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Abstract 

Patterns of climatic variability were established between 1977 

and 2013, associated to water management systems, in the 

jurisdiction of the Bucaramanga Regional Autonomous 

Corporation (CDMB). Flow, precipitation and temperature data 

obtained from the CDMB and of the Hydrology, Meteorology 

and Environmental Studies of Colombia (IDEAM) were used. 

For the evaluation of the current water management system, the 

Management System Evaluation Index (IESG) was 

constructed, which evaluated the Regional Environmental 

Management Plan (PGAR), the Hydrological Basin 

Management and Management Plan (POMCA), and the 

Triennial Action Plan (PAT). A conceptual model of a 

management system supported by climatic variability was 

designed. It was found that during the first semester of the year, 

seasonal and inter annual temperature variations have a direct 

relation with precipitation and flow, and generally respond to 

the climatic conditions of the country. The current 

environmental management system responds to a compendium 

of norms and adaptations of instruments of the national order, 

mediated by the individual efforts towards the achievement of 

goals. The management model designed at a seasonal scale, has 

as a strength that is a support tool for making decision in the 

water management of the CDMB, which allows to differentiate 

between climatic times. 

Keywords: management tool; environmental governance; 

water management; water planning. 

 

INTRODUCTION 

Human development has always been a function of the 

availability of water. All civilizations have had their 

establishment, growth, and peak moments in terms of water 

resources management, effects on climate, watersheds, and 

human needs (1). However, inadequate practices and scientific 

development have shown that the management of water 

resources is an issue that does not support expected (2.1); 

resulting in a proper water management (3). 

In water management, the most important activities are of 

municipal competence and related to the provision of public 

services based on water and land use: "the ... {integrated water 

management} must use many instruments, and in the local 

field, the most important is the composed of local water 

services the design; although it is not possible to ignore the 

physical planning functions, whether urban or environmental, 

as well as the norms that are approved for the use of the 

different natural resources, or including environmental 

education activities "(4.5). Therefore, a water management 

based on climate variability would make decisions based on 

real knowledge of river basins (6.3). 

At the basin level, there are advances for the creation and 

operation of organizations based on water management. 

Governments through the environmental authorities are 

concerned to enhance manage water, but a large majority are 

even more focused on improving the sectoral uses of water. 

Thus, to ensure the proper use of water in a basin, no intervener 

should pass over the authorities responsible for this 

management. Thus, the environmental authority must guide, 

coordinate or joint such interventions, support and study the 

effects of interventions and potential conflicts in order to 

prevent and avoid or mitigate them(7,8). 

The characteristics of a basin in addition to define their 

functions, identify the parameters of water demands consists of 

the water volume in cubic meters, used by socioeconomic 

activities in a given time and space (9), and corresponding to 

the sum of the sectoral demands. Thus, Bosch & Hewlett (10) 

studied basins of a wide range of surfaces and defined that in 

estimating water balances, scale is not a major problem, so it is 

possible to use results of experience of management within 

river of a few hectares, and extrapolate them to larger ones. 
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Instead, aspects such as relief, soil characteristics, vegetation, 

geological constitution, and climate (11), have a marked 

influence on the storage capacity and the generation of water 

flows into air and drainage networks (12). 

In Colombia, climate variability as described by Poveda & 

Mesa (13) 

Mesa et al. (14), and Poveda et al. (15) is determined by: “(1) 

Its tropical situation (seasonal variability), under the influence 

of the trade winds and the Southern Oscillation of the 

Intertropical Convergence Zone (ZCIT), (2) Its proximity to the 

Pacific and Atlantic Oceans, in addition to being the sources of 

moisture penetrating into the interior of the country, are the 

scenarios (interannual variability) where the El Niño Southern 

Oscillation (ENSO) events are developed, and (3), Its 

physiographic conformation including the presence of the 

Andes across the country from southwest to northeast, with 

valleys and slopes of mountains with marked climatic 

differences”. The influence of the exposed it can be better 

understood within the own climate dynamics of each region ( 

13,14,6,15). 

Water management in Colombia has had little relation with the 

concept of climate variability (6,15), because efforts have 

focused on organizing databases with information on sampling 

in the field, conducted in different climatic periods, but this 

doesn´t to be a loose and isolated exercise, so the formulation 

and application of a management system adjusted to local 

climatic conditions, is a task that belongs to everyone. 

The first trials in the management of the water resource by the 

Regional Autonomous Corporation for the Defense of the 

Plateau of Bucaramanga (CDMB) developed with a macro 

approach. For example, the upper basin of the Rio Lebrija, 

between 1967 and 1969, was the subject of an in-depth and 

detailed study, which established a diagnosis and management 

plan for the area to be develop in 20 years. 

In the area under study, the CDMB has carried out studies by 

sub-basins through the Diagnostic, Prospective and 

Formulation Phases (between 1999 and 2002): High Lebrija 

(Angula lajas, Honda and Boring microbasins), Río Suratára 

Tona, Vetas, Charta, Surata Alto and Bajo Rivers Microbasins); 

Gold River (Oro Alto Microbasins, Lato, Frio, Oreo Medio and 

oro Bajo Rivers), determining with them a regulatory policy 

system for each microbasins identified in this region (16). 

It was establish patterns at some climatic stations in the Río de 

Oro Sub - basin, with historical data on flow, precipitation and 

temperature, climate variability that help support water 

management in the CDMB. 

 

EXPERIMENTAL 

Information sources 

For the Rio de Oro Subbasin (Figure 1), flow, precipitation and 

temperature data were analyzed with variable periods of time 

(Table 1), which were acquired by climatological stations 

belonging to the CDMB and the Hydrology, Meteorology and 

Studies Environment of Colombia Institute (IDEAM). 

 

 

Figure 1. Spatial location of the stations used for the study. 
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Table 1. List of climatological stations used for the study. 

No. Seasons North East Variables Owner Registry 

1 Llano Grande 1268750 1100581 P, T IDEAM 1970-2015 

2 Palo Gordo 12 62336 1104369 P IDEAM 1970-2015 

3 Piedecuesta 1265208 1111578 P IDEAM 1970-2015 

4 El Pantano 1265634 1093619 P IDEAM 1970-2015 

5 La Galvicia 1279713 1112712 P IDEAM 1970-2015 

6 El Picacho 1278138 1122752 P IDEAM 1970-2015 

7 Club Campestre 1273072 1106399 P CDMB 1982-2015 

8 Sevilla 1267670 1119428 P CDMB 1981-2013 

9 La Esperanza 1273643 1111237 P, T CDMB 1979-2004 

10 PTAR 1273110 1105199 P, T CDMB 1985-2012 

11 Conquistador 1264794 1114531 Q IDEAM 1978-2012 

                PP: Precipitation, T: Temperature, Q: Flow rate. Source. Authors Elaboration. 

 

For the analysis of the flow, only the data of the Conquistador 

station (Table 1) located in the municipality of Piedecuesta 

(Figure 1) were used, because it was the only one in the upper 

middle that had extended and continuous records. 

 

Climate variability 

In order to analyze climatic variability, flow, precipitation and 

temperature data were used, and the pattern was established 

through the latitudinal migration of the ZCIT, while for the 

interannual, the analysis was supported by the occurrence of 

ENSO events, in their warm phases (cold) El Niño (La Niña). 

As an indicator of ENSO, oceanic El Niño Index (ONI was used 

www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensost

uff/ensoyears.shtml ), which is calculated by the National 

Center for Environmental Prediction of the Oceanic and 

Atmospheric National Administration (NOAA) of the United 

States of America. 

The ONI corresponds to an index based on the three-month 

moving average of the +/- 0.5ºC threshold, in the Sea Surface 

Temperature (TSM) anomalies in the El Niño 3-4 region (5º 

North - 5º South, 120º - 170º West) for both ENSO phases. The 

occurrence of the event is consider when the threshold is 

presented for more than five consecutive months. For this study 

was use as study period 1977-2013. 

The relationship between climatic variation (ONI) and the time 

series flow, precipitation and temperature was calculated, for 

this, variables were standardized (subtracting the mean and 

dividing by the monthly standard deviation), following the 

description in Mesa et al. (17), Poveda et al. (18), and Munera 

et al. (19). Standardization was do with the objective to remove 

the annually hydrological trends (20) and minimize bias when 

estimating the dependences opposite to the annual records. 

 

Current water management system 

Based on the documents published by the CDMB (2004, 2009, 

2010), the exchange of information through institutional mails, 

and the interviews conducted with the Institution's Directors, 

the criteria for compliance with environmental regulations and 

effectiveness of management tools were evaluated: Regional 

Environmental Management Plan (PGAR), Hydrological Basin 

Management and Management Plan (POMCA), and Triennial 

Action Plan (PAT). These documents were summary in 

variables that allowed the analysis of regulatory compliance, 

having as a strategic line of interest the water resource. 

The current management system was evaluated through 

Evaluation Index Management System (IESG), which was 

constructed by eight criteria defined separately for PGAR and 

joint for POMCA and PAT (Table 2). In turn, the criteria 

evaluated associated with the assigned qualifications 

(qualitative and quantitative), in each case add up to 100% in 

their weighting. 

 

https://translate.google.com/translate?hl=es&prev=_t&sl=es&tl=en&u=http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
https://translate.google.com/translate?hl=es&prev=_t&sl=es&tl=en&u=http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Table 2. Evaluation criteria established to review the current management system and qualification given to each of them. 

No. Evaluation 

Criteria 

Environmental management 

tools 

Weight range (%) Rating  

PGAR POMCA PAT Qualitative Value 

1 Impact (IM) X X X NA Positive + 

Negative - 

2 Objective (OB) X X X 8 Not achievable 0 

Achievable 2 

3 Activity (AC)  X X 25 Not achievable 0 

Achievable  2 

3 Indicator (IN) X X X 8 Quality 1 

Performance 3 

Tracing 5 

4 Goal (GO) X X X 8 Achievable  0 

Not Achievable 2 

5 Risk (RI) X X X 15 Corrective 0 

Preventive 2 

6 Coverture (CO) X X X 10 Punctual 1 

Local 3 

Regional 5 

7 Strategic (ST) X   25 Planning 1 

Education 3 

Conservation 5 

8 Climate 

Variability (CV) 
X X X 26 Not included 0 

Included 2 

                NA: Not applicable. Source. Authors Elaboration. 

 

For the qualification of the criteria (qualitative and/or 

quantitative) they were take into account the guidelines 

established by the Ministry of Environment, Housing and 

Territorial Development (21), and it worked a matrix 

framework, milking pressure-state-impact-response. This tool 

allowed to organize the information, under a command and 

control scheme applied for the phases of diagnosis and water 

planning. 

IESG construction was based on the methodology of 

environmental impact assessment by Diaz & corner (22) and 

two equations depending on the instrument to be evaluated 

(Table 2) were established: PGAR (Equ. 1); and POMCA and 

PAT (Equ. 2): 

𝐼𝐸𝑆𝐺 = ±(𝑂𝐵 + 𝐼𝑁 + 𝐺𝑂 + 𝑅𝐼 + 𝐶𝑂 + 𝑆𝑇 + 𝐶𝑉), (Equ. 1) 

𝐼𝐸𝑆𝐺 = ±(𝑂𝐵 + 𝐴𝐶 + 𝐼𝑁 + 𝐺𝑂 + 𝑅𝐼 + 𝐶𝑂 + 𝐶𝑉), (Equ. 2) 

After obtaining the IESG ,this was normalized within a more 

appropriate scale for interpretation and analysis (values 

between 0 and 100), so that the Evaluation Index Management 

System Standard (IESG N) was calculated through the Equation 

3: 

𝐼𝐸𝑆𝐺𝑁 = [
𝐼𝐸𝑆𝐺−𝐼𝐸𝑆𝐺𝑚í𝑛𝑖𝑚𝑜

𝐼𝐸𝑆𝐺𝑚á𝑥𝑖𝑚𝑜−𝐼𝐸𝑆𝐺𝑚í𝑛𝑖𝑚𝑜
] ∗ 100, (Equ. 3) 

where IESGminimum and iesgmaximum  correspond to the minimum 

and maximum values of the IESG within the planning tool 

evaluated. With the results of Equation 3 in terms of climatic 

variability, a qualitative qualification associated with a color 

code was proposed (Table 3). 
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Table 3. Evaluation ranges proposed for the IESG N with their respective description. 

Rank Rating  Description 

0 ≤ IESG N <25 Irrelevant The program and/or project is not relevant. 

25 ≤ IESG N <50 Moderate The program and/or project requires modifications (long term). 

50 ≤ N ≤ 75 IESG Severe The program and/or project requires modifications (medium term). 

75 ≤ N ≤ 100 IESG Cr ítico The program and/or project requires modifications (short term). 

                  Source. Authors Elaboration. 

 

In addition, in the CDMB there are instruments such as the 

Regional Water Management Plan (PORH), the Environmental 

Observatory of the Environmental Management Plan (OASP), 

and the Annual Budget of Revenues and Expenditures, which 

were also revise to determine the appropriation degree and real 

implementation of the current management system. 

 

Proposed water management system 

A conceptual model of a management system supported in the 

seasonal climatic variability was design with the results of the 

historical data and the current management system,. Thus, 

through the analysis of Pearson's multiple product-moment 

correlation and multiple regression, the relationships between 

the flow, precipitation, temperature and Real 

Evapotranspiration (ETR) variables were determined, and a 

linear equation was obtained for each of the four climatic 

periods that dominate much of the Colombian territory, as 

presented Mesa et al. (17): Dry Major (December-January-

February, DJF), Rainy Minor (March-April-May, MAM), Dry 

Minor (June-July-August, JJA) and Rainy Major (September-

October-November, SON ). 

For calculating the ETR, the evapotranspiration Potential 

(ETP) was estimated by the empirical formula Thornthwaite 

(23), and with the precipitation data ETR was calculated 

through the Budyko equation (24,17). 

For handling and storage of data, an Excel spreadsheet for 

Windows 2010 was use, while for the processing of the 

information, it was used  the statistical package PAST (25)  and 

ArcGis® software version 10.3.1 was used to determine 

precipitation and mean basin temperature. 

 

RESULTS 

Seasonal and interannual climatic variability 

In the distribution of the data of the average flow, more than 

80% corresponds to flows smaller than 2.23 m³/s and between 

May-June and October-November, the flow increases, with 

higher values in October (2.33 ± 0.92 m³/s), while between 

December-March and July-August periods of low water are 

registered, ie decrease in the flows (Figure 2), with lower values 

in the month of February (1.36 ± 0.37 m³/s). 

 

Figure 2. Seasonal flow cycle the mean precipitation of the 

Río de Oro Sub-basin. 

 

During the period 1978-1983 (Figure 3), the behavior of greater 

variation in the flow with values between 0.64 and 5.58 m³/s 

was record; Between 1984-2006, the flow was more regular, 

although at the end of 2006, a flow of a similar magnitude 

occurred at the end of the 1970s. A negative trend was detect 

in the time series. 

 

 

Figure 3. Interannual variability of the Rio de Oro flow in the 

upper-middle part of the basin. 

 

As for the interannual flow variability, an association between 

negative (positive) anomalies and the occurrence of El Niño 

(La Niña) events with decreases (increase) in flow rates by 

direct influence of the macroclimatic event was find. However, 
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several peak flows (positive anomalies) were detect between 

the years 1978-1980 and 2006-2007 that do not correspond to 

the occurrence of the El Niño event, therefore, this could be 

associated to other dynamics of the basin. 

The cycle of precipitation is bimodal; it is observe that the 

maximum rainfall occurs in the first and second semester of the 

year towards the months of May and October, with the second 

semester being the rainiest (Figure 4). Then, when comparing 

the seasonal cycle of the flows with the precipitation, it is 

possible to show a lag of approximately one month, between 

the occurrence of the peak flows and the moment in which the 

precipitation is record. The precipitation data is below 203.93 

mm. 

 

Figure 4. Seasonal cycle of the mean precipitation of the Río 

de Oro Sub-basin. 

 

During the months of January, June and December there is a 

significant reduction in rainy events. As mentioned, May and 

October presented the highest rainfall 141.33 ± 35.43 mm and 

164.42 ± 42.66 mm, respectively. For January, June and 

December, the driest month is December with 50.27 ± 28.34 

mm, followed by January with 52.54 ± 22.72 mm and June with 

92.51 ± 32.16 mm. 

Reviewing the joint fluctuations of precipitation and flow 

during the study time period (Figure 5), the direct relationship 

between the two variables was confirm. However, in the years 

1995-1996 and 2008-2009, there was an inversely proportional 

behavior, where the increase of the precipitation has little 

influence on the flow, which maintained low values, indicating 

in some way possibility of errors in the data. 

 

Figure 5. Time series of the precipitation and the flow of the 

Rio de Oro in the middle-upper part of the basin. 

In Figure 6, the ENSO events and standardized precipitation vs. 
Flow data are compared, generally recording a directly 

proportional behavior between the hydrological variables and 

the positive (negative) anomalies during the occurrence of La 

Niña (El Niño). In this way it is demonstrated the dependence 

of the flow, as a function of the precipitation and in turn of the 

macroclimatic variables. 

 

Figure 6. Interannual variability of the precipitation and the 

flow of the Rio de Oro in the middle-upper part of the basin. 

 

It was possible to show how precipitation responds to seasonal 

and interannual variation scales, and their direct effects on 

flows. Likewise, the identification of the climatic quarters 

reveals that the territorial planning processes require the 

inclusion of climate variability in their strategies as a 

conditioning tool for environmental management systems 

formulated and applied by environmental authorities. 

The seasonal temperature cycle presented in Figure 7 shows the 

different fluctuations that occur throughout the year. Like the 

seasonal cycle of precipitation, two high values are observe in 

the first (second) 23.03 ± 0.39 ° C (22.73 ± 0.37 ° C) semester 

of the year. When comparing the seasonal cycle of precipitation 

and temperature, a directly (inversely) proportional behavior 

was detected during the first (second) semester of the year. 

 

Figure 7. Seasonal cycle of the mean temperature of the Río 

de Oro Sub-basin. 

In the data of the annual cycle of the temperature does not show 

significant variations throughout the year (less of 1 °C), and the 

values are around 22 °C, nevertheless, the maximum values are 
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above the 23 °C. The months with the highest temperature are 

April (23.03 ± 0.39 °C), March (22.99 ± 0.42 °C) and May 

(22.97 ± 0.41 °C), while the months with the lowest 

temperature are December (22.50 ± 0.46 °C), January (22.56 ± 

0.46 °C) and November (22.55 ± 0.40 °C). 

The interannual variations in temperature show two different 

behaviors between the period 1970-1989 and 1990-2015, in 

which there appears a tendency of increase of approximately 

0.5 °C with significant fluctuations. Throughout the series there 

were several peaks of increase in temperature, but they stand 

out those occurred in the year 1998 and 2003 being the highest 

recorded. In 1989, a peak of reduction in temperature of about 

1.5 °C was observed in comparison with the normal values, and 

before this year the fluctuations oscillated between 22 and 23 

°C; after 1989 an increasing temperature trend is marked 

(Figure 8). 

 

Figure 8. Interannual variability of precipitation and flow of 

the Rio de Oro in the middle-upper part of the basin. 

 

According to the ONI, the direct influence of the macroclimatic 

events on temperature fluctuations over the period could be 

reveal. For this variable, a direct relationship between the 

positive (negative) TSM anomalies, the occurrence of El Niño 

(La Niña) events, and the positive (negative) temperature 

anomalies was find. The most marked negative anomaly 

occurred in 1989, when the La Niña event occurred. 

 

Current water management system 

Three planning instruments formulated by the CDMB were 

analyzed in the study region (28,29,30), and deficiencies and 

difficulties for their implementation in terms of climatic 

variability were identified. After the analysis it can be said that 

the CDMB's environmental management system is the result of 

a compendium of norms and adaptations of national 

instruments, and has been built through individual efforts 

towards the achievement of goals, without a proper 

representation to the regional reality, i.e., the activities in the 

planning processes respond more to the natural, water and 

geomorphological dimensions of the region, and not to the 

natural climatic variability, which should be the fundamental 

tool to apply, tending to the construction of processes, where 

the main goal is to preserve and make an integral management 

of the water resource. 

Therefore, in the case of the CDMB and in the framework of 

the water management processes, both the PGAR, POMCA and 

PAT, which are existing instruments recognized by the 

Institution, define environmental actions related to 

administrative processes without involving the climatic 

variability. Thus, we have: 

 

Regional Environmental Management Plan (PGAR) 

The document was adopt in July 2014 and has a projection from 

2015 to 2031. The work focused on the Alto Lebrija Basin, 

which includes the Río de Oro Sub-basin (Board of Directors 

Agreement No. 1113 of February 19, 2008). Thus, the numeral 

four point two (4.2) Strategic Lines: Integrated management 

of water resources, define within the pragmatic context a 

component of six programs: Offer water resources in the region 

(OWRR), demand of water resources in the region (DWRR), 

strengthening governance for water resource management 

(SGWR), quality of water resources in the region (QWRR), 

institutional strengthening for water resource management 

(ISWR), and integrated management of risks associated with 

supply and availability of the water (IMRW). 

The PGAR assessment was done since the results of the 

numerical score obtained with IESG N, and presented in Table 

4. 

 

Table 4. Assessment of the criteria for the PGAR applying the methodology developed. 

Strategic Line Program IM OB IN GO RI CO S T C V IESG IESG N 

Integral Management 

Water Resources 

ORHR + 0 3 0 0 5 1 0 0.99 0.00 

DRHR + 2 3 0 0 5 1 0 1.15 100.00 

FGRH + 0 3 0 0 5 1 0 0.99 0.00 

CRHR + 0 3 0 0 5 1 0 0.99 0.00 

FIRH + 2 3 0 0 5 1 0 1.15 100.00 

GRDA + 0 3 0 0 5 1 0 0.99 0.00 

IM: Impact, OB: Objective, IN: Indicator, GO: Target, RI: Risk, CO: Coverage, ST: Strategy, CV: Climate variability. Source. 
Authors Elaboration. 
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The results in Table 4 show that the demand of water resources 
in the region and institutional strengthening for the 
management of water resources, are programs that in a critical 

way (33.33%) require changes in the short term, and include 

climate variability as an essential component within them. The 

remaining four programs: Offer of water resources in the 
region, Strengthening governance for the management of water 
resources, quality of water resources in the region, and 
comprehensive management of the risks associated with supply 
and water availability, represent 66.67%; in this case the 

inclusion of the climatic variability is little relevant, being in 

the direction of the CDMB its respective incorporation. 

 

Plan of Management and Environmental Management Sub-
basin of Rio de Oro (POMCA) 

The structure of the plan is defined considering as planning 

instruments at a higher level of importance, the National 

Development Plan 2002-2006 "Towards a Community State" 

and the PGAR 2004-2015 "A platform for a sustainable 

environmental reality", and this one (1) based on two 

objectives: 

a) Recovery and conservation of the natural and regional 

base that contains two strategic lines: Integral water 

resource management and conservation or sustainable 

use of soil and biodiversity. 

b) Impetus to sustainable Regional development. 

The management methodology used responds to what was 

describe in Decree 1729 of 2009. The formulation of the 

general objective was make very macro, and it´s lost in the real 

context of what would be the achievement of programs and 

projects of the strategic line of the resource water. It was 

evidence a well coordinate proposal when it was done a 

documentary review, however when analyzing in detail the 

coherence between objectives, goals, activities, indicators and 

schedules; A guiding thread was not distinguished, for example 

the objectives do not lead to the achievement of the goal, and 

that in turn this can be measured, controlled and evaluated by 

an indicator, in the three periods of execution (long term, 

medium term and short term). 

A POMCA documentary review of five related to the strategic 

line Integral management of water resources projects was 

made, thus have: protection, restoration, conservation and 

watershed management suppliers of water and production 

systems (PCSP), assessment, management, regulation and 

distribution of water resources (EORH), technical and 

economic support to the municipalities of the sub-basin for the 

management, treatment and final disposal of domestic 

wastewater (ATAR), control of dumping and monitoring of the 

quality of the sub-basin (CVCS) flows, use and efficient water 

saving (UAEA). 

The results of IESG N applied to projects are shown in Table 5. 

It was found that the proposed use and efficient saving water, 
proved to be the most critical (20% of total project) and 

therefore should be given greater attention (short term) in 

processes related to climate variability. In the medium term , 

the Control of Dumping and quality monitoring of current sub 

– basin project and in the long term the Protection, recovery, 
conservation and management of supplying watersheds of 
aqueducts and production systems project , involving in its 

water management system everything related to climatic 

variability, the above in order to guarantee the documentary 

coherence marked from the PGAR. While in the assessment, 
management, regulation and distribution of water resources 

project, the incorporation of climate variability it´s irrelevant. 

 

Table 5. Evaluation of the criteria for the POMCA applying the methodology developed. 

Programs Projects IM OB AC IN GO RI CO C V IESG IESG N 

Integral 

Management Water 

Resource  

PCSP + 0 0 5 2 0 3 0 0.86 39.02 

EORH + 0 0 1 2 0 3 0 0.54 0.00 

TIE + 0 0 3 2 0 3 0 0.70 19.51 

CVCS + 0 0 5 2 2 1 0 0.96 51.22 

UAEA + 2 0 3 2 2 5 0 1.36 100.00 

IM: Impact, OB: Objective, AC: Activity, IN: Indicator, GO: Target, RI: Risk, CO: Coverage, VC: Climate Variability. Source. 
Authors Elaboration 
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Table 6. Evaluation of the criteria for the PAT applying the methodology developed. 

Program Projects IM OB AC IN GO RI CO C V IESG IESG N 

Integral 

Management 

Water Resource  

F EAM + 0 0 3 2 0 5 0 0.90 100.00 

C MAJ + 0 0 3 2 0 1 0 0.50 0.00 

IM: Impact OB: Target, AC: Activity, IN: Indicator, GO: Meta, RI: Risk, CO: Coverage CV: Climate Variability. Source. Authors’ 

Elaboration. 

 

Triennial Action Plan (PAT) 

Regarding the PAT there is no strategic line, but the Integrated 

Water Resources Management Program, has two projects: 

formulation of strategies for environmental planning (FEAM), 

and watershed conservation and management of protected areas 

for the supply of environmental goods and services in the area 

of jurisdiction (CMAJ). 

In Table 6, it can be seen that the formulation of strategies  for 
environmental planning project  accounting the 50.00% of the 

total, highlights the need to act immediately (short - term) in 

terms of climate variability resulting irrelevant, the action on 

watershed conservation and management of protected areas 
for the supply of goods and environmental services in the area 
of jurisdiction project. It is to clarify that the priority given by 

the IESG N it´s only positional and does not constitute an 

obligation to implement the projects. 

 

 

In the formulation of the three instruments itself demonstrates 

the need to relate GO, AC and IN, from a clearly defined in 

space and time perspective. For its part, the OB are formulated 

in a global context, apart from the particular and inherent in the 

sub - basin under study. The ST actions and the evaluation of 

programs and/or projects, lack clarity and do not allow 

applying improvement actions related to the environmental 

dynamics owner of the basin. 

 

Proposed water management system 

As part of a proposal water management system based on 

climate variability, a conceptual making decision model was 

built (Figure 9), that has like inputs (inflows), the basis of 

weather data (national and international), as processes 

mainstreaming of climate variability on all instruments of the 

water planning and as outputs, programs and or projects based 

on the seasonal scale in the four climatic periods that dominate 

in Colombia (DEF, MAM, JJA and SON). 

 

 

Figure 9. Conceptual model for water management proposed by CMDB. 
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 Table 7. Correlation between variables in each of the climatic periods. 

Variables Flow Precipitation ETR Temp. Flow Precipitation. ETR Temp. 

DEF MAM 

Flow 1.00 0.08 0.03 0.03 1.00 0.16 0.16 -0.15 

Precipitation 0.08 1.00 0.91 -0.03 0.16 1.00 0.94 -0.06 

ETR 0.03 0.91 1.00 0.08 0.16 0.94 1.00 0.06 

Temperature 0.03 -0.03 0.08 1.00 -0.15 -0.06 0.06 1.00 

JJA SON 

Flow 1.00 0.25 0.21 -0.21 1.00 0.42 0.38 -0.17 

Precipitation 0.25 1.00 0.97 -0.15 0.42 1.00 0.91 -0.15 

ETR 0.21 0.97 1.00 -0.07 0.38 0.91 1.00 0.07 

Temperature -0.21 -0.15 -0.07 1.00 -0.17 -0.15 0.07 1.00 

Precipitation: Precipitation, ETR: Real Evapotranspiration, Temp. Temperature. Source. Authors Elaboration. 

 

Linear multivariate statistical model was contextualize in terms 

of flow as a dependent function of the precipitation, the ETR 

and temperature, as shown in equation 4. 

𝑄 = 𝑓(𝑃, 𝐸𝑇𝑅, 𝑇), (Equ. 4), 

where Q represents the flow in m3/s, P corresponds to the 

precipitation in mm, ETR is the real evapotranspiration, in mm, 

and T refers to the temperature in °C. 

To obtain the model it was working with the registers of 46 

years (1970-2015) of each of the variables mentioned above, 

and product-moment multiple correlation of Pearson (Table 7) 

was calculate. In this case, p≥0.70 indicates that the variables 

are correlate directly. Thus, the results in table 15 show in all 

climate periods, a significant direct relationship of precipitation 

with ETR (higher values to 0.90). 

Given the above, it raised the multivariate linear statistical 

model using Equation 5, whose response variable is the flow 

and the explanatory variables: precipitation, temperature and 

ETR. 

𝑄 = 𝑥1𝑃 + 𝑥2𝐸𝑇𝑅 + 𝑥3𝑇 + 𝑒, (Equ. 5) 

where x 1 , x 2 , and x 3 represent the regression parameters, and 

e the error associated to the regression. The obtained results are 

present in Table 8. 

 

Table 8. Results of regression parameters for each of the 

climatic periods. 

Variables DEF MAM JJA SON 

Precipitation 0.006298 -0.0011553 0.01322 0.008968 

ETR -0.012884 0.01092 -0.020417 0.017004 

Temperature 0.070087 -0.16077 -0.20586 -0.28865 

Error 0.15991 4.2321 6.6158 6.1497 

 

In this way from Table 8, regression models that could support 

making decision for the granting of water in each climate 

quarter were raise. Therefore, the CMDB would have the tool 

to check the amount of flow available in terms of the seasonal 

variations owner of the Colombian Andes Region. 

𝑄𝐷𝐸𝐹 = 0.006298𝑃 − 0.012884𝐸𝑇𝑅 + 0.070087𝑇 +

0.15991, (Equ. 6) 

𝑄𝑀𝐴𝑀 = −0.0011553𝑃 + 0.01092𝐸𝑇𝑅 − 0.16077𝑇 +

4.2321, (Equ. 7) 

𝑄𝐽𝐽𝐴 = 0.01322𝑃 − 0.020417𝐸𝑇𝑅 − 0.20586𝑇 + 6.6158, 
(Equ. 8) 

𝑄𝑆𝑂𝑁 = 0.008968𝑃 + 0.017004𝐸𝑇𝑅 − 0.28865𝑇 + 6.1497, 

(Equ. 9) 

The regression models built, collect the historical memory of 

climate change and respond to the input data delivered in this 

case by the CMDB and IDEAM. So in its construction could be 

committing errors of judgment, but not procedural associated 

with the uncertainty of them. However the CMDB would be 

able to verify and implement through the established network 

monitoring a better management of them. 

 

DISCUSSION 

The inadequate practices of management water resources that 

carried out in the basins, determined by the ratio supply-

demand, demonstrate the reality of facing immediately the 

problems associated with the conservation and preservation of 

them (2 ,31,1) . Based on the above, advanced societies in 

environmental terms are increasingly demanding a water 

management more respectful of the natural environment, 

enable the enjoyment of intrinsic values increasingly 

appreciated, as the ecological, cultural, esthetic, sports and 

recreation (2,6). In this sense, it is necessary that water 
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management is addressed with an integrated approach of its two 

facets like water reserve and environmental (1,9,32); with this 

premise, the implementation of an environmental management 

watersheds must be based on flow regimes (33,31) and the risk 

they represent on communities (34) . 

Therefore, knowledge of the flow regime constitute a 

fundamental tool in watershed management plans, because they 

enable water management in a rational way, tailored to their 

different uses that preserve the functionality of the river 

ecosystem (31,1 , 9). Of this mode, for the basin under study 

data having influential variables as rainfall and temperature can 

be determined the effect of supply over demand in the sub-

basin, and thus know the real possibilities of granting flows. 

Especially if you consider that there should be an ecological 

flow that meets the needs of human supply and agricultural and 

industrial supply (31,35,36). 

They found more than 80% of the data flow are minor than 2.23 

m³/s, although there are above the ecological flow of 0.090 m³/s 

reported by the CMDB for 2004. This is to clarify that this is 

the source of supply of urban aqueduct of Piedecuesta 

(Santander), and for that same year the authorized concessions 

were 0.528 m³/s being available 0.411 m³/s, which results are 

not enough to meet the demand of the urban population header 

projected for the year 2022 at 0.625 m³/s (28). This shows the 

urgency of implementing a water system planning adjusting to 

the real context. 

In Colombia (32) according to the Article 21 of the project of 

law of the water, IDEAM design the particular guidelines for 

calculating the ecological flow, and is based on a hydrological 

process with a very simple design of the river, considered as 

ecological flow "... the permanence value in the source during 

the 90% of the time ...". For that, it was establish three methods: 

The 90th percentile curve duration, recurrence of 2.3 years, or 

the approximate percentage of 25% of the multiyear lower 

monthly average flow. 

However, in practice the fixing ecological flow is done based 

on two types of criteria (32): 

a) Analysis of Regimes Historical flows: Study especially 

periods of natural low water levels of the rivers, under the 

conception of those river communities have evolved subject to 

certain types of flow regimes, and thus their life cycles and 

ecological requirements are adapted to the seasonal variations 

owner of that regime. 

b) Analysis of Variance habitat with circulating flows: 

Developed long time ago (35,37), is based on the RHABSIM 

methodology, and the use of it is widespread throughout the 

world. The conceptual basis of this methodology lies in 

knowing the circulating flow requirements of some species, or 

certain reofilas communities and their distribution in time, able 

to assess the flow requirements in order to maintain their 

populations. 

Some basic ecological flows are obtained with any of the above 

criteria, variously known (minimum, desirable, optimum, of 

maintenance) according to the method used for its calculation, 

or level of ecological requirement. These flows represent 

estimates of the boundary conditions of tolerance to low flow, 

or thresholds community resilience (36). So, if the CMDB have 

a network monitoring more efficient that not depend on 

contractual processes operators, which will also increase the 

number of these considering each micro basin for their location, 

optimization and data quality obtained with a frequency 

collection increase to define collection process with results 

closer to the reality of each study area. 

Therefore, activities in the planning processes should be the 

primary tool to implement, aimed at building processes, where 

the primary goal is preserving and make a comprehensive 

management of water resources, as recommended by García et 
al. (6) and Sedano-Cruz et al. (34) , who mentioned that in 

Colombia, it is necessary to strengthen the Integrated Risk 

Management in the management of land and water resources 

by the environmental authorities. 

Given the influence that rainfall has on the behavior of flows 

(38,17) , coinciding with the four climatic seasons dominate  in 

Colombia (14) , is posed a structure analysis which is an 

incorporation of climate information in management systems. 

For example, a lag of one month between the occurrence of the 

peaks of flow and when the rainfall occurs, as happens for the 

Cauca River (39,40). 

Also it find an association between negative anomalies 

(positive) and the occurrence of El Niño (La Niña), it is feasible 

to decrease (increase) the flows by direct influence of 

macroclimatic event (14,17) . Relationship between years of El 

Niño and La Niña with flow has also been reported by Mesa et 
al. (14), Poveda (17) and Poveda et al. (15) , and it is the system 

response to ocean-atmosphere coupling (41,42) . 

Despite the uncertainty on information currently available from 

the Corporations and IDEAM, wave the need to create policies 

that allow to give immediate responses to the water resources 

affectations(6,43) , therefore, the importance of interpreting 

these statistics from the context of climate variability, allows 

increase its functionality in making decision, for a variety of 

opportunities ranging from recognize the periodic fluctuations 

of the climate system and how can be the tool to predict 

restoration actions, maintenance, conservation and planning 

control. 

The evaluation of the sub basin from the hydrological balance 

(44) determines the knowledge of all stakeholders, but 

especially the behavior of precipitation, the ETR and 

temperature to understand hydraulic runway. For the case study 

corresponds to a watershed, which aims should be collecting 

water from different sources of precipitation and at the same 

time generate water discharge as runoff, to ensure sustainability 

of the resource. 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 20 (2017) pp. 10043-10056 

© Research India Publications.  http://www.ripublication.com 

10054 

CONCLUSIONS 

Test results obtained in the flow analysis of the middle and 

upper basin showed that seasonal and interannual variability 

through migration of ZCIT, dominates the precipitation and 

affects the flow regime of subbasin. Once do, taking into 

account the availability of water resources and that the location 

of the cities creates a pressure on it, verification of ecological 

flow becomes an obligation that must be monitor in the lower 

basin. 

It was evident as precipitation responds to the seasonal and 

interannual variation scales and its direct effects on flows. 

Through the identification of climate quarters it is necessary, in 

territorial planning processes, include climate variability as a 

conditioning tool of the environmental systems, formulated and 

applied as instruments management by the Corporation. 

Seasonal and interannual variations in temperature has a direct 

relationship with rainfall and water flows, during the first half 

of the year, possibly associated with the type of convective 

precipitation, which is depends on the heating produced 

throughout the day in a given area in the troposphere. 

Meanwhile, as shown in the second half of the year may be a 

response of direct influence of the ZCIT and orographic 

precipitation. 

System Environmental Management of CMDB forming as a 

result of the compendium of standards and adaptations of 

instruments at the national order, has been generated as 

individual efforts tending to meeting targets, without a 

representation according to the reality, that is, the regional 

activities in the Planning Process respond more to natural, 

water and geomorphology dimensions of the region, and not to 

natural climate variability, that should be the principal tool 

applying, aimed at building processes, where the important 

goal will be to preserve and do an integrated management of 

water resources, for this case Rio de Oro subbasin. 

Regression models built respond to input data delivered in this 

case by the CMDB and IDEAM, so in its construction could be 

committing judgment but not procedural errors, associated with 

the uncertainty of them; however, the CMDB would be able to 

verify and implement across the established network 

monitoring a better management of them. 

The consideration of the Environmental Management System 

based on climate variability allows better manage of the water 

resources, in this regard for Rio de Oro sub-basin, it proposes a 

review of the current planning instruments and the 

implementation of the Statistical Model to help in water 

concession process associated with the availability of natural 

resources. 
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