quired by them are de-

termined; as well as rec-

ords of system condi-
tions. 

18 

Worldwide 

(Kaufmann, 

2010) 

Corruption control 

Strategies generated to 

improve and supervise 
the performance of 

those who are responsi-

ble for the administra-
tion and operation of 

the supply system. 

Source: Authors 

 

Each one of the indicators in Table 1 is considered to adequately 

evaluate, from a technical point of view, the development and plan-

ning of water resources in a rural basin, including indicators such 

as corruption control (18), whose specific weight is relevant in 

countries with problems in this regard, thus making it difficult to 

plan and allocate resources in all sectors, including the water sec-

tor. According to the reference of each of the analyzed indexes, 

the best way to demonstrate adequate or poor management is 

one that can be viewed practically and easily. Therefore, we de-

cided to follow the methodology established in the Blue Cities In-

dex (BCI), where each factor or indicator is rated from 0 to 10 

depending on the degree of compliance. In this way, a town, prov-

ince, or department whose rural watersheds fully meet the objec-

tives of each indicator will obtain an average score close to 10. In 

this case, the above has been established, considering the criteria 

shown in Tables 2 and 3. 

 

 

Table 2. General score for the indicators 

 

SCORE EVALUATION 

0-5 Not sustainable 

6-8 Mildly sustainable  

9-10 Sustainable 

Source: Authors 

 

Table 3. Specific evaluation of the administration criteria 

 

SCORE EVALUATION 

0 The activity is not carried out 

2 Activity planning begins 

4 The operational part of the planning is completed 

6 The activity is being developed for execution. 

8 The activity is partially carried out 

10 The activity is fully carried out 

Source: Authors 
 

It should be noted that a watershed belonging to a developed re-

gion will surely have its indicators within a highly sustainable frame-

work, and a watershed belonging to a developing region will surely 

be unsustainable but will be ideally in the planning phase regarding 

activities to reach the desired sustainability goal. 

Individual analysis of indicators  

Six distinct degrees of compliance are proposed for each of the 

indicators. A score from 1 to 10 is assigned, whose rating depends 

on the quality and use of resources to offer a service. Each of these 

actions focuses on strategic planning and commissioning of works 

to satisfy basic needs related to an optimal water supply. These 

degrees of compliance are shown in Table 3. 

Approach to the water administration index 

in rural watersheds GWI 

Regarding the different administration indices proposed by the 

aforementioned authors, it is evident that these indices are mainly 

implemented in contexts and watersheds belonging to urban ar-

eas. Therefore, we employed those who had greater rural rele-

vance in terms of contexts and rural watersheds and were better 

adapted to the Latin American reality. The 18 proposed indicators 

(Table 1) can provide a real overview of what is happening in a 

town within its rural jurisdiction, thus allowing to determine the 

solution or follow-up route with regard to watershed administra-

tion. 

To present an overview of the quality assessment of water admin-

istration in rural watersheds, a new index called GWI (Green wa-

tersheds Index) is proposed in this work. The GWI evaluates the 

process of a watershed towards achieving a good service that in-

volves biodiversity, sustainability, water resources, and social well-

being. 

Defining the GWI 

The proposed GWI is obtained from the weighted average of the 

18 proposed indicators, which are analyzed via Equation (1): 
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𝐺𝑊𝐼 =
𝑃𝑖∗(𝑀𝐼+𝐸𝐺𝐻+𝑉𝐻+𝑅𝐼+𝐸𝐻+𝐻𝐴+𝐴𝑈𝐴+𝑈𝐴𝐻+𝐵𝐷+𝐸𝑀𝐴+𝐸𝑇𝑅+𝐴+𝐶𝐻+𝑃𝑃+𝐸𝐶𝐶+𝐴𝐶𝐶+𝐶𝐼+𝐶𝐶)

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠

 (1) 

where each indicator is evaluated with a value between 1 and 10, 

depending on the degree of management according to each indi-

cator in the rural region under study for a representative period 

of time (usually a year). If value of the denominator is equal to the 

number of indicators (18), it would mean that all the indicators 

maintain the same significant weight or importance with regard to 

the region analyzed. If each indicator has different values or 

weights, the denominator will be the sum of the weights, as shown 

in Equation (2), where GWI is the rural basin management index, 

and P is the differentiated weighting coefficient for each of the in-

dicators according to the study area (Caro and Bladé, 2021). The 

following expression is proposed: 

𝐺𝑊𝐼 =
∑ 𝐹𝑖∗𝑃𝑖

𝑛
𝑖=1

∑ 𝑃𝑖
     (2) 

where: 

GWI = rural watersheds administration index 

n = number of administration indicators. 

Fi = numerical result of the administration indicator i 

Pi = differentiated weighting coefficient for each of the indicators 

according to the analyzed area 

 

Weighting factor per indicator 

 
The weighting factor used for each indicator represents its im-

portance or weight within the management of a hydrographic wa-

tershed, depending on its spatial and morphometric location. 

Thus, the indicator of adaptability to climate change will have a 

greater weight if it corresponds to a watershed located in the 

coastal zone, in comparison with another watershed located in an 

area of the interior of the country with a lower morphometric 

accidentality (Caro, et al., 2021). 

Results and discussion 

The GWI method for the management and planning of water re-

sources was directly implemented in four rural sectors of the De-

partment of Boyacá, Colombia, a typical Andean region. The con-

clusions drawn from the implementation of the index allowed sug-

gesting a procedure for the application of each of the management 

indicators. 

Experimental methodology 

This chapter describes the procedure used to obtain the GWI in 

some rural watersheds with consolidated local governments, aim-

ing to determine their degree of development in terms of the su-

pervision and administration of water and environmental re-

sources. Before selecting the watersheds, some premises were de-

fined to give context to the subsequent presentation of results and 

their analysis: 

1. The selected watersheds are located in Colombia, South Amer-

ica, in Boyacá, a department characterized by large rural areas of 

agricultural use, which is naturally supported by the use of water 

resources. 

2. The human development index for Colombia was 0,764 in 2018 

(PNUD, 2020). However, this index is an average, where the low-

est rating is applied to rural areas or jurisdictions. Moreover, the 

country still does not adequately take advantage of the water and 

environmental potential of rural areas to improve activities such 

as agriculture or natural tourism. 

3. The absence of knowledge regarding water control and admin-

istration in many areas or regions of Colombia generates condi-

tions or activities that are beneficial to the communities, but it 

does so in an isolated or disorganized way, which makes monitor-

ing or control over time a difficult issue, as it generates uncertainty 

in some indicators, or even loss of information. 

The towns selected for analysis were Arcabuco, Chíquiza, Gachan-

tivá, and Villa de Leyva, which belong to the Cane River watershed. 

Their general characteristics are shown in Table 4. 

Table 4. General characteristics of the analyzed towns 

 

Town 

Sur-

face 

(km2) 

Rural 

popula-
tion (# 

hab) 

Total, 

popula-
tion (# 

hab) 

Rural 

popula-
tion 

(%) 

Main economic 
activity 

Gachan-

tivá 
66 2 290 2 654 86 Agriculture 

Chí-
quiza 

119,5 5 390 5 484 98 Agriculture 

Arca-

buco 
155 3 279 5 240 62 

Agriculture and 

livestock 

Villa de 

Leyva  
128 7 058 16 984 42 

Tourism, agricul-
ture, and stone, 

clay, and marble 

mining 

Source: Authors 

 

A survey regarding rural areas and watersheds was applied to the 

state entities in charge of territorial planning in the towns. 

The information collection procedure for each of the selected 

towns consisted of sending communications directly to the legal 

representatives of the towns (i.e., the mayors), while also using 

petition rights addressed to their respective planning and infra-

structure secretaries. In these communications, the parameters of 

the required information are established, as well as the need to 

notify if it does not exist or is being procured.  

Results of the experimental design 

This section presents the results obtained by applying the GWI 

methodology given by Equations (1) and (2) for the evaluation of 

rural watersheds in the evaluation. It is important to keep in mind 

that the results are obtained from subjective information issued 

by the authorities of the state entities (in this case, the towns). 

Different values may be obtained if these indicators are applied or 

evaluated from an external audit entity. 

For the sake of comparison, Table 5 shows the results for the four 

studied towns. 

 
Table 5. Results obtained for the analyzed towns 

 

No. TOWN INITIAL DATE FINAL DATE GWI 

1 Gachantivá 01/06/2018 30/06/2018 1,00 

2 Chíquiza 01/06/2018 30/06/2018 4,00 

3 Arcabuco 01/06/2018 30/06/2018 3,21 

4 Villa de Leyva 01/06/2018 30/06/2018 3,90 

Source: Authors 
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The results show a predominance of rural watersheds over urban 

ones, as well as a lack of control in terms of community participa-

tion and the implementation of policies for the administration and 

use of water and environmental resources. In the case of the cor-

ruption control indicator, a high degree of subjectivity is evident, 

as this information is based on the perception of the community. 

The issue of corruption is a major concern for Colombian society, 

and yet it exhibits the highest value in most of the locations stud-

ied. 
 

In the case of Gachantivá (GWI = 1,0), which is far from the max-

imum possible score, the local authorities recognized a lack of 

control in each of the topics covered by the indicators, clarifying 

that there is not necessarily a correlation between the activities 

carried out and the planning and control of said activities, which is 

evaluated by the index. Moreover, the results obtained for the 

town of Villa de Leyva (GWI =3,9) do not agree with what was 

expected, considering that their income from taxes and tourism is 

high in comparison with most rural towns in Colombia. Still, it 

reports an index lower than 5.0, which is surprising given its priv-

ileged condition. On the other hand, the town of Chíquiza (GWI 

= 4,0) shows the best overall performance, even without reaching 

the expected values. However, Chíquiza surpasses Villa de Leyva, 

the latter being a town with better conditions regarding income 

and annual budget capacity. 

Considering the classification of populations by categories, in the 

case of Colombia, municipalities are classified in ranks from one 

to six, in addition to a special category, according to their number 

of inhabitants and their Free Destination Current Income (ICLD, 

for its Spanish acronym), following article 6 of Law 617 of 2000. In 

Gachantivá, there is a lack of historical control, so none of the 

indicators exceeds the values according with sostenibility which 

coincides with the category of the municipality (6th). It can be as-

sumed that the resources contributed by the nation are not des-

ignated for administration tasks of this type. It is interesting to 

note that Villa de Leyva, Arcabuco, and Chíquiza, towns that have 

historically been characterized by problems with access to water, 

obtained their best ratings in water stress and water self-suffi-

ciency, with a special interest in what they consider as day-to-day 

deficiencies or immediate needs. 

It is worth highlighting the efforts made by the town of Chíquiza 

towards the implementation of sustainable policies, specifically re-

garding wastewater treatment, in compliance with the environ-

mental regulations given by the Colombian Ministry of the Envi-

ronment. Finally, in the analyzed towns and, overall, in the rural 

towns of Colombia, we can anticipate that there is an absence of 

planning culture with regard to environmental affairs. 

Implementation of the final protocol  

Based on the methodology proposed in this research, it is neces-

sary to create a protocol that articulates policies and government 

entities with the communities in order to ascertain the reality of 

the administration and use of water resources, aiming to identify 

the strengths and weaknesses that can be improved over time. All 

this, without ignoring the particularities of the studied watershed’s 

location. 

The protocol covers the identification of the watersheds and the 

state entities in charge of the control and/or administration of wa-

ter resources while considering their hierarchy within the national 

regulations. In the same way, it determines the responsibility of 

said entities in controlling and monitoring of the indicators of the 

GWI, which is calculated for the area and year under study. Sub-

sequently, once the GWI index has been calculated and commu-

nicated to the legal representative of the entity with the highest 

hierarchy or the one in charge of monitoring, the monitoring plan 

is defined and implemented for the future application and recalcu-

lation of the GWI index, as well as the improvement plans based 

on annual feedback with the participation of all stakeholders, in-

cluding the affected communities. This shows the environmental 

relevance of the cooperation between all actors in the use of wa-

ter resources (Caro et al., 2020). 

This protocol could be subject to modifications depending on the 

context of each basin, as well as on its country, region, or potential 

uses. It essentially consists of the following steps: 

1. Identification of the type of basin: urban, rural, or semi-rural. It 

is important to clarify that the proposed methodology is adapted 

to rural or semi-rural basins, given the characteristics of the indi-

cators proposed for calculating the GWI. 

2. Identification of the entities, corporations, or estates responsi-

ble for the control or administration of water resources within 

the basin or region (hereinafter labeled as B), as well as of the 

entity with the highest authority in the province or department 

(labeled as A). 

3. Determination of the responsible body (A or B) with regard to 

the monitoring and control of the component indicators of the 

GWI, by means of the legal representative the region or basin un-

der study. The responsible person within the selected location will 

be called agent C and may be a natural person or a collegiate body. 

4. Delivery to agent C, via the legal representative of the region 

or basin, of the computational tool for calculating the GWI and 

the manual for monitoring or implementing it, with the corre-

sponding explanation of each indicator. 

5. Quantitative determination of the indicators of the GWI meth-

odology 

6. Determination of the GWI index for the study area and year, 

supported by the computational tool. 

7. Socialization of the index, indicators, and procedures by agent 

C to bodies A and B. 

8. Implementation of a monitoring plan by body A for the future 

determination of the annual GWI and the subsequent implemen-

tation of improvement plans. 

9. Annual feedback of the processes to agent B and the community 

of the region or basin. 

10. Training plan for the community of the region or basin with 

regard to the environmental benefits of cooperation between us-

ers within the different systems. 

Considering that, for each indicator, it is necessary to propose a 

defined methodology that includes the different parameters out-

lined in the Technical Regulation of the RAS drinking water sector 

and Resolution 0330 of 2017 issued by the Ministry of Housing, 

City, and Territory, as well as the different conditions of the rural 

watershed available for the supply of water resources, there must 

be government entities that can provide information through tools 

such as censuses, which allow typifying the population that benefits 

from the resource. Likewise, field visits and data collection allow 

visual inspections and measuring the current state of the hydraulic 



Protocol to Monitor Water Governance Based on Indicators for Rural Basins   

INGENIERÍA E INVESTIGACIÓN VOL. 43 No. 1,January -2023 ( e90309) 

  

structures of the concessions (random samples), as well as com-

paring this information to the indicators established by the afore-

mentioned standard. To this effect, the real conditions of the pop-

ulation must be verified (including the floating population), thus 

making it possible to obtain assertive data given the complexity of 

characterizing a specific area, whose conditions may vary accord-

ing to the planning, development, and execution of works for sup-

plying drinking water.  

It is important to clarify that the implementation of the methodol-

ogies presented for each of the 18 indicators considers that the 

points, watersheds, or regions studied have defined governance 

structures. For different situations or contexts, this protocol may 

not have the same effect. 

CONCLUSIONS 

100% of the analyzed case studies obtained GWI values below the 

minimum acceptable sustainability established by the methodol-

ogy. 

None of the towns analyzed could be considered a sustainable 

process according to the GWI. The maximum value was obtained 

by the rural municipality of Chíquiza, with a weighted average of 

4.1. 

The results obtained for the indicators shows the need for im-

provement in many of the processes related to the sustainable 

management and use of water resources in the regions analyzed. 

All of the indicators analyzed are applicable in the context of Co-

lombian rural basins. Moreover, based on the above, a methodol-

ogy for rural basins worldwide can be proposed, as none of the 

procedures used would generate a regional context failure. 

The GWI was analyzed as a tool for measuring the degree of con-

nectivity between the different levels at the rural basin level (up-

per, middle, and lower basin), its main actors (community, service 

providers, and the State), and the degree of management of water 

and environmental resources. The GWI is based on 18 indicators 

that are evaluated in consecutive periods of time in order to es-

tablish the degree of improvement in management over time. The 

index involves aspects of water and environmental management, 

infrastructure, biodiversity, political control, and corruption levels, 

and it assigns a specific weight to each indicator according to the 

context of the region or area. 

According to the results, the proposed protocol suggests manage-

ment alternatives that can be applied worldwide while considering 

the local context. 
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